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b oF CH 8 IN SOUTHERN C ORN

Harold C. Troxell and others .

ABSTRACT

During the winter of 1937-38 California was visited by two disastrous
floods, one in December 1937, in the northern part of the State, ;/ and
the other in March 1938, in the southern part of the State., The present
volume is a report on the flood in the southern part of the State.

A series of heavy rainstorms in the coastal ares, extending from San
Diego on the south to San Luis Obispo on the north and inlend to parts of
the Mojave Desert, produced extreme floods. These floods, which appear
to have been the greatest within the last 70 years, caused the loss of 87
lives and damage estimated at $78,602,000.

The storm seems to have centered in the San Bernardino and San Ga=-
briel Mountain areas tributary to the Los Angeles, San Gabriel, Santa Ana,
and Mojave River Basins. These mountain areas are among the highest in
southern California, ranging in altitude from about 1,000 to 11,485 feet
above sea level. Their average precipitation for the period February 27
to March 4 was about 22.5 inches, and the greatest precipitation recorded
was 32.20 inches at Kelly's Kamp, in the San Gabriel Mountains between
Ontario and Cucamonga Peaks, at an altitude of 8,300 feet.

The typical drainage areas within this mountain region are small,
short, rough, and steep, the average land slope ranging from about 35 to
65 percent. In much of the region, considerably more than half of the
average rainfall of 22.5 inches was absorbed in the soil mantle and under-
lying rock and held in storage at the end of the storm period, notwith-
standing the many factors conducive to rapid surface runoff.

The rates of rainfall during the storm period of March 1938 were not
particularly high as compared with the rates in other storm periods in the
same region. Only for periods as long as 24 hours do the maximum rates
of rainfall appear to equal or exceed those of earlier storms. The maxi- .~
mum discharge coming at the culmination of these maximum 24-hour periods,
produced in some areas a runoff of more than 1,000 second-feet per square
mile. This report indicates that these high rates of flood runoff occur-
red at a time when antecedent rainfall had been such as to fill most of
the space available for subsurface storage.

The relations between rates of rainfall and rates of runoff for the
24-hour and shorter periods of maximum rainfall as obtained for a number
of areas controlled by reservoirs are included in this report. Many fea-
tures incidental to these relations have also been indicated.

In a region marked by the sharp topographic and geologic contrasts
that exist in seuthern California many factors affect rates of flood run-
off. Considered from a broad viewpoint the area consists of a series of
mountain ranges and intervening valleys, varying in size and altitude,
that merge into the coastal plain. e mountains represent great up-
thrust or upfoldéd blocks of the earth's crust, and the valleys are de-
pressed segments filled with debris eroded from the surrounding mountains.
The surface conditions affeeting rates of runoff throughout the mountain
area range from steep slopes of mmch-fractured rock overlain by a thin
soil mentle, Interspersed with outcrops of practically’impervious un-
weathered rock, to almost level surfaces covered by a porous soil mantle
and underlain by thick deposits of highly permeable, alluvium.

The region is geologically young, with erosion proceeding at an ac-
tive rate within the mountain area. During the flood of March 1938 the
streams moved down their mowntain chanmels a great guantity of debris.
much of which had accumilated since the time of previous major floods.
Measured on an areal basls the debris load in parts of the region ex-
ceeded 70 acre-feet per square mile. This movement of debris from the.
stream channels had the effect of reducing the storage capacity of many
of the mountain reservoirs as much as 78 percent.

1 MeGlashsm, H. D., and Briggs, R. C., Floods of December 1937 in
ngrtharn California; U. S. Geol. Survey Water-Supply Paper 843, 497 pp.,
1940,
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INTRODUCTION

During the period February 27 to March 4, 1938, southern California
was visited by a series of heavy rainstorms, centered along the coastal
slopes of the San Gabriel and San Bernardino Mountains, that produced
flood diachargé far in excess of any previously recorded. Although the
rates of rainfall for short periods were not unusually high, the maximum
rates for a 24~hour period at many of the mountain stations exceeded any
within the period of record. According to reports of the Corps of Engl-
neers, United States Army, the resulting floods claimed the lives of 87
persons and caused damage amounting to $78,602,000.

More information hss been available concerning these floods than for
any of the previous floods in this reglon because of the concern that had
developed among the residents in matters pertaining to flood control and
conservation of water. Records were obtalned from approximately 730 pre-
cipitation stations, of which about 70 were equipped with recording gages.
The flood runoff, or the meximum discharge, has been determined at about
160 places in southern California. Difficulties involved in obtaining
satisfactory records of runoff in the mountain area have made 1t neces-
sary to compute a part of these records on the basis of the relation of
runoff to rainfall. The basic factors in this reiationship were deter-
mined mainly from the records obtained during the flood period at a group
of flood-control reservoirs in Los Angeles County. Much informstion on
the movement of debris down the chennels of steep mountaln streams was
obtained at each of these reservoirs as well as at a group of debris
basins, and some of 1t 1s included in this report.

In order to compile and make avallable to the general public dapa
obtained during this flood period, the President of the United States on
May 23, 1938, approved the allotment of the sum of $3,779 by the Works
Progress Administration to the Geologlcal Survey, United States Department
of the Interior. In June 1938, the Public Works Administration, acting
in accordance with the National Industrial Recovery Act of 1958, allotted
to the Geological Survey the sum of $21,000 to assist in the preparation
of the present report, which embodies these data.

ADNINISTRATION AND PERSONNEL

The field and office work incident to the preparation of this report
were performed by the water-resources branch of the Geologlcal Survey un-~

der the general administrative direction first, of N. C. Grover, chief
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GENERAL FEATURES OF THE STORM AND FLOOD

The rains that caused the severe floods of lsr;h 1938 in southern
Californis began with a general light fall on February 27 and during the
early hours of February'28. The later hours of February 28 were marked
by generally intense and continuous precipitation. On March 1 there was
e lull, followed on March 2 by the heaviest rains of the storm and on
March 3 by light and intermittent rain, which continued in some places
through March 4. Although the storm is gengrally referred to as that of
February 27 to March 4, it hed ceased over most of the area on March 3.

The heavy rains covered the Pscific coast area for about 250 miles
north of the boundary with Mexico and extended 1inland 50 to 100 miles.
(See fig. 1.)

The storm appears to have centered in the Saen Gsbriel snd San Ber-
nardino Mountain areas tributsry té the Sants Ana, San Gabriel, and Los
Angeles Rivers. Many of the rainfall records indicated from 20 to 30
inches of rain during the period February 27 to March 4. The heaviest
rainfall for this period, 32.20 inches, was observed at Kelly's Kamp, in
the San Gabriel Mountains between Ontario and Cucamonga Peaks, at an al-
titude of B,300 feet. The rainfall decreased sharply to the north and
south of this area, the recording stations at San Diego and San Luis
Obispo showing 4.26 inches and 3.687 inches, respectively. The rainfall
decressed sharply also toward the MojJave Desert srea; at Table Mountain
(altitude, 7,500 feet); about 12 miles northwest of Kelly's Kamp, the
rainfall was 10.40 inches, and at Victorville {(altitude, 2,713 feet),
about 30 miles northeast of Kelly's Kamp, it was 3.16 inches. These rec-
ords were not typical of the headwaters of the Mojave River, for there
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was a rainfall of 30.49 inches at Lake Arrowhesd and 28.58 Inches at Saw-
pit Cenyon.

Dalngerfield 2 gilves the following account of thils storm and the
antecedent weather condltions:

The season of 1937-38 (beglnning Julg 1, 1937) has been marked by
wide contrasts in rainfall over southern California. Los Angeles was
rainless from May 31 to October 2, 1937, inclusive, a pericd of 125 days,
followed by 67 days, or until December 8, 1937, with only twe light
showers, totaling 0.03 inch. The combined period of 192 days had only
0.03 inch of preclpitation. This long dry period is second omly to that
of 1927, when no measurable rainfall occurred at Los Angeles for the 197~
day perlod from April 13 to October 26, although traces were recorded
each month. The recent drought was rather deflnitely ended by the rain
of December ©-12, 1937, and precipltation was ample and spproximately
normal durlng the remsinder of December and through January, 1938.

The closing days of January, however, were marked by intense dlsturb~-
amces over the Gulf of Alaska and adjacent North Pacific waters, with
strong southeasterly trends near the Paciflc coast of North America, which
has been absent or deflclent 1n the earller depressions of the season.
This change in storm development and movement ushered in a perlod of al-
most continuous and frequently heavy ralnfall over thls area of Callifornia
during the first half of February, during which perlod the soill became
well saturated wlth molsture.

The tendency to form disturbances near and off the Paciflc coast
featured the late January, February, and early March period. A storm
which developed northeast of Hawail moved slowly eastward (followed by a
well-developed Pacific high) and moved inland near the Bay region on
February 9. Thils was an exceptlonally violent disturbance, attended by
precipitatlon throughout Californla, heavy over the northern part of the
State, and high winds and gales ovéer most coastal dlstricts and inland to
and beyond Sacramento.

A series of North Paciflc and Gulf of Alaska depressions prevalled
from February 26 to March 4, 1938, extending thelr maximum sphere of in-
fluence hundreds of miles farther southeastward than normally over the
Pacific coast area. On February 27, a rather shallow disturbance moved
slowly in over the southern Calilfernla coast, attended by a general light
rain on the 27th and Intermittently through the 28th. During the night
of February 28-March 1, heavy rain occurred as the result of the passage
of a cold front, which moved in from the northwest. No general rain oc-
curred after thls frontal passage untll March 2, with the arrival of a
more Intense disturbance. Thils disturbance likewlse developed northeast
of the Hawallan Islands, and while the center moved to the Oregon coast,
the reglon of greatest Intensity was over southern California. Warm-
front actlon and a pronounced orographic effect produced the greatest in-
tensitles and amounts of precipitatlion of the entire storm period, which
were directly the cause of the great flood.

The origin of the storm 1s brlefly described in a report of the Corps
of Engineers, Unlted States Armw,5 as follows:

The storm, or rather series of storms, which caused the flood of
March, 1938, or1§inated in Siberia, circled southward over the Pacifilc
Ocean to Midway Island, swinging eastward near Hawall, snd thence to the
California coast. In their long, encircling course over the Pacific
Ocean, a great amount of moisture was absorbed. Reaching southern Calif-
ornle, the air masses swept in at high speed at almost right angles to
the main mountein ranges. As the molst alr was thrust upward by these
obstructions, it encountered the colder upper alr. The rapld condensa-
tion resulting ceused excesslvely heavy rainfall.

2 Daingerfield, L. H., Southern Califovrnia rain and flood, February
27 to March 4, 1938: Monthly Weather Rev., vol. 66, no. 5, p. 139, 1938,

3 Santa Ane River, Calif., flood control, Hydrology of flood of
larch)1938, p. 2, U. S. Englneer Office, Los Angeles, August 1938 (proc=-
essed).
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Discussions of the more intricate features of the synoptic analysis
of this storm have been prepared by Pierze, of the United States Weather
Bureau;? Burke, of the Los Angeles County Flood Control District;S and,
the staff of the Los Angeles district office, Corps of Engineers, Unlted
States Army.6

The intensity of rainfall for relatively short perieds, although high
in much of the storm-affected area, was gemerally less than had been pre-
viously recorded, snd only in the maximum rsinfall for & 24-hour periocd
did this storm exceed most previous storms. In the mountain area, how-
ever, the maximum 24-hour précipitation for 1938 apparently has not hogn
exceeded during the past 30 years. The storm of March 1938 had many of
the characteristics of the storm of December 31, 1933, to January 1, 1934,
sometimes called the "New Year's storm of 1934", which was notable for
the large amount of flood damage in the La CaRada Vslley.”

In the storm of March 1938, the maximum rate of rainfall for a 5~
minute perliod was 4.80 inches an hour, as recorded by a raln gege in the
Rossmoyne fire area in the Verdugo Mountains near Glendsle. The maxlmum
rate for a l-hour period was 1.99 inches at Clear Creek, in the San Ga-
briel Mountalns.

The main streams affected by this storm were the San Diego, San Luls
Rey, Santa Margarita, Santa Ana, San Gabriel, Los Angeles, Santa Clara,
Ventura, Santa ¥Ynez, and Santa Maria Rivers. (See fig. 2.) The basins
of the Santa Ana, San Gabriel, and Los Angeles Rivers and parts of that
of the Santa Clara River contributed the greatest flood runoff. Proflles
of the Santa Ana and San Gabrlel Rlvers and their main tributarles are
shown in flgures 3 and 4.

The flood runoff from the storm of March 1938 was especlally heavy
in the larger streams in the mountains and in the main stresms crossing
the valley floor. It 1s believed that the peak discharges over a con=~
slderable part of the area exceeded any since those of the floods of

1861-62, which are gensrally accepted as the greatest previocusly known in

the reglon. Of the more recent floods for which there are records of dis-
charge, those of 1914 and 1916 rank as having the highest peaks prior to
1938,

.

4 Pilerce, C. H., Synoptlc analysis of the southern California flood
of March 2, 1938: Monthly Weather Rev., vol., 66, no. 5, p. 135, 1938,

5 Burke, M. F., Flood of March 2, 1938, Los Angeles County Flood
Control District, May 20, 1938 (processed). .

6 Los Angeles County drainage area, Calif., Report on engineering
aspects, flood of Msrch 1938, U. S. Engineer Office, Los Angeles, August
1938 (processed). ’

7 Troxell, H. C., and Peterson, J. g., Flood in La Cafada Valley,
Callfornia, January 1, 1934: U. S. Geol. Survey Water-Supply Paper 796-C,
pp. 53-98, 1937.
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GENERAL FEATURES OF THE STORM AND FLOOD
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The Santa Ana, San Gabriel, and Los Angeles River systems drain the
most highly developed areas of southern California: practically all the
arable land from the mountains on the north to the ocean on the soutg is
occupied by farms, orchards, and towns. When the floods were at their
highest, generally during the afternoon of March 2, water and debris
poured from the steep mountain canyons and spread over much of the land
bordering the streams. Areas near the mountains were covered with debris
and extensive tracts along the lower courses of the streams were Inunda-
ted. (See pls. 1 and 2.)

During the period February 27 to March 3 the total direct flood run-
off from the mountain areas, in meaé depth in inches, ranged from less
than 1 inch to more than 13 inches. Rates of maximum discharge ranged
from 200 to 600 second-feet per square mile and were estimated to be as
high &s 1,000 second-feet per squere mile in some places. The streams
flowing in the steep, narrow canyons moved enormous quantitles of debris
and greatly disturbed the material in the bottom of the canyons. The
demage in the canyons, however, where the population is sparse, was small
in comparison with that on the outer slopes and floors of the valleys.

The area centering at Colton, where Warm and Lytle Creeks join the
Santa Ana River, was extensively overflowed (see pl. 3); and parts of the
cities of San Bernardino and Riverside were also submerged. Above the
city of Santa Ana, where breaks occurred in the levees (see pl. 4), large
areas were Inundated and some of the floodwater entered an old river
channel and demaged many homes and orchards. (See pls, 5 snd 6.) This
spreading of the floodwaters above the clty of Santa Ana reduced the peak
discharge at that place to about half the peak at the Orange-Riverside
County line, about 18 miles upstream.

At the stream-messurement station on Sants Ana River near Mentone, a
peak discharge of 52,300 second-feet occurred during the flood of March
1938, as compared with a peak discharge of 29,100 second-feet on January
27, 1916,

On the San Gabriel River the flood was the greatest of record, not-
withstanding the large storage capacity of San Gabriel No. 1 and Morris
Reservoirs, on the main stream, and additional regulation on tributarles.
Much of the floodwater of the San Gabriel River flowed into the Rio Hondo
soon after leaving the mountains and thence into the Los Angeles River
near Downey. Comparatively little damage was ‘done along the lower reaches
of the San Gabriel except in an ares near the ocean and along Coyote

Creek.
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At San Gabriei River flood-control dam No. 1, on the San Gabriel
River about 3% miles above the Geological Survey's stream-measurement
station near Azusa, the partly regulated peak discharge on March 2, 1938,
was about 90,000 second~feet as compared with an unregulated peak dis-
charge of 40,000 second-feet at the gaging station near Azusa on January
18, 19186,

On the Los Angeles River the flood of March 1938 exceeded all pre-
vious floods for which records are available. Pacoima and Tujunga Creeks,
Arroyo Seco, and other tributuries resched unusually high stages. The
highly developed areas along the Los Angeles River and its tributaries in
the city of Los Angeles sustained th; greatest damage. (See pl. 7.)
L;rge tracts In S8an Fernando Valley were lnundated, and bridges, highways,
and railroads were severely damaged. (See pl. 8.) The flow from Rio
Hondo added considerable water to the Los Angeles Kiver below Los Angeles
and increased the peak flow at the city of Long Beach, although compara-
tively little damage was done to that city. At a point a mile upstream
from the Main Street Bridge in Los Angeles, above the Arroyo Seco, the
discharge of the Los Angeles River was about 67,000 second-feet, as com-
pared to an estimated discharge of about 31,100 second-feet at the Maln
Street Bridge during the flood of January and February 1914.8 During the
storm of March 1938 the flood-control reservoirs on Pacoima and Tujunga
Creeks and Arroyo Seco were filled to capacity and undoubtedly contributed
somewhat to the regulation of the discharge.

In the Santa Clara and Ventura Riyer Basins the flood runoff exceeded
the maximum of record in meny localities. The flood on Santa Clara River
did considerable demege to the Southern Pacific Railroad in Soledad Can-
yon and to citrus groves -and several highway bridges in the Santa Paula
area. The maximum discharge of the Santa Clara River at Santa Paula on
March 2, 1938, was about 120,000 second-feet. The maximum discharge of
the Ventura River near Ventura was 39,200 second-feet, as compared with
the previously recorded meximum of 23,000 second-feet on December 31,
1933,

The maximum discharge of the Santa Ynez River near Lompoc was =bout
60,100 second~feet on March 3, 1938,as compared with 41,800 second-feet

on January 25, 1914.

8 From reports of the Board of Engineers, Flood Control,‘Los An- .
geles, p. 248, July 27, 1915,
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In the Mojave River and Rock Creek Basins record-breaking floods re-
sulted from the heavy rains that fell on the north slopes of the San Ge-
briel and San Bernardino Mountaeins. As these streams flow onto the Mo~
Jave Desert, in the Great Besin, little demage was done except to high-
ways and the railroad in the vicinity of Victorville, Barstow, and Yermo.

In the remainder of the area covered by the storm, the maximum dis-
charges of the streams during the flood of March 1938 were not of major
proportions and have been exceeded several times during the period of rec-
ord.

Flood stages sre most keenly felt by occcupants of a flooded area
when the safety of their lives or homes is menaced. The manner in which
man has challenged nature on some of the streams of southern Californis
is conspicuous. Streams that formerly meandered freely over debris cones
and velley floors are now restricted to narrow channels (see pl. 9),
fixed by the ever-encroaching developments of s raepidly increasing popu-
latlon. It seems probasble that wuch of the flood runoff from the moun-
tains that formerly wes absorbed by the very porous gravel cones, bullt
to a thickmess of many hundreds of feet by flood debris, now moves rap-
1dly, through concrete storm drains,'acroas the debris cones and the
naturally aysorptive valley floors. The older river channels that carry
the runoff to the ocean are now texed beyond their capascities by concen-
trated flows. For these reasons, it is no doubt true that storm rain-
falls of no grester iIntensity are considerably more disastrous, in many
areas, under present conditions than under former conditions. The cover-
ing of sbsorptive ocones and valley floors with houses and streets, the
construction snd other surficial changes in mountain areas, and the
changes in land cover due to fires snd other causes may all change,
within s comparatively short time, the runoff characteristics of a drﬁin-
age basia, especislly in an ares as young geologlcally as southern Calif-
ornis. The evaluation of these influences on the runoff from the March
storm seems beyond the limits of conjecture.

During the floods of March 1938 houses, both large and small, were
destroyed (see pl. 10), end highways, bridges, and meny other public im-
provements were washed away or damaged. Citrus groves along the Santa Ana
River were overflowed, and large losses resulted. More than 290,000 acres
of land was inundated in Los Angeles, San Bernardino, Orange, Riverside,
and Ventura Counties. Owing to the rapldity with which the flood waters
collected in the river channels there was not sufficient time to warn

many of the residents in the threatened areas. As s result, 87 lives were
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lost, mainly along the Santa Ana and Los Angeles Rivers, and many people
were driven from their homes. The property damage caused in southern
California by the floods 1s estimated by the Corps of Engineers, U. S.
Army, at about $78,602,000.

COLLECTION OF RAINFALL AND RUNOFF RECORDS

As the floods of March 1938 in southern Californias were extraordinsry
in respect to loss of life and property damage, s pecial effort has been
made to collect and compile in this report all available information re-
lating to meteorologic conditlons that may have had a bearing on their
magnitude and other characteristics. Likewise, an attempt has been made
to present all available stream-flow records during the flood period, in-
cluding estimates of peask discharges. Concerning the adequacy of the in-
formation obtained, the Corps of Engineers 9 summarizes the difficulties
encountered by the various fact-finding sgencles as follows:

Notwithstanding the great amount of hydrological data collected, re-
sults have been disappointing in many respects, principally due to the
lack of direct measurements of discharge during the peak period. The
streams in this area produce floods of exceedingly short duration. The
rapldly changing stages do not allow sufficient time for the collection
of necessary data. ransportation 1s disrupted to a great extent. Water-
stage recorders, in many cases, were damaged or destroyed before the peak
arrived., Bridges from which discharge measurements were made during the
lower stages were swept away. Current-meters were damaged or lost be-
cause of the debris and high velocity of flow. Surveys to determine fill
or scour were, in many cases, rendered valueless because of the lack of
data concerning the conditions of the stream bed before the flood. In-
formation was missing in some cases as to Just where the channels were at
the time of the peak.

At many river-measurement stations maintained by the Geologlcal Sur-
vey, 1t has been necessary to fill in incomplete records by a comparison
of observations in a given basin with observations in adjlacent basins; by
surveys and studies of cross sections and slopes of stream channels; and
by the conversion of rainfall into runoff by means of such relationships
as could be determined in basins for which continuous records are avail=-
able. Throughout this report an endeavor has been made to indicate
clearly the source of the data and the methods used in deriving such re-
sults as are not based on actual observations or arrived at by standard
methods. The publication, so far as practicable, of all the base data
obtained will enable engineers to judge as to the reasonableness of the
assumptions and to make independent studies of the records. Flood run-~
off data are included in this report for all localities indicated on

plates 11, 12, and 13.

9 Los Angeles Countg drainage area, Calif., Report on eggineering
aspecti, flood of March 1938, U. S. Engineer Office, August 1938 (pro-
cessed).
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METEOROLOGIC AND HYDROLOGIC CONDITIONS

Precipitation records

In the arid and semiarid climate of southern California rainfall is
a dominant factor in the 1ife of the people, and the collection of data
on preciplitation is, therefore, of great importance and public interest.
Many govermmental agencies furnish data on rainfall to supplement those
collected by the Unlited States I;ather Bureau. Among these agemeies are
the Forest Service and Soll Conservation Service of the United States De-
partment of Agriculture; Corps of Engineers, United States Army; Califor-
nia State Division of Water Resources; Los Angeles County Flood Control
District; Orangs County Flood Control District; Ventura County Engineer;
and Los Angeles City Water Department. In addltion to the establishment
of their own stations, these agencies have aided in furnishing gsges to
individuals for operation in sparsely populated areas where no precipita-
tion records were avallable. Many rain gages have also been operﬁted by
private individuals and by cities and towns for their own information.
Some of these records may be subject to error in interpretation, owing to
faulty location of gages or topographic influence, but generally informa-
tion thus collected makes a substantial contfibution to the lkmowledge of
precipitation in the area. As s result of thls widespread activity end
interest, southern California has a more complete coverage of precipita-
tion stations than most other sections of the United States.

The floods of March 1938 were the direct result of rain which fell
during the storm perlod February 27 to March 4. The daily precipitation
deta for this period sre presented in table 1, which embodies the records
at 733 standard rain-gage stations in the region covered by this report
in which direct observatlions were made of the accumulsted cateh. The
stations are arranged aslphabetically in 22 groups corresponding to areas
defined by drainage basins or other topographic features. For each sta-~
tion are given the lecation, altitude, daily rainfall, total rainfall for
the storm period, name o? observer or source of the record, and a note
conéerning time of observation if oéther then in the afternéon. The lati-
tude and longitude of each station are recorded to the nearest minute, or
to the nearest second if the close spacing of the gages in an area makes
this desirable or if already so determined. Altitudes were obtalned from
topographic maps of the Geological Survey and are accurate within 10 to
100 feet, depending on the contour interval of the maps. Small amounts
of rainfall observed at some statlons on February 26 aqg Mareh & were
cembined with amounts recorded on February 27 and March 4, respectively in

order to complete the record for the entire storm.
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46 FLOODS OF MARCH 1938 IN SOUTHERN CALIFORNIA

The amounts of precipitation as shown for the individual days are
not strictly comparable, as the observations at the various stations
were not always made simultaneously. Hoet of the amounts given in table 1
represent the rainfall during the 24~hour perilod preceding the time of the
daily observation. Rainfall occurring during the daylight hours, however,
may be recorded under the date of occurrence if observatlions were made In
the late afternoon, or under the date of the following day if readings
were made in the early morning.

Recording rain gages are maintained near many of the standard rain
gages for which data are given in table 1. The two gages are usually
operated for the purpose of comparison, and frequently there 1s consider-
able difference between the catch in the two. It should be emphasized
that only the records for the standard-can rain gages are presented in
table 1. All recording rain-gage records are presented in table 2 in a
form similar to that used in table 1. The stations in table 1 for which
recording~-gage data are given in table 2 are indicated by a footnote re-
ference. As the amounts given in table 2 represent rainfall occurring
from midnight to midnight, the arrangement of the records 1s capable of
presenting several features of the storm not discernible from readings
made at different times during the day at the standard gages. By re-
ference to several precipitation stations having gages of both types (see
tables 1 and 2), the difference resulting from either unequal catch or

different times of reading will be readily apparent.

Preparation of isohyetal maps

Although moat of the precipitation fell in two or more rather dis-
tinct stormd, both storms occurred within the period February 27 to March
4, which has been trested as one storm period In the preparation of the
isohyetal map. The lsohyetal map for the entire storm period was devel=-
oped from the records of the standard rain gages as glven In table 1.

The location of each rain gage and the total storm rainfall were plotted
on topographic sheets. For aregs where there were a large number of sta-
tion records and changes in topographic aspect were pronounced, maps on a
scale of 1 mile to the inch were used; such areas included the coastal
slopes of the San Gabriel, San Bernardino, Santa Ana, Verdugo, and Santa
Monica Mountains, and the San Rafael Hills. For the remaining areas,
where there were either fewer precipitation records or greater uniformity
in topographic aspect, as in the valley‘areas, the information was plotted
on topographic maps having a scale of 4 miles to the inch. The final
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isohyetal map, on a scale of 4 miles to the inch, is reproduced as plates
11-13 in this report. In locating the position of the laohyetals, full
use has been mgde of such relations as could be determined between alti-
tude, topographic aspect, and storm precipitation. In his recent account
of the storm, Daingerfield 10 gtates:

The San Gabriel and San Bermardino mountains, with their east-west
trend, lying -directly across the pass of the molsture-laden winds, per-
formed the functions of fixed and permsnent "fronts", mechanically accom-
plishing the ehilling of tropical maritime air and precipitating its
moisture. .

Under the conditions described, fairly definite relations between
altitude and storm rainfall can reasonably be expected. Figure 5§ pre-
sents an example of these relations. On the upper half of the figure,
the storm rainfall for both the coastal and desert slopes of Mount Islip
and vieinity was plotted. ageinst altitude, and graphs were drawn to show
the relation between altitude and rainfall. The relative position of the
rain gages with respect to topography 1s indlcated on the lower half of
this figure. Also included on the graphs, for the purpose of comparison,
are records of a few gages located in the Santa Ana and San Bernardino
Mountains. These graphs indicate that the storm rainfall on the coastal
side of Mount Islip varied at a rate of about 3 inches per 1,000 feet of
change in altitude and on the desert side at a rate of about 6 inches per
1,000 feet, although as dlscussed in the following section, "Local storm
characteristics", the‘altitude-rainfall relations were not so well de~
fined in all perts of the area as in the pert represented by figure 5.

In drawing the isohyetals, an effort was made to obtain the altitude-
rainfall relations throughout the storm area, but there are many purely
local conditions that seem to obscure any such relation. This is espe=-
cially true in the mountains, where for nearly every storm many small
areas show consistently higher or lower rainfall than the surrounding
areas. The Los Angeles County Flood Control District has observed many
such areas within the county and has maintained standard or recording
rain gages in them for a number of years. In some parts of the mountains,
therefore, there is perhaps a tendency to have a disproportionate number
of gages Indicating special conditions as compared with the number indi-
cating normal conditions. As rain gages In the mountains must generally
be located at or near places of human habitation, it is often difficult

to arrange for the collection of reecords in desirable but remote places.

10 Daingerfield, L. ﬁ., Southern California rain and flood, February
27 to March 4, 1938: Monthly Weather Rev., vol. 66, no. 5, p. 139, 1938.
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For most dralnage areas in southern Californie, each rainfall obser-
vation for the storm period was plstted against altitude, and the rela-
tions were developed in a similar manner to those indicated on figure 5.
In areas that falled to show definite relations, a series of parallel
curves indicating a change in rainfall of 3 inches per 1,000 feet of dif-
ference In altitude were passed through each observation. With such en
altitude-rainfall relaetion established, the construction of the isohyetal
map was somewhat simplified. Starting with the recorded precipitation at
the various stations and using the indicated altltude-rainfall relatlon,
points for fixing the position of each i1schyetal were located at right
angles to the land contours above and below each rain gage. The isohye-
tals were, in the main, drawn parallel to ground-surface contours, with
gradual or abrupt transitions according to the influence of topographic
features.

In those basins whgre there were few precipltation stations, espe-
clally in the headwaters of the Ventura, Santa Clara, and Cuyama Rivers,
the locatlon of the isohyetals may be subject to considerable error.
Likewlse, the 1sohyetal mep for much of the desert reglon, such as the
Deep Creek and West Fork of Mojave River Basins, may not represent actual
conditions. In parts of the area, the isohyetals have been shown as
dashed lines to indicate that their position 1s uncertain.

Teble 3 shows for each of 22 drailnage areas listed in table 1 the
number of rein gages; the approximate area in square mlles; the range in
altitude of the rain gages and of the drainage area; the average precipi-
tatlon over the area during the storm period February 27 to March 4 ob-
tained by planimetering the area between each isohyetal; and a statement
of opinion as to the probable accuracy of the isohyetals according to the
classifications well defined, fairly well defined, and poorly defined.

Local rainfall characteristics

Analysis of the precipitation records used in the preparation of the
isohyetal map shows that certailn areas have rainfall characteristécs that
appear to be related to local altitude and topography. Some of these
areas and their individual characteristics are described as follows:

Some of the heaviest rainfall occurred just over the 5,000~ to 6,000~
foot divide of the south frontal ridge that parallels the main range of
the San Gabrilel Mountains. The upward movement of the molst tropical
air mass, caused by the blocking of 1its passage eastward by these steep

comstal slopes, apparently continued after the mass passed the divide and
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resulted In the condensation and excessive precipitation of 1its moisture
on the northern slopes of these ridges. The very heavy precipitation at
such stations as Opid's camp, Arrowhead Lake, and Hoegee's camp may be
explained In part by such topographic influences.

The effect of local conditions and of differences in exposure of the
gages is 1llustrated by rainfall records in the vicinity of Julian, where
three gages within a radius of 3 miles and with a difference in altitude
of less than 500 feet showed a varlation in rainfall of 5.8 inches. So
wide a divergence suggests that the isochyetals may only roughly represent
actual conditlons.

An example of the effect of mountain ranges on rainfall is indicated
by the records from the rain gages in the San Luis Rey River Basin. Two
gages at Mesa BGrande, at an altitude of more than 3,000 feet and on the
coastal slope of the range, indicated a rainfall in excess of 16 inches.
The gage at Henshaw Dam, in the San Luis Rey River gap between the ranges,
showed similar precipitation. At Warner Springs (altltude, 3,165 feet),
less than 10 miles east of the coastal range, there was only 8.73 inches
of rainfall.

The low precipitation in the area around Riverside and in parts of
the San Jacinto River Basin may be ascribed to the influence of the Santa
Ana Mountains on the incoming maritime air mass, an influence similar to
that indicated for the mountains near Warner Springs.

The abrupt changes in topography and altitude in the San Gabriel
Mountains, whose runoff is tributary to the Santa Ane, San Gabriel, and
Los Angeles Rivers, introduce great difficulty in the development of iso-
hyetals. Rainfall data for this ares, however, are more complete than
for eny other mountainous section of southern California.

The altitude-rainfall relations for the vicinity of Mount Islip are
shown on figure 5. Similar conditions were assumed to apply in all
Places where the indlvidual observations checked this curve reasonably
well. For example, the total rainfall on the divide at the head of Pick-
ens Canyon, at an altitude of 4,250 feet, was 17.36 inches, but 2} miles
north, at Tujunga flood-control dam, at an altitude of 2,050 feet - or
2,200 feet lower - the total was 20,36 inches. The rainfall recorded at
the Tujunga flood-control dam is considersbly greater than the amount
normally to be expected for this altitude. (See fig. 5.) This unusually
heavy rainfall may result from the effect of the steep mountain canyon on
the upward movement of the warm, moisture-laden maritime alr masses,

which apparently continue their upward course for some dlstance over the
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ridge. The accompanying chilling process would thus produce excessive
precipitation for a short distance beyond. Likewise, at Opid's camp,
(altitude, 4,350 feet), 3 miles northwest of Mount Wilson, the rainfall
was 27.27 inches, ns compared with 26,23 inches at Mount Wilson (alti~
tude, 5,850 feet). Actually there was a zone of heavy rainfall north of
the frontal ridge and paralleling the mountain renge that extends for a
distance of about 20 miles from Tujunga flood-control dam to the Jjunction
of the East and West Forks of the San (Gabriel River,

With the exception of the rainfall of 32.20 inches at Kelly's Kamp
(altitude, 8,300 feet), the heaviest precipitation in the southern Cali-
fornia asrea was 30,08 inches at Hoegee's camp (altitude, 2,750 feet),
which is located on the east side of a north-south mountain spur formed
by Mount Wilson and Mount Harvard in the West Fork of Santa Anita Creek.
Ingsmuch as the tropical air mass seemed to move eastward, this short
spur extending across the path of the storm may have produced a condition
8imilar to that already described.

Similar characteristics were observed for this eame group of sta-
tions during the 2-day storm period of December 31, 1933, to January 1,
1934, known locally as the "New Year's storm of 1934", when 19.20 inches
of rain fell at Hoegee's camp. This exceeds by 1.10 inches the rainfall
for the maximum 2-day period in the storm of February 27 to March 4, 1938.
At Opid's camp, the rainfall of 17.21 inches during the "New Year's storm
of 1934" was 0.12 inch less than that during the meximum 2-day period for
the 1938 storm. A similar comparison of these two storms at the Clear
Creek station and at Tujunga flood-control dam shows an excess of only
about 3 inches for the 1938 storm. At Mount Wilson, the rainfall of
14.69 inches for the 1934 storm was but 1.13 inches less than that for
the meaximim 2-day period during the 1938 storm.

A group of rain gages,including those at Mount Gleason (altitude,
5,450 feet), Chilao (altitude, 5,585 feet), and Loomis Ranch {(altitude,
4,300 feet), are located about 10 miles directly north of this area of
extremely heavy rainfall, to the west of Mount Islip and somewhat nearer
the ocean. They indicate that considerably less rain fell in this area
than ¥in areas of comparable altitude on the frontal range. Mount Gleason
had a rainfall of 17.54 inches at an altitude of 5,450 feet, as compared
with 25.0 Inches for that altitude as indicated by the Mount Islip
altitude-rainfall relations. The greater rainfall at Mount Isl}p may be
explained, in part, by its greater height and by the fact that it is ap-
proached on the coastal side by two straight north-south canyons, the
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canyons of Bear Creek and North Fork of San Gabriel River, which asre more
than 7 miles long. The preveiling winds are mainly from the south and
are believed to have caused free movement of the moisture-laden air mass
up these canyons, with heaviest rainfall at the head of the canyons as a
result of the more rapid upward movement of air currents there. Loomis
Ranch showed the least rainfall of the stations in this group, a fact
which may be attributed to its lower asltitude. During the 1934 storm,
also, Loomis Ranch had a lower rainfall than the nearby stations.

Esch station in these several groups showed characteristics during
the 1938 storm similar to those it showed in the 1934 storm, indicating
that as a result of local topographic conditlions certain locallties have
a tendency toward predominantly lighter or heavier rainfall as consldered
in relation to each other. There are undoubtedly other localities
throughout the southern California mountains that possess similar charac-
teristics but because of insufficient rainfall records have not as yet
been identified.

In the San Bernardino Mountains, also, are found local conditions
that are 1likely to affect the rainfall of surrounding aress. The rain-
fall shown by the Plunge Creek gage (altitude, 6,000 feet) 1s almost
identical Iin amount with that to be expected from the normal albitude-
rainfall relation indicated on figure 5. Many of the San Bernmardino Moun-
tain stations, however, show considerably less rainfall then that indica-
ted on figure 5 for their respective altitudes.

As indica%ed in the analysis of the observations fram stations siml~
larly situated in the San Gabrlel Mountains, records from stations affec~-
ted by local conditions are representative of relatively small areas that
may receive comparatively light or heavy rainfall with a considerable de-
gree of regularity. Because of the scarcity of gages elsewhere, such
observations are of necessity assumed £o be representative of many more
areas than those to which they actually applye.

Isohyetals in Bear Valley and parts of Cajon Pass are not so rellable
as In the remainder of the San Bernardino area, mainly because of lack of
preclpitation data. "
h Rainfall at the base of the Verdugo Mountains, between San Fernando
and La Cafiada Valleys, also showed conslderable varlatlion, caused pro-
bably by the local topography. A poorly defined altitude-rain’fall rela-
tion indicated that the reinfall varied from 8.5 inches for the 1,000~
foot altitude, in the western part, to 13 inches for the same altitude In

the eastern part. An lsohyetal map of the New Year's storm of 1934,
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prepared by the Los Angeles County Flood Control District, shows charac-
teristics of distribution very similar to those of the 1938 storm. ’
The effect of local topography is strikingly illustrated in figures
6 and 7 which show four topographic cross sections of the southern Cali-
fornia coastal plain, with the recorded rainfall for the 1938 storm
plotted directly above them. One cross section is of an area in Ventura
County, and the others of areas that cross the basins of Los Angeles, San
Gebriel, Santa Ans, San Luis Rey Rivers and Temecula Creek. In none of the
areas represented by the sections shown does the highest rainfall éppear

to have occurred at the point of highest altitude.

San Dimas Experimental Forest

The San Dimas Experimental Forest, located in the Sierra Madre Moun-
tains northeast of Glendora, covers 17,000 acres and includes thq entire
drainage basins of San Dimas and Dalton Canyons sbove the flood-control
dams maintained by the Los Angeles County Flood Control District. The
investigation being conducted by the United States Forest Service in this
area Involves a determination of the relation of the chaparral vegetation
to the yleld of usable water from mountain drainage basins and of the ex-
tent to which this vegetation reduces flood runoff and erosion. Exact
measurements of precipitation and runoff are necessary for the solution
of these important problems. The entire area has been divided into two
ma jor basins, which, in turn, are subdivided into 10 component areas of
1 to 14 square miles each.

Rainfall is measured at the end of each storm at about 300 gages
spaced half a mile apart along a system of trails built on the contours
at altitudes of 2,100, 3,100, 4,100, and 5,100 feet. In addition, rec-
ords of rainfall intensity are obtained from 15 recording rain gages dis-
tributed throughout the area in situations as nearly equal as possible
both as to altitude and area.

Through the ceoperation of Dr. E. I. Kotok, Director of the Califor-
nia Forest and Range Experimental Station, J. D. Sinclair, silviculturist
in cherge of the Sen Dimas Experimental Forest, and members of their
staffs, an isohyetal map for the storm period February 27 to March 4 in
the San Dimas Experimental Forest was drawn. (See fig. 8.} On this map
is a random cross-section line through the area, showing rainfall and al-
titude. The extent to which local influences may obscure the relation
between altitude and rainfall is clearly evident from this map. An
altitude-rainfall relation developed under these conditlons 1s limited in
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i1ts application, and isohyetals based strictly on such a relatlionship,
especially in areas where the data are meager, should be used with cau-

tion.

Chronologic distribution

The precipitation of the storm of February 27 to March 4, 1938, was
marked by four phases. The first phase occurred on February 27 and 28.
From the morning of February 27 to the early hours of the morning of Feb-
ruary 28 the rain was light and intermittent. During the remainder of
February 28 the precipitation was generally continuous and intense. Many
of the precipitation stations, especially those near the coast, reported
maximum intensities of short duration during this phase. In the second
phase, on March 1, no appreciable precipitation occurred from 1 a.m. to
10 or 11 p.m. This lull was followed by the third phase, on March 2,
when the rainfall was extremely heavy. At stations in the headwater areas
of many streams, especially the Los Angeles, San Gabriel, and Santa Ana
Rivers, the maximum 24-hour rainfall was the greatest on record. Some
stations recorded maximum rates during the morning of March 2 and others
recorded them during the afternoon. The data obtained during the storm
were not so complete for areas north and south of these basins, but avail-
able observations indicate that the storm there was less severe than In
the intermedlate areas. Following the intense rain of March 2, the storm
entered 1its fourth and closing phase on March 3, when light and intermit-
tent rains continued generally until late afternoon. During the period
March 4-10 there was either no rainfall at any station or too little to
be significant.

The four phases of the storm are readily visualized by noting the
mass curves of accumulated rainfall at several representatlve statlions,
as shown in figure 9. (Mass curves of accumulated precipitation for typi-
cal groups of stations are shown in fig. 13.) The periods of maximum in-
tensity are also clearly indicated in figure 10, which shows the hourly
precipitation at representative stations. The general eastward movement
of the center of the storm is indicated by comparing the mass curves for
the Topanga and Sleepy Hollow stations in figure 9. During the period of
intense precipitation on February 28 the Topanga station showed consider-
ably more accumulated rainfall than the Sleepy Hollow station, 32 miles
to the northeast. This excess continued until shortly after noon on March
2, when the precipitation in the Topanga ﬁrea began to slacken, but that
in the Sleepy Hollow area did not slacken until several hours later. The
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extremely heavy 1l2-hour rainfall, especially in the mountains, is graphi-
cally indicated by the mass curves of precipitation at Hoegee's camp and
Opid's camp. The mass curve for the San Luls Obispo station iIndicates
that this statlon was outside the area o£ heavy precipitation. Table 4,
which gives the percentage of the total storm rainfall occurring at re-
presentative stations during each day of the storm, presents also data on
the perlods of rainfall and Iindicates the variatlions in the storm chareac=-
teristics of the affected region. The average of 58 records from record-
ing gages In the Los Angeles, San Gabriel, and Santa Ana areas, included
in this table, shows that about 52 percent of the\total rainfall fell on
March 2, which wes the day of maximum rainfall during the storm.

Table 4.~ Peréentage of total storm precipltation on indicated days at 10

representative recording stations in Los Angeles and adjacent countles
for the period February 27 to March 3, 1938

Station February March Total
27 28 1 2 3 {inches)

Hoegee's camp, West Fork of Santa | 7.4 | 37.5| 2.4 | 6Q.1 | 2.6 29.71
Anlta Creek

Opid's camp, West Fqrk of San Ga~ | 8.7 | 27.1| 2.0 7.6 | 4.6 27.23
briel River

S8leepy Hollow Ranch 11.0 | 22.0} 1.4 | 61.3 | 4.3 18.62

Topanga Canyon, 4 miles south of |10.2 | 38.5| 4.6 45.0 | 1.7 14.92
Topanga Bridge

Del Rosa ranger station 14.5 | 11l.5| 6.0 | 59.3 8.7 11.54

Los Angeles, Sixth and Main 13.3 | 25.8| 4.3 | 53.2 | 3.4 11.06
Streets

Claremont, Pomona College Obser~ 8.6 | 27,2 | 3.8 54,5 | 5.9 9.99
vatory

Santa Ana, Orange County Flood 15.7 | 25,2 |10.7 | 45.8 | 2.8 6.07
Control District office

San Diego 21.3 7.8|18.0| 39.5 [13.4 3.95

San Luls Obispo l.4 | 36.8| 8.4 38,4 |15.0 3.67

Average of 63 recording gages 9.8 | 29,7 | 3.6 52.0 | 4.9

Rainfall intensities

Among the first recording raln gages to be established outside the
Los Angeles metropolitan aree were those located in the San Gabriel Moun-
tains, Prior to 1916 the United State; Forest Service, the United States
Weather Bureeu, and the County of Los Angeles, entered into a cooperative
agreement that provided for the esteblishment and operatlion of certain
recording rainfall stations in the mountaln areas. These statlons were
located et Mount Wilson, Sister Elsie Peak, Haines Canyon (upper station),
and Alder Creek (Loomis Ranch). The gages at Halnes Canyon and Sister
Elsie Peak which were some distance from human habltatlon, were inspected
weekly by employees of the United States Forest Service. This duty was
later assumed by the (Geological Survey and more recently by the Los An-
geles County Flood Control District.
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The hydrologic division of the Los Angeles County Flood Control Dis-
trict wags created in 1927, and Walter J. Wood, the present chief hydraulic
engineer, and Finley B. Laverty and F. H. Hays, former chief hydraulilc
engineers, were largely responsible for establishing the large number of
recording rain-gage stations now in operation in Los Anggles County. As
a result of the combined activities of the varlous agencles previously
referred to, more than 60 recording rain gages were in operation during
the storm of February 27 to March 4, 1938, in an area covering about
7,000 square miles and including both mountains and valleys.

In order to facllitate a more detailed analysis of the rainfall rec-
ords, the hourly records of rainfall at the automatic recording gages are
assembled in table 5. The stations are the same as those for which the
dally preclpitation is given in table 2.

Tables 6 and 7 present data deduced from the original records on the
intensity of the precipitation during the storm period February 27 to
March 4, 1938, and its duration at different rates of intensity. Table 6
shows the number of hours in the storm period during which the intensity
exceeded the given rates, which range from 0.2 of an inch to 1.4 inches
per hour, and also the total amount of precipitation that fell at rates
in excess of the indicated rates. Table 7 shows the maximum rates of
precipitation, in inches per hour, for specified periods, ranging from &
minutes to 120 hours, within the storm period. In table 7 the specified
periods are continuous, but in table 6 they may be elther continuous or
discontinuous. The basic data for tables 6 and 7 were furnished, In the
main, by the Corps of Engineers, United States Army, and the Los Angeles
County Flood Control District.

In some localities, especially on the coastal plain, the maximum
rates of precipitation for the short periods occurred on February 28, or
outside the maximum 24-hour period of the storm, which corresponded in
general to the calendar day March 2. Generally, at the stations glven in
table 5, each maximum p;riod of 3 hours or longer occurred within the next
longer maximum perilod.

The recording-gage records in the foothill and mountaln areas have
been analyzed, and flve groups, A to E, inclusive, have been selected
that seem to be more or less distinct in the totgl emount of rainfall,
the relation between duration and average intensity, and the time of oc=-

currence.
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8z FLOODS OF MARCH 1938 IN SOUTHERN CALIFORNIA

Table 8 lists the stations in the severgl groups and gives for each
the latitude and longitude, altitude, and recorded rainfall for the total
storm perlod and for March 2, the dey of heaviest rainfell. General de-
acriptions of the different groups follow.

Group A. Stations at relatively high altitudes on the slopes of the
second mountain range to the north and east of the zone of heaviest rain-
fall.

Group B. Stations near or just beyond the first divide and in the
zone of heaviest rainfall in the San Gabriel and San Bernardino Mountains.

Group C. Stations on the coastal side of the first divide in s zone
of heavy though somewhat less average precipitation than observed at the
atations of group B.

Group D. Statlions on the coamstal side of the first divide at a
somewhat lower average altitude and in a zone of somewhat less average
preciplitation than the stations of group C. N ’

Group E. Stations situated along the toe of the San Gabriel Moun-
tains, In a zone of less rainfall than the other groups.

Table 8.~ Location, altitude, and storm precipitation, for certain groups
of stations in Santa Ana, San Gabriel, and Los Angeles River Basins

Station and group Latitude | Longityde |Altitude| Precipitation
e + " oo " (feet) r, 2] Total
Group A
Chilao, 1 mile north of 34 20 31 117 59 30 5,585 8.62 15.76
Newcomb Ranch
Loomis Ranch near junction |34 21 118 03 4,300 7.96 | 12.88

of North and Middle Forks
of Alder Creek ’
Mount Gleason 34 22 26| 118 12 20| 5,450 9.41 16,01

East Fork of San Gabriel 34 16 35 117 45 05 2,500 9.30 15.75
River
Group B
Camp Baldy, San Antonio 34 14 15| 117 39 15| 4,320 [2l0.77 [al9.51
Canyon

Crystal Lake, East Pine Flat|{34 19 10| 117 50 45| 5,740 | 13.17 | 24.45
Hoegee's camp, Weat Fork of |34 12 30 118 02 30 2,750 14,87 29.71
Sante Anita Creek
Opid's camp, West Fork of 34 15 15 118 05 45{ 4,350 | 15.70 | 27.23
San Gabriel River

Group C
Devil Canyon experimental 34 13 00| 117 19 40| 2,700 | a9.37 |al5.30
station

Monrovia Falls, Monrovia 34 11 15 117 59 00f 1,450 | a7.32 |al6.90
Canyon
Mount Wilson 34 13 20 118 03 20 5,850 12,58 26.25

San Antonio guard station 34 10 45| 117 40 28| 2,450 0.89 | 17.41
San Dimas Experimental For- |34 12 21| 117 45 34| 2,700 | 11.72 | 21.33
eat, Tanbark Flats

Group D

Henninger Flats, Mount Wil- [34 11 30| 118 05 15| 2,650 8.91 | 17.44
son toll road

Pickens Canyon 34 15 15 118 13 00{ 4,250. 8.867 17.35
San Gabriel River at mouth |34 09 48| 117 54 17 800 7.25 14.82
of canyon

a Incomplete record.
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Table 8.~ Location, altlitude, and storm precipltation, for certain grouﬁs
of statlons in Santa Ana, San Gabriel, and Los Angeles River Basins--Con.

Station and group Latitude | Longltude |Altltude| Precipiltation
o " o v " (feet) [ Mar. S Total
Group E
Azusa, Bonlta Street, west 34 06 24 117 53 58 545 5.92 11.77
of Cerrltos Avenue
Californla Institute of 34 08 16| 118 07 38 763 7.21 | 14,27
Technology
Cleremont, Pomona College 34 05 52 | 117 42 34| 1,190 5.45 9,99
Observatory
Etiwanda 34 08 15| 117 31 00| 1,450 5453 9,96
Newmark, Merced Hills, 34 02 45| 118 Q7 43 375 5,69 | 11.43
Southern Californiae Edison
Co.

The rainfall characteristlcs at-the stations in these groups are be-
lieved to be representative of those of mich of the area in which the
greater part of the flood runoff orliginated. The data collected at these
statlons have therefore been analyzed in detall. For the three stations
at which the recording rain-gage record is incomplete, the missing part
was computed from additional readings made by ;bservers and from mass
curves similar to those in figure 9,

Figure 11, based on data in table 6, shows graphically for each group
of statlons the average number of hours of rainfall at rates in excess of
those indlcated, and also the percentage of the total preclpitation that
fell at rates in excess of those indlcated. The graphs show the increase
in the intensity of rainfall from the group E stations, along the toe of
the mountains, to the group B stations, in the belt of heavlest preclpi-
tation near or just beyond the first divide, and a decrease from the
group B stations to the group A statlons, which are located farther north
and some of which arelhigh on the slopes of the secondary divide.

Figure 12 gives, for each group of stations, the average hourly
rainfall throughout the storm perlod based on the recording-gage data,
and figure 13 gives, for each group, the accumlated precipitétion in the
form of mass curves determined from the data given in figure 12,

All stations show two outstanding periods of intense preeipitation,
separated by an interval of about 20 hours on March 1, when little or no
rain fell at any station. In general, lilttle flood runoff occurred dur-
ing the first ma jor storm period, and the maxlmum flood runoff in all the
areas was assoclated with the precipltation during the second major storm
perlod, the third phase of the s torm, which occurred March 2. It was the
rain that fell on this day that was malnly responsible for the intense
flood runoff, and the storm characteristics of thls third phase have

therefore been further analyzed.
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Figure 1l.- Hours of precipitation and percentage of total, in excess of indicated
rates, for groups of stations A to E in San Gabriel and San Bernardino Mountains
and foothill areas.



Precipitation,in inches

Precipitation, in inches

0.25

1.76

1.50

1.26

1.00

0.75

0.30

0.75

0.50

0.25

METEOROLOGIC AND HYDROLOGIC CONDITIONS

Group A
Group B
[
Group C
Group D
I}
| |
Group E
g
Feb. 27 Feb. 28 Mar. 1 Mar. 2 Mar. 3 Mar. 4

Figure 12.- Average hourly precipitation for groups of stations A to E.




FLOODS OF MARCH 1938 IN SOUTHERN CALIFORNIA

86

28

27

P
=}
[5) _ =
2 | [\2
] |8
e N e e e e 2 M R ] | B —]— JR P
a \
8 s
m/ A/ .
& N\ ) \
3 T 1
/ - / /.. ./
—— P —te . //" Ter— o T~
—— — | — = —— == — = == I'flll“”..l'.ll..,."ll.ll...lnﬂr.h PR R
R I e U R e R
[ —~
I N
N
i
1
1
—_— e ] ] ] ] ] = = =] | = = =] == — i —
]
1
1
\
T ——— !
A ~\
— = | = == == == == == == | = == == == == === S
—
w B~ ©w w0 o 4 [=] o < 12 N -t o
® & @ 8 & 8B 8§ a ® A @ 5 ° 35 3 2 g 9 0 «

seqouy ujf‘uogyszidioead

March

February

-

Figure 13.- Mass curves of accwmlated precipitation for groups cf stations A to E.



1

*% 03 ¥V SU0F3838 JO sdnoad Joy uojssitdioead Jjo spojaed ummTXBm JO 90USIANO00 JO oWl ~*HT eanSid

3 YoJsi g YodsH 3 Yoash 3 UdJIBH g YoIBy

" s V i _W%/f_ \\M \ “NF Y "

2

\_\:

5 \pre-r b ] \ ..//.//tl—..» 7 /
e I e\ S e ; N
= ‘ a2 Ny /) » : !
T R A P T A
. Sy, \

]

METEOROLOGIC AND HYDROLOGIC CONDITIONS

i\ 4 _ / 7/
T K ; | / / o
\AW/ 811 L \ !;!)4) 7 S \\. 7 \
o \f " nr'..\/V \ , o XT %N o \ | \
=N T} va AT Ly et | g
- 1 J £ w
H T T 3-01 T 7 T 14
W g T RHI/aE B
o,/ i i e f_ i j s _
h va.uj: W oo sirtille /a] . Y,
et \ A /7 ol ] g
H \ £
i 7| it N :
i VL 5 oY \il T
H \ _ sl f |
iy \ __\Lt $ ||
i i BEN : i m
/ _“ s \ ﬁ/.. _ L
A % __ " u..L U _ i
2814 i | \ H
_ N i \ (=838 - *3dxe) ;* 1
! ~ [Ty .ﬁsomuma 11a0Q €1 A_E_ » " "
¥ P 8q
g _ wunu..ﬁ_m el ok :: :, *838 *3dxe) s ® &1 T .
\ 1 Awu BUOWOd JUOWESBT) 03F __ﬂo U8B JOATY /, SBWEQ ﬁmm 3T | a . (204 *N)
¢ (0D -UOSTPE) NavumMeN BT " ToT3q8p usg __. \\ { esnoy pasn3d) = wed &,prd0 8 g TeTaqsy usg ¥
£30T0URoRy JO °9n3 | JO UINO¥ 9T ill Y\ ofuoguy ueg 11 | 1] dueo s, 088008 4} uossel I <[,
| -f3sul BTUWIOJTTSD 8T l_.To us) suUeofd gt R UOSTIM *4H OT \ exwy Te3slan 9 ysusy stmoor g~ I
Wboanﬁu.c IAS 93873 JeByuuey T ~ ._“wﬁﬁﬂh BFAOJUON 6 h hu_nﬂm dusp g H _0,3...«:0 1
& dnoup a apous _ i o ahoup ol a anodp vt \ v anoup]
§ il B 2
_ s | and _ . " _ | X | .

45472000 -42-7



88

Average precipitation, In inches per hour

FLOODS OF MARCH 1938 IN SOUTHERN CALIFORNIA

. —- gy <~North Fork of East Fork of San Gabriel River
B — Toomis Ranch
= =
Mt. Gleason_# .

-
N [ = T
i
S~

Ny \ Hoegee's 4.‘.,amp~/.i [~

]

N
SO e
~N .
\\\ — \ %?
\\\ \.‘ \\\:\»"Tanbark lats

J==-

~ 1. ‘Monrovia - ~—_ | " >.o ——
\\\ 0. Falls—* T | — s
— ~

1
F=~ 2\ o<, Wilson™

e T T
\\ \ . \
1. o IR San Antcnio%
ST m===——
\

Devil Canyon TN

0.8
={ Pickens \07‘
< \C experimentall station Xy "\1\\

{guard house)

— SSJHemninge
< 0. —_— \;E.EN
. | o~ Newmark 0. = _—
\}‘\—\ \—<(Edison Co. ~ 8 I
‘;~ { \
~ R \ -
a P * California———
= = =~ _Institute of
=~ ~_[Tecnnology,
| - E"tiwandaf\\“ —Pasadena
\h\ IR S \\\_M p—
H&mna College, CL Aremontj\"-\\\\
O, t —
~0:
*‘\
\'\ \\
S
= 0
< = N
[~ TS~ T Broup B T
™ Cm——t.
~e N < -
o N ~ ~.
G —— \\\ _/‘Group c \
N T el
c- N — ~Group A=< AN
f— —— N
~~~<«"Group D|~-- = AN
e T — T~ ~o
“~-+..e—Croup B \\ Sa
- N
\ \
3 B 1 2 3 6 12 24
Hours

Figure 15.- Rates of precipitation for groups of stations A to E.

GROUP A

GROUP B

GROUP ¢

GROUP D

GROUP E



METEOROLOGIC AND HYDROLOGIC CONDITIONS 89

Figure 14 gives the time of occurrence of the maximum rate of rain-
fall at the stations of groups A to E, during the second major storm
period, for consecutive periods of 15 minutes to 24 hours. The rates of
precipitation for periods of less than 15 minutes often reflected purely
local storm conditions not characteristic of any large area. It may be
observed that, with the exception of group E, each maximum period usually
occurred within the succeeding longer maximum period. Generally, if a
shorter maximum period occurred outside the succeeding longer maximum
period, the rate during the shorter maximum period waes only slightly
higher than the rate for corresponding periods within the longer meximmum

period.

Figure 15 shows the observed rates of precipitation at each st&ﬁion
in groups A to E for periods ranging from 15 minutes to 24 hours on March
2. These rates are presented logarithmically, because on this type of
projection, the tendency for lines to be parallel indicates similar char-
acteristics of rainfall distribution. Considering the scattered locatlons
of these stations, the close agreement for groups A and B, in the San Ga-
briel Mountelns, 1s significant.

In the San Bernardino Mountains there were no recording rain gages
in the area characterized by the group B type of ralnfall. However, the
record of the 8-inch standard rain gage at Lake Arrowhead (altitude,
5,000 feet) showed characteristics of precipitation similar to group B.
On the basls of readlngs made at approximately 2-hour intervals, thils
record indlicated a rate of 1.55 inches per hour for the maximum 2-hour
period, 1.15 1nches per hour for the mexlmum 6-hour period, 0.98 inch per
hour for the maximum 8-hour period, and 0.88 inch per hour for the maxi-
mum 10-hour perlod. The statlion at Big Bear Lake Dam, situated to the
east of thils statlon, might also be considered 1n group B, as the record
from its standard gage showed 1.06 inches per hour for the maximum 5-hour
period and 1.00 inch per hour for the maximum 10-hoiir period.

At the bottom of figure 15 the average graph for each of these
gfoups of stations is given. The precipitation represented by groups A
and B is characterized by a relatively greater prevalence of rainfall at
higher rdtes than for the other groups. The rate for the maximum 15=-
minute period was 3.47 times that for the maximum 24-hour period in group
A and 4.08 times that in group B. The rates for the maximum l-hour,
2<hour, 3~hour, and 6~hour periods were 2.68, 2.51, 2.29, and 2.02 times,

respectively, that for the maximum 24-hour period in group A. The
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corresponding ratios for group B were 2.84, 2.63, 2.45, and 2,17, It was
the precipitatlon of this type that produced the major part of the runoff
on such streams as the San Gabriel River and San Antonioc and ducamnga
Creeks.

The average graphs for groups C and D show storm characteristics
similar to each other but different from those found for groups A and B.
For perilods shorter than 2 hours, the average curves for groups C and D
curve upward more sharply than for groups A and B, The rate for the maxi-
mum 1l5-minute period for group ¢ was 4.32 times the maximum 24-hour rate;
the corresponding ratio_ of the maximum 15-minute and 24-hour periods for
group D was 5.00. For pericds of 1 hour, 2 hours, 3 hours, and 6 hours,
the graph for group C indicated precipitation rates 2.34, 2.1Q, 2.06, and
1.78 times the maximum 24-hour rate; for group D, the corresponding
ratios were 2.76, 2.44, 2.12, and 1,85, On small streams this type of
precipitation would tend to produce sharp pesk discharges.

The average curve for group E on figure 15 1s characterized by even
shorter periods of the heavier rainfall; the maximam rate for s l5-minute
periocd was 5.96 times that for a 24~hour period. For periods of 1 hour,
2 hours, 3 hours, and 6 hours, the ratios were 3.07, 2.38, 2.11, end 1.8l,
respectively. The resulting runoff would tend to have even sharper peaks
than any of the other groups. In many of the smaller canyons at the
lower altitudes in the vicinity of Pasadena, Monrovia, and La Cafiada, the
chargeteristics of flood flow were determined from this type of rainfall.

Rainfall statlons located on the coastal plain and in the Verdugo,
Santa Monlca, and Senta Ana Mountains all showed characteristics very
similar to those indicated by group E.

The five groups of stations indicate factors that might tend to pro-
duce s heavier and more continuous flow for the higher altitudes than for
the lower altitudes.

The data on intensity for the part of the storm period when the
rainfall was heaviest have been correlated with observed rates of runoff
at the reservoirs maintained by the Los Angeles Flood Control District
and other age;ucies , and from the relations thus obtained many missing
records have been fiiled in, especially for the period of major flow at a
considerable number of river-measurement statlons where, for reasons
elsewhere explained, observations of stage and dilscharge were interrupted
or lost during the flood period.
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Comparison of rates of intensity with rates in previous storms

The records from several typlcal recording rein-gsge stations cover
a perlod sufficiently long to mamke possible a comparison between intensi-
ties of reinfall during the storm of March 1938 and several previous pe-
riods of heavy rains. Burke's report 11 conteins a table 1listing the ‘
reinfall for selected perlods of time during the March 1938 storm and
maxims for previous storms at nine stations in Los Angeles County. This
mterestiﬂg table, somewhat modified, 1s included in this report as table
9. It indicates that, except at Hoegee's camp, Clear Creek-station, and
Camp Baldy, the rates of rainf#ll for periods of 30 minutes or less during
the 1958 storm were lower than have previously been recorded during the
relatively short time that the gages have been in operation. According
to Burke the maximum rate of precipitation for a S-minute period recorded
during the 1938 storm at Opid's camp (4.20 inches an hour) has been ex-
ceeded four times during the 12 years of record. The maximum S5-minute
rate of 2.52 inches an hour observed at Los Angeles during this sform has
been exceeded 17 times during the 38 years of record. For longer perilods
up to 24 hours, the rates of rainfall observed during the 1938 storm ap-
proach the previous maximum rates, and at three of the nine locatlons ex~-
ceed them. At Opid's camp the rate of 1.80 inches for the maximum l-hour
perlod recorded on March 2, 1938, has been exceeded only once In the 12~
year period of record, and the rate for the maximum 24-hour perlod was
the highest ever observed. At Los Angeles, the rate of 0.90 inch for the
maximum l-hour period during this storm has been exceeded only four times
in 38 years, and the rate for the maximum 24-hour period has been exceeded
only once,

Table 9@ further shows that at the Los Angeles statlon of the Unlted
States Weather Bureau during the 38 years of record prior to March 2,
1938, the maximum 24-hour rate of precipitation occurred during the New
Year's storm of 1934. In addition, at each of the other valley-floor and
foothill stations--Van Nuys, Slerra Madre, Claremont, and Hancock Park--
the maximum 24~hour rate occurred during the same storm. It was only in
the more mountainous sections of the San Gabriel Mountains, at Opid's
camp, Hoegee's camp, Clear Creek, and Camp Baldy, that the maximum 24~
hour rate during the 1938 storm exceeded that for the 1934 storm and all

other storms in the comparatively short periods of record at these stations.

11 Burke, M. F., Flood of March 2, 1938, Los Angeles County Flood
Control District, May 20, 1938 (processed).
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During the 38 years of record at Los Angeles the heavlest rainfall
for perlods ranging from 10 minutes to 2 hours occurred on February 18,
1914, and the rates for 10-minute, 1l5-minute, 30-minute, l-hour, and 2~
hour perilods were 2.24, 1.84, 1:75, 1.67, and 1.38 times as high, respec~
tively, as for the 1938 storm. Thus, the March 1938 rainfall at Los An-
geles dld not at any time exceed in intensity rate,éhat previously re-
corded.

Records of short-perlod rainfall intensitles during previous floods
are not avallable for the San Bernardino Mountains, and a Gomparison i1s
therefore 1mpossible. However, a comparilson of the observatlons taken in
these mountains during the 1938 storm with those taken in the San Gabriel
Mountalns indlcates that conditions in the two ranges were in all proba=-
bility similar. The following comparison 1s quoted from the record of
storms since 1884 as compliled by the Bear Valley Mutual Water Company:

In 1891, 32 inches of rain fell in 48 hours at Bear Valley Dam, as
compared with 21,75 inches iIn 1916 and 18 inches in March 1938, for a
similar period. The maximum 24~hour precipitation of 15.06 inches during
the March 1938 storm was exceeded only by the February 22-23, 1891,
storm.

In table 10, there are llsted, for 25 selected statlons at which
records are avallable for perilods ranging from 15 to 44 years, the maxi-
mum dally precipitatlion recorded prior to March 1938, the maximum for
March 1938, and the number of times the latter record has been exceeded.
The maximum daily rainfall for the March 1938 storm has been exceeded at
17 of the stations and, on an average, twlce at each station. Many of
these dally records were not obtained from recording raln gages and so
are not strictly comparable wlth those so obtalned. They seem to indil-
cate, however, that in much of the lower part of the reglon, the maximum
dally rainfall during the 1938 storm was not especlally extreme. At the
two stations of the group having the highest altltudes-~Mount Wilson,
5,850 feet, and Camp Baldy, San Antonlo Canyon, 4,320 feet--the maximum
dally precipltation for the 1938 storm has apparently not been exceeded

during perlods of record of 30 and 17 years, respectively.
Storm movement

From the rainfall-runoff studles of the storm of March 1938, 1t ap-
pears that the flood discharge was closely related to the precipitation
that fell during the second ma jor perlod of the storm, the 24-hour periocd
from about 10 p.m. March 1 to 10 p.m. March 2. For the area of heaviest
precipltation, where there was a falrly complete coverage by recording

rain gages, isohyetal maps (pl. 14) have been prepared indicating the
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Teble 10.- Maximum daily precipitation during March 1938 at selected
stations compared with maximum previously recorded

Period Maximum daily Times
of precipitation March
record Prior to| March 1938
Station Altitude| (years) March 2 or 3 | maximum
1938 1938 has been
(inches) | (inches)| exceeded
Azusse, Bonita Street, 545 44 7.18 5.86 4
west of Cerritos Avenue
Claremont, Pomona College| 1,190 41 7.82 5.73 2
Observatory
Newhall, at Southern Pa~ | 1,270 39 6.02 5.38 3
cific Co. railroad sta-]
tion .
Sierra Madre, north end | 1,110 39 7.84 8. 80 0
of Baldwln Avenue
San Dimas, 167 North San 963 38 6.98 6.17 2
Dimas Avenue
Acton, just east of sum- | 3,250 35 3.75 2.82 6
mit, Mint Canyon Road
Mount Wilson 5,850 30 11.0 11.83 [¢]
Girard, Brant Ranch 892 24 4.55 5.33 o]
Arroyo Seco Canyon, 1,150 22 9,40 8.63 1
chlorine plant
Azuss, Foothill Ranch, 2 615 22 9.53 6.61 2
miles west of Citrus
Avenue
Gl;remont, Indian Hill 1,405 20 777 5.55 3
oad
Santa Anita Canyon ranger| 1,950 20 8.70 10.64 0
station
San Dimas, 114 East First 960 20 5.86 6.20 4}
Street
Montana Ranch, 3 miles 47 19 4.00 3.24 2
southwest of Artesia
Sylmar, olive-packing 1,250 19 5.26 4.35 1
plant
Camp Baldy, San Antonio | 4,320 17 10.65 11.67 0
Canyon
Diamond Bar Ranch, Spadra| 675 17 6.62 4,78 1
Office
Glendale, 811 North Glen-| 653 17 7.15 6.90 1
dale Avenue
Pomona, 987 North Weber 838 16 5.60 4.21 3
Street
Altadena, 575 Sacramento | 1,125 16 6.91 8.20 0
Street
Covina, Puente Street, 575 16 8,30 5,13 1
east of high school
San Fernando Lemon Asso- 950 15 755 3.03 3
ciation packing house
Kinmneloa Ranch, east side| 1,400 15 9.20 8.70 1
of Eaton Wash
Lamanda Park 742 15 11.42 5.70 1
Altadena, Ventura Street | 1,179 “15 5.87 8.52 ]

Note.~- Data based on report of Los Angeles County Flood Control District.

amount of rain that fell during each 2-hour period from 10 p.m. March 1
to 2 a.m. March 2 and each l-hour period from 2 a.m. to 10 p.m. March 2.
In parts of the mountain areas and in San Jacinto River Basin, the iso~
hyetals have been developed from observations at stendard gages, the

total rainfall being distributed on the basis of records at the nearest

recording gage.
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The general eastward movement of the storm and the tendency for the
heaviest rainfall to cccur in the mountains is clearly indicated by the
serles of rainfall maps shown on plate 14. With the exception of a
period from about 7 to 9 a.m. March 2, when rain fell at a rate of 1 inch
an hour on the coastal plain, the area over which a rate was 1 inch or
more an hour lies chiefly in the San Gabriel and San Bernardino Mountains.
From gbout noon until 2 p.m. March 2 rain was falling at the highest in-
tensity end over the largest area in the San Gabriel and San Bernardino
Mountains. Following this period there was a general eastward movement
of the storm, and by 7 p.m. the rainfall rate had dropped to 0.1 inch an
hour in the central part of the area, and it was only in the extreme
eastern part that the rate exceeded 1 inch an hour. By 9 p.m. the rate

at 81l stations was reduced to less than 1 inch an hour.

Antecedent precipitation

In southern California the greater part of the annuel precipitation
occurs during a comparatively short rainy season that is followed by a
long dry sesson, during which there is a gradual draining out of the
ground water and a loss of moisture through evaporation and transpire-
tion. As the rainy season progresses the absorptive capacity of the ground
tends gradually to be fully utilized, and the magnitude of the runoff fol-
lowing any storm therefore depends to a large extent on the time of oec~-
currence of the storm within the rainy season and the amount of antece-
dent precipitation. Table 11 gives, for each of eight typical stations,
the total precipitaetion and departure from normal for the periods July 1,
1937, to January 31, 1938, and February 1-25, 1938, and the total depar-
ture from normal for the period July 1, 1937, to February 25, 1938. The
selected stations are distributed over the area from San Diego on the
south to San Luis Obispo on the north. The stations in the middle part
of the table represent the area of heaviest rainfsll during the storm of
February 27 to March 4, 1938. The remaining stations are' situated aroﬁnd
the margin of the storm area.

From table 11 it is evident that the seasonal precipitation prior to
February 1, 1938, was below normal except at Pattiway and Santa Marie. On
the other hand, the precipitation for the first 25 days in Februery was,
so greatly above normal as to more than make up for the deficiency prior
to February 1. Squirrel Inn and Mount Wilson, located near one of the
storm centers, had excesses of 9,67 and 8.32 inches above normal, respec-

tively, during the first 25 days in February, and similar trends of less
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Table 1ll.~- Precipitation and departure from normal, in inches, at typical
stations, for periods from July 1, 1937, to Feb. 25, 1938

Precipitation Precipitation Departure
July 1, 1937 Feb. 1-25, 1938 from normal
Station to July 1, 1937
Jan, 31, 1938
Total | Departure Total | Departure | Feb. 25, 1938
San Diego 2.13 =3.25 2.11 +0.,30 ~-2.,95
Cuyamaca 10.16 ~8.35 8.39 +1.77 -6.58
Santa Ana 4.30 -2.40 4.95 +2.56 +.16
Riverside 3.01 ~2.52 1.83 -.08 -2.60
San Bernardino 5.58 -2,11 4.02 +1.31 ~-.80
Squirrel Inn 14.84 -4.06 17.03 +9,67 +5.61
Mount Wilson 11.€7 -1.92 14.02 +8.32 +6.40
San Fernando 5.41 -2.09 6.82 +3.75 +1.66
Los Angeles 5.18 =-2.63 5.49 +2.75 +,12
Oxnard 5.93 -.86 3.06 +1.10 +.24
Ojai . 7.40 -2.79 9,60 +5.89 +3.10
Pattiway 4.77 +.27 2.45 +.42 +.69
Santa Barbara 6.55 -3.09 7.34 +3,88 +.79
Santa Maria 8.03 +.88 6.23 +3.77 +4,65
San Luils Obispo 11.01 -.32 11.68 +7.97 +7.65

magnitude are shown for all stations except Riverside.

The effect of this generally heavy precipitation prior to the March
storm was to increase the soll moisture, to lessen the capacity for stor-
age afforded by surface detention, and in much of the mountain area to
replenish, in part at least, the ground-water storage. These conditions
tended to increase the direct runoff resulting from the storm of February
27 to March 4 to an amount above what it would have been if there had
been less rain in the period just prior to the storm.

The influence of a;tacedent precipitation is discussed further in

the section entitled "Rainfall, runoff, and retention". .
Snow

Records of snowfall prior to and during the storm of March 1938 are
few and fragmentary. At Bear Valley Dam (altitude, 6,800 feet), on the
headwaters of Bear Creek, a tributary of the Santa Ana River in the San
Bernardino Mountains, the followlng observations were made by the presi-
dent and general manager of the Bear Valley Mutual Water Co.:12

In this 1938 storm, we estimate that the average depth of snow at
the beginning of the storm on the watershed was 18 inches. With 9 inches
added at the close of the storm, the appearance of the 'snow cover in the
valley was very much the same at the end as at the beginning. At no time
did the snow lose its structure or slush down. The rain seemed to pass
right through it and come rumnning out under the snow. Temperatures early
in the storm of March 2 were 36° to 38°, but about 4 a.m. on March 3 the
temperature dropped to 28°, the precipitation changed to sleet and snow,
and the runoff decreased immediately.

12 Pendergast, J. J., Memorandum on storms, 1884-1938.
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At the Big Pines station of the Los Angeles County Flood Control
District (altitude, 6,860 feet), on the desert side of the San Gabriel
Mountains, in the Great Basin, 19 inches of snow was reported on the
ground on February 27, 7 inches fell during the storm, and 23 inches re-
mained on March 4. Table Mountain station {(altitude, 7,500 feet), a
short distance from Big Pines station, recorded 32 inches of snow on the
ground on February 27, a fall of 8 inches during the storm, and 27 inches
remaining March 4. At a few other stations the records are not so com-
plete, owing to infrequent observations.

At Kelly's Kamp (altitude, 8,300 feet), in the San Antonio Creek
Basin, 72 inches of snow was reported on the ground on February 28 and
60 inches on March 9, but of the 32 inches of storm precipitation, only a
trace fell in the form of snow. Mount Gleason station (altitude, 5,450
feet), on the hesdwaters of Pacoima Creek, recorded 3 inches_ of snow on
the ground on February 13, 2 inches on February 28, and none on March 15.
At Opid's camp (altitude, 4,350 feet), in the basin of West Fork of San
Gabriel River, in the San Gabriel Mountains, there was no snow on the
ground on February 28, 1 inch on March 3 and half an inch on March 4.
These stations represent most of the areas in southern Californis in
which snow 1s an important factor in seasonal runoff.

These fragmentary observations in the San Bernardino and San Gabriel
Mountains indicate the probable absence of snow at the beginning of the
storm period at an altitude of about 5,000 feet or less. Above 6,000
feet there was a snow cover of considerable depth, with a maximum of more
than 70 inches in some areas at an altitude of 8,000 feet and above., It
appears that at the higher altitudes some snow accumulated during the
storm, and that at the lower altitudes there was no material depletion in
snow cover. At stations located at an altitude of more than 6,000 feet,
some of the precipitation during the later part of the storm occurred as
sleet and snow. In general, the snowmelt is believed to have contributed
but 1little to the flood runoff, and In the headwater areas the fléod run-
off may have been less than it would otherwise have been because some of
the precipitation occurred as snow, which remained on the ground after
the storm. Roughly, 30 percent of the area of the basins above the
stream-measurement stations in the San Gabriel and San Bernardino Moun-
tains is above 6,000 feet, and 5 percent is above 8,000 feet.

In Ban Diego, Ventura, and Santa Barbara Counties the snowfall 1is
usually light and seldom remains long on the ground. The snowfall in
these counties from February 27 to March 4, 1938, was negligible.
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BASIC DISCHARGE RECORDS

During a major flood it 1s extremely difflcult, i1f not impossible,
to obtain continuous accurate records of discharge of the streams in
southern Californla. In determining dlscharge at a stream-meassurement
station, current-meter measurements are made to establish e rating curve
that will show the dlscharge for any given stage at a glven time. Ordl-
narily the rating curve can be defined by measurements for the usual
range of stage, but 1ts definition 1s more difficult for unusually high
stages, and Increasingly difficult for flood stages so high as to be of
rare occurrence, when condltlons for obtaining measurements are most un-
favorable.

Complete definition of the rating curve to the highest peak can be
obtalned only by an adequate number of timely measurements and a record
of channel condltlons during the flood. In southern Callfornla, this
ldeal 1s diffilcult to attaln owing to the fact that it 1s practlcally im-
possible to make current-meter measurements during the higher flood
stages. The streams have flashy floods with excessively high velocltles
and usually move large quantlties of debrls and suspended material. Thelir
flood crests frequently occur almost simultaneously throughout the area,
and often during the night. The fleld engineer 1s further handicapped
during flood perlods by washed-out or obstructed routes of travel and at
times by damage to bridges or cableways from which discharge measurements
are made.

For many streams in both the mountain and valley areas, the contin-
ual shifting of thelr channels owing to scour, f111, or bank cutting make
1t impossible to develop a stage-discharge relation even 1f it 1s possible
to obtaln a large number of measurements. On the Los Angeles River at
Los Angeles, 44 current-meter measurements made in the period February 28
to March 5§ showed that no stage-dlscharge relation could be defined. For
this reason many of the gage-helght records in the maln flood area were
of 1little value as an indicatlion of the magnitude of the flood runoff.

There were, however, within the flood area a number of flood-control
reservolrs from the records of whose contents 1t was possible to compute
falrly satlsfactory records of runoff for the flood perlod. Similar rec-~
ords were avallable for certaln reservoirs that are malntained for pur-
poses other than flood control. For a, small number of other streams,

also, the records of discharge through the flood rlse are believed to be
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reliable with respect to rates of flow for short periods. The aforemen-
tioned records are presented herein as "basic discharge records" and are
analyzed in relation to rainfall rates and other pertinent factors in or-
der to develop relations which are of general Interest and which may be
used in Interpreting the often meager data obtainable at stream-
measurement stations.

In measuring the outflow from these reservoirs, the ratings for the
valves and spillways are based malnly on current-meter measurements, al-
though a few are based on model ratings. The operation of the release
velves In the dams made 1t necessary to compute the inflow and outflow
from the reservoir for intervals of time between readings of the valve
openings. This opening and closing of the valves necessarily affects the
record of stage in the reservolr an& makes difficult the accurate deter-
mination of inflow data for very short intervals of time. At some re-
servoirs the operation of these valves resulted in so much drawdown at
the water-stage recorder that the record was not a correct index of in=-
flow. For such periods observations made on staff gages, which are not
affected hy drawdown, were used as a true index of reservolr stages.
During the perlods of greatest discharge the staff gages were read fre-
quently.

Shortly after the floods the flood-control reservoirs were resur-
veyed by the California Institute of Technology, the Los Angelea/éounty
Flood Control District, and the United States Soil Conservation Service,
and new capacity tables were prepared. In determining the inflow to the
reservoirs the older capaclty tables were used prior to the time of the
maximum discharge and the new capaclty tables subsequently.

The estimated storage, which 1s add;d to or subtracted from the
spillway discharge and valve release In order to determine the inflow,
was based on the area of the water surface at the time of observation,
the rate of change in area,-and the rate of change in the altitude of the
water surfaces. The surveys made after the storm period indicate that
the area of the water surface for each gage helght had been decreased
somewhat by debris deposition, with the higher gage helghts showing the
least change in area. The shift of capacity tables at the time of the
maximum discharge has the tendency to Increase the computed inflow on the
rising stages during the perieds of greatest runoff and to decrease to a
mich slighter degree, however, the computed inflow on the falling stages.
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Most of these reservoirs were practically full prior to the periods
of maximum discherge, so there was 1ittle fluctuation in the area and al-
titude of their water surfaces during these perlods. The rather small
capacity of the reservoirs found in these steep, narrow canyons tends to
reduce further the influence of change in storage on the inflow computa-
tions. It 18 under these conditions that the change in storage factors
would have the minimum influence on the inflow computations,

The computed inflow to these reservoirs includes not only the water
but the debris that was carried with it and deposited in the reservoirs.
As incoming debris entered the upper end of a reservoir, it caused the
displacement of water at a rate and in a volume equivalent to its own.
The section on debris (pp. 372-376) discusses the d;position of debris in
the reservoirs. Theoretically, debris movement varies with the fifth or
sixth power of the velocity. Since the highest velocity is assoclated
with the greatest discharge, it might be assumed that the greatest inflow
of debris would also be associated with the greatest discharge. Avail-
able information indicates that streams tend to carry more debris on ris-
ing then on falling stages. For thls reason it may be assumed that most
of the inflow of debris occurred during the greater discharges.

Table 28 (p. 374) shows, in acre-feet per square mile of drainage
area, the debris deposited in each of 13 reservoirs, as determined from
surveys before and after the flood, and the inflow to each for the maxi-~
mum 24 hours., In the aggregate, the debris inflow is computed to be be-
tween 8 and 9 percent of the maximum 24-hour inflow, with the percentages
for individual reservoirs ranging generally from 5 to 15. Probably the
debris was assoclated mostly with the rising side of the flood hydrograph
and with perhaps less than half of the volume of flow in the maximum 24
hours, thus apparently Increasing the content of debris considerably
above the percentages indicated. The signiflcance of this complicating
factor In relation to the computed inflow and, the correlation of rainfall
and runoff rates must be kept in mind. '

The complicating factor of debris enters into the measurement of the
flood flow of all the mountain streaps of southern California, as 1s
pointed out in other places in this report. The reservoir records per-
mitted a more reliable determination of the flow including the debris
than was possible at any of the gaging stations. The records are espe-
c¢ially valuable in furnishing information as to the volume of debris
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borne by the flood waters of natural streams, this being a subject on
which reliable data are very meager.

The inflow and outflow for the flood-control reservoirs during the
main part of the storm period and the peak dlscharges have been computed
by the Geological Survey from date furnished by the Los Angeles County
Flood Control District, but these data were not complete at the time this
report was prepared. Owing to differences iIn interpretation of the basic
data, some of the results differ by relatively small amounts from those
reported by the flood-control District.l3 The records for Morris Reser-
voir were computed and furnished by the City of Pasadena Water Department.
The records for Santlago Creek Reservoir were computed and furnished by
the Corps of Engineers and the Orange County Flood Control District.

Records were furnisheﬁ by the Unlted States Forest Service for two
basins in Fern Canyon, designated Watersheds Nos. 2 and 3, having drain-
age areas of 0.063 and 0.084 square mile, respectively. No runoff rec-
ords were obtained from the Watershed No. 1 because of damage to the
measuring equipment. These watersheds are small, contiguous basins iying
along the eastern divide of the San Dimas Creek drainage area, within the
San Dimas Experimental Forest. (See pl. 15.) They have an average alti-
tude of about 5,000 feet and an average slope of about 65 percent. The
s0oil mantle varies in depth from less than 1 foot to more than 2 feet,
with an average of about 1 foot. At the time of the flood of March 1938,
each basin had a fairly heavy and uniform chaparral cover. At the lower
end of each basin is a concrete dam, founded on bedrock, above which is a
concrete~lined reservoir with a capacity of 10,000 cubic feet, built to
trap the erosional debris. The runoff of these basins was measured by a
modified 3-foot Parshall flume and a 90° V-notch weir.

The United States Forest Service has also made avallable basie rec-
ords on Wolfskill Creek and West Fork of San Dimas Creek, in the San
Dimas Creek Basin. In addition, the United States Soil Conservation Ser-
vice maintained several broadcrested-weir gaging stations on Honda Bar-
ranca in the Los Posas area, for which records are presented.

In general there are given for each reservoir a description of the

station, a table of mean daily and monthly iInflow to the reservoir

13 Los Angeles County Flood Control District, Blennial report on
hydrologic data, seasons 1936-37 and 1937-38, June 30, 1939.
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throughout the 3-month period February to April 1938, a table of hourly
or bilhourly inflow for the period February 27 to March 10, 1938, and cor-
responding taebles of outflow., The presentation of the data has followed
a uniform plan as far as practicable.

The station description gives, in the first paragraph, the location
of the reservolr and the sltitude of the stream bed at the dem. A second
paragraph gives characteristics of the drainage area upstream from the
dam. Each drainsge area as measured on the most recent topographic maps,
and its average altitude was determined by planimeter. It was then di-
vided into small areas, ranging from 1,000 feet to 1 mile square each,
and the average slope of each was estimated. The average of these esti-
mates was taken as the average slope for the entire area. The average
slope of the main stream channel was obtained by dividing the difference
between the maximum end minimum sltitudes of the channel by the length of
the channel as scaled from the topographic maps. The next paragraph, re-
lating to the gage-~height record, gives the method of determining the
stage during the flood. In s fourth parsgraph is given the method of
computing the discharge. This is followed by a paragraph giving the
maximum discharge end the time of its occurrence. The method of estimat-
ing the maximum discharge 1s discussed later. The sixth and last para-
graph, under the heading "Remarks", begins with a statement concerning
the reliability of the record; it then gives the altitude of the splll-
way, the area of the reservoir at the spillway, the capacity of. the re-
servoir before and after the floods, a statement concerning storage or
diversion upstream from the reseryoir, and other miscellaneous informa-
tion. 8Simllgr descriptions for stations other than those at reservoirs
were also furnished.

Following easch description, if the records are avallable, is a table
showing the mean daily inflow in second-feet, and the monthly inflow in
acre-feet for the period February 1, 1938, to April 30, 1938. This cov-~
ers the actual flood.period and sufficient time before and after it to
establish the relations of flood discharges to the prevalent discharges
and to give a genersl perspective of the March flood. The table of in-
flow at Indlicated times was obtained from inflow hydrographs developed on
the basis of the gage-height record from the water-stage recorder on the
reservolr, supplemented by staff readings and records of valve operation.
The table of outflow from each reservolr is presented immediately follow-
ing the table of inflow.
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The outflow from the reservoirs was governed mainly by the opening
and closing of valves, resulting in a stepllke hydrograph. Dally dis-
charges were computed from this steplike hydrograph, but in computing the
outflow at indicated times, a smoothed hydrograph was used; the total
discharge for any hour 1s approximately the same computed from either hy-
drograph.

Hydrographs of inflow into five of the flood-control reservolrs,
namely, those on Tujunga Creek, West Fork of San Gabriel River, Santa
Anita Creek, Eaton Creek, and Live Oak Creek, are shown on figure 16.

The drainage areas of these streams represent a wide variety of basin

characteristics, with that of Eaton Creek having the steepest slope and
that of Live Oak Creek the gentlest. The West Fork of San Gabriel River
had the greatest runoff to the square mile, however, and Live Oak Créek

the least.

454720 0 - 42 -8
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Figure 16.=- Graphs of discharge intoc various reservoirs in southern California, March 1938.
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Sants Ana River Basin

Santiago Creek at Santiago Reservolr, near Villa Perk, Calif.

Location.- Water-stage recorder, lat. 33°47'00", long. 117°43'35", in Lomss de Santlago
grant, 2 miles east of Orange County Park, and 5 miles east of Villa Perk, Orange
County. Altitude of stream bed, 680 feet.

Dramsge area,.- Area, 62.5 square miles. Aversge altitude, 2,120 feet. Maximum alti-
@, 0,680 feet. Average slope, 45 percent. Length of main stream channel, 13.0
miles. Average slope of main stream channel, 7.3 percent.

Gage-height record.- Water-stage recorder graph.

Discharge record.~ Computed from record of stage, stege-capacity tgbles, and spillway
raEIﬁ‘E curve.

Maxima.- 19383 Inflow, 9,850 second~feet 6 p.m. Mar, 2.
Outflow, 5,870 second-feet 9230 p.m. Mar. 2.

Remarks.- Records good. Cepaclty at spillway level, 25,000 acre-feet. Reservolr oper-
ated by Irvine Co. and Serrano and Carpenter Irrigation Districts. Records fur-
nished by Corps of Engineers, U, S. Army, and Orange County Flood Control District
through M. N. Thompson, chlef engineer.

Mean dally inflow, in second-feet, 1938

Feb. 28 ..oiveee Mar. €6 ceesees 659

Mar. 7. .e 576
8 . ee 6549

9. ces 529

10 vevaes 501

5 eiveaes 803 11 ceeeeen 469

Inflow Feb. 28 to Mar. 11, in acre-feet..25,180
Inflow, in second-feet, at indicated time, 1938

g

Feb, 28 {Mar, 1 | Mar. 2 | Mar. 3 | Mar. 4 [Mar.5 | Mar, 6 | Mar,7 | Mar. 8 | Mar, 9 | Mar. 10

1,600 328 | 3,800
90 | 1,700 430 | 3,400 | 1,410
1,410 500 | 3,130
92 | 1,000 675 | 3,040 | 1,360 | B85 | 700 | 593 | 565 | 530 520
867 920 | 2,980
92 760 | 1,040 | 2,900| 1,300
92 665 | 1,280 | 2,840
104 670 | 1,750| 2,800 | 1,240 | 836 | 680 | 687 | 560 | 530 506
560 | 2,700 | 2,600
160 512 | 3,080 2,600 | 1,190
405 | 3,800 | 2,470
203 342 | 4,130 2,330 | 1,130 | 790 | 660 | 580 | 566 | 530 500

321 | 5,300 2,220
189 313 | 6,950 | 2,120| 1,080
308 | 7,800 | 2,060
184 209 | 8,650 | 2,000 | 1,040 | 760 | 640 | 560 | 545 | 530 495
270 | 9,850 | 1,930
190 241 | 9,100| 1,870 1,010
211 224 | 7,800 | 1,800

o

BROOOONBROWNOH 2000100 WD

249 211 | 6,900 1,710 980 | 740 620 556 540 530 485
370 211 5,960 | 1,650
1 660 220 | 5,270 | 1,600 940
11} 1,060 232 | 4,700 | 1,550
1,420 248 | 4,170} 1,500 910 | 710 600 550 530 525 475

Mean daily outflow, in second-feet, 1938

Febe. 28 ¢c0ovees 0 Mar. 6 «cceo0ee 703
Mar. 1 ....... 0 T oerieeera 600
2 ceeeees 1,700 B8 eaveans 687
3 B 532
4 . b12
5 b 476

Outflow Feb. 28 to Mar. 11, In acre-feet. 20,960
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Cutflow, in second~feet, at indicated time, 1938
Hr./Feb.28| Mar. 1| Mar. 2 | Mar., 3 | Mar. 4 | Mer. 5 | Mar. 6| Mar.7 | Mar. 8 | Mar. 9 | Mar. 10
1 5,060 1,850
2 4,770} 1,800 1,030 760
3 4,460} 1,740
4 4,180 1,700 990 | 745 €28 560 536 620
5 3,960 | 1,660
6 3,790 1,600 960 | 740
7 3,660 1,540
8 3,520 1,510 940 1728 620 560 530 520
9 3,390 | 1,470
10 3,270 1,440 910 | 710
11 3,140 | 1,410
N ] [ o| 3,020( 1,380 890 | 708 600 560 530 512
1 0| 2,900 1,340
2 330( 2,780 1,300 860 | 665
3 1,070 2,670 1,260
4 2,030 2,570 1,240 840 680 580 560 530 504
5 3,160 | 2,480 1,210
[] 4,270 2,390 1,190 810 | 670
7 6,000 2,310 1,170
8 5,480 | 2,220 1,150 810 660 574 650 530 504
9 5,630 2,120| 1,120
10 65,630 | 2,040 1,100 790 | 646
11 5,620 ( 1,980 1,080
¥ )] [+] 5,310] 1,920| 1,080 770 | 635 562 542 530 494

Supplemental record.- Mar. 2, 9:30 p.m. 5,670 sec.-ft.

San Gabriel River Basin

8an Gabriel River at flood-control reservoir No. 1, near Azusa, Calif.

Location.- Staff gage, lat. 34°12'15", long. 117°51'20", in XE} sec. 6, T. 1 N.,

+» 6§ miles northeasat of Azusa. Altitude of stream bed, about 1,200 feet.

Dralnage area.-
Eﬁ 10,080

N feet.

E]
miles.

Gge-hp%ﬁ}_xt
per: »

at sbout 4-minute intervals

record.- Staff gage read daily et 8 a.m., more
3 - 7 p.m, Mar. 2

Area, 202 square miles.
Average slope, 49 percent.

Average altitude, 4,500 feet.

Maximum

alti-

Length of main stream chammel, 24:6
Average slope of main stream channsl, 6.9 percent.

frequently during sterm

Discharge record.~ Computed from record cf stage, spillway rating table, valve rating
curves, valve-operation record, and changes in storage based on record of stage and
city table based on survey of 1937 used to time of

stage-capacity tables z stage~ca
7

peak stage of Mar. 2
thereafter.

Maxima .- 19383

Remarks.- Records good.

Inflow, 90,000 second-feet 4 p.m. Mar. 2.

Outflow, 56,700 second-feet 7330 p.m. Mar. 2.

acres (Oct. 1938).

acre-feet; after storm, 47,191 acre-feet.

Altitude of splllway, 1,453 feet.
Capacity at spillway level befcre storm of Mar.
Partlal regulation at flood-control dam

Area at spillwa;

No. 2 on West Fork of San Gabriel River, 10 miles upstream.
Basic data Feb., 27 tc Mar. 1l and entire record for rest of

into Morris Reserveir,

330 p.m.), table based on survey of October 1938 used

level,
, 53,334

Outflcw goes directly

February, March, and April furnished by Los Angeles County Flood Control District,
through H. E. Hedger, chief engineer.

Mean daily inflow, in second-feet, 1938

Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. Day | Feb. Mar. Apr.|
1 215 5,290 526 11 963 1,220 667 21 263 1,260 488
2 129 | 31,100 763 12 203 4,190 719 22 249 1,330 476
3 510 16,700 €99 13 554 35,400 593 23 236 1,280 482
4 749 7,790 688 14 448 2,550 554 24 239] 1,210 505
& 420 4,570 773 15 378 2,040 516 25 240! 1,190 511
& 286 35,730 747 16 329 1,470 488 28 233 1,110 436
7 228 3,390 700 1w 300 1,270 474 27 419 1,070 398
8 206 3,100 632 18 294 1,220 476 28| 2,80 1,050 390
9 291 3,480 648 19 312 1,170 496 29 940 405

10 367 2,080 692 20 269 1,100 506 gg gg: 387

Mean monthly inflow, In 8ecoNd=fe8t...cvcrsscoccsscscscsscnnnas 460 3,810 561

INnflow, In 8CTre=f80%T.csesccrscsscessrsconsnsssssacasscssansscanss | 26,650({222,100)33,390
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Inflow, in seoond~feet, at indicated time, 1938
Hour | PFebruary 27| February 28 March 1 March 2 March 3 March 4
1 242 833 10,600 3,070 26,900
2 238 865 9,530 3,160 24,000 9,760
3 236 865 8,960 3,300 19,200
4 233 892 8,570 3,200 18,800 9,300
5 232 945 8,320 3,120 20,700
6 246 1,070 8,000 3,170 19,900 8,800
7 262 1,530 6,800 7,600 18,800
8 280 2,160 5,320 9,200 17,700 8,540
9 295 2,510 4,930 10,700 16,600
10 310 2,900 4,700 15,500 15,900 8,320
11 330 3,200 4,420 20,200 15,100
.| 352 3,360 4,120 27,600 14,500 8,000
1 37, 3,540 3,910 39,000 13,700
2 4 3,800 3,780 57,300 13,100 7,730
3 443 3,940 3,600 69,500 12,800
4 489 3,680 3,360 90,000 12,500 7,550
5 535 3,490 2,890 81,000 12,000
6 575 3,330 3,040 72,000 11,700 6,900
7 612 3,300 3,460 59,500 11,400
8 647 3,380 3,300 48,300 11,100 5,680
9 685 3,450 3,140 40,800 10,800
10 730 3,700 3,060 35,800 10,600 5,390
11 775 6,800 3,000 31,300 10,300
12 805 9,100 3,010 29,000 10,000 5,200
March 5 March 6 March 7 March 8 March 9 March 10
2 5,020 4,270 3,610 3,180 3,950 3,280
4 4,900 4,220 3,590 3,170 3,980 3,250
[ 4,810 4,150 3,550 3,160 4,000 3,220
8 4,700 4,090 3,500 3,120 4,010 3,190
10 4,610 3,570 3,400 2,710 3,990 2,370
N 4,480 2,840 3,350 2,110 3,920 1,600
2 4,320 2,810 3,320 2,420 3,330 1,280
4 4,200 3,700 3,200 2,630 2,790 1,220
6 4,310 3,760 3,260 3,260 2,200 1,100
8 4,380 3,740 3,220 3,900 2,700 1,080
10 4,360 3,600 3,210 3,980 3,250 1,140
M 4,300 3,630 3,200 3,950 3,290 1,210
Mean daily outflow, in second~fest, 1938
Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. Day | Feb. Mar. Apr.
1 133 ol 1,150 11 285 1,410 1,420 21 528 1,140 503
2 177 | 11,800| 2,820 12 309 3,790 499 22 532 1,380 502
3 181 16,700| 2,770 13 183 3,490 501 23 507 1,380 501
4 147 8,080 2,700 14 137 2,590 504 24 504 1,380 501
5 162 4,640 2,640 15 288 2,140 504 25 502 1,380 167,
6 101 3,790 2,560 16 321 1,520 504 26 478 1,370 1
7 77 3,420 2,490 17 304 1,350 504 27 489 1,370 1
8 204 3,100{ 2,400 18 282 1,330 503 28 291 1,370 1
9 199 3,540 2,300 19 538 1,330 503 29 1,360 1
10 239 2,300{ 2,190 20 524 1,320 503 30 1,360 1
31 932
Mean monthly outflow, in 36cONA-feet..ceesesresetssranesereaess 315 2,970 1,070
Qutflow, In ACre=feetccccccesssssacsssscsccansacarssscsnssesnsss 17,480 |182,600|63,760

Outflow, in second-fset, at indicated time, 1938

Hour | February 27| February 28 March 1 March 2 March 3 March 4
1 29,200 10,200
2 490 494 0 v 26,600 10,000
3 24,400 9,800
4 490 496 0 [ 22,800 9,600
5 21,500 9,300
6 490 498 o] [} 20,500 9,100
7 19,700 8,900
8 490 500 (4] [ 18,800 8,700
2 17,700 8,600

10 489 510 ] [¢] 16,800 8,500
11 15,900 8,350
N 488 520 [¢] [ 15,200 8,200
1 527 0 14,500 8,000
2 487 4] 4] 4] 13,800 7,940
3 0 13,300 7,860
4 486 [+] 4] [¢] 13,000 7,740
5 0 12,600 7,600
6 487 (4] [\] 36,700 12,100 7,400
7 56,400 11,800 6,830
8 488 1] [¢] 54,400 11,500 6,180
9 47,000 11,200 5,970
10 490 [¢] 0 40,600 11,000 5,700
11 35,400 10,700 5,500
N 492 (1] 0 31,600 10,300 5,400

.
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Outflow, in second-feet, at indicated time, 1838--Continued

Hour March § March 6 March 7 March 8 March 9 March 10
2 5,180 4,310 3,620 3,190 3,960 3,250
4 5,000 4,270 3,600 3,160 3,980 3,250
] 4,850 4,220 3,550 3,160 3,980 3,250
8 4,780 4,190 3,520 3,180 3,980 3,220

10 4,680 3,960 3,440 3,020 3,980 3,050
N 4,580 3,320 3,400 2,500 3,980 2,320
2 4,420 2,960 3,360 2,470 5,820 1,820
4 4,300 3,200 3,320 3,100 3,250 1,540
[} 4,270 3,640 3,280 2,920 2,860 1,340
8 4,360 3,720 3,230 3,430 2,540 1,220

10 4,360 3,760 3,210 3,820 2,830 1,180
M 4,360 3,680 3,200 3,940 3,150 1,160

Supplemental record.- Mar. 2, 7:30 p.m., 56,700 sec.~ft.

San Gabriel River at Morris Reservoir, near Azusa, Calif.

Location.~ Water-stege recorder, lat. 34°10'25", long. 117°52'50", in NE} sec. 13, T. 1
<» R. 10 W., 3% miles northeast of Azusa. Altitude of stream bed, about 950 feet. -

Drai ¢_area.~ Area, 211 square miles, Average altitude, 4,480 feet, Maximum alti-
ﬁe, 10,080 feet. Average slops, 49 percent. Length of main stream channel, 27.5
miles., Average slope of main stream channel, 6.3 percent.

Gage~-helght record.- Water-stage recorder graph and frequent staff-gage readings.

Discharge record.- Inflow computed from outflow, records of evaporation and diversion,
changes In storage, based on record of stage and stage-capacity tables. Outflow
computed from record of stage, spillway rating curve, valve rating curve, and gate
and valve operation record.

Maxima.- 1938: Inflow, 66,200 second-feet 7325 p.m. Mar. 2.
OQutflow, 65,700 second-feet 7305 p.m. Mar. 2.
1894-1937: Discharge, 40,000 second-feet Jan. 18, 1916.

Remarks.- Records good. Altitude of spillway, 1,152 feet; top of gates, 1,170 feet.
rea at spillway level, 414 acres. Capacity before storm of Mar. 2, at spillway
level, 31,700 acre-feet and at top of gates, 38,690 acre-feet; capacity after storm,
30,180 and 37,170 acre-feet, respectively. Inflow partially regulated by flood=-
control reservoir No. 1, 3 miles upstream, and flocd-control reservoir No. 2, 13
miles upstream on West Fork of San Gabriel River. Records of inflow and records of
outflow for Feb. 22 to Apr. 30 furnished by City of Pasadena Water Department.

Mean daily inflow, in second-feet, 1938

Feb, 17 seeeess 235
18 4vaeees 288
19 coeeee. 576
20 +e00... BB2
2l vev..00. 588
22 «vve... 558
23 esese.s 540
24 co0ees. 524

B eoesess 4,240

Inflow Feb, 17 to Mar. 5§ in aecre-feet...100,200
Inflow, in second-feet, at indicated time, 1938

Hour March 2 March 3 March 4 March §
1 200 33,600 10,500
2 200 29,700 10,000 4,770
3 240 27,600 9,660
4 28C 24,800 9,240 4,580
5 350 21,600 9,050
6 5C0 21,000 8,860 4,500
7 720 20,100 8,660
8 1,000 18,400 8,500 4,330
9 1,350 17,200 8,260
10 1,470 16,5600 8,060 4,240
11 1,540 16,300 7,900
N 1,700 | 16,500 7,750 4,120
1 2,000 16,400 7,600
2 2,580 16,100 7,500 4,040
3 3,000 15,800 7,320
4 3,400 15,400 7,200 3,980
5 4,100 14,900 7,060
6 54,500 14,400 6,960 3,940
7 61,000 13,9800 6,400
8 57,800 13,300 5,850 3,910
9 51,400 13,000 5,640
10 44,000 12,500 5,400 3,880
11 38,300 12,000 5,180
M 35,300 11,200 5,020 3,880

Supplemental record.- Mar. 2, 7:25 p.m., 66,200 sec.-ft.
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Mean daily outflow, in second-feet, 1938

Day | Feb. Mar, Apr. Day | Feb. Mar. Apr. Day | Feb. Mar. Apr.
1 3.8 205 860 11 89 1,620 | 1,190 21 94 700| 403
2 3.3 |12,730| 1,330 12 92 1,950 462 22 98 580| 406
3 5.6 |21,660| 1,280 13 89 2,690 418 23 99 1,030| 409
4 7 8,620 1,640 14 89 2,700 414 24 170 1,360| 343
5 6 4,520| 2,410 15 88 2,380 414 25 341 1,300| 96
6 5.5 3,900} 2,620 16 88 1,920 383 26 308 1,300 13
7 4.2 3,840 2,500 17 88 1,140 392 27 180 1,210{ 12
8 25 4,460} 2,320 18 88 1,760 395 28 86 1,310 9.5
9 72 4,940| 2,290 19 89 1,750 397 29 1,310 9
10 85 2,670 2,010 20 92 1,420 400 30 1,310 8.5
31 790
Mean monthly outflow, in Second~fe8b.ceseiciceeiesescnaiscsnnnes 88.8 3,196 861
Outflow, in 8cre=fe6t.reecsceseresncerreorearesacecnsnsronessas (4,930 (196,500{51,240

Outflow, in second-feet, at indicated time, 1938

Hour March 2 March 3 March 4 March 5
1 45 32,200 13,800 -
2 60 28,700 12,100 5,250
3 60 28,500 11,000
4 60 27,300 10,300 5,000
5 75 20,200 9,850
6 105 20,800 9,500 4,830
7 165 20,500 9,200
8 255 19,500 8,960 4,630
9 390 16,200 8,700
10 615 16,5600 8,500 4,500
11 735 17,500 8,300
N 855 21,300 8,100 4,400
1 1,020 20,500 8,000
2 1,290 21,000 7,800 4,360
3 1,600 20,500 7,600
4 5,230 21,200 7,500 4,250
5 13,500 21,500 7,400
6 20,200 19,500 7,300 4,160
7 50,400 18,300 7,050
8 55,500 19,400 6,700 4,060
9 51,800 19,400 6,350
10 46,200 19,300 6,100 4,020
11 39,600 18,700 5,900
M 33,500 16,700 5,680 4,000

Supplemental records.- Mar. 2, 7:05 p.m., 65,700 sec.-ft.;
7¢12 p.m., 65,400 sec.-ft.; 7:20 p.m., 51,800 sec.-ft.; 8225
p.m., 56,300 sec.-ft.

West Fork of San Gabriel River at flood~-control reservoir No.Z2, near Camp Rincon,Calif.

Location.~ Staff gage, lat. 34°14'45", long. 117°57'50", near center sec. 19, T. 2 N.,
K. I0 W., 6 miles west of Camp Rincon. Altitude of stream bed, 2,140 feet.

Draig%ge area.- Area, 40.4 square miles. Average altitude, 4,290 feet. Maximum alti-
tude, 8,038 feet. Average slope, 47 percent. Length of main stream channel, 8.5
miles. Average slope of main stream channel, 13 percent.

Gage-haiégt record.- Staff gage read daily at 8 a.m.; more frequently during storm
period.

Discharge record.- Computed from spillway rating curve, valve rating curves, valve oper-
ation record, record of stage, discharge measurements, and changes in storage based
on record of stage and stage-capacity tables; stage-capacity table dated October
1935 used to time of peak stage of Mar. 2 (4:30 p.m.), and table corrected by silt
survey made after storm used thereafter.

Maxima.~- 1938: Inflow, 26,900 second-feet 4:15 p.m. Mar. 2.
Outflow, 24,200 second-feet 4:30 p.m. Mar. 2.

Remarks.- Records good. Altitude of spillway, 2,385 feet. Area at spillway level,
143 acres. Capacity at spillway level before storm of Mar. 2, 12,298 acre-feet;
after storm, 10,787 acre~feet. Basic data Feb. 27 to Mar. 11 and entire record
Feb, 1-26 end Mar. 12 to Apr. 30 furnished by Los Angeles County Flood Control Dis-
trict through H. E. Hedger, chief engineer.
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Mean daily inflow, in second-feet, 1038

Day | Feb. Mar. Apr, Day | Feb. Mar. Apr, Day | Feb. Mar. Apr.
1 93 1,430 107 11 549 246 70 21 53 203 52
2 39 8,100 101 12| 288 863 71 22 48 197 4
3 246 2,420 100 13 162 539 72 23 47 190 48|
4 305 995 99 14 113 469 69 24 42 185 54
5 132 613 95 15 91 388 65 25 41 178 | 6l
6 70 428 94 16 71 321 60 26 42 155 656

7 54 313 79 17 61 276 61 27 140 155 45
8 46 350 79 18 5 264 56 281,030 163 45
9 107 276 i 19 3 238 56 29 145 51

10 109 204 75 20| 62 227 52 30 126 &7

31 111
Mean monthly inflow, In 8000Nd~feOt..cccsecvscsrscccccssseansasns 150 673 | €8.5
Inflow, In ACre~fe0tecssesvasenscrsasvesscossnsssssscssenvecoass | 8,310 | 41,350 | 4,080

Inflcw, in second-feet, at indicated time, 1938

Hr.| Feb., 27| Feb. 28| Mar., 1 | Mar. 2 | Mar. 3 | Mar. 4 {Mar. 5 | Mar. 6 | Mar. 7 | Mar. 8
1 45 248 4,600 705 | 4,350
2 45 244 3,350 735 3,860 1,290 282
3 45 242 2,720 780 | 3,450
4 46 267 2,300 B50 ] 3,240 1,250 698 485 326 273
5 46 320 1,860 1,180 3,020
6 46 425 1,680 1,940| 2,870 1,180 287
7 46 625 1,540 2,580 2,700
8 46 960 1,400 | 3,600| 2,550 1,120 675 480 311 308
9 55 1,060 1,200 5,100 | 2,400
10 65 1,130 1,040 | 8,600 | 2,270 | 1,040 375
11 Vi 1,170 915 9,300 2,170
N 95 1,200 880 | 10,200 | 2,100 975 640 470 300 392
1 123 1,220 860 | 10,800 | 2,010
2 162 1,300 843 | 20,000 1,930 905 410
3 204 1,580 830 | 21,800 1,850
4 230 1,160 820 | 24,700 1,790 850 550 370 300 435
5 246 890 806 | 20,300 | 1,700
6 260 950 798 | 13,000 1,650 805 455
7 284 985 787 | 10,000 1,590
8 269 1,040 775 8,050 1,510 765 505 350 327 360
9 263 1,180 763 6,500 1,460
10 259 1,940 735 5,700 1,410 733 320
11 255 2,850 695 | 5,200 1,370
M 250 3,450 680 | 4,730 | 1,330 720 490 333 295 300
Supplemental record.-~ Mar. 2, 4:15 p.m., 26,900 sec.~ft.
Moan daily cutflow, in second-feet, 1938
Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. Day | Feb. Mar. Apr.
1 7.5 181 o7 11 30 123 6 21 23 225 T8
2 9 6,810 96 12 38 540 6 22 22 286
3 12 2,980 96 13 34 332 6 23 22 288 785
4 26 1,655 95 14 34 283 6.5 24 21 286 8
5 30 741 95 15 34 192 7 26 20 282 8.5
6 28 733 94 16 33 14 7 26 20 266 9
7 26 860 74 17 30 15 7 27 21 268 9
8 25 034 56 18 28 84 7 28 31 272 9
9 23 1,290 24 19 26 129 7 29 177 9
10 25 533 7 2¢ 24 156 7 30 135 9
31 23
Mean monthly outflow, in second-feet....seccees 25.1 683 29.6
Outflcw, In acre-feet...cceeeescses 1,390 | 41,970 | 1,760
Outflow, in second-feet, at indicated time, 1938
{Hour | February 27 | February 28 March 1 Merch 2 March 3 March 4
1 . 7,050
2 20 22 65 386 5,050 2,170
3 3,730
4 20 22 75 387 3,460 2,160
5 3,270
6 20 22 82 392 3,170 2,140
7 397 3,060
8 20 23 87 403 2,860 2,120
9 411 2,710 :
10 21 26 90 423 2,610 2,100
11 4,150 2,420
N 21 29 o2 6,430 2,380 2,070
1 6,840 2,320
2 21 33 94 14,500 2,280 2,050
3 95 19,600 2,240
4 21 37 236 22,800 2,230 2,020
5 377 23,400 864
6 21 39 378 16,700 2,230 654
7 12,300
8 21 a2 380 9,530 2,210 857
9 7,730
10 21 45 381 6,430 2,200 658
11 6,710
M 22 52 382 7,550 2,190 659
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Qutflow, in second-feet, at indicated time, 1938--Continued

Hour March § March 6 March 7 March 8 March 9 March 10
2 .
4 659 915 883 821 1,610 1,330
[
8 660 905 871 813 1,510 1,290
10 25 861 18 260
N 660 25 861 18 1,420 7
2 911 646
4 660 910 850 1,770 641 7
6 927 321
8 924 903 840 1,720 1,420 7
10 337
M 921 895 832 1,670 1,390 3356

Supplemental record.- Mar. 2, 4230 p.m., 24,200 sec.-ft.

L]
Sawplt Creek at flood-contrel reservoir near Monrovia, Calif.

Location.~- Water-stage recorder, lat. 34°10'30", long. 117°59'00", near center sec. 13,
T. 1 N., R. 11 W., 2 miles nerth of Monrovia. Altitude of stream bed, 1,228 feet.

Dra%e area.- Area, 3.27 square miles. Average altitude, 2,960 feet. Maximum alti-
tude, 5,390 feet, Average slope, 50 percent. Length of main stream chammel, 3.1
miles. Average slope of maln stream chamnel, 25 percent.

Gage-helight record.- Water-stage recorder graph and frequent staff-gage readings,

Discharge record.- Computed from splllway rating curve, valve rating curves, valve oper-
ation records, record of stage, dlscharge measurements, and stage-capacity tables;
stage-capacity table based on survey of October 1935 used to time of peak stage of
Mar. 2 (6 pem.), table corrected by silt survey made after storm used thereafter.

Maxima.- 1938: Inflow, 1,000 second-feet 4:15 p.m. Mar. 2.
Outflow, 665 second-feet 6 p.m. Mar. 2.
1932-37: Mean hourly inflew, 240 second-feet 2 - 3 a.m. Jan. 1, 1934,

Remarks.- Records fair., Altitude of spillway, 1,360 feet. Area at spillway level,

.0 acres (after storm of Mar. 2)., Capaclty at spillway level before storm, 389
acre-feet; after storm, 320 acre-feet, Basic data Feb., 27 to Mar. 11 and entire
record for rest of February, March, and April furnished by Los Angelss County Flood
Control District, through K. E. Hedger, chief engineer.

Mean daily inflow, in second-feet, 1938

Day | Feb. Har. Apr. Day | Feb. Mar. Apr. Day | Feb. Mar. Apr.
1 3.4 [:<3 8 11| 9.5 |. 14 546 21 1.5 11 4.8
2 1.4 371 12 21 5.5 22 1.2 10 4.8
3 22 132 746 13| 6 17 5.5 23 1.4 9.5 4.8
4 16 54 7.5 14 | 4.8 18 5.5 24 1.5 9 5
5 6 35 7.5 16 | 3.3 14 5.5 26 1.4 8.5 5
[] 3.0 34 7 16 | 3.3 14 5 26 1.0 8.5 4.4
7 2.1 27 6.5 17 | 3.2 13 5 27 1.3 8.5 3.9
8 1.0 17 6 18 | 3,1 13 5 28 | 44 8.5 3.4
9 4.2 15 6 19 | 3.0 12 5 29 8.5 3.4

10 4.6 156 6 20 | 2.4 11 4.9 30 8.5 3.3

31 8.5
Mean monthly inflow, in second-feet... secssaanssrensscosasan 5,88 33.1 | 5.51
Inflow, in 8Cre=feet.ccceeisreetecrcasnranasssoonassssasosonnas 326 | 2,040 328

Inflow, in second-feet, at indicated time, 1938

Hr.| Feb.27|Feb.28 | Mar.l | Mar.2 | Mar.3 | Mar.4 | Mar.5 | Mar.6 | Mar.7 | Mar.8 | Mar.9 [Ma?.10)
1] 0.9 2.1 | 245 49 240

2 .9 3.2 183 51 220 €8

3 .9 6.6 161 &2 205 .

4 .9 13 128 68 196 64 38 35 31 18 16 14
5 .9 22 110 76 185

6 .9 31 97 29 174 60

74{ 1.0 42 87 156 163

8] 1.4 60 81 180 150 57 36 36 30 17 16 14
9] 2.7 73. 75 260 134

10} 2.1 68 €8 314 129 54

11| 1.6 63 €2 320 122

N| 1.3 58 59 455 115 52 34 36 26 17 15 13
1 .8 54 57 516 106

2] 1.0 39 54 615 o7 50

3| 1.3 31 50 800 93

41 l.4 26 47 926 20 48 33 34 23 17 16 13
51 1.4 23 46 815 87

6 l.4 22 44 €80 84 46

71 1.4 21 43 620 83

81 1.4 19 42 575 82 44 32 32 20 16 15 13
91 l.4 32 40 470 81

10| 1.4 120 41 352 80 42

11| 1.4 156 44 300 79

M| 1.6 170 47 265 79 40 33 32 19 16 15 20

Supplemental record.- Mar. 2, 5:15 p.m., 1,000 sec.-ft.
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Mean daily outflow, in second-feet, 1938
Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. Day | Feb. Mar. Apr.
1 0 63 9 1 | 7 13 6 21 0 10 4.8
2 0 231 7.5 12 9.5 20 5.5 22 0 10 4.8
3 2.9 149 7.5 13 9.5 17 5.5 23 0 13 4.8
4 16 75 8 14 | 7.5 15 5.5 24 [} 9 5
5 8.5 71 7 15 4.9 15 5.5 25 0 8 5
6 7 68 7 16 4.4 14 5.5 26 0 8.5 4.6
7 4.5 59 6.5 17 4.1 13 5 27 5.5 8.5 3.9
8 8 27 6 i8 1.7 12 5 28 | 16 8.5 3.2
9 9.5 16 5.5 19 0 11 5 29 9 3.4
10 0 15 5.5 20 0 11 4.9 30 8.5 3.2
31 8
Mean monthly outflow, in secomd-feete.iccevecesceasseareace 4.52 32.8 | 5.52
Outflow, In ACre=fe0tccicicesesriscneerssaccesnsscercaannsnsnnse 251 | 2,020 328

Outflow, in second-feet, at indicated time, 1938

Hr. | Feb,27|Feb.28 | Mar.l | Mar.2 | Mar.3 | Mar.4 | Mar.5 | Mar.§ | Mar.7 | Mar.8 Mar.9 |[Mar.]
1 ) 53 276

2 o | 10 58 62 | 251

3 0 62 231 80

4 9 10 63 61 | 216 72 69 65 44 17 15
8

¢ e 10 64 62 | 200 | 74

8 0 10 65 64 165 74 72 68 64 40 17 15
9 0

10 0 10 65 66 | 145 74

11 5 10 68

N 10 16 65 103 130 74 71 68 62 26 16 15
1 19 108

2 10 7 6 | 108 | 111 | 74

3 13 256

1 10 5 64 | 318 | 100 74 71 67 & 17 15 15
5 583

6 10 20 64 | e85 | 100 | 73

7 649

8 10 | =0 65 | 618 | 93 73 70 66 | 52 17 15 15
9 20 502

10 10 28 63 | 403 % | 73

11 38 333

M 10 44 65 | 303 87 73 70 66 18 17 15 14

San Dimas Creek at flood-control reservoir near San Dimas, Calif.

Location.- Water-stage recorder, lat. 34°09'15", long. 117°46'15", in SE} sec. 24, T. 1
., BRe 9 W., 4 miles northeast of San Dimas. Altitude of stream bed, 1,350 feet.

Drainage area.- Area, 16.5 square miles. Average altitude, 3,130 feet. Maximum alti-~
tude, 5,558 feet. Average slope, 42 percent. Length of main stream channel, € miles.
Average slope of main stream channel, 13 percent.

Gage-height record.- Water-stage recorder graph and staff-gage readings.

Discherge record.- Computed from spillway rating curve, valve rating curves, valve oper-
ation record, record of stage, and stage-capacity tables; stage-capacity table based
on survey of December 1935 used to time of peak stage on Mar. 2 (5:15 p.m.), table
corrected by silt survey made after storm used thereafter.

Mexima.- 1938: Inflow, 4,600 second-feet 5:10 p.m. Mar. 2.
Qutfiow, 4,370 second~-feet 5:15 p.m. Mar, 2.
1932-37: Mean hourly inflow, 422 second-feet 3 - 4 a.m. Jan. 1, 1934.

Remarks.- Records fair. Altitude of spillway, 1,462 feet. Area at spillway level, 36
acres (after storm of Mar. 2). Capacity of spillway level before storm, 1,399 acre-
feet; after storm, 1,188 acre-feet, Basic data Feb. 27 to Mar., 2 and entire record
for rest of February, March, and April furnished by Los Angeles County Flood Control
District, through H. E. Hedger, chief engineer.

Mesn daily inflow, in second-feet, 1938

Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. Day | Feb. Mar. Apr.

1 13 331 31 11 42 50 21 21 6 51 15

2 5,8 1,580 30 12 34 121 22 22 6 48 15

3 32 461 28 13 i8 118 20 23 4.9 44 14

4 30 191 28 14 | 15 97 17 24 3.7 43 17

5 13 135 26 15 10 83 15 25 3.7 42 i8

6 8 95 25 16 9 72 16 26 5 38 15

7 5.5 77 24 17 8 66 15 27 11 37 15

8 5.5 76 23 18 8 58 14 28 1144 36 15

9 15 38 22 19 7.5 59 15 29 36 15
10 13 54 21 20 5.5 55 16 30 33 15

31 32

Mean monthly inflow, in second=-feet....eessse ¥7.2 138 19.4
Inflow, In 80re~feeteceissascsersscrscctensasccscscasensnnnsnsss 956 | 8,480 1,160
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Inflow, in second-feet, at indicated time, 1938

118

Hr.|Feb.27 Feb.28 | Mar.l | Mar.2 | Mar,3 | Mar.4 | Mar.5 | Mar.6 | Mar.7 | Mar.8 | Mar.9 | Max.
1 1,420 o7

2 5 20 1,270 108 | 800 247 154

3 o 121 .

4 5 34 545 139 | 705 219 156 102 a2 74 63 58
5 430 160

6 6 58 360 219 600 210 157 A

7 300 343

8 13 93 265 500 [ 530 200 156 o7 79 78 62 55
9 232 710

10 16 170 218 | 1,220 | 441 192 150

11 167 205 {1,700

N 14 17 183 [ 1,730 | 363 183 138 23 77 80 61 53
1 181 167 | 2,000

2 13 170 150 | 3,200 | 330 hvid 120

3 140 | 4,100

4 14 160 130 | 4,010 | 314 170 116 92 74 80 60 ]
5 120 | 4,200

6 14 149 111 {3,850 | 298 165 114

7 132 104 {2,600

8 12 139 98 | 2,300 293 161 113 88 74 73 59 50
9 159 92 11,900 k

10 11 230 87 {1,280 | 284 157 110

11 410 86 | 1,010

M 14 790 88 a7 270 154 108 84 72 €6 60 50 |

Supplemental record.- Mar. 2, 5:10 p.m., 4,600 sec.-ft.
Mean daily cutflew, in second-feet, 1938

Day | Feb. | Mar. Apr. Day | Feb. Mar. Apr. Day | Peb. Mar. Apr.
1 0 235 30 11 0 38 23 21 0 53 2.1
2 [¢] 1,290 26 12 6 76 23 22 0 53 2.1
3 0 720 26 13 14 109 7.5 23 0 47 2.1
4 0 319 26 14 15 128 Q 24 0 44 1.6
5 0 193 25 15 | 14 109 Q 25 0 44 0
6 [¢] 106 25 16| 10 68 [+] 26 [+] 43 0
7 0 96 24 17 11 61 0 27 5 37 3.0
8 0 70 24 18 6.5 32 0 28 74 32 9
9 0 68 24 19 [} 80 «8 29 32 12
10 0 47 23 20 0 64 2.1 30 32 12

31 32
Mean monthly cutflow, in second-feet.. 5.566 140 11.8
Outflow, in acre-~feeticccsescsscssoas 308 | 8,640 700
Qutflow, in seccnd-feet at indicated time, 1938

Hr, | Feb.27(Feb,28 | Mar.1 | Mar.2 | Mar.3 | Mar.4 | Mar.5 | Mar.6 | Mar.7 | Mar.8 | Mar.9|NarJ0]
1 113 995

2 18 115 250 | 1,090 328

3 120 1,120

4 18 255 248 960 | 325 300 106 103 &9 69 68
5

6 19 265 248 780 | 325

7 -
8 19 255 248 720 | 325 295 108 103 69 69 52
9 19 -

10 110 258 250 T 323

11 458

N 0 110 255 785 710 320 287 105 103 69 69 36
1 798

2 [+} 110 258 830 702 318 4}

3 2,370 ~
4 110 2565 3,700 695 316 0 105 102 70 69 386
] 0 4,150

6 18 110 255 4,200 685 314 145 102

7 2,850 _
8 18 110 252 2,630 675 311 145 105 69 70 69 36
9 2,350 330

10 18 110 250 1,560 330 | 308 125

11 1,240

M 18 111 250 | 1,090 328, 305 105 104 69 70 89 | 36

Supplemental record.~- Mar. 2, 5315 p.m., 4,370 sec.-ft.
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Pern Canyon Watershed No. 2, near San Dimss, Calif.

Location.~ Water-stage recorders and flume, lat. 34°11'55", long. .117°42'08", in sec.
s T N., R. 8 W., in Sen Dimas Experimental Foreet, about 8 miles northeast of
Sen Dimas. Altitude, about 4,500 feet.

Drn%ﬁe area.~ Ares, 0.063 square mile. Average altitude, 5,000 feet. Maximum alti-

s feet. Average slope, 65 percent. Length of min streem channel, 0.41
mile. Averngo slope of main stream channel, 42 percent.

Gaege-height record.~ Water-stege recorder graphs.

Discharge record.~ The runoff is measured by a modified 3-foot Parshall flume end
Tepresents the inflow into a smell concrete-lined reservoir of 10,000-cubic-foot
capacity. A 90° V-notch weir is used in conjunction with flume for low flows.
Ratings of flume and weir used throughout the period.

Maximum.- 1938: Discharge, 28.8 second-feet 4 p.m. Mar. 2.

Remarks.- Records furnished by U. S. Forest Service.

Mean daily discharge, in second-feet, 1938

Febe 27 seeveee 0.004 Mar., 5 ceeenss 0.22)
] .090
7 <044
8 033
9 .027
10 .023

Runoff Feb. 27 to Mar. 10, in acre-feet..... 30.9
Discharge, in second-feet, et indicated time, 1938

Dis~ Dis~ Dis- Dis~ Dis- Dis~-
Time charge Time charge Time charge Tme charge Time charge Time charge
Februax_:g 27 §10:35 1.22 |1l 0.790 ) 12230 15.25] 6 3.50 |12 0.343
am 11 .955012 m .700 | 12245 12.2 10350 3.35
9330 00412 m .99 1 pm 817 2 15.0 11215 2.00 March §
10 0031 1pm .81 2 539 1230 18.5 {12 m 1.92 6 am  .264
12 m L0061 2 l.81 1 3 .468[ 1:45 16.8 2pm 171 {12 m «211
1l pm 006§ 2130 2.94 | 4 4241 2 19.0 3 1.57 6 pm L1711
2 .008] 3 3.50 ] 352 2:30 25,4 4 1:48 |12 +130
4 «006 4 3.88¢ 8 .289 2:45 20.6 5330 1.39
6 .007 5 3.50 | 10 2400 3 27.8 6 1.46 March 6
7 .008§ 6 3.05 { 11230 2181 3:30 18.8 6:15 1.30 8 am +106
7230 L0181 6:30 3.27 12 240 3:45 25.0 6330 1.43 (12 m .088
8 0081 8 2.83 4 28.8 7 1.30 §12.pm .058
10 .010f © 3,28 | March 2 4315 26,5 8 1.18
12 .008 i 10 5.90 1l am 334 4:30 28.2 8215 1.16 Merch 7
11 7.32 | 2 +280) 4350 21.86 8:30 1.18 |12™m <041
February 28 |12 7.80 ) 3 324 5 25.6 9 1.4 12 pm .036
an . 4 +445 5230 22.0 | 10 1.04
2 «020 March 1 5 +590 6 18.0 2 +955 March 8
3 .027 | 12:15am 7.60 6 <955 6:30 15.0 12 m « 033
4 046 2 5.58 | 7 1.34 7 13.4 March 4 12 pm .030
5 062 2 3.85 8 1.97 8 10.5 2 am . 887
6 1591 3 3.00 9 2.83 9 8,301 4 790 March 9
7 +240 4 2.32 9:30 3.70 10 7.10 6 715 § 12 m . 027
73230 L2251 6 .76 | 10 5.18 | 1) 5.95| 8 .6681 12 pm .025
8 +515 7 1.48 |11 8.20 12 5.18] 10 . 617
9 921 8 1.26 | 11:30 6.70 12 m 564 March 10
10 1.10 9 1.06 |12 m 8.30 March 3 4 «480 8s am.
10:30 1.22 |10 .887} 12:15pml11, 30 2 am  4.20} 8 <403

Fern Canyon Watershed No. 3, near San Dimas, Calif.

Locetion.~ Weter-stage recorders and flume, lat. 34°11'53", long. 117°42'09", in San
. gaog Experimental Porest, ebout 8 miles northesst of San Dimas. Altitude, about
» feot.

Dmiﬁge area.~ Areas, 0.084 squars mile. Average mltitude, 5,000 feet. Maximum alti-

o, 5,400 feot. Average slope, 65 percent. Length of main stream chamel, 0.52
mile. Average slope of main stream chamnel, 33 percent.

Gage-height record.- Water-stage recorder graphs.

Discharge record.- The runoff is measured by a modified 3-foot Pershall flume and
Tepresents the inflow into & small concrete-lined reservoir of 10,000-cubic-foot
capacity. A 90° V-notch welr 1s used in conjunction with flume for low flows. Rat~
ings of flume and welr used throughout the period.

Maximum.- 1938: Discharge, 19.0 second-feet 4 and 4:15 p.m. Mar. 2.

Remarks.- Records furnished by U. S. Forest Service.
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Mean daily discharge, in second-feet, 1938

Feb. 27 .veeues 0.001 Mar. 5 ....... 0.152 i
.616 6 .036 |

v 1.15 7 010 K

. 5.10 8 .005 I

1.75 9 .003 ‘

.527 10 ... .001 t

Runoff, Feb. 27 to Mar. 10, in acre-feet.... 18.5

Discharge, in second-feet, at indicated time, 1938

Dis- Dis~ Dis- Dis- Dis~- Dis-
Time | chapge | T1M | charge | T4™ | charge | 710 | charge | 749 | charge | 7498 | charge
Febru_u% 27
am 11 0.468 | 4 2.32 8 1.70 6:40 7.10 March 5
3 00112 m 539 6 1.56 10 4.00 7 6,35 6 am 0,207
6 4] 1pm 672 7 1.40 |11 6.15 8 4,40 |12 m «141
8 001 2 « 854 8 1.12 11230 5.58 |12 2.50 6pm .006
9230 004 | 3 "1.030 | © .9801 12 m 5.95 12 . 065
12 m <001 | 3:45 .921 | 10 +850| 1 pm B8.30 March 3
1l pm . 002 4 1.010 | 11 +445 1230 10.9 12 m  1.84 March 6
2 .001| 5 790 (12 m «362 1350 13.4 2pm 1l.61 6 am .046
3 « 003 6 « 617 1 pm +306 | 2 12.2 4 1.43 12 m « 032
8 . 001 6230 872 | 2 +248 1 2230 16.5 5230 1.34 6 pm 023
10 002 | 7 500 | 4 .118| 3 18.5 6 1.43 |12 .018
12 001 8 .515 6 +1256 3315 13.2 6:15 1.28
9 590 8 002 3:30 16.8 6230 1.39 March 7
February 28 9:30 822 | 11 .065 | 3:45 15.0 7 1.26 |12m .008
5 am . 004 | 1 1.700 | 12 .072 4 19.0 8 1.18 |12 pm .007
3230 .004 | 11 2.80 4:10 17.2 12 «.921
5 .007 | 12 4.60 March 2 4:15 19.0 March 8
6 .032 am  .080| 4230 15.0 March 4 12 m .0
7 072 March 1 2230 072 4:45 B8.90 27am .822 (12 pm .004
8 .096 | 122 . «106 15.0 10 +539
9 +126 1 5.18 5 171 | 5330 12.2 4pmn .403 March 9
10 184 | 2 4.00 6 +256 8.30 8 2324 | 12 m . 003
10230 240 | 3 3.20 7 760 6:20 6.356 |12 .264 | 12 pm ,002
March 10
1 am .001

Wolfskill Creek near San Dimas, Calif.

Location.- Water-stage recorders and flume, lat. 34°10'35", long. 117°45'25", in sec.
1 « 1 N., R, 8 W., in San Dimas Experimental Forest, about 5.5 miles northeast of
San Dimas. Altitude, about 1,700 feet.

Dra%ge area.- Area, 2.78 square miles. Average altitude, 3,460 feet. Maximum alti-

e, b, feet. Average slope, 49 percent. Length of main stream channel, 3.5
miles. Average slope of main stream channel, 19 percent,

Gage-height record.- Water-stmge recorder graph.
Discharge record.~ The runoff is measured by s 10-foot modified Parshall flume end a
-foot San s flume for lower flows. Rating of flumes used throughout the
period.
Maximm.~- 1938: Discharge, 830 second-feet 2:43 p.m. Mar. 2.
Remarks.- Records furnished by U. 8. Forest Service.

Mean daily discherge, in second-feet, 1938
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Discharge, in second-feet, at indicated time, 1938
Dis- Dis~ Dis- Dis- Dis~ Dis~
Time | charge| T1me | charge| Ti® | charge | T1m® | charge | T8 | charge | T1Me | charge
Pebruary 27 | 9:50 20.2{11:30 35.5 | 3 3.6 |10:30 225 3:00 590
am . 10 16.5112 66.0 4 6.6 [ 10:40 255 3:10 741
9 1.0 {11 12.5 5 14.2 | 10:560 270 3:20 645
10 1.4 |12 m 16.2 March 1 5:30 16.8 | 11 289 3:30 590
i2m 1.6 [12:20 pm 14.5{12:30am 130 6 21.6 | 11210 340 3240 543
4 pm 1.4 [12:30 17.5(12:45 137 6:10 18,1 111:20 330 3:50 530
12 1.3 1 27.8( 1 130 6:20 18.1 | 11330 307 4 515
2 17.0( 2 108 6:30 20.5 | 11:40 304 4310 440
February 28 | 2:30 27.2 93.0 6:40 20,5 | 11:50 311 4:20 505
1 am «5 3 22.2| 3:30 84,0 6350 18.1 {12 m 300 4:30 520
1:30 1.7 3330 18.7 76.0 | 7 18.1 | 12:10 300 4:40 615
2.0 | 3345 20.0| 4:30 66.0 | 7:10 19,7 | 12:20 289 4350 365
2:30 2.1 4 18.7| 5 51.7 7:20 25,7 | 12:30 307 5 515
2.5 4:30 19.4| 6 42.0| 7:30 27.0 | 12:40 307 5:10 490
3:30 2.9 4:45 20.8| 8 39.2 8:10 27.0 [ 12:50 327 5:20 520
3.6 | 6320 18.9f 9 30.2 8:20 30.2 1pm 327 5:30 480
4:30 4.7 6:50 19.0(|10 27.0 8:30 39.6 1:10 330 5340 460
5.3 7 18.9|11 25.4 8:40 53.0 1:20 420 | _5:50 508
5:30 6.1 | 7230 17.9(12 m 21.0 8:50 57.0] 1:30 370 3] 520
7.0 8 17.6| 2 pm 15.5 9 76.0| 1340 430 6310 450
6:30 7.9 8:30 17.3| 4 10.5 9:10 66.0| 1:50 430 6:20 430
8.0 8:40 17.3} 6 8.5 9320 76.0| 2 460 6:30 355
7:30 8.0 8:50 17.1] 8 5.6 9:30 78.0 | 2:10 490 6240 355
7345 8.6 9 17.4|10 3.3 9:40 118 2:20 543 6250 335
9.9 9:30 19.6|12 1.0 9:50 106 2:30 635 7 327
8:30 11.5 |10 22.0 10 127 2:40 795 7:10 240
13.0 [10:30 24.8 March 2 10:10 165 243 830
9:30 16.5 |11 31.6| 2 am .3 | 10s20 180 2:50 665

Location,~ Water-atage
_-ﬂ%m, sec. 13, %.

miles northeast of San Dimas.

West Fork of San Dimas Creek near San Dimas, Calif.

Average altitude, 2,360 feet.

Drainage area.- Area, 1,66 square miles.
tude, 3,100 feet. Average slope, 47 percent.

e!
miles.

Gage-helght record.- Water-stage recorder graph.

Discharge record.-

S SR TR

n Dimas flume for lower flcws.

period.

Maxlwum.- 19382

Average slope c¢f main stream channel, 1l.4 percent.

recorders and flumes, lat. 34°10'10", long. 117°46!'15", in
1 N., R. 9 W,, in San Dimas Experimental Forest, about 4.5
Altitude, about 1,600 feet.

Maximum alti-
Length of main stream channel, 2.5

The runoff is measured by a 10-foot modified Parshesll flume and a

Rating of flumes used throughout the

Discharge, 664 second-feet 4:05 p.m. Mar. 2.

Remarks.- Records furnished by U. 8. Forest Service.

Mean daily discharge, in second-feet, 1938

Feb. 27 cvvcene
28

1.1
« 16.3

Mar. 1 coee... 41,4
Dlscharge, in second-feet, at indicated time, 1938
Dis~ Dis~ Dis~ Dis~- Dis~ Dis~
Time | sharge Ti”“’J charge| 11® | charge | T1M8 | charge | 1@ | charge | T1®e | charge
February 27 5:30 7.3 3:20 78.5 8:20 68.5]| 1:20 270 4:25 355
V“BE"'IETE 6 7.8 4 63:8 8:40 78.5| 1:30 281 4:35 378
9 .8 7 9.4 5 49.0 8:50 101 1:40 308 4:45 330
9:30 1.4 8 13.1 6:20 38.9 9 112 1:45 340 4:50 390
10 1.9 12m 24.0| 7 41,9 9:10 118 1:50 315 4:55 450
11 2.4 1 20.7 8240 45.9 9:20 124 1:55 297 5 470
12 2.3 2 20.4 9 44.8 9130 142 2 311 5:10 492
1pm 1.8 3 19,0 | 10 34,0 9:40 152 2:10 322 5:20 415
2 1.6 4 16.9 | 11 20.5 9:50 164 2:20 330 | 5:30 350
3 1.4 5 15,4 | 12 m 26.5 |10 le4 2:25 360 5:40 300
4 .21 8 15.0 | 1 pm 23.4 | 10510 214 2:30 390 | 5245 254
5 1.4 7 14.5 2 21.0 | 10:20 236 2340 425 550 289
6 1.3 7:30 14.1 4 20.2 | 10:25 248 2:50 460 5355 322
7 1.2 8 13.8 5 18.1 | 10:35 261 2355 500 6 292
8 1.2 8:30 14.2 7 17.8 | 10340 259 3 530 6:10 251
12 1.0 9 16.1 9 16.2 | 10:50 248 3:05 580 6:20 232
9:30 21.2 | 10 14.2 | 11 229 3:10 610 6:30 221
%gkzggzxizé 10 31.5 | 12 14,0 | 11:05 195 3:15 585 8240 215
am 6 11:10 174 3:20 558 6150 206
1:20 1.9 March 1 March 2 11:20 164 3:30 585 7 180
1:40 2.3 | 12715am49.0 47am 14.0 | 11:40 160 3:45 595 7:10 164
2 2.9 | 12:30 76.0 5 15.0 | 12 m 166 3:50 568 7:30 157
23180 3.5 5 5230 16.8 | 12:10pml77 3:55 615 8 145
2:40 4.1 1:30 180 6 27.8 2:20 195 4 650 8:30 130
3 4.1 2 107 6:30 38.5 | 12:30 208 4:05 664 9 112
33130 4.2 2:10 102 7 53.0 | 12:40 219 4:10 630 9:30 104
4 4,7 2:20 100 7:20 57.0 | 12:50 232 4315 530 | 10 101
4:30 5.3 2:40 91.0| 7:40 61.5 1 244 4:20 475
5 6.1 3 82.5 8 63.8 1:10 259
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Dalton Creek at flood~-control reservoir near Glendora, Calif.

Location.- Water-stage recorder, lat. 34°10'10", long. 117°48'30", near center sec. 15,
fl'. T N., R. 9 W., 3% miles northeast of Glendora. Altitude of stream bed, 1,565
eot.

Drainage area.- Ares, 4.49 square miles. Average altitude, 2,590 feet, Maximum elti=-
tude, 3,606 feat. Average slope, 40 percent. Length of main stream channel, 3.5
mlles. Average slope of mein stream channel, 11 percent.

Gage-height record.- Water-stage recorder graph and frequent staff-gage readings.

Discharge record.- Computed from valve rating curves, valve operation records, record
of seage, d1scharge measurements, and stage-capacity tables; stage-capacity table
based on survey of November 1934 used to time of peak stage cf Mar. 2 (8:30 p.m.),
table corrected by silt survey msde after storm used thereafter.

Maxima,.- 1938: * Inflow, 1,350 second-feet 3:15 p.m. Mar. 2.
Qutflow, 739 second-feet 6 p.m. Mar., 2, .
1029-37: Mean hourly inflow, 227 second-feet 3 - 4 s.m. Jan., 1, 1934.

Remarks.~- Records good. Altitude of spillway, 1,706 feet. Area at spillway level, 23
acres (after storm cf Mar. 2). Capacity at spillway level before storm, 1,040 scre-
feet; after storm, 974 acre~feet. Basic data Feb. 27 to Mar. 10 and complete rec=~
ord for rest of February, March, and April furnished by Los Angeles County Flood
Control District, through H. E. Hedger, chief engineer.

Mean daily inflow, in second~feet, 1938

Day | Feb. Mar. Apr. Day | PFeb. Mar. Apr. || Day| Peb. Mar, Apr.
1 1.6 101 5 11 8.5 15 4.5 21 1.6 3.3

2 .6 416 6 12 8 39 4.7 22 1.6 8.5 3.4

3 147 5 13 5.5 38 4.7 23 .8 7 3.4

4 5 67 5 14 3.4 33 3.9 24 1.1 8.5 3.4

8 1.9 45 5 15 2.7 27 4 25 1.2 9.5 3.5

6 1.6 37 4.5 16 2 20 4 26 .8 9.5 3.5

7 1.8 31 4,5 17 2.1 18 4 27 2.8 9.5 3.8
81 1.3 31 3.7 18} 2 14 3.4 28| 50 10 2.6

91 3.2 22 3.9 19 247 11 3.3 29 8 3.6
10| 2.5 17 4,5 20| 2 11 3.3 30 ki 3.6

31 7

Mean monthly inflow, in second-feet... 4,45 39.8 | 4.02
Inflow, In 8cre=-feetecevisecccracsscons 247 2,450 239

Inflow, in second-feet, at indicated time, 1938

Hr.|Feb.27|Feb.28 | Mar.l | Mar.2 | Mar.3 | Mar.4 | Mar.5|Mar.6|Mar,7 |Mar.8|Mar.9 Mar,10
110 4.8 370 45| 207

2|0 7 275 47 | 190 80

3 .8 9.5 | 235 50| 180 .

4 .8 11 218 60 | 170 75 49 39 32 31 25 18
5 .8 11 150 81| 163

6 .8 13 103 105 | 161 72

7 1.0 44 95 140 195

8| 2.8 55 86 210 | 215 69 47 38 30 32 24 17
9 | 4.8 54 82 313 | 187

10 | 6 54 75 405 | 172 66

11 | 8.5 54 67 520 161

N{ 6 57 60 550 | 153 63 45 37 29 32 22 17
1| 4.8 64 54 570 | 146

2 | 3.6 57 50 645 | 139 61

3| 2.4 49 48 | 1,080 | 130

4 | 2.2 45 46 | 1,100 | 122 59 43 36 29 31 21 16
5 | 2.1 43 45 | 1,000 117

6 { 2.2 41 43 780 109 56

7 ] 2.4 43 42 630 | 103 ;

8 | 2.6 46 40 520 08 54 42 36 30 29 19 16
9 | 2.8 65 38 430 94

10 [ 3.1 90 36 315 90 52

11 | 3.5 170 33 245 86

M| 3.9 260 36 215 86 50 40 35 31 26 18 21

Supplementel record.~ Mar. 2, 3:15 p.m., 1,350 sec.-ft.
Mean daily outflow, in second-feet, 1938

Day PFeb. Mar. Apr. || Day| Feb. Mar. Apr. || Day| Feb. Mar. Apr.
1 0 10 4.5 11 0 14 0 21 0 10 0
2 0 179 4.5 12 0 16 0- 22 0 10 0
3 0 117 4.5 13 0 16 0 23 0 10 0
4 0 173 4.5 14 [ 16 0 24 Q 6.5 [¢]
5 0 96 4,5, 15 0 18 0 25 0 5 0
6 0 94 4.5 16 0 25 (¢} 26 0 5 0
7 0 60 4,5 17 [¢] 25 0 27 ] 9 0
8 0 48 4.5 18 0 21 0 28 0 12 [¢]
9 0 33 2.3 19 0 12 0 29 8.5 0
10 0 37 0 20 [¢] 10 0 30 7 0
31 [
Mean monthly outflow, in second-feeteei.esiseacesscsssnsocsae 0 35.8 1.28
OQutflow, In 8Cre=-Le0t.ceeeetcecrasosersrssncnrssonsoarsssanson 0 2,200 [
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Outflow, in second-feet, at indicated time, 1938

Hr,|Feb,27|Feb,28 | Mar.l | Mar.2 | Mar.3 | Mar.4 | Mar.5|Mar,. 6/ Mar.7 |Mar.8Mar.9|¥ar,10
1 138 344

2 [ 0 0 29 138 342

3 138 340

4 4] 4] [¢] 29 138 337 66 | 108 80 59 30 43
5 83 335

6 4] [¢] 4] 29 83 333

7 84 330

8 [} 0 [+] 30 84 164 66 107 60 59 30 43
9 84 ]

10 4] ] 4] 30 84 0 (4]

11 84

N 0 4] ] 31 84 166 66 | 105 | 60 59 29 42
1 32 84 149

2 0 ] 0 81 112 132 112 83 59

3 [} 4] 4] 131 123 66

4 [¢] 4] 15 134 108 66 111 62 60 30 29 42
5 [¢] 4] 29 456 123 33

1 0 [} 29 739 140 66 43 42
7 460 140 86

8 0 4] 29 462 140 66 110 61 60 30 43 21
9 462 140 66 |
10 [} 4] 29 328 140 €6 17
11 327 244 66

M 0 [4] 29 231 346 66 109 60 | 59 30 43 17

Supplemental records.~- Mar, 2, 4:01 p.m., 449 sec.-ft.; 5:01 p.m., 732 sec.-ft.;
and 6:01 p.m., 458 sec.~ft.

Live Oak Creek at flood-control reservoir near La Verne, Calilf.

Location.- Water-stage recorder, lat. 34°07'45", long. 117°44'45", in KW} sec. 32,
r’l'. T N., R. 8 W., 24 miles northeast of La Verne. Altitude of stream bed, 1,430
eot.

Dra%ge area.- Area, 2.30 square miles., Average altitude, 2,220 feet. Maximm altil-
o, 5,604 feet. Average slope, 36 percent. Length of main stream channel, 2.75
milea. Average slope of maln stream channel, 16 percent.

Gage-he_i_ght record.- Water-stege recorder graph;staff-gage observations dally at 8
a.1m. more Irequently during storm periods.

Discha_z;ée record.~ Computed from valve rating curve, valve operatlion record, record
atage, stage-capaclty tables; atage-capacity table based on survey of March
1936 used to time of peak stage of Mar., 2 (6320 p.m.), table based on survey of

Nay 1938 used thereafter.

Maxima.- 1938: Inflow, 373 second-feet 3:45 p.m. Mar. 2.
Outflow, 200 second-feet about 5:30 p.m. Mar. 2.
1936-37: Mean inflow, 139 second-feet between 6 and 6:30 p.m. Feb. 6, 1937.

Remarke.- Records good for March and fair for Pebruary and April. Altitude of spill-
way, 1,497 feet. Area at spillway level, 11.6 acras (May 1958). Capacity at
spllliway level before storm of Mar. 2, 242 acre-feet, after storm, 229 acre-feet.
Basic data Feb. 27 to Mar. 12 and entire record Feb. 1-26 and Mar. 13 to Apr. 30 .
furnished by Los Angeles County Flood Control District, through H. B. Hedger, chief

engineer.,
Mean dally inflow, in second-feet, 1938

Day| PFeb. Mar. Apr. || Day | Feb. Mar. Apr. | Day| Feb. Mar. Apr.
1| 0.2 28 0.8 11| 4.9 3.2 0.4 21 0 1.9 0.4
20 0 148 7 12| 3.3 13 .4 22 0 1.7 4
3! 1.5 35 7 13| 1.2 11 +5 23 0 1.5 3
41 1.2 13 W7 14 «5 6 «5 24 [ 1.3 .6
] 5 10 o7 16 .5 4.9 «5 25 [¢] 1.2 1.2
6 .1 -] «5 16 .2 4,1 .4 26 0 1.1 .8
7 .1 4.4 5 17 .2 3.4 .4 27 4 1.1 .8
8 .1 3.1 5 18 ol 2.8 4 281 19 1.2 +5
9 9 3.0 o4 19 .1 2.3 ] 29 1 5

10 .6 3.3 o4 20 .l 2.1 .4 30 1.1 .4 7
31 9 -
Mean monthly inflow, in second-feot..sescecscssseccsoscscnnse 1.28 | 10.3 0.53
Inflow, In 8Cre=fOOt.seesaseensoscsscsnsvasssoscnsscsscsnnnae 70.8 636 31.5
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Inflow, in second-feet, at indicated time, 1938

Hour | February 27 | February 28 March 1 March 2 March 3
1 (] 0.1 177 13 46
2 0 .1 85 15 42

4 3 0 1.0 62 16 41
4 0 1.4 41 17 39
5 o - 2.5 31 29 . 40
6 0 7.5 27 64 53
7 0 8.5 23 110 56
8 1.0 1 19 130 49 .
9 1.3 25 16 168 43

10 1.2 31 14 290 38
11 .9 37 13 278 34
N 7 34 12 250 31
1 ] 25 11 214 30
2 «5 19 10 290 29
3 .5 16 10 335 29
4 4 14 9.5 285 28
5 4 12 9 269 27
[ 3 10 8 241 26
7 +3 9 7 158 25
8 3 11 6 103 23
9 3 14 5 92 21 E
10 3 40 3.2 84 20
11 .2 72 2.6 71 - 19
| .2 115 6 54 18

Supplemental record.~ Mar. 2, 3:45 p.m., 373 sec.~ft.
Mean daily outflow, in second-feet, 1938

Day | Feb. Mar. Apr. || Day| PFeb. Mar. Apr., | Day| Feb, Mar. Apr,
1 0 26 0 11 0 3.2 o 21 o 3.2 0
2 0 82 0 12 0 7.5 0 22 4] 3.1 o
3 o 55 0 13 0 7.5 4] 23 4] 2.6 0
4 ] 22 0 14 0 5.5 0 24| 0 2.6 0
5 0 19 0 15 o 5.5 4] 25 o .8 0
6 [+ 17 0 16 0 6545 0 26| © [¢] [¢]
7 ] 15 [+] 17 0 5.5 0 27 0 o ]
8 0 13 0 18 0 5.0 [¢] 28 7 [¢] 4]
9 o 6.5 0 19 0 2.8 0 29 0 (4]
10 4 3.2 0 20 0 3.3 o 30 0 o
. 31 0
Mean monthly outflow, in second-feet.c.scecacccercscsccaarans 0.025 | 10.4 o
Qutflow, in Bcre-feet..cieesceerrecsersacosesssesassnarroncae 1.39 639 0
Outflow, in second-feet, at indicated time, 1938
Hr.|Feb.27|Feb.28 | Mar.l | Mar.2 | Mar.3 | Mar.4 | Mar.5|Mar.6|Mar.7 |Nar,8|Mar,9|Mar.10
1 40
g 40 25 75 25
4 40 25 75 256 19 18 16 14 12
5
6 40 25 75 25
7
8 40 25 75 25 19 18 16 14 12
9 40 256 .
10 28 50 74 25 4.5
11 15 75 19
N o [¢] 15 75 74 19 19 17 16 13 3.2 3.2
1 75
2 15 88 74 19
3 150 26
4 15 162 25 19 19 17 15 13 3.2
5 195
6 15 195 26 19
7 175
8 15 150 25 19 18 17 15 13 3.2
9 113
10 [¢] 15 100 25 19
11 10 15 88
N 0 26 25 75 25 19 18 1€ 15 12 3.2

Supplementai record.~ Mar. 2, 5330 p.m., 200 sec.-ft.

454720 0 - 42- 9
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Thompson Creek at flood-control reservolir near Claremont, Calif.

Location.- Staff gege, lat. 34°08!'30", long. 117°42'30", in SW} sec. 27, T. L N., R 8
., 3 milesa north of Claremont., Altitude of stream bed, 1,582 feet.

L]
Dralnage area.- Area, 3.91 square miles. Average altitude, 2,670 feet. Maximum alti-
tude, 4,700 fept. Average slope, 36 percent. Length of main 'stream channel, 2.5
miles. Average slope of main stream channel, 24 percent.

Gage-hbight record.- Staff gage read at irregular intervals except during storm period,
when several observations were made daily.

Discharge record.- Computed from valve rating curves, valve operation record, record
of stage, observations of depth of flow In release flume, and stage~capacity table;
stage-capacity table based on survey of November 1932 used throughout storm period.

Maxima.- 1938: Inflow, 669 second-feet 2:30 p.m. Mar. 2.
Outflow, 133 second-feet 12:30 p.m, Mar. 3.
1932-37: Mean hourly inflow, 91 second-feet between 8 and 9 a.m. Feb. 9, 1932.

Remarks.~- Records good Feb. 28 to Mar. 6; major portion of Inflow for perlods Feb. l-
and Mar. 7 to Apr. 30 diverted above dam to spreading grounds. Altitude of
splllway, 1,640 feet. Area at spillway level, 35 acres. Capacity at spillway
level before storm of Mar. 2, 812 acre-feet; after storm, 786 acre-feet. Basilc

data Feb. 28 to Mar. 6 and entire record Feb. 1-27 and Mar. 7 to Apr. 30 furnished

by Los Angeles County Flood Control District, through H. E. Hedger, chief engineer.

Mean daily inflow, in second-feet, 1938

Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. Day | Feb. Mar. Apr.
1 42 [¢] 11| 1.0 3.4 0 21 0 0 0
2] 0 259 12| 5.2 14 0 22 0 0 0
31 0 101 0 131 4.8 11 0 23 0 0 [
4] 0 44 [¢] 4] 0 5.5 0 24 0 0 0
5| 0 25 0 15| 0 1.8 0. 25 0 0 [¢]
6| 0 16 0 16 .2 0 0 26 0 0 [¢]
7 0 9 0 17 4] [¢] [} 27 0 0 0
8| G [¢] 0 8| 0 0 0 28 24 0 [¢]
9| 0 0 0 19 0 0 0 29 0 [¢]
10 .1 (] 0 20| 0 0 0 30 0 0
31 0
Mean monthly Inflow, In second-feet....cecesvesssscesansnasees | Lo26 17.2 0
Inflow, In acre=feets.ccsscescecccncscans 70 1,050 0

Inflow, In second-feet, at indicated time, 1938

Hour | Feb.27 | Feb.28 | Mar. 1 | Mar. 2 | Mar, 3 | Mar, 4 | Mar, 5 | Mar. 6 | Mar. 7
1 0 170 13 126
2 [¢] 0.2 155 15 119 62
3 0 117 17 120
4 0 .2 75 24 153 56 29
5 0 51 34 142
6 0 .2 43 55 132 50
7 [¢] 40 98 126
8 0 .3 37 130 120 46 26
9 0 30 35 233 115
10 0 39 32 375 108 43
11 0 27 29 430 102
X [¢] 23 27 398 96 39 23 16 9
1 0 22 25 380 92
2 [¢] 21 22 460 88 37
3 0 20 18 535 84
4 0 20 16 508 80 36 22
5 [ 19 15 540 77
6 0 18 14 530 75 35
7 0 18 14 405 74
8 o] 18 13 292 73 34 21
9 0 19 12 236 71
10 0 23 12 212 70 34
11 0 35 1 173 69
M 0 66 12 136 67 33 19

Supplemgntal record.- Mar. 2, 2:30 p.m., 669 sec.-ft.

Mean daily outflow, in second-feet, 1938 .

Day | Feb. Mar. Apr. i Day | Feb. Mar. Apr. || Day| Feb. Mar. Apr.
1 0 0 1.7 11 0 25 1.3 21| O 5 1.0

2 0 16 1.7 12 0 .5 1.3 22 .1 1.2 1.0

3 0 101 1.7 13 [¢] 3.1 1.3 23 .1 1.2 1.0

4 [¢] 87 1.7 14 0 10 1.3 24 .1 1.7 1.0

5 0 39 1.6 15 0 100 1.3 25 .1 1.8 1.0

6 0 25 1.6 16 [¢] 11 1.3 26 .1 1.7 1.0

7 0 17 1.6 17 [¢] 13 1.3 27 .1 2.2 .9

8 0 12 1.6 18 0 13 1.2 28] 0 2.3 .9

9 0 20 1.6 19 [¢] 12 1.2 29 2.1 .9
10 0 23 1.6 20 0 12 1.2 30 2.0 .9

31 2.1

Mean monthly outflow, in second~feet.... ees | 0.02 15.3 1.29
Outflow, In acre=feet.c.cesasceesssscesene cessea 1.2 938 7648
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Outflow, in second-feet, at indiceted time, 1938

Hour | March 2 | March 3 | March 4 | March § | March 6

1 70

2 72 117

3 74

4 76 114 45 24
5 ki

6 78 111

7 79

8 79 107 42 26
9 80
10 80 104
11 80

N 8l 101 42 32
1 132

2 131 98

3 130 96

4 0 129 50 36 29
5 0 128

6 39 128 49

7 52 127 .

8 59 125 49 32 23
9 63 123
10 67 121 47
11 68 120

N 70 119 45 28 26

Supplementel record.- Mar, 3, 12:30 p.m., 133 sec.-ft.

Los Angeles River Besin

Pacoima Creek at flood-control reservoir neer San Fernando, Celif.

Location.~ Water-stage recorder, lat. 34°20'00", long. 118°23 145", in NWENWE sec. 19,
« 3 N., R, 14 W,, 4 miles northeest of San Fernando. Altitude of stream bed,
1,650 feet.

Drainage arem.- Arem, 27.8 square miles. Averege altitude, 3,800 feet. Maximum
aIEg"E'\ﬂE, 6,500 feet. Average slope, 41 percent. Length of main stream chamnel,
15.6 miles. Averege slope of main stream chamnel, 5.2 percent.

Gage-helght record.- Water-stage recorder greph; steff-gege readings dally et 8 a.m.
end more frequently during storm period.

Discharge record.- Computed from splllway rating curve, valve rating curves, valve
operatiIon record, record of stage and stage-capacity tebles; stage-ca?ncity table
besed on survey of January 1936 used to time of peek stage of Mar. 3 (1 a.m.);
table corrected by silt survey made after storm used thereafter.

Mexima.- 1938: Inflow, 8,450 second-feet 3350 p.m. Mar. 2.
Outflow, 2,440 second-feet 12 p.m. Mar, 2 to 2 e.m. Mar. 3.
1914, 1927~37: 65,400 second~feet February 1914,

Remarks.- Records good. Altitude of spillway, 1,950 feet. Aree at spillway level, 63
acres (after storm of Mar. 2). Capecity st spillwey level before storm, 5,592 acre-
feet; after storm, 5,004 acre-feet., Basic date Feb., 27 to Mar. 11 and entlre record
Feb. 1-26 and Mar. 12 to Apr. 30 furnished by %.0s Angeles County Flood Control Dis-
trict, through H, E. Hedger, chief engineer.

Mean deily inflow, in second-feet, 1938

Dey | Feb. Mar. Apr. | Day | Peb. Mar. Apr. | Dey| Feb. Mar. Apr.
1 14 365 60 11 198 130 36 21 27 132 28

2 14 2,430 55 12 | 146 310 34 22 25 119 27

3 100 1,520 53 13 84 445 36 23 24 106 26

4 113 579 47 14 61 364 - 35 24 21 96 31

S 65 367 45 15 49 304 34 25 21 87 39

6 32 279 44 16 42 254 33 26 21 78 28

7 24 225 42 17 38 215 32 27 26 74 24

8 20 193 39 18 35 183 31 28| 116 71 23

9 24 156 39 19 35 159 29 29 66 27
10 30 140 37 20 30 146 28 30 62 28

31 61

Mean monthly inflow, in 80CONd=fe0Lsscscscesasesccscacsasoess | 509 313 35.7
INFlow, In BCre=fe0tecsvsncsecrvearessnsnsnasasacsnsssvssesses | 2,830 (19,250 2,120
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Inflow, in second-feet, at indicated time, 1938
Hr. |Feb.27 |Feb,28 | Mar.l | Mar.2 | Mar.3 | Mar.4 | Mar.5|Mar.6|Mar.7 |Mar.8|Mar.9|Mar.10
1 14 37 435 261 | 2,480 805
2 14 37 590 276 12,370 780
3 14 37 690 300 | 2,220 748
4 14 42 685 343 | 2,100 | 718 415 3056 250 | 207 162 146
5 15 54 500 375 | 2,000 695
6 15 51 390 407 | 1,880 665
7 16 47 376 495 | 1,800 | 636
8 17 54 364 630 | 1,690 | 620 377 293 230 200 166 142
9 18 82 350 815 | 1,600 608
10 20 95 336 | 1,060 | 1,540! 597
11 24 106 371 1,190 1,500 670
N 26 119 306 |1,700 /1,450 | 537 360 | 270 219 196 153 140
1 27 14 289 |3,120/1,380| 528
2 28 140 276 3,840 | 1,320 | 520
3 29 135 262 5,950 | 1,260 | 516
4 33 131 263 7,850 1,180 508 348 | 260 | 210 190 152 138
5 36 129 250 5,730 | 1,140 | 480
6 38 128 249 5,000 | 1,070 474
7 40 130 248 | 4,700 | 1,030 469
8 39 136 247 | 3,860 | 1,000 460 329 259 203 178 | 151 135
9 39 169 246 | 3,320 960 | 454
10 38 270 244 2,950 920 ( 448
11 38 300 242 | 2,710 890 | 440
M 37 412 247 2,560 860 | 436 314 269 | 204 170 148 131
Supplemental record.- Mar. 2, 3:50 p.m., 8,450 sec.-ft.
Mean daily outflew, in second-feet, 1938
Day | Feb, Mar. Apr. | Day| PFeb. Mar. Apr. | Day | Feb. Mar. Apr.
1 0 56 50 11 ] 297 74 21 33 265 27
e 0 618 50 12 18 243 87 22 33 268 25
3 0 1,740 50 13 30 296 83 23 33 249 25
4 0 676 7 14 19 301 86 24 33 144 25
5 0 416 108 15 8 240 62 25 28 106 25
[} 0 330 106 16 0 304 47 26 22 120 17
7 0 293 104 17 26 302 46 27 8 91 e2
8 0 316 100 18 32 297 46 28 8 76 22
9 0 310 97 19 22 292 35 29 61 22
10 0 304 95 20 33 285 30 30 57 9.5
31 49
Mean monthly outflow, in second-feet. 13.8 303 55.1
OutfloW, In BCre-£88L.ecereeccannonsoons 766 | 18,650] 3,280

Outflow, in second-feet, at indicated time, 1938

Hr. {Feb.27 |Peb.28 | Mar.l | Mar.2 | Mar.3 | Mar.4 | Mar.5|Mar.6{Mar.7 |Mar.8|¥ar.9|Mar.10
1 20 0 26 174 | 2,440 958

2 20 0 25 87 | 2,440 | 927 475 0

3 20 0 25 02,370 | 887

4 20 0 25 02,250 | 847 465 | 342 | 320 | 317 | 312 306
5 20 0 25 0]2,140| 817

6 20 0 25 02,020 787 456

7 20 0 25 0|2,010| 747

8 20 0 26 0| 2,000 726 434 | 332 | 320 | 317 | 312 306
9 20 0 25 01,980 706

10 0 0 25 0} 1,960 | 686 424

11 0 0 25 01,940 | 666 -

N 0 0 25 01,840 646 404 | 325 | 320 | 316 | 310 304
1 0 0 25 01,730

2 0 0 26 143 | 1,630 | 606

3 0 0 25 297 | 1,540

4 0 0 50 487 | 1,460 | 576 393 | 321 | 319 | 315 | 310 303
5 0 25 75 684 | 1,380

6 0 25 75 796 | 1,290 545

7 [ 25 75 11,480 1,240

8 0 25 75 | 2,220 1,180 | 525 373 | 321 | 319 | 314 | 308 302
9 0 26 174 | 2,380 1,140

10 0 25 174 |{2,410)1,080( 5086

11 0 25 174 | 2,420 1,050

M 0 25 174 | 2,440 1,020 485 353 | 320 | 318 | 313 | 307 300
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Tujunga Creek at flood-control reservoir near Sunland, Calif.

Location.- Water-stage recorder, lat. 34°17'30", long. 118°11'10", in NE} sec. 1, T. 2
+s Re 13 W., 10 miles northeast of Sunland. Altitude of stream bed, 2,104 feet.

Drainage area.- Area, 8l.4 square miles. Average altitude, 4,500 feet. “Maximum alti-
Tude, 7,078 feot. Average slope, 40 percent. Length of main stream channel, 12
miles. Average slope of main stream channel, 7.8 percent.

Gage-height record.- Water-stage recorder graph except 2 - 6 p.m. Mar. 2; staff-gage
readlng Y at 8 a.,m. and more frequently during storm period; msximum stage
determined from floodmarks.

Discharge record.- Computed from record of stage, spillway rating curve, valve rating
curves, valve operation record, discharge measurements, and stage-capacity tables;
stage-capacity table of December 1935 used to time of peak stage (5:20 p.m. Mar. 2),
table corrected by silt survey made after storm used thereafter.

Maxima,.~- 1938: Inflow, 35,000 second-feet 5 p.m., Mar. 2.
Outflow, 32 800 second-feet 5:20 p.m., Mar, 2.
1931-37: Mean hourly inflow, 2,430 second~feet 3 to 4 a.m., Jan. 1, 1934.

Remarks.- Records fair. Spillway discharge affected by debris Mar, 5-6. Altitude of
spillway, 2,290 feet. Area at spillway level, 74.4 acres (after storm of Mar. 2).
Storage capacity before storm, 6,240 aore-feet after storm, 4,734 acre-feet, Basic
data Peb. 27 to Mar, 11 and entire record for remaimer of February, March, and
April furnished by Los Angeles County Flood Control District, through H. E. Hedger,
chief engineer.

Mean daily inflow, in second-feet, 1938

Day | Feb. Mar, Apr. || Day | Feb. Mar. Apr. || Day | Feb. Mar., Apr,
‘1 66 1,240 | 112 11| 832 204 84 21 38 199 62

2 39 11,600 | 117 12| 228 825 85 22 38 188 60

31 118 2,330 | 115 131 112 558 91 23 35 184 62

4] 150 867 | 108 14 81 405 81 24 32 171 72

5 66 521 | 102 15 65 347 80 25 35 166 69

6 34 415 82 16 51 301 78 26 35 143 62

7 25 327 82 17 39 259 73 27| 106 133 59

8 25 324 84 18 37 272 72 28| 501 142 57

] 59 247 82 19 55 242 67 29 135 64
10 91 236 82 20 43 205 66 30 126 61

31 117
Mean monthly inflow, in second=fedte.ccsseccrcccosncrcoscanns 97.7 756 | 79.0

Inflow, In 8CPre=fe0beseeesecsecsastsenseareansnssrsnannsassaes | 5,430 | 46,470 4,700

Inflow, in second-feet, at indicated time,' 1938

Hr. {Fob.27|Feb.28 | Mar.1| Mar.2 | Mar.3 | Mar.4 | Mar.5|Mar.6|Mar.7 |Mar.8|Mar.9| Mar.10
1 15 160 | 3,140 420 1{ 5,750
2 24 179 | 3,330 420 | 4,250 | 1,090
3 33 188 | 3,060 437 | 3,420
4 40 196 | 2,310 655 | 3,000 | 1,030 | 612 | 431
5 40 210 | 1,750 805 | 2,700
6 38 240 | 1,430{ 1,000 | 2,600 970
7 35 280 | 1,300/ 1,450 | 2,530
8 32 318 | 1,220| 2,200 2,400 920 | 574 428
9 30 490 | 1,160{ 3,280 | 2,220
10 36 580 {1,020 4,300 | 2,150 875
11 48 553 925| 7,400 2,070
N 57 580 882/13,000 | 1,990 857 497 422 327 324 | 247 236
1 66 600 820{18,700 { 1,880
2 82 600 775(23,100 | 1,780 815
3 102 585 715|25,000 | 1,700
4 131 595 680/30,000 | 1,610 773 451 411
5 173 &0 650}35,000 | 1,550
6 229 640 620|28,500 | 1,470 746
7 275 515 590/23,200 | 1,400
8 2563 470 547]18,300 | 1,350 723 440 | 392
9 244 440 520/14,900 | 1,290 .
10 238 720 492(11,600 | 1,230 700
11 221 | 1,100 469 9,550} 1,190
N 200 | 2,130 448| 7,860 | 1,150 675 435 366
Mean daily outflow, in second-feet, 1938 .
Day | Peb. Mar. Apr. | Day| Feb. Mar. Apr. || Day| Feb. Mar. Apr.
1 13 627 100 11 13 196 71 21 57 225 o]
2 21 10,900 109 12 55 557 72 22 57 191 o]
3 7 2,530 111 13 76 619 73 23 57 169 [+]
4 2.5 893 108 14 76 383 74 24 57 195 [}
5| 40 524 | 137 15 57 320 50 25 57 67 0
6 45 405 156 16 26 433 18 26 57 170 Q
7 45 - 818 155 17 50 429 18 27 17 171 4]
8| 45 775 104 18 31 283 8 28 60 144 o]
9 [o] 717 68 19 38 248 2.7 29 97 [
10 0 342 69 20 57 213 4] 30 99 31
7
39.9 769 51.1
2,210 | 47,280} 3,040
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Outflow, in second-feet, at indicated time, 1938

Br. [Peb.27|Feb.28 [ Mar.1] Mer.2 [Mar.3 | Mar.4 [ Mar.5 [ Mar.q ¥ar.7|uar.s|Mar.o|Mar.10
1] b2 618 | 98C | 6,620 [ 1,170

2| 82 o | 518 | 975|5,200 1,130 | @60 375

3| b2 518 | 975 | 3,970 | 1,090

4| B2 | =0 | 518| 970(3,150|1,060| e25 | 400 | 365 (1,050 655 | 891
5| b2 560 | 970 | 2,800 | 1,020

8| b2 0 | B84 | 970 2,630 | 985 | 600 36C 880
7| b2 571 | 970|2,590 | 960

8| 26 0 | 571 | 970|2,520| 980 | 585 | 400 | 360 (1,040 646 | 300
91 "o 530 | 1,120 | 2,410 | 910
0] o 0 | 530 | 1,130(2,220| 895 570 370 |1,020
nl o 520 | 1,560 2,130 | 862

K| o 0 | 507 | 8,090 |2,060| 75| 515 | 410 380 | 640| 635 | 295
1 507 |15,300 | 1,960 | 866

2| o 0 | 507 21,400 |1,870| 845 | 470 190 205
3 80 | 480 |23,200|1,780 | 820 .

4| o0 | 160 | 456 28,200 | 1,690 | 800 | 445 | 410 1,610 | 190 626 | 205
5 430 32,200 | 1,600 | 775

6| o0 | 160 | 712 |51,400 1,520 | 757 | 431 205
7 994 25,100 | 1,480 | 742

81 o0 | 160 | 990 (20,300 [ 1,410 | 730 | 420 | 410 11,460 | 670| 940 | 205
9 990 16,400 | 1,560 | 718
10| o | 160 | 985 113,200 (1,310 | 705 | 413 1,100 930 | o
11 985 10,600 | 1,260 | €90

M| o | 160 | 80 | 8,530 |1,210| 680 | 408 | 395 [1,080 | 680| 905 | 200

Supplemental record.- Mar. 2, 5:20 p.m., 32,500 sec.-ft.
Santa Anita Creek at flood-control reservoir near Slerra Madre, Celif.
-

Location.- Water-stage recorder, lat. 34°11'10", long. 118°01110", near center of sec.
, To 1 N., R, 11 W., 2% miles northeast of Slerra Madre. Altitude of stream bed,
1,100 feet.

Drainage area.~ Area, 10.8 square miles. Average altitude, 3,560 feet. Maximum alti-
ude, 5,006 feet, Average slope, 47 percent. Length of main stream channel, 4.2
miles, Average slope of main stream channel, 20 percent.

Gage-height record.- Water-stage recorder graph to about 2 p.m. Mar. 2. Frequent
stafT-gage readings during storm period; one reading dally at 8 a.m. at other times.

Discharge record.- Computed from record of stage, spillway discharge curves, valve
TatIng curves, valve operation record, discharge measurements, and stage-capacity
tables; stage-capacity table based on survey of February 1936 used to time of peak
stage of Mar. 2 %4:20 p.m,), table based on survey of July 1938 used thereafter.

Maxima.~- 1938: Inflow, 5,490 second-feet 4:10 p.m. Mar. 2.
Outflow, 5,260 second-feet 4320 p.m. Mar. 2.
1932~37¢: Mean dally inflow, 323 second-feet Jan. 1, 1934.

Remarks,~ Records good except those for Mar. 3 to Apr. 30, which are fair. Ares at
Tower spiliway level, 10.8 acres (July 1938). Oapacity at lower spillway level
before storm of Mar. 2, 1,010 scre-feet, after storm, 683 acre-feet. Altitude of
spiliway, 1,316 feet, Basic data Feb. 27 to Mar. 11 and entire record for rest of
February, March, snd April furnished by Los Angeles County Flood Control District,
through H. E. Hedger, chlef engineer.

Mean daily inflow, in second-feet, 1938

Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. | Day | Feb. Mar. Apr.
1} 18 423 36 11 64 77 26 211 11 62 24
2 7.5 1,780 34 12 50 146 26 221 11 58 23
3| 74 666 32 13 32 129 26 231 10 55 23
41 74 285 30 14 25 108 26 24 10 51 23
5| 29 185 28 15 19 93 26 25 9 49 23
6| 17 143 27 16 16 85 26 26 8.5 47 22
71 14 123 27 17 15 78 25 27 | 16 45 21
8¢ 11 107 27 18 16 74 24 28 | 332 43 21
91 21 20 27 19 17 69 24 29 42 20
10 19 86 26 20 13 67 24 30 40 20
31 . 38
Mean monthly inflow, in second=feetescecsecccssssscasanse .| 34.2 172 | 26.6
Inflow, In 8Cre=-feetecceicescveocoscancoscorsnnsveae . {1,900 {10,600] 1,520
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Inflow, in second-feet, at indicated time, 1938
Hr, |[Feb,27|Feb.28 | Mar.l | Mar.2 | Mar,3 | Mar.4 | Mar.5 | Mar.6|Mar.7|Mar.8|Mar.9|Mar.10
1 17 11,110 231 | 1,160
2 7.5 21 890 240 | 1,090 | 370
3 7.5 30 750 260 | 1,020
4 8 51 650 285 930 | 350 212 150 131 115 95 86
5 9 96 565 370 880
6 9.5 116 490 402 830 | 327
711 147 457 450 770
8 9.5 226 430 820 720 | 302 201 146 129 113 93 86
9 9 239 393 970 680
10 16 258 360 | 1,650 €55 285
11 22 330 334 | 2,130 625
N | 24 405 323 | 2,010 590 ; 274 187 143 | 125 | 107 a0 86
1 27 505 312 | 2,600 560
2 25 505 298 | 3,060 535 261
3 23 479° 278 | 4,130 516
4 |21 455 260 [ 5,120 498 | 249 175 140 117 103 88 86
5 | 18 429 250 | 4,700 483
6 15 411 239 | 53,5600 468 | 240
7| 14 390 228 | 2,600 453
8 | 17 350 222 | 2,000 440 | 234 162 138 115 98 86 83
9 | 21 370 218 |1,700 428
10 19 660 217 | 1,500 417 229
11 17 900 220 | 1,390 405
¥ | 17 1,130 225 | 1,300 392 223 156 134 115 96 86 80
Supplemental record.~ Mar. 2, 4:10 p.m., 5,490 sec.-ft.
Mean daily outflow, in second-feet, 1938
Day | Feb. Mar. Apr. || Day | Feb. Mar. Apr. || Day| PFeb. Mar. Apr.
1|+ 8 559 37 11 19 i 21 21 1 62 24
2 12 1,520 37 12 56 144 3 22 11 59 24
3 4.7 692 36 13 55 130 1.1 23 11 55 23
k3 43 292 34 14 43 109 19 24 11 51 22
5 46 188 34 15| 32 93 26 25 11 57 23
6| 28 146 34 16| 23 86 26 26 11 42 22
7| 29 124 35 17| 17 79 25 27 13 46 21
8 38 107 35 18 12 74 24 28 104 42 21
9 14 90 36 19 8.5 70 24 29 40 20
10 [} 86 37 20| 12 67 24 30 42 21
31 39
Mean monthly outflow, in second-feet.. 24.4 170 26
Outflow, in 2Cre=~feet.cceccccsesssacens 1,360 | 10,450 1,520
Cutflow, in second-feet, at indicated time, 1938
Hr.|Feb.27|Feb.28 |Mar.l | Mar.2 | Mar.3 | Mar.4 | Mar.5 | Mar,6|Mar.7 |[Mar.8|Mar.9|Mar.10
1 573 1,230 | 383
2 10 25 580 494 | 1,130 { 370 L
3 1,060 | 359
4 10 25 584 484 980 | 346 216 155 130 115 95 86
5 930 | 336
6 10 25 583 477 870 325
7 10 367 807 318 .
8 5 25 580 256 746 310 195 148 | 127 115 93 86
9 ¢} 25 263 705 302
10 [+} 50 575 402 665 297
11 75 548 645.| 290 .
N 0 75 568 570 605 280 185 144 127 105 93 86
1 983 590 | 269
2 0 75 560 |2,450 550 260
3 £ 3,850 530 | 260
4 |, 25 75 550 5,060 510 | 260 185 140 | 115 105 86 86
5 75 4,960 495 258
6 25 138 541 3,320 480 | 254
7 200 2,790 467 250
8 25 200 530 | 1,950 453 | 246 160 137 | 115 98 86 86
9 200 1,760 440 | 241
10 25 200 518 1,610 425 236
11 467 1,520 411 231
.S 25 564 506 1,350 398 | 226 160 133 115 97 86 82

Supplemental record.- Mar. 2, 4:20 p.m., 5,260 sec.~ft,
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Little Santa Anita Creek at flood-control reservoir near Sierra Madre, Calif.

Location.- Water-stage recorder, lat. 34°10'40", long. 118°02'40", near
> To 1 N., R. 11 W., 13 miles northeast of Sierra Madre. Altitude
1,110 feet.

Drainage area.- Area, 2.39 square miles. Average altitude, 3,170 feet.
Eu&e, 5,433 feet. Average slope, 50 percent. Length of main stream
miles. Average slope of main stream channel, 27 percent.

Gage-height record.- Water-stage recorder graph.

Discharge record.- Outflow obtained from record cf water-stage recorder located 270
Teet below the dam (cperated by Los Angeles County Flood Control District).

center of sec.
of stream bed,

Maximum alti-

chammel, 3.0

Inflow-

Feb. 1 - 27 and Mar. 4 to Apr. 30, taken as equal to measured outflow; inflow Feb.

27 to Mar. 3 computed from measured outflow and changes in storage, based on record
of stage and stage-capacity tables. Stage capacity table based on survey of April

1032 used to 2 p.m. Mar. 2, and table based on survey made after storm used after

12 p.m. Mar. 2; capacity loss distributed during period 2 - 12 p.m. Mar. 2.

Maxima.- 1938: Inflow, 633 second-feet 4310 p.m. Mer, 2.
Outflow, 630 second-feet 4:10 p.m. Mar. 2.

Remarks.- Records fair. Altitude of spillway, 1,172 feet. Area at spillway level,

. aores (April 1938), Capacity at splllway level before storm of Mar. 2, 47.4

acre-feet, capacity after storm, 8.5 acre-feet. Basic data Feb. 28 to Mar. 3 and
entire record Feb. 1 -~ 27 and Mar. 5 to Apr. 30 furnished by Los Angeles County

Flood Control District, through H. E. Hedger, chief engineer.
Mean daily inflow, in second-feet, 1938

Day | Feb. Mar. Apr. || Day | Feb. Mar. Apr. Day | Feb. Mar. Apr.
1| 0.9 67 5.5 11| 6.5 19 4.7 21 0.7 27 3.7
2 0 214 5 12| 5.5 38 5 22 5 16 3.0
3| 6.5 118 5 13 3.3 35 5.5 23 -4 8.5 2.2
4| 8.5 48 6 14| 2.8 20 6 24 3 8 3.3
5| 3.9 38 6 15| 2.0 30 6 25 .2 11 3.3
6| 1.8 32 5.5 161 1.6 14 6 26 .2 11 3.3
71 1.1 28 5 171 1.2 12 5 27 1.5 7.5 2.8
8 .8 16 é.’l 8| 1.1 13 2.8 28| 47 7 2.5
9| 2.4 12 19 “9 19 1.6 29 7.5 2.8

10| 1.8 16 5 20 .7 24 2.2 30 4.7 2.3
31 4.7
Mean monthly inflow, in second-feet..scessccescocsssecscsancs 3.72 29.9 | 4.22
Inflow, In Bcre~feet...cveserrecaccsrosssssscssnscsssccnnnsne 206 |1,840 251
Inflow, in second-feet, at indlcated time, 1938
Hour | February 27 | February 28 March 1 March 2 March 3
1 133 40
2 0.2 3.3 132 45 180
3 123 49
4 .4 7 105 56 164
5 92 65
(-] .4 15 85 92 151
7 23 80 76
8 .6 36 75 80 138
9 19 12 143
10 1.7 24 66 220 126
11 38 62 236
N 3.6 53 57 212 112
1 60 - 53 252
2 2.3 73 48 370 100
3 92 44 465
4 2.0 76 41 560 86
5 65 39 403 o
6 2.2 58 36 363 79
7 54 34 318
8 2.2 58 33 272 76
9 ki 33 247
10 1.8 103 34 230 73
11 125 35 214
M 1.8 134 38 198 70

Supplemental record.~ Mar. 2, 4310 p.m., 633 sec.-ft.
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Mean daily outflow, in second-feet, 1938

Day | Feb. Mar. Apr. Day | Feb. Mer. Apr. Day | Feb. Mar. Apr.
1) 0.9 64 5.5 11| 6.5 19 4.7 21 0.7 27 3.7

2/ 0 192 5 12| 5.5 38 5 22 5 16 3.0

3| 6.5 118 5 13 | 3.3 35 5.5 23 4 8.5 2.2

4| 8.5 48 6 14| 2.8 20 6 24 3 8 3.3

5] 3.9 38 6 15| 2.0 30 6 25 .2 11 3.3

6| 1.8 P 32 5.5 16| 1.6 14 6 26 .2 11 3.3

71 1.1 28 5 7| 2.2 12 5 27 1.5 7.5 2.8

8 .8 16 4.7 18| 1.1 13 2.8 28| 45 7 2.5

9| 2.4 12 5 19 .9 19 1.6 29 7.5 2.8
10| 1.8 16 5 20 .7 24 2.2 30 4.7 3.3

31 4.7

Mean monthly outflow, in second-feet...... preen cesees | 3.65 29.2 | 4.26
Qutflow, :Lnacre-reet........................................ 203 | 1,800 253

OQutflow, in second-feet, at indicated time, 193§

. Hour | February 27 | February 28 March 1 March 2 March 3
1 108 49 190
2 0.2 3.3 136 43 182
3% 117 41 160
4 o4 7 101 52 148
5 94 68 157
6 4 15 88 8 162
7 80 13 162
8 6 32 73 10 150
9 67 168 138

10 1.7 20 62 182 129
1l 35 59 170 121
N 3.6 64 55 139 112
1 54 52 187 107
2 2.3 82 50 215 102
3 86 47 . 416 99
4 2.0 80 44 630 89
5 59 39 421 86
6 2.2 55 34 363 84
7 53 29 324 a3
8 2.2 54 27 277 82
9 56 26 240 82
10 1.8 86 31 219 81
11 114 37 205 80
M 1.8 128 42 200 80

Supplemental record.- Mar. 2, 4:10 p.m., 630 sec.-ft.
Eaton Creek at flood-control reservoif near Pasadena, Calif.

Location.- Water-stage recorder, lat. 34°10'05", long. 118°05'30", in Santa Anita
grant, 2 miles northeast of Pasadena, Los Angeles County. Altltude of stream bed,
840 feet.

Drainage area.-~ Area, 9.48 equare miles. Average altitude, 3,100 feet. Maximum alti-
tude, 5,156 feet. Average slope, 52 percent. Length of main stream chennel, 6
miles. Average slope of main stream channel, 17 percent.

Gage~-height record.- Water-stage recorder; staff-gage observations made daily at 8
a.m. and more frequently during storm period.

Discharge record.- Computed from spillway rating curve, valve rating curve, valve
operation record, record of stage, and stage-capacity tables; stage-capacity table
based on survey of November 1937 used to time of peak stage of Mar. 2 (4:45 p.m.),
and teble corrected by silt survey made after storm used thereafter. Inflow Feb.
1 - 26 and Mar. 28 to Apr. 30 taken from records of station "Eaton Creek near
Pasadena", 1 mile upstream. Small outflows measured by weir.

Maxima,~'1938: Inflow, 3,340 second~-feet 4:40 p.m. Mar. 2.
OQutflow, 2,800 second-feet 4:45 p.m. Mar. 2.

Remarks.- Records good except those for Feb. 1 ~ 26 and Mar. 28 to Apr. 30, which are
alr. Altitude of spillway, 888 feet. Area at spillway level, 39 acres (after
storm of Mar. 2). Capacity at spillway level before storm of Mar. 2, 940 acre-
feet, after storm, 698 acre-feet. The City of Pasadena Water Department diverts
water from Eaton Creek during perlods of low flow. Basic data Feb. 27 to Mar. 27
furnished by Los Angeles coun’cy Flood Control District, through H. E. Hedger, chief
engineer.
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Mean daily inflow, in second-feet, 1938
Day | Feb. Mar. Apr. || Day | Feb. Mar. Apr. || Day | Feb. Mar. Apr.
1 9 161 18 11 45 38 Q9 21 2.0 26 8
2 1.9 882 13 12 40 74 14 22 2.0 24 7
3 36 300 9 13 20 55 12 23 2.0 22 [
4 46 126 11 14 11 44 10 24 2.0 24 5.5
5 20 82 12 15 7.5 32 8.5 25 2.0 22 5
6 4.6 64 11 16 <] 31 8 26 4.0 ~19 4.5
7 [+] 57 11 17 12 33 7 27 8 20 4.5
8 [s] 52 10 18 5 26 [ 28| 155 23 4.5
9 8.8 42 8 19 5 256 6 29 22 3.5
10 6.3 39 8.5 20 3.0 27 7.5 30 18 4.5
31. 17
Mean monthly inflow, in second-feebec.ceveeerecececarncsncrns 16.6 78.2 8.42
INflow, 4n BCre=fO0T.sesscsescsncssavsessvsesossasvosssscansane 921 4,810 501
Inflow, in second-feet, at indicated time, 1938
Hr.|Feb.27|Feb.28 | Mar.1 | Mar,2 | Mar.3 | Mar.4 | Mar.5 | Mar.6|Mar.7|Mar.8|Mar.9{Mar,10
1 0 13 500 84 | 515
2 1.5 13 386 93 | 466 162
3| 3 3 | 302 106 | 442 e
4 3 25 263 140 430 153 1221 68 59 54 45 38
S 3 53 221 182 413
6 3 78 195 252 395 146
7 3 102 171 296 370
8 3.5 121 158 370 | 320 138 86 65 58 54 44 39
Qe 5.5 138 145 695 315
10 9.5 146 133 990 | 295 128
11 14 153 124 1,000 | 279
N | 13 170 113 | 1,050 | 263 120 81 63 57 53 42 40
1 12 211 103 1,320 256
2 9 200 96 1,610 | 250 116
3| 5 190 89 | 1,900 | 242
4 8 179 82 2,300 230 110 77 62 56 51 41 40
5 12 165 78 | 2,280 219
[} 13 149 73 1,610 | 207 106
7 13 129 70 1,200 200
81 13 140 69 1,050 191 102 73 60 56 49 39 39
9 13 223 68 845 186
10 13 428 67 720 180 98
11 13 440 70 645 173
M 13 475 75 567 170 o6 70 60 54 47 38 39
Supplemental record.- Mar. 2, 4:40 p.m., 3,340 sec.-ft.
Mean daily outflow, in second-feet, 1938
Day | Feb. Mar. Apr. || Day | Feb. Mar. Apr. || Day| PFeb. Mar. Apr.
1 [+} 191 [s] 11 [+] 16 9.5 21 [+] 21 2.9
2 0 694 4 12 0 34 4,3 22 [+] 21 4,0
3 0 295 5 13 0 32 19 23 ] 21 3.5
4 0 144 4.1 14 ¢} 15 16 24 [+] 18 2.3
5 4] 129 2.2 15 4] 49 15 25 [+] 17 2.3
[] 0 128 2.2 16 [s] 58 5.5 26 [+] 16 .9
7 0 87 11 17 o] 35 4.3 27 o] 17 o]
8 [s] 58 23 18 [+} 45 4.0 28 [ 31 [+]
9 o 61 & 23 19 0 45 3.5 29 49 [+}
10 [+] 60 23 20 ¢} 30 2.4 30 ¢ ¢}
31 Y
Mean monthly outflow, in Becond-feet.....cecesrorrcsrocsovesne .214 77.8 6.43
OutfloW, In BCre=feT.cssesessesesncusscassosscssosansasssors 11.9 | 4,780 383
Outflow, in second-feet, at indicated time, 1938
Hr.|Feb.27|Feb.28 | Mar.1 | Mar.2 | Mar.3 | Mar.4 | Mar.5 | Mar.6|Mar.7|Mar.8|Mar.9 |Mar.10
1 [s] [+] 235 517 165
2 0 4] 237 166 517 165
3 430
4 [+] 0 237 185 430 165 130 127 125 58 57 108
5 430
6 ¢ o 237 1656 324 164 106
7 166 325
8 ¢ o} 235 60| 325 164 129 126 | 124 58 57 70
9 60| 325 131
10 [+] 4] 235 149 325 131 123 0 35
11 244 324
N o 0 232 452 305 131 129 134 58 58 [+] 35
1 231 464 202
2 120 474 203 131 29
3 800
.4 120 2,330 203 131 128 131 58 58 58 35
5 2,660
[} 120 1,980 204 131 114
7 1,250
8 120 1,250 | 204 131 127 129 58 58 114 35
9 [+] 170 1,240
10 59 169 1,160 | 204 130
11 60 715
M 0 146 167 607 203 130 128 127 58 58 | 111 35

Supplemental record.,~- Mar. 2, 4345 p.m., 2,800 sec.-ft.
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Calleguas Creek Basin

Honda Barranca at Berylwood Road, near Somis, Calif.
Location.- Water-stage recorder and weir control, lat. 34°17'22", long. 119°02'32", in
~Los Posas grant, 3% miles northwest of Somis, Ventura County. Altitude, 562 feet.
Drainage area.- Area, 1.35 square miles. Average slope, 35 percent.
Gage~helght record.- Water-stage recorder graph.
Discharge record.- Stage-discharge relation determined from broad-crested weir rating.
Maximum.- 1938: Discharge, 256 second-feet 9:05 p.m. Feb. 28.
Remarks.- Records good. Records furnished by U. S. Soll Conservation Servicd.

Mean daily discharge, inlsecond-feet, 1938
Feb. 28 cvvaees 13

3 aesnena

. 2
Runoff Feb. 28 to Mar. 3, in acre-feet ... 89
Discharge, in second-feet, at indicated time, 1938

Hour | February 28 March 1 Mareh 2 March 3
1 0 2.4 15 13
2 0 .6 14 13
3 o2 .2 23 13
. 4 -9 0 70 40
5 14.5 0 35 14
6 9 0 45 14
7 5 0 25 14
8 3.1 0 15 14
9 1.9 0 30 19
10 1.1 0 26 13
11 7 0 35 1.5
N o4 .1 45 .6
1 .2 ol 18 .3
2 .1 .1 64 2
3 0 .2 19 .1
4 0 2 13 0
5 0 .2 13 0
6 4 3 13 0
7 2.1 3 13 0
8 23 o4 13 0
9 200 o4 13 0
10 16 .7 13 0
11 40 2.2 13 0
).} 7.6 ) 6.4 13 0

Supplemental record,- Feb. 28, 9:05 p.m., 256 sec.-ft.
Honda Barranca at Perkins Road, near Somis, Calif.

Location.~ Water-stage recorder and concrete weir control, lat. 34°16'05", long, 119°

5 in Los Posas grant, at Perkins road, 3 miles west of Somls, Ventura County.
Altitude, 349 feet.

Drainage area.- Area, 2.86 square miles. Average slope, 27 percent.

Gage-height record.- Water-stage recorder graph.

Discharge record.- Stage-discharge relation determined from broad-crested weir rating.

Makimum,- 1938: Discharge, 486 second-feet 9:20 p.m. Feb. 28.

Remarks.~ Records good. Records furnished by Uv. S. Soll Conservation Service.

Mean dally discharge, in second-feet, 1938

3 eeeeess 19.4
Runoff Feb.28 to Mar.3, in acre-feet .... 328
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Discharge, in second-feet, &t indicated time, 1938

Hour | February 28 March 1 March 2 March 3
1 0 (4] 50 17
2 [+] 4] 50 22
3 0 [ 37 23
4 0 0 160 250
5 0 o] 230 50
6 60 ] 350 24
7 5 4] 210 9
8 o7 0 110 36
9 .1 0 241 30

10 0 0 163 0
11 4] 0 210 4]
'K 0 0 330 0
1 0 0 110 [
2 [+} 0 190 4]
3 0 0 210 0
4 0 0 57 0
5 0 0 51 o
6 0 0 34 [¢]
7 4] (4] 8 [+
8 40 4] 4.9 0
9 172 0 7.0 0
10 100 0 7.0 [
11 237 5.5 7.5 0
N 4 37 11 0

Supplemental record.- Feb. 28,

9:20 p.m., 486 sec.~ft.
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MAXIMUM INFLOW TO RESERVOIRS

As previously explained, for several reservoirs the records of stage
end outflow were used in conjunction with the capacity tables to compute
rates of inflow. For those reservoirs for which the differences in con-
tents over periods of time constitute s material factor in the determi-
nation of inflow, the results will tend to be more reliable for long than
for short periods. The differences in contents for very short periods of
time may be subject to considerable inaccuracy or even be indeterminable,
and therefore the method is not well sulted to the determination of rates
of 'inflow at any instant or for any very short period.

During the period of maximum discharge the inflow to reservoirs was
not confbuted for any interval of less than 15 minutes. Therefore, fur-
ther study was made in order to estimate the maximum or peak rates of in-
flow as given in the preceding tables.

Records of instantaneous rates of discharge throughout the flood
rise were determined at five stations, which are listed in table 12.
These records are included, also, in the basic discharge records pre-
sented in the next preceding section. Table 12 gives, for each of these
stations, the peak discharge rate (inches per hour for 1 minute), the
maximum 5-, 10-, 15-, and 30-minute and l-hour rates, and the percentage
of excess of the peak rate above the maximum 5-, 10~, 15-, and 30-minute
and l-hour rates. The percentages of excess, as given in table 12, ap-
pear to have a tendency to increase as the discharge rates decrease.

Table 12,~ Maximmm rates of discharée for indicated psriods and excess ¢f peak discharge

(duration 1 minute) over thcse rates in San Dimas and Calleguas Creek Basins, MMarch 2,
1938 .

- Exc of peak
miu aximus dischargs (1 ::rsmte)Pover
Stream :sea (inches per hour] maximom dischérge
(sq. {percent)
mie)

1 | s 10 15 30 1 15 | 30 | 1
min. | mine. | min.| min.| min. | hour | min. | min. | hour

San Dimag Creck

Wolfskill Creek near| 2.78 |04463 | 0.451 | 0,439 | 04424 | 0,390 | 0,379 | 9.2 [ 1B.7 | 22,2
San Dimag

Weost Fork of San 1666 | 46201 815 | 609 .602| o574 <559 3.0 840 | 10,9
Dimas Creek, near
San Dimas

Fern Canyon Water- 0084 o350 | <346 | o340 | o334 | o324 o314 | 4.8 8.0 11.5
shed No. 3 -

Fern Canyon Water- #0631 o710 | 703 | 4698 | 691 | o671 | 4651 | 2.7 548 | 9.1
shed No., 2

Salleguas Creek

Honda Barranca at | 2486 | <2141 <211 | 4206 | +203| .190| o166 | 5e4 | 12.6 | 2849
Perkins Road, near
Somis
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In figure 17, the discharge rates for each of the statlona are plot-
ted against corresponding intervals of time, using logarithmic scales.
For this purpose, the peak discharge 1s assumed to correspond to a time
interval of 1 minute. The plottings have been extended to longer 1nter-
vals than ere given in table 12, Discharge rates have also been plotted
on the figure for some of the reservoira for which the maximum average
rates of Inflow are belleved to be reliably determined for the shorter
intervals of time.

In general, the ratios of the maximum mean dilscharge, for progres=-
alvely shorter intervala of time, to the maximum 24-hour discharge have
been found to increase with enough regularity to suggest that the trend
of these ratios could be utilized in estimating the peak inflow to the
reservoirs. The foregoing rather fragmentary observations as to t;@ re-
lation between pesk rates of flow and the average rates over selected
perlods of time have been useful in estimating the peak inflow.

With the exception of those for the Fern Canyon atatlons, none of
the records in table 12 cover conditions In the zones of heaviest rain-
fall and thus may not reflect in all particulars the conditions of flow
that prevaliled with runoff from higher rainfall intensitles. There 1s
the possibillty that none of the records in table 12 are necessarlly ap-
plicable to the behavior of flow in some of the steep channels in which
higher and relatively sharper peaks may have occurred. As pointed out in
the precedlng section, the peak discharge was made up of debris in an un-
Imown but perhaps substantial amount.

Table 13 showa, for each of 14 dralnage basins for which basic dis-
charge records have been presented, its area, the peak dlscharge (esti-
mated for most of the streams) and maximum 24-hour discharge in second-
feet per square mile, and the ratios of the peak dlscharge and maximum
mean dlscharge for indicated periods to the .maximum 24-hour discharge.

Figure 18 shows these ratios graphically for several of the stations
represented in table 13 and also the average ratios for the 14 statlons
plotted against the corresponding intervals of time.

These ratios reflect generally and in a composlte way the factors
affecting the concentration of flow in individual streams, such as amount
and rate of precipitation, direction of storm travel, size and shape of
drainage basin, slope of stream channel and general slope of basin, infili-
tration rate and retention capacity of basin, and vegetative cover. It

1s to be inferred that the greater the difference in these factora in the
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several basins, the wider the variation in the magnitude'of the ratios
during the floods.

Although the estimates of maximum or peak inflow to the reservoirs is
obtained by somewhat indirect methods into which individual judgmeht en~-
ters, it 1s believed that the margin of probable error is relatively small
and that, in general, the results are acceptable for determinations of ex-
treﬁely high flood flows and materially more accurate than the results

obtained for the floods of March 1938 at other places in this region.

STUDIES OF BASIC DISCHARGE RECORDS IN RELATION TO BASIN CHARACTERISTICS
AND RAINFALL

For the region most severely affected by the storms and floods of
March 1938, many rainfall records have been presented and discussed in
earlier sections of this report. Also, available basic d;scharge records
believed to be reliable, have been presented in the section 1mmediately‘
preceding. For most of the dtream basins covered by these records there
are given, in tables to be introduced hereafter, pertinent data regarding
the area, channel slopes, form relations, and other characteristics that
mey be examined with regard to their influence on the concentration of
flood runoff. (See tables 14 and 15.)

The studies of the hydrologlc features relate, first, to volumes of
rainfall and flood runoff expressed in depth in inches over these areas,
and second, to rates of rainfall and runoff. Since the flood proper was
largely assoclated with the heavy rain that fell on March 2, the analyses
of rates of rainfall and runoff have been confined to the rgtes for the
meximum 24-hour perlod. The discussion of the precipitation and runoff
on an areal basis relates to the entire storm and flood pericd.

The analyses of the runoff.data on an areal basis are primarlly of
interest in problems relmting to the storage of water at or near the
source elther in reservoirs or by means of land-management or cultural
practices whereby the natural retention capacity of the basins can be
maintained. The analyses showing the extent to which the runoff was con-
centrated with respect to time, the relations between the maximum rates
of rainfall and runoff, and the time interval or "lag" between the occur-
rence of rain and its appearance as stream flow are largely of interest
in problems relating to the control and disposal of water after it has
reached the stream channels. They are essential to the designing of

spillways, bridge openings, bypasses, flood channels, and other engineer=~
ing structures and flood-control devices.
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Basin characteristics

The word "basin" 1s used at many places in thils report to mean only
the area upstream from the gaging statlon at which the runoff 1s meésured.
Therefore, under this usege, in the conslderatlon of runoff 1t means the
entire basin of a given stream only 1f the gaging station discussed 1s
near the mouth of the stream.

By means of sultable maps certaln dralnage basins hereinafter listed
were divlided areally Into segments or groups of segments, the upper limlt
of the first segment being 1 mlle upstream from the reference station
(lowermost point in the basin), and the upper 1limit of each succeeding
segment or group being 1 mlle upstream from that of the segment or group
preceding 1t, or, when 1t 1s reached, the watershed line of the basin.
The division of a dralnage area into segments is 1llustrated in filgure 19,
which represents Tujunga Creek above the flood-control dam.

SCALE IN MILES
1 2

[
[ IR I | 1

Figure 19.- Tujunga Creek Basin, showing segments used in determining
maximum concentration of area.

Figure 20 shows the distrlbution of the segments of the dralnage ba-
sins in accordance with thls method of subdlivision. The influence that
the shape of the basin may have had on the concentration of runoff may be
considered by studying this figure. For example, Pacolma Creek Basin, ex-
cept for the segment 9 to 10 mlles from the dam, has no segment or group
of segments as shown equal in area to 10 percent of the total dralnage ba-
sin. The basin of West Fork of San Gabriel River, which produced the
greatest runoff to the square mlle measured at the flood-control dams dur-
ing the flood of March 1938, has no group of segments upstream from the

dam with an area as great as 20 percent of the entire drainage basin.



138 FLOODS OF MARCH 1938 IN SOUTHERN CALIFORNIA

50

|
Live Oak Creek

40

30

20
10 /
/ /]
‘ A Eaton Creek .
20 x

7
7 7%

(=]

Z] Santa Anita Creek
30 i

20

10 7

Dalton Creek
40

30

10

Percent of drainage area

San Dimas Creek

A

N\

20

10

West Fork of 8an Gabriel River
20 '

17

10

Tu junga Creek

20

10 % 24 V.

o 4 J

Pacoima Creek

20

10

% =
2 4 6 8 10 12 14 16
Distance, in miles, above flood-control dam

Figure 20.- Distribution of drainage area above flood-control dams in San Gabriel and
Los Angeles River Basins,
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However, the group of segments 6 to 8 miles upstream from the flood-control
dam represents about 36 percent of the total drainage basin. Dalton Creek
Basin shows a concentration of 37,9 percént of 1its area, or 1.7 square
miles, within 2 to 3 miles of the dam. Table 14 shows the segment or
group of segments, classifled on the basis above described, that contains
the maximum concentration of drainage area. For example, for Tujunga
Creek the group of segments with the largest area (12.5 square miles) is 7
to 8 miles upstream from the flood-control dam measured along natural
water courses. The average distance from the dam of all the segments in

the entire drainage basin 1s shown in the last column to be 7.24 mlles.

-

Table 14.- Characteristics of distribution of area in drainage basins
above certain flood-control dams in San Gabriel and Los™ Angeles River

Basins
Maximum Diétance, in miles,
Drainageconcentration | _ from dam
Stream area of area in [To maximum| To center
(square segment concentra~| of total
miles) | 1 mile wide tion of drainage
(square miles) ares area
San Gabriel River Basin
West Fork of San Gabriel 40,4 7.9 7-8 4,92
River
San Dimes Creek 16.5 4,0 4-5 3.65
Dalton Creek 4,49 1.7 2-3 1.86
Thompson Creek 3,91 1.8 2=3 2,27
Sawplt Creek 3.27 1.3 2-3 1.78
Live Oak Creek 2.30 1.0 1-2 1.63
Los Angeles River Basin
Tu junga Creek 8l.4 12.5 7-8 7.24
Pacoima Creek 27.8 ° 4,4 9-10 7445
Santa Anita Creek 10.8 3.8 2=3 2.41
Baton Creek N 9.48 2.6 4-5 3.44
Little Santa Anita Creek 2.39 1.1 1-2 1,41

The topographlc characterlistics of the drainage basins studied herein
are shown In table 15, The areas of these basins range from 0.063 square
mile, for Fern Canyon Watershed No. 2, to 8l1.4 square miles, for Tujunga
Creek Basin. The land slopes of all the basins are steep; the two Fern
Canyon Watersheds have the greatest slope--65 percent--snd Live Oak and
Thompson Creek Basins have the smallest slope-~-36 percent. The aversge
altipudes in these basins range between 2,000 and 5,000 feet. Excluding
the small Fern Creek Watersheds, Tujunga Creek Basin has the highest
aversge altlitude. ’

The size of the contributing area, the slope of the land areas and
stream channels, and the shape of the basin, inasmuch as they determine
distances and time of travel of the flood waters, undoubtedly influence the
period of concentration of the flood runoff. Brief study of the data given
in tables 15 and 17 (see pp. 140 and 150) suggests that the concentration
characteristics of the several basins listed may be related directly or
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Table 15.~ Topographic charaoteristics of certain drainage basins above point of
measurement in Santa Ana, San Gabriel, and Los Angeles River Basins

Average
Area Length
in Altitude, in feet Average | of main| slope
Bagin of main
square{Maxi- | Mini- | Aver- slope stream &
miles| wum mam age |(percemnt)| chsnmnel| 2 rem;x
(miles)| Chemme
{percent )
Santa Ana Rivor Bagin
Santiago Creek 62.5 5,680 680 | 2,120 45 13 7.3
San Gabriel Rivep Bagin
West Fork of San Gabriel | 40.4 {8,038 | 2,140 | 4,290 47 845 13
River
San Dimas Creek 16.56 [6,558 | 1,350 | 3,130 42 6 13
Dalton Creek . 4.49 |3,686 | 1,565 | 2,590 40 3.5 11
Thompson Creek 3.91 |4,700 | 1,582 | 2,670 36 | RS 24
Sawpit Oreek 3.27 |5,390 | 1,228 | 2,960 50 3.1 26
Live Oak Creek 2.30 3,694 | 1,430 | 2,220 36 2.76 16
Pern Canyon Watershed +084 |5,400 | 4,500 | 5,000 65 52 33
No. 3
Pern Canyon Watershed «063 |5,400 | 4,500 | 5,000 65 o4l 42
No. 2 . ;
Los Angeles River Basin
Tujunga Cresk - 8l.4 7,078 | 2,104,| 4,500 40 12 78
Pacoima Creek 27.8 6,600 [ 1,650 | 3,890 41 1546 5.2
Santa Anita Creek 10.8 5,886 | 1,100 | 3,560 47 4.2 20
Eaton Creek 9.48 |6,156 840 | 3,100 52 6.0 17
Little Santa Anita Creek 2,39 |5,433 | 1,110 | 3,170 50 3.0 27

indirectly to the mean land slope. Other influences cean perhaps be de-
tected, and the basic data are here recorded for examination by other in-
vestigators. Nevertheless, for the floods of March 1938 the rainfall
characteristics seem to have greatly influenced, and indeed to have dom-

inated, the runoff characteristics.

Runoff characteristics

There were four distinct pheses in the runoff resulting from the
storm of February 27 to March 4, corresponding in many respects to the
four phases of the storm as previously described. The first phase is as=-
sociated with the rain that fell on February 27 and 28. On February 27
there was generally very little stream flow, but beginning about noon
February 28, the flow gradually increased and reached a minor peak near
or shortly after midnight, following the higher rates of rainfall near
the end of the 2~day period. The second runoff phase lasted from about
1 a.m. to midnight March 1 when there was an almost complete cessation of
rain and a gradual decrease in stream flow. The third runoff phase began
during the early morning of March 2 and reached a climax generally be-
tween 2 and 5 p.m. on the same day, when most streams reached their maxi-

nmum rates of discharge for the flood. Although the rain did not cease



BASIC DISCHARGE RECORDS IN RELATION TO BASIN CHARACTERISTICS 141

untll later, the discharge rates were generally lower after the early
evening of March 2. The fourth runoff phase lasted from the time of the
peak on March 2 through March 10.

For basins for which continuocus observatlons of runoff are avallable
throughout the flood, analyses have been made of hourly records of rain-
fall, runoff, and retention, or the difference between the accumlated
rainfall and the runcff. These analyses have been used as a check on the
accuracy of derivations of discharge made to complete records at stream-
flow measurement stations. They are presented herein for use by engi-
neers and hydrologists interested in flood runoff, especlally under the
physiographic and climatic condltions existing in southern California.

Graphs of hourly rainfall and runoff, 1n mean depth in inches, in
flgures 21 and 22, and graphs of the accumulated precipitation, runoff,
and retention, in figures 23 and 24, are presented for West Fork of San
Gabriel River and Live Oak Creek Basins, the two drainage areas showing
the widest range in these factors, for the period February 27 to March 5,
In figures 23 and 24 the periods covered by the runoff phases are indlca-
ted, The method of determining the rainfall in the basins 1s described

on page 151,
First phase, February 27 and 28

Table 16 shoys the amount, in inches, of accumulated rain that fell
over the 13 basins during the first storm, before the accumulated runoff
beginning at midnight on February 26 equaled 0.10 inch, and the accumla-
ted rainfall and runoff and the retention, or difference between the
rainfall and runoff, at the time of the first peak, Ghich occurred gener=-
ally elther shortly before or shortly after midnight February 28. With
the exception of the basin of the West Fork of San Gabriel River there
was an sccumulated retentlon in each of the 13 basins of between's and
4,8 inches before there was an accumulated runoff of 0.10 inch; the aver-
age retention for the 13 basins was about 3.9 inches. This condition was
reached toward noon on February 28, 24 hours or more after the begimming
of the storm. Although the accumulated rgin up to the time of the first
peak averaged about 8.5 inches, the total rﬁnoff averaged only 0.7 inch,
indicating an average retentlon at that time.of about 7.8 inches. The
duration of rainfall in the first storm at rates in excess of 0.02 inch
an hour was about 30 hours, and on this time basls there was an average

increase in retention in the basins of about 0.26 inch an hour.
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Second phase, March 1

Table 16 shows the total retention in each basin at the time of the
first pesk, near or shortly after midnight February 28, the total runoff
from the time of the pesk until midnight March 1, and the average rate of
runoff per hour. Since there was little rain on March 1, the latter roy
resents essentially the rate of depletion in the water that was retained
in the basin as ground or chennel storage at the end of the first storm.
The contribution to the runoff from groundwater storage du; to antecedent
rainfall was relatively inasppreciable. This draining out on March 1, im-
mediately followlng the first peak, averaged about 0.03 inch an hour over
the several basins, or about a tenth of the average rate at which the re-~

tention accumlated.
Third phase, March 2

Rain of the second storm period started to fall at about 10 p.m.
March 1 and continued until about midnight March 2, with the greatest in-
tensity occurring near noon on March 2 and yith fairly little Intensity
during the late afternoon and evening. All streams rose rgpidly and
reached maximum pesks generally between 2 and 5 p.m.

Table 16 shows the sccumulated rainfall, the runoff, and the reten-
tion in Inches at midnight on March 1, about the beginning of the second
storm, and the accumulated rainfall, runoff, and retention a{ the pesk of
the flood. In the period of gbout 16 hours between midnight of March 1
and the pesk on March 2, there was an average accumulgtion of about 10.0
inches of rain, 2.3 inches of runoff, and 7.7 inches of retention, the
increase in the retention belng at an average rate of about 0.48 inch an
hour, or 85 percent in excess of the average rate of increasse during the
longer but less intense first storm. The average retention at the time
of the peak was 15 inches.

Fourth phase, 6 p.m. March 2 to midnight March 10

Generally by about 6 p.m. Merch 2 all streams had started to recede
and there was a gradual decrease in flow until March 11, when additional
rein increased the "flow. Table 16 shows the total accumilated rainfall.
at 12 p.m. March 3, which includes essentially all the rain associated
with the floods and a small amount that fell after the ma jor pesk stages
on March 3 and thet may have Influenced the rate of recession; the total
accumilated runoff through 12 p.m. March 3, which probably includes
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essentlally all water in channel and surface storage at the time of the
peak; and the accumulated runoff at 12 p.m. March 10. Since there was
relatively little rain from March 4 to 10, the difference in accumulated
runoff at the two indicated times represents essentlally a draining out
of ground water. The retentlon as shown In table 16 at a stated hour on
each of four days, namely, 6 p.m. on March 2 and midnight on March 3, 5,
and 10, was not corrected for the evaporation and transpiration losses
which may have occurred during the time Iintervals involved or for the
rainfall from March 4 yo 10. "The results aspproximate the addition to
basin storage because of the March storm. Table 16 shows also the aver-
age rates of runoff during three parts of the depletlon perlod, namely,
the 30-hour perilod from 6 p.m. March 2 to midnight March 3, the 2-day
perlod of March 4 end 5, and the 5-day perlod of March 6 to 10. It may
be noted that there was a marked decrease in the average ?ates of deple-

tion in the three periods.

Relation between rates of preciplitation and rates of runoff

The greatest rise of the floods of March 1938 occurred on March 2
end resulted from the rains that fell on the same day. It has been shown
previously (fig. 14) that during the msximum 24 hours of rainfall, for
periods of maximum rates of precipitatlon in progressively decreasing in-
tervals of time, each succeeding period generally fell within the next
longer period. Flood rises as shown on discharge hydrographs tend gener-
ally to have the same characteristic, and thls 1s particularly true for
the floods of March 1938, as will be illustrated hereafter. This tendency
suggested a study of the relatlon of the maxlmum rates of precipltation
to the maximum rates of runoff for corresponding intervals of time for
drainage basins for which there are basic dlscharge records. Table 17 1s
; compllation of maximum rates of rainfall and runoff for 14 drainage .
basins for selected intervals of time renging from 15 minutes to 24 hours
each. ]

The average precipltation in the drainage basins was determlned from
the lsohyetal map of the area for the total storm period February 27 to
March 4. It was then distributed as to tlme on the basls of the records
at a selected recording gage or gages. The rates of precipltation at the

recordling gages are summarized in table 2.

v
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The assumption that the average rates of precipitation over a drain-
age basin will vary as do the rates at a nearby recording gage or else
those obtained by averaging the rates for two or more nearby gsges has
certain Inherent features that would seem to make it more reliable for
the longer than for the shorter intervels for which rates are determined.
The precipitation appears to have been extraordinarily uniform over the
entire area, and the drainage basins are small in relation to the velo=-
clty of the storm; consequently, the rates for the basins may be accepted
as qulite reliable for the longer intervals of time. Obviously, however,
there may be a question as to whether the uniformity of precipitation for
short intervals of time, such as 1 hour or lessa, is such that the average
rates over a basin will be'closely related, elther as to ilntensity or as
to time of occurrence, to the rates obtained at one or more recording
stations in the basin or within a few miles of 1t.

The runoff records for the West Fork of San Gabriel River at flood-
control dam No. 2 and for Live Oak Creek, as presented in the basic dis-
charge records, are typlcal of the extremes of flood discharge as deter-
mined from the reservoir records.

In figure 25 the rates of precipitation and runoff for both the West
Pork of San Gabriel River and Live Oak Creek Basins are plotted to loga-
rithmic scales against the durations of these respective rates. For this
plotting, the data in table 19 have been supplemented to obtain additional
points In these basins, and rates of precipitation have been computed to
the maximum 5-minute Interval.

The major part of the drainasge of the West Fork of San Gabriel River
was within the zone of heaviest rainfall during the storm of March 1938,
and characteristics of its rainfall are included among those shown for
the group B stations on figures 11 to 15. From the isohyetal mep (pl. 17)
the average rainfall on this drainage area of 40.4 square miles was found
to be 23.62 inches for the period of the storm. The distribution of the
rainfall was based on the records at Opid's camp, Crystal Leake, and San
@abriel flood-control dam No. 2. )

Live. 0ak Creek Basin, on the coastal side of the first divide, had
somewhst less rainfall than th; basin of the West Fork of San Gabriel
River and averaged 17.41 inches over the 2.30 square miles. The rainfall
intensitigs for this basin were distributed on the basis of the automatic
record at the mouth of San Antonlo Canyon, about 4 milea to the northeast,

at an altitude a little above the average for Live Oak Creek Basin. The

454720 0-42- 11
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record from the San Antonlo Canyon gage seems to put that station in
group C (figs. 11 to 15).

Similarly, figure 26 shows the maximum rates of precipitation and
runoff for periods of 5 minutes to 24 hours for San Dimas Creek and Fern
Canyon Watersheds Nos. 2 and 3, which are within the basin of San Dimas
Creek. This basin has an area of 16.5 square miles, and in it are 174
standard and 10 recording rain gages maintained by the United States For-
est Service. The average preclpitation over the basin during the storm
was 20.71 inches, which was distributed on the basis of the recording
rain gage at Tanbark Flats. The record at Tanbark Flats (altitude, 2,700
feet) puts this station in group C.

The rainfall record in Fern Canyon (altitude, 4,800 feet), also in
the drainage basin of San Dimas Creek, seems to conform to the records of
the group B stations. The'drainage basin of San Dimgs Creek has a mean
altltude of about 3,130 feet, with maximum and minimum altitudes of about
5,600 and 1,400 feet, respectively. Evidently much of the rainfall in
the basin would have followed more closely the Fern Canyon type of dis-
tribution than that shown by the Tanbark Flats station. The altitude of
the latter station is nearer the mean altitude of the drainage area and
so may represent the distribution of precipitation rates over the entire
basin more accurately than the Fern Canyon station. .

The rainfall over Fern Canyon Watersheds Nos. 2 and 3 was practilcally
1dentical as determined by observations at 93 rain gages within these two
drainage areas. The rainfall was analyzed on the basils of the Fern Can-
yon recording gage record.

It may be observed in the graphs for the five basins shown in figures
25 and 26 that under the method of plotting used, for time intervals of 1
hour or more the precipitation and runoff graphs for the respective basins
are approximately parallel.

Graphs showing the runoff rates for Fern Canyon Watersheds Nos. 2
and 3 Indicate marked.differences in the characteristics of these two
drainage basins. These differences seem to result in part from the dif-
ferences in tpeir geology. That part of the mountains In which the Fern
Canyon Watersheds are situated is underlaln by a metamorphic-lgneous bed-

14

rock complex, the San Gabriel formation of Miller, Schists and

14 Miller, W. J., Geology of western Sen Gabriel Mountains: TUniv.
Calif. at Los Angeles, Pubs. In Math. snd Phys. Sciences, vol. 1, no. 1,
pp. 50-51, 1934,



163

BASIC DISCHARGE RECORDS IN RELATION TO BASIN CEARAGTERISTICS

*jeean HBO SATT PUS JOATH TOTJQeH Ueg JO NIOJ 35epM JO sUTssq UF ‘SIN0Y g 04 seqnuim ¢ Jo spofaed 103 ‘JJounds pus uofgegfdjoead JO £03B1 WOWTXGN -°Qg oanBij

0oy g 02 83 (02 91 21 014

8 4 9

S

14 £ 8°8 8

amoy

1

8°0

9°0 60 ¥°0

£°0

20 ST

0 0t°0

N
N

’

1°0

wep TOJFUOO-POOTT

18 He

..n.
) 380 SATT

—

¢ Jyouny 7

0

g0

D AVAVe

/A

/

9°0

a

.

™
~

[ 1/

L0

/|

8°0

6°0

o0ln HEQ ©ATT

-

‘uotge3drosty

Ml [4%ATE T

P

efaqep ueg

RN

Jo Raod 3

son ‘2

Jouny—*~

0"t

~

/

g *ON Wwep T

OJdqU00=POOT

J JOATYH

OTIqBE

uBg 3B JIOAT

{ [eTIq8p UE

8 JO 0,

I 480

dtoex wV/

/

anoy aed seyouy



FLOODS OF MARCH 1938 IN SOUTHERN CALIFORNIA

154

°¢ pue g *EON EPeUsJIejsl UCLUB) UJISJ PUS. ULFBY NOed) Semy( Weg UT ‘sanoy yg 93 sejnutw g JO spojaed JoJ ‘Jrouna pue uopjwytdioead JO seqBd WNWMIXBR -°9F OJInSTd
sanog ’
O% 8¢ 02 S92 0% ST 3L 0T 6 8 4 9 ¢ 14 ¢ 89°3 0°3 g°'T 0°'T 8°0 9°0 80 ¥»°0 €°0 98* 3°0 ST°0 1°0 80°0

AN Otvo

N N

1
/ /f /.’/
< g°0
/ N~ |['c ‘on peuszeqmp uokumpy uzeg IOUNT 7

il il

N WEp TOJJUOD~POOTS 38 HOeds SSWq usg *Jgjounyt” ¥°0

g0

90
r——

- 2 "ON Deusaeqsy UoAum) Udeg ©jyouny L L0
] 80
] 2N 6°0
0°1

anoy Jed sayour

[/ /
/

uofus) uxeg aoaumu.na‘“vchmtw./

g1

P——
// ' //1’

0'8
Heeap sewf(q usg .no.nanﬂn.nucum.\V/
g*g

o°¢e




BASIC DISCHARGE RECORDS IN RELATION TO BASIN CHARACTERISTICS 155

granltlc gneisses predominate and are Intruded by many pegmatite and ap-
1lite dikes. The dikes, though locally crosscutting, generally follow
schilstoslty planes in the metamorphlc country rock for long distances.
As a result Af these conditlons, the bedrock 1s characterized by a very
prominent, steeply inclined planar structure of consistent orilentation
throughout the area,

In a report on a geologlc examination 15 of the area after the 1938
flood 1t 1s indlcated that watershed No. 3, although larger than No. 2,
has always had less runoff, both for semsons and for individual floods.
In watershed No. 3 the planar structure of the bedrock lies normal to the
dralnege axls and dips falrly steeply downstream. Thils permlts a more
rapld percolatipn of water than In watershed No. 2, which 1s so orlented
that the schlstosity planes of the same rock types Intersect 1ts dralnage
axls at an acute angle, with correspondingly less opportunity for perco-
lation and more opportunity for runoff to reach the stream channel.

The relation between maximum rates of precipitation and runoff for
intervals of 24 hours and less 1s shown on figure 27 for five representa-
tive basins, namely, Live Oak, San Dimas, end Santa Anite Creek Basins,
West Fork of San Gabrilel River Basin, and Fern Canyon Watershed No. 2.
The data used in the plotting are those shown in table 19, supplemented
by other data for better definition of the relation. The number noted
against a plotted point indicates the length of the interval in hours ap-
plicable thereto.

The decided break in some of these curves for intervals longer than
about 12 hours 1s due to the falling off of the rates of rainfall for
these longer intervals as compared to the rates of runoff, the runoff re-
flecting In thls way the Influence of ground-water seepage in the basin;
This relation indicetes that the rates of runoff corresponding to a fixed
rate of rainfall have & tendency to lncrease as the durations of such
rates Increase. This tendency 1s demonstrated by table 18, in which are
compiled data taken from figure 27. For example, for an average rate of
precipitation of 1.0 inch an hour, lasting for 1.5 hours, on Live Oak
Creek, the resulting ;verage runoff was 0.22 inch an hour, and for the
same average precipltation lasting for 4 hours on San‘Dimas Creek, the re-
sulting runoff was 0.38 inch an hour. The corresponding flgures Increase

progresslively to 9,7 hours and 0.59 inch on the West Fork of San Gabriel

15 Storey, H. C., The Fern watersheds, characterlstlc runoff dif-
ferences: Mem. Rept. Californie Forest and Range Exp. Sta., Sen Dimas
Exp. Forest, Sept. 19, 1939.
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River. A like tendency 1s shown for parts of the curves representing
rates for 18 to 24 hours. A study of the rates of rainfall and runoff
for 24 hours, as given in the last two columns of table 17, discloses a
rough relation between such rates, which may be used in estimating run-
off from drainage basins for which only rainfal)l records were avallable.

For further 1llustration of the relation between precipitation and
runoff the data of table 19 have been plotted in three groups, as in
figures 28 to 30, in general accordance with the magnitude of the rates
of rﬁnoff prevalent in the basins.

These graphs illustrate further the similarity in the intensity-
duration relations for precipltation and runoff. The tendency of these
curves to conform to stralght lines drawn from the origin through the
plotted points marks characteristics of the data that tended to produce
parallelism in the logarithmic plotting of the relation as previously
noted.

Table 19 shows, for the drainage basins analyzed in figures 25 and
26, the ratios to the maximum rates of preclpitation and runoff for a 24-
hour period of the meximum rates for selected shorter periods. It may be
noted that, for the listed basins, the runoff ratio for the l-hour perilocd
varies from the precipitation ratio by +4 to -17 percent. The table 11~
lustrates the similarity in the intensity~-duration relation of precipita-
tion and runoff for the several basins, such simllarity being fundamen-
tally the same as that referred to in the preceding paragraph as tending
to produce parallel lines under logarithmic plotting.

The foregoing graphic and tabular analyses indicate that for perilods
of time shorter than 1 hour the rainfall rates seem to increase more
sharply than the runoff rates. For example, table 19 shows that on San
Dimas Creek, for the l-hour and half-hour periods, respectively, the pre-
cipitation ratio changed from 2.86 to 4.16, whereas the runoff ratio
changed from 2.44 to 2.50. This difference 1s explainable in part by ths
fact that surface detention and channel storage in the stream system tend
to modulate the reflection of high rates of rainfall for short intervals
into high rates of runoff for corresponding Intervals. It 1s important
in these analyses not to overlook the fact that the computed discharge,
particularly the highest discharge, includes debris, which is a compli-
cating factor of unknown but probably substantial amount.
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The difference may be due also, in part, to the fact that the rain-
fall rates over a given basin are estimated on the basis of the average
rates at one, or at the most, only a few recording railn gages, located in
or near that basin, *which method of procedure, as has previously been
noted, may tend to make the computed rainfall rates less reliable for in-

tervals of 1 hour or less.
Lag between precipitation and runoff

The systematic relations found between rates of precipltation and
rates of runoff suggest a comparison, between different drainage areas,
of the times of their occurrence similar to the -comparison, furnished by
figure 14, of the times of occurrence of maximum rates of precipitation.
Figure 31 furnishes a comparison of the times of occurrence of maximum
rates of precipitation and runoff in West Fork of San Gabriel River and
Little Santa Anita Creek Basins and Fern Canyon Watershed No. 2.

The graphs representing runoff rates define periods of time which
without exception are subsequent to those for the corresponding rainfall
rates. The 1nterva} between the times corresponding to the centers of
mass of the rainfall and runoff occurring in comparable perlods, such as
1 hour or 2 hours, 1s denoted "lag". This term, as commonly used, 1s the
time~difference in phase between salient features of rainfall and associ-
ated runoff. Table 20 shows, for the above-mentioned three basins and
for Santa Anita Creek Basin, the time of occurrence of the center of mass
of precipitation, of the center of mass of runoff, and of the lag as de-
termined therefrom for selected periods ranging from 5 minutes to 24
hours each.

In Fern Canyon Watershed No. 2, the lag in time of occurrence be-
tween the rainfall and the associated runoff appears to be generally from
1% to 3 hours for perlods of 12 hours and less, which seems to be rather
excessive for a dralnage area of only 0.063 square mile with.a maximum
distence of water travel of about 0.4 mile from the divide to the gaging
station. This apparently excessive lag tends to support the conclusion
that much of the runoff moved through subterranean channels, with the re-
sult that the flow was slower than the flow in surface channels and may
have been subjected to the influence of ground-water storage. The indi-
cated lag may have been due iIn part to the peculiarities of rainfall dis-
tribution. The rainfall involved in this comparison continued until about
6 p.m. March 2, when it stopped almost completely as Indicated by the

mass curves on figures 9 and 13,
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Zable 20,- Time of oscurremoe of center of mass of precipitation, center of mess of runoff, and lag

Stations

Gabriel River Basin

a Besed on records for Opid's camp and San Gabriel River flood-control dam No. 2 stations.
b Based om record for San Dimas Experimental Forest, Fern Canyon stationm.

¢ Based on record for Hoegee's camp statiom.
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Bunoff
Little Sama Anita Creek

Precipitation b/
Runoff
Santa inita Creek

lag (in mimtes)
Fern Canyon Watershed No. 2
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Between 3:30 and 4 p.m, March 2, there was a sharp shower, dlrect
surface runoff from which may have synchronized with the outflow from
ground water from antecedent precipitation discharging into the channel
and so have produced the maximum discharge at the gaging station.

The lag on the West Fork of San Gabriel River appears to vary be-
tween 2 and 3 hours for pericds of 6 hours and less. For longer periods
then the maxlimum 6 hours, the lag increases progressively to about § hours
for the maximum 24-hour perlod, which probably indicates a greater in-
fluence of basin storage on the discharge.

Table 14 gives the travel distance from the center of the drainage
area of the West Fork of San Gabriel River to the point of measurement as
4.92 mlles., If 1t 1s assumed that this represents the average travel dis-
tance for each particle of water in runoff, and that the lag represents the
average travel time, for the maximum period of 30 minutes, this travel
time would have been 147 minutes, which represents a mean velocity of
2.95 feet a second. Mean velocities of similar magnitude may be deter-
mined for other mnximum periods. Such velocltles seem rather low for the
average dralnage basin slope of 47 percent. It 1s believed that these
apparently low rates of travel may be due to the passage of many of the
particles of water through the underlying rock formations, and to the
slower passage of others as surface runoff down minute channels on the
mountain slopes before jolning the larger tributariles.

It is probable that the peak discharge of the West Fork of San Ga-
briel River was caused in part by a heavy, short shower just before 4 p.m.,
the direct surface runoff from which combined with a large contribution
of ground-water seepage. It seems llkely that thils sharp shower would
have influenced the lag less for the longer periods.

On Santa Anlta Creek, for which the center of the drainage area is.
about 2.41 miles from the gaging station, the lag for the maximum 30-
minute period was 40 minutes. On assumptions simllar to those previously
made, the time of travel of the particles from the time of their precipi-
tation to the time they passed the point of measurement would indicate a
velocity of 5.3 feet per second. On Little Santa Anita Creek the lag of
40 minutes for the maximum 30-minute periocd would indicate a veloclity of
3.1 feet per second, which is comparable with the velocity indicated for
th;'Wast Fork of San Gabriel River. In both the Santa Anit; and Little
Santa Anita Creek Basins, the maximum runoff was caused by the sharp
shower which occurred between 3 and 4 p.m., and produced the maximum

rates of rainfall for the storm period (see group B, Hoegee's'camp, fig.
15).
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The lag between rainfall and runoff 1s a manifestation of the retard-
ing effect of the topographic and geologié characteristics of the basin-- ,
such as slope of the streams, roughness of chamnels, and vegetation
cover~~on the time required for rainfall to become runoff. Observations
seem to indicate that the greater the lag the less close will be the re-
lation between rates of rainfall and runoff for the shorter perlods of
time, and the less responsive in incresse will the stream flow be to the
rainfall. Moreover, as previously pointed out, the lag as determined may
embody conditions with respect to the distribution of rainfall and the
concentration of runoff, which were peculiar to the storm and floods of

March 1938.

Infiltration

It is shown elsewhere in this report (see tables 16 and 26) that the
quantities of water retained in surface and ground storage durlng the
floods of March 1938 in southern California were exceptionally large.

The high rates of retention are attributed in large part to the high
rates of Infiltration that have been found to prevail during flood peri-
ods throughout much of the mountain area in Los Angeles and San Bernardino
Counties. Some interesting information éoncerning the characteristics of
infiltration 1s available from data collected in the course of experiments
by the United States Foresat Service in the San Dimas Experimental Forest.
Measurements of precipitation and direct surface runoff during the storm
of March 1938 on experimental plots, each a fortieth of an acre in aresa,
indicate extremely low rates of direct surface runoff or, conversely, ex-
tremely high rates of infiltration. The records of precipitation and
runoff from three of a group of nine adjacent plots of the Fern Canyon
series, showlng greatest, medium, and lowest runoff, are shown in table
21,

The plots are at an altitude of about 5,000 feet and have a slope of
about 60 percent, which makes them comparable with areas at the head-
waters of most of the streams in the San Gabriel and San Bernardino Moun-
tains that are subject to excessive floods. They are comparable, also,
in geology, slope, and vegetative cover, with many of the headwater areas
in other'basiqs. The soil mantle on the plots is about 1 foot deep and
overlies badly fractured bedrock. They have a fairly heavy and uniform
growth of chaparral, Variations in soil mantle and the underlylng rock
structure, in addition to general tendencles toward inherent plot varia-

bility, are'undoubtedly the cause of the main differences in the observed
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Table 21.~ Precipitation and runoff for given periods on 1/40-acre
plots in Fern Canyon

Precipitation Maximum runoff in inches per hour
Period in inches
per hour Plot 349 Plot 341 Plot 345

10 minutes 1.56 0.0186 0.0198 0.0086
15 1.52 -0188 .0176 .0065
30 1.36 .0176 .0121 . 0055

1 hour 1.35 .0162 .0101 .0050

2 1.28 .0159 .0109 .0048

3 1.20 . 0143 . 0099 » 0047

4 1.12 7132 .0090 . 0043

6 +98 «0107 0085 . 0036

9 .91 . 0099 .0070 .0032
12 .79 . 0083 .0056 . 0027
Total, in inches,
Feb. 27 to Mer. 3 20,44 17 .08 .06

runoff rates, For a total rainfall of 20.44 inches during the storm,
these three pléts showed a direct surface runoff of only 0.17, 0.08, and
0.06 inch each, respectively. With an average rate of rainfall of 1.52
inches an hour for a 1S5-minute period, the direct surface runoff amounted
to less than 0.02 inch an hour. Observations made on plots at Tanbark
Flats showed characteristics very similar to those of the plots at Fern
Canyon., ‘ '

Fern Canyon Watersheds Nos. 2 and 3 (see pl. 15) are less then half
a mile from the Fern Canyon plots. Of these watersheds, No. 2 showed a
maximum runoff of 0,69 inch an hour for a 15-minute period, and No. 3
showed 0.33 inch an hour, maxima that are considerably higher than those
for the plots.

Observations at the plots indicate a surface runoff of less than 0.2
inch, but a considerably higher rate of infiltration than watersheds Nos.
2 and 3, which, with a storm rainfall of 23 inches, produced a runoff of
about 9 and 4 inches, respectively. (See table 16.) It appears that a
considerable part of the precipitation that was absorbed by the soil
mantle, as shown by the plot experiments, passed on through the underly-
ing much~-fractured rock and thence into the stréams and that its movement
was rather rapid. This procedure is more pronounced for Watershed No. 2
than Watershed No. 3. The geologic conditions which may account, in part,
for this difference in rate of movement are discussed on page 334. The
rate was undoubtedly influenced by the steepness of the land surface, the
depth of the soil mtle, the nature and extent of rock outcrops, and thé
amount of water already in storage within the formations.

The apparently rapid flow of a large part of the infiltrated water
to the stream channel seems to introduce difficulty in the derivation of
Infiltration capacities which are of practical utility.

454720 O - 42 - 12
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DETERMINATION OF FLOOD DISCHARGE

The method most commonly employed by the Geqlogical Survey in the
determlnation of stream discharge consists of the determination, first,
of a stage-discharge relation or rating by means of current-meter meas-
urements of discharge at various stages from low water to high water and
the applicatlon of this rating to the records of stage. If the stage-
discharge relation for a station has been determined throughout the range
of flow, 1t 1s evident that if the stage at any particular time is known
and normal flow conditlons prevall, the rate of discharge past the sta-
tion at that time may be ascertained by application of the rating. It 1s
very difficult to determine the discharge during abnormal flood stages in
most localities, and the accuracy of the result arrived at usually de-
pends on surveys, analyses, and computations, by various more or less in-
direct methods, for extending the stage-discharge relation beyond the
range covered by current-meter measurements.

The difficulties which make it practically impossible to obtain di-
rect measurements of discharge or to define stage-discharge relations
during flood perilods at most stream-measurement stations in southern
California have been discussed in the section on basic discharge records.
Records of discharge during the floods of March 1938 have of necesslty
been determined by a combination of the methods that have been developed
by the Geological Survey in connection with stream gaging and studles of
other floods. Particularly helpful in this connection have been the
checks upon estimates of discharge afforded by the relatlons between
rainfall and runoff as developed from a study .of the basic discharge rec-

ords and described in the next preceding section of this report.

Computation of peak discharge

Peak dlscharges were evaluated in a varliety of ways suited to the
conditions at the site and the kind of basic information that was avail=-
able or could be found. Wherever possible, the results as determined by
one method were verified by checking them with results as determined by
other methods.

The discharges were determined by slope-area surveys and related
methods based fundamentally on the application of the Chezy formula.

They were also determined from data concerning flow over weirs and through
contracted openings, by the extension of rating curves with the ald of
various techniques, by analyses of reservoir records as previously de-

scribed, and by various methods involving comparison of basic factors.
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Peak discharges computed from a survey of pertinent conditions made
subsequent to the peak are subject to errors introduced by unstable chan-
nels. Valley-floor streams usually have beds composed of sand and light
gravel. At many places in these streams there was considerable scour
during the higher atages, and the scour was probably greatest at the time
of the peak discharge. On these streams the bed was prodded with a round
iron rod and the rod forced by hand to a comparatively firm bottom that
was considered to have bsen the bottom of the sectlon at the time of the
peak discharge.

Streams in the mountain areas have steep slopes and consequently
high velocities. Their beds are gsnerally composed of loose boulders and
gravel, which are moved in large quentities because of the high veloci-
ties. These swift streams move from side to side in the canyons, deposit-
ing or removing debris first on one side of the channel and then on the
other. Cross-sectional areas determined after the floods have subsided
may or may not be the same as at the time of the peak discharge. Debris
moving downstream may have raised the water surface locally until 1t was
higher for smaller discharges than for the peak discharge. Turbulence
may have caused splash or run-up marks on the banks higher than Qhe con-
trolling high-water levels. Because i1t is necessary to apply indirect
methods of determination for such streams attempts were made to select
reaches where these unfavorable influences would be least compllicating.

Field data were obtainsd for certain streams in the San Bernardino
and San Gabrlel Mountains at places where channel conditions were ex-
tremely unfavorable, and it was found desirable to discard peak discharges
computed from the data obtained at some of these places. A view showing
typical channel conditions on these streams is presented in plate 16,A.

Slope-area determinations

Peak discharges were determined at many river-measurement stations
and on miscellansous streams by means of slope=-area studies. Discharges
were computed from measurements of the cross-sectional areas and slope by
the use of formulas which have had extsnsive practical application. The

formula generally used was the Manning formula, usuaslly written as:
Ve 1.:;86 R%/3 gk

in which V = mean velocity in feet per second, n = coefficlent of rough-

ness, R ® hydraulic radius in feet, and 8 = frictlon slope.
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The selection of values of n has been guided by the results of the
Survey's experience in the use of the slope-area method, and the values
chosen were selected in the light of the few data avallable for streams
in southern California.

The friction slope was generally computed from the hydraullc gradient
of the peak stage as determined from high-water marks, on the basis of the
difference in weighted velocity heads at the end sections.1%® For streams
whose velocity at the downstream section was less than at the upstream
section, it was assumed that there was a 50 percent recovery of the theo=
retical kinetic energy head. Cross sectlons were divided lnto parts to
provide for variation 1n.the hydraulic radii and coefficient of roughness.

As an example of the application of the slope-area method, the basic
data used in determining the peak discharge of Lone Pine Creek near Keen=-
brook are shown in figure 32. A view of the reach 1s shown in plate 16,B.

On some streams reaches of channel were surveyed in which the changes
in channel shape and slope made them unsuited to normal methods of analy-
sis. The peak discharge was computed singly for each cross section on
the basis of the Manning formula or the varled-flow equation given by

Rousa.16

Flow over weirs

The basic formula for the computation of flow over welrs is commonly
expressed as @ = CLH®, in which @ = discharge in second-feet, C = coeffi-
clent for the weir, L = effective length of crest in feet, H = head in
feet on the crest measured far enough above the welr to avold surface
draw-down, and n = the exponent of H. The exponent n may be assumed to
be 1.5, and under this assumptlon the coefficient C will ordinarily vary
with the head and with differences in slope of crest. The velocity of
approach In the channel above the weir affects the dlscharge over the

~welr and practically increases the head on the crest by an amount equiva-

lent to the corresponding velocity head.

15a Johnson, Hollister, The New York State flood of July 1935:
U. S. Geol. Survey Water-Supply Paper 773-E, pp. 253-254, 1936.

16 Rouse, Hunter, Fluid mechanics for hydraulic engineers, p. 290,
MeGraw-H11l Book Co., 1938.
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The basic formula was modified to make 1t conform to conditions pe-
cullar to the places of application. For example, if the crest of a welr
was submerged, this submergence was consldered in computing the dlscharge
over the weir. The expdnent n was generally taken as 1.5, and values of
C were sedected from date summasrized in Water-Supply Paper 200, "Weir
experiments, coefficlents, and formulas," or from those contained in

handbooks.
Plow through contracted openings

The peak diacharge was computed at some sections where the stream
channel was constricted by bridge asbutments or by natural rock formations.
At these sectlons, the area of the cross section of the opening was much
less than that of a cross section of the channel above, resulting in an
increase in velocity through the contracted section. This increase in
veloclity could be produced only by converting head into velocity, and the
head so used caused a sharp drop in the water surface through the opening.
The velocity was computed by the formula, V = 01/5_55, in which V = veloc-
ity in feet per second, C = coefficlent of section, g = gravity, and h =
head at most contracted section (surface drop through opening plus veloc-
ity of approach).

The values selected for C have been based mostly on experiments by

Yarne1l.l7
Extension of rating curves

The rating curve showing the relations of stage to discharge may, un-
der favorable circumstaences, be extended to stages and dlacharges higher
than the range defined by current-meter measurements. The most favorable
conditions for the accurate extension of a rating curve are furnished by
well~defined rapids or riffles below the gaging station at all stages,
and a uniform increase of channel cross section as the stage increases
without abrupt changes in area or the addition of overflow channels.

Man? of the gaging statlons within the area affected by the March
floods were of necessity located where both the banks and the bed of the
natural stream channel were composed of easily erosible sand or light
gravel, so that there was not a permanent relation between stage and dis-
charge.

17 Yarnell, David L., Pile trestles as channel obstructions; U. S.

Dept. Agri., Tech. Bull. 429, July 1934; Bridge plers as chamnnel obstruc-
tions, U. 8. Dept. Agri., Tech. Bull. 442, November 1934.
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There werse some channels, however, in which the proecess of scour and
£111 was less active. At these stations it 1s belleved the rating cu;ves
can be extended with a falr degree of accuracy by assuming that nature,
by scour and f£ill within the channel, maintains a rather definite rela-
tion between slope and elements of the cross section. This relation is
obtained by plotting, to logarithmic scales, the mean depth against the
mean velocity for each current-meter measurement. The rating curve may
be extended to the peak stage by computing the mean depth from the cross
section believed to have existed at thls stage. The extension, of course,
involves evaluation of the friction factor and slope through the range of
stage. This method is further discussed in the succeeding section on

"Discharge in unstable channels."
Discharge in unstable channels

For streams having unstable chennels the relation between stage and
discharge 1s generally variable, and the determination of discharge may
involve the introduction iInto the process of one or more additional fac-
tors and the development of multiple rating curves. Conditions conducive
to instability are prevalent in the alluvial channels of the streams of
southern California, particularly during floods. It has been found use-
ful on these streams to plot logarithmically mean depth against mean
velocity for each discharge measurement.

It can be assumed that this relationship may be expressed as V = ca®,
in which V = velocity in feet per second, C = a constant, & = mean depth
in feet, and n = the exponent of d. In channels in which the width is
great compared to the depth, the hydraulic radius of the Manning formula
should approach in vaiue the mean depth, and the exponent of the mean
depth should approach the value of the exponent of the hydraulic radius.
The results of a current-meter measurement at the control section will
define the constant C, which represents the (léé§§—§é) factor of the Man~
ning formula. Assuming that this tonstant is applicable for a wide range
of stage, then it is possible to develop a rating curve for this control
section that was applicable at the time the measurement was made.

Additional current-meter measurements made at the same site may show
a different constant, indicating a change in slope or friction factor.
Using each new measurement and its resulting constant, additional rating
curves can be developed that embody cross section, slope, and friction

factor at the time the measurement was made.
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In the application of this method to determine flood discharges, ad-
vantage should be taken of all pertinent Information regarding the condi~
tions of flow at the higher stages and of any determinations“ef discharge

by other indirect methods as previously discussed.

Computation of continuous records of discharge

The most accurate continudbus records of flow during the flood were
based on volumetric determinations of discharge iInto reservoirs. The
computations were made from records of stage In the reservoirs, taking
into consideration, also, the information available concerning storage
capacity and discharge through spillweys and other outlet structures.

The records of inflow to these reservoirs and of flow at certain other
stations are included in a preceding section of this report, "Basic dis-
charge records," in which the methods of determining them and their ac-
curacy are discussed. The records in that section have been utilized in
the analysis of basic relationships between rainfall and runoff.

Continuous records through the flood period were also available for
a group of stations, principally on the valley floor, operated by the
Corps of Engineers, United States Army, and the Los Angeles County Flood
Control District. At these stations current-meter measurements of dis-
charge were made at frequent intervals. For example, during the period
February 28 to March 4, 1938, 18 measurements were made on Ballona Creek
near Culver City and 44 on Los Angeles River at Los Angeles. Even at
stations where frequent measurements were mede, however, parts of the
records are questionable because of unstable channel conditions.

At a large number of the gaging stations the records for the flood
period were seriously deficient. At 26 stations the water-stage recorders
and accompanying equipment installed by the Geological Survey were com-
pletely destroyed. Many water-stage recorders installed by the Los
Angeles and Orange County Flood Control Districts were also destroyed.

At these gaging stations all records made during and shortly prior to the
ma jor flood period were lost.

Several of the(gage-house structures were battered and overtopped by
the flood, which stopped the recorder clocks and caused the loss of sub-
sequent records. The wells of many stations were filled with silt, making
them inoperative durlng parts of the flood periocd. The scouring and fill-
ing of the stream beds at many stations made it impossible or very diffi-
cult to establish any relation between gage height and discharge. This
is 1llustrated by flgure 33, which shows actual cross sections of channel
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On the basis of the general knowledge of the behavior of streams in
the reglon, the lag between rainfall and runoff on Clty Creek for the
maximum l-hour perilod was assumed to be about an hour. The beginnings of
the meximum periods of more than 6 hours were within the period of the
observed record. The lag for the 12-hour period 1s assumed to be 5 hours
and is comparable with the data shown on figure 31.

On figure 36 is shown, also, the estimated hydrograph of City Creek
for the perlod March 1-4. The record of discharge from midnight of Feb-
ruary 28 to noon of March 2 was obtalned from the gage-height record and
a falrly well defined stage-discharge relation.

In the upper right hand part of the lower part of filgure 35 is a
curve that shows the rates of discharge for the maximum 24~hour period,
ranged in the order of magnitude as derived from the data obtained from
the runoff curve shown on figure 34. With thils curve showing the rates
of dlscharge and the curve in the upper part of figure 35 indicating the
times of occurrence of maximum average rates for specified Intervals, the
hydrograph was completed through the maximum 24~hour perilod.

Table 22 furnishes a comparison, betwsen City Creek and San Dimas
Creek on the basis of the ratios of the maximum discharge and the maximum
average discharge for selected perlods to the discharge and average dis=-
charge for the maximum 24<hour perilod as well as the ratio of the maximum
average discharge of each of the 14 areas given in table 13 to the average
discharge for the maximum 24-hour period in that area. The values derived
for City Creek seem remsonable on the basls of this comparison. The
sligﬁt differences in storm pattern and topography between the basins of
City and San Dimas Creeks may account for the higher ratio on City Creek
of the maximum discharge to discharge for the maximum 24-hour period.

Table 22.- Ratio of maximum discharge for indicated perilods to the

maximum 24-hour discharge for City and San Dimas Creeks and for the
average of 14 areas in southern California

Drain- 1 3 6 12 18
Stream age Peak | hour | hours | hours | hours | hours
area

Santa Ana River Basin
City Creek 19.8 | 3,11 | 2.50| 2.33| 2.,01| 1.52| 1.25

San Gabriel River Basin
San Dimas Creek 16.5 [ 2.63 | 2.44| 2.38| 2.,06( 1.62 1.26
Average of 14 areas® - 2.72 1 2.45| 2.,22 1 1.92( 1.48] 1.19

a From table 13.
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The discharge of City Creek for the period March 4-11 was estimated
on the basis of a general study of recession characteristics as described
below and a current-meter measurement on March 11l.

On figure 36 are drawn retention curves for several of the stations
listed in table 17. The characteristics of these curves shown on loga-
rithmic projection seem to conform to a theory that the discharges fol-
lowing flood peaks, 1f so plotted, approximate a linear rglation to the

amounts of water retalned as ground storage.
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Figure 36.- Retention curves for certain stations in Santa Ana, San
Gabriel, and Los Angeles River Basins.

Beginning with the retention in City Creek Basin at noon on March 3,
computed from the hydrograph just developed, a stralght line was drawn
approximately parallel to the other lines, and the runoff for each day
was then determined from the drop in this retention curve. These amounts
of ;unoff appear reasonable end were checked by the current-meter meas-
urement on March 11. The significance of retention 1s discussed at some
length in a later section of thils report.

The determination of the record by the foregoing procedure necessar-
ily involves assumptions with respect to the factors entering into it,‘
such as the rainfall rates that occurred on City Creek, the time of their
occurrence, the selection of a suitable relationship between rainfall
rates and runoff, and the estimate of the lag between rainfall and runoff
in City Creek Basin. Also affecting the computed record are the possible
complicating influences due to basing the fundamental rainfall-runoff
records on discharge that includes more or less debrls flow. The
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procedure Involves to a large degree the application of the experience
and knowledge of the authors, galned in their long-time observation of
the runoff characteristics of streams in southern Californig.

From the records of discharge throughout the flood perlod as thus
deduced, the mean daily diachdrge for each of the mlssing days may be
readily computed and complete record thus be provided for publlcation.

The foregoing method and modifications of it for adaptation to vary-
ing circumstances, as well as other devices, have been used to fill in
the dilscharge record for days for which this record 1s m;ssing‘ The de=
scription accompanying the discharge tables glves inform;tion regarding
the methods used in completing the records. High accuracy cannot be
claimed for the results, but they are believed to be trustworthy enough
to be used in studying the general characteristics of flood runoff in the '

reglon.

Consistency of determinations of flood discharge N

Comparison of the intensity-duration relation for the runoff of City
Creek Basin near Highland, as shown in figure 34, with the intensity-
duration relatlion for the runoff of other drainage areas, as shown iIn
figures 25 and 26 and elsewhere, seems to demonstrate that the maximum
runoff rates of City Creek Basin as indicated by the rainfall-runoff
study and also by the slope-area determination tend to be mutually con=-
firmatory. Similar confirmation was obtained at several other places.

At the following gaging stations substantial differences wers found
between estimates of discharge obtained by rainfall-runoff studies and
those obtained by slope-area and other methods:¢ Devll Canyon Creek nsar
San Bernardino, Watermen Canyon Creek near Arrowhead Springs, Cucamonga
Creek near Upland, San Antonio Creek near Claremont, and Strawberry Creek
near Arrowhead Springs. These differences reflect the difficulties in-
herent in the determination of peak discharges under the exlsting condi-
tions as well as the part played by personal Judgment in the interpreta=-
tion of the data. The estimates of discharge as published in this report
are intermedliate between those obtained by rainfall-runoff studies and
those obtained by slope-area or other methods. An evaluation of the
maximum discharge of these streams has been made on the basls of the com-
posite judgment of engineers of the .Geological Survey.

There was a wide dilscrepancy between the estimates of discharge of
the Santa Ana River near Prado as obtained by different methods and dif-

ferent engineers. These estimatses ranged from less than 80,000 to more
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than 140,000 second-feet. The difficultles at this gaging station in-
cluded that of the uncertainty as to the cross-sectional area of the
chammel, that of the definition of the slope of the water surface at the
time of the maxlimum discharge, and other complications typical of the
shifting chennels found in the unstable alluvial material of flood plains
on the valley floor. The maximum discharge adopted for publication in
this report is 100,000 second-feet. Obviously this estimate 1s subject
to considerable error, and wherevet 1t is used sppropriate allowance
should be made for its possible inaccursacy. )
Great effort was made to collect accurate and complete field data on
practically all the larger streams in the area covered by the flood in
order to better determine their maximum discharges. The surveys were
made by engineers of the Geological Survey chosen either because they had
long been famlllar with the streams in this region or because of their
long experience in studying floods in other sectlons of the United States.
A large amount of time was spent, both in the field and offioa, in at-
tempting to coordinate and reconcile results that were discordant because
of the extraordinarily unfavorable conditions prevailing along these
stream channels. A record of all the information collected, however, and
the results of the computations are on flle at the Los Angeles office of
the Survey and are avallable to anyone who may wish to make further study
of them.

RECORDS OF -STAGE AND DISCHARGE AT STREAM-GAGING STATIONS

One of the principal purposes of this report i1s to record the avall-
able information regarding ths discharge of streams in southern Califor-
nia during the floods of March 1938 in more detall than appears in Water-
Supply Papers 860 end 861, the reports on this region for 1937-38 pub-
lished by the Geologilcal Survey as parts 10 and 11 of 1ts annuai series
on surface water supply of the United States. This information ls useful
in comparative studies of the characteristics of floods and in planning
flood protection and control by meens of reservoirs, levees, and qhannel
improvements. The records should also be helpful in the plamming of fu-
ture bridge and highway construction as well as in the design and layout
of hydraulic and other structures that may have a relation to the chan-
nels of the streams or fheir flood plains.

i The records published in this report are for streams on which floods
occurred in March 1938 or which are adjacent to tﬁe margins of the storm

area and therefore serve to define the extent of the floods. In this

454720 0 - 42- 13
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section are presented the avallable records for most of ﬁhe stream-gaging
stations in the flooded region. The records for a few stations have al-
ready been presented as basic discharge records. The latter were ammlyzed
to bring out details that might lead to a better interpretation of the

often meager data available at most stations.

Explanation of data

The dats systematically collected at stream-gaging stations consist
of recbrds of stage, measurements of dlscharge, and other technioal in~
formation useful in determining the dally flow. The records of stage are
generally obtalned by water-stage recorders, which give a continuous
graphic record of the fluctuations. Memsurements of discharge are usually
made with s current-meter amccording to methods outlined in standard text-
books on the measurement of stream discharge. Typical stream-gaging
stations, equipped with water-stage recorder and measuring cable and car,
are shown in plates 17 and 18,

Because of the unusually destructive character of the floods of
March 1938, as already outlined, many of the regular stream-gaging sta-
tions were destroyed or so badly damaged that no record of stage was
obtained. Furthermore, it was practically impossible during the flood
period to obtain current-meter measurements in either the mountain or the
valley-floor areas. Other difficultlies in the determination of discharge
have been discussed in the preceding sectlion and at other places in this
report.

In general the data presented for each stream-gaging station com-
prise a description of the station, a table of dally and monthly discharge
throughout the 3-month period February to April 1938, and a table of
stage and discharge at hourly or other indicated intervals, if these are
available,'senerally from February 27 to March 4. The presentation of
the data has followed s uniform plan as far as practicable,

The description of the station contains, in the first paragraph,
information relating to the location of the gage and the approximate al-
titude of the stream channel at the gage. The second paragraph gives
certain characteristics of the drainage area. The third parsgraph, which
relates to the gage-height record, gives a statement as to the type of
record and the period for which a gage-height record was available. The
fourth paragraph, entitled "Discharge record,” contains information con=-
cerning the method used to compute the discharge. If a gage~helight
record was available and the stage-discharge relation could be defined,
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information 1s given concerning the range to which the rating ocurve 1is
defined by current-meter measurements end the method used to extend the
rating curve to the peak of the flood. The fifth paragraph, headed
"Maxima," 1lists the discharge, time, dey, and gage height, if available,
of the peak flow during the March flood. Similar Information 1s included
for the largest flood that occurred during the period of record preceding
March 1938. The sixth and finel paragraph, under the heading "Remarks,"
furnishes data concerning storsge or diversions upstream from the station
and other miscellaneous information.

The teble following each station description shows the mean daily
discharge in second-feet, mean monthly discharge in second-feet, and
monthly runoff in acre-feet, generally for the period February 1 to April
30, 1938. This covers the flood perilod and sufficient time before and
after to show the relation of flood discharges to the prevalent dlscharges
and to give a general perspective of the March floods.

The table of gage heights and discharges at indicated times was de~
signed to present the details of the rise and recession of the flood. It
is accompanied by footnotes giving supplemental records of discharge: if
these are needed to define more accurately the subsidiery peaks or valleys
in the hydrogreph that would otheéwise not be disclosed in the hourly or
bihourly listing. For those stations for which there is little fluctua-
tion in the hydrograph, mean values are sometimes used, as indicated by
brases showing the period for which the mean 1s given. The stages at in-
diéated times were obtained from the water-stage recorders insofar as
such records were avallable. The discharges at indicated times were gen-
erally obtained from the gage heights by application of the rating table,
usually allowing for corrections due to shifting-control.

The records are arranged in accordance with the regular plan used by
the Geological Survey in its annual serles of reports on the surface
water supply of the United States. The only exception is that in the an=-
nual series, records for the part of the Great Basin that is in California
(part 10) are published separately from those for the rémalnder of Cali-
fornia (part 11), whereas in this report the Great Basin records follow
immediately after those for the south Pacific slope basins,

Reference should be made to the water-supply papers of the Geological
Survey for other records of flow of many of the atreams discussed in this

report.

The records in this report are based on all the information avallable
at the time of its compiletion. Any revisions found necessary will be
published in subsequent water-supply papers.
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Tia Juana River Basin
Cottonwood Creek at Morena Dam, Calif.

Location.- Lat. 32°41'00", long, 116°32'55", in SW} sec. 14 T, 17 8., R. 4 E., at
ogena Dam, 1-3/4 miles above Junction with Hauser Creek. Altitude of stream bed,
2,882 feet. .

Drainage area.- 120 square miles.

Gege-height record.~ Gage read dally at 7 a.m.

Remarks.- Records of discharge computed from discharge over spillway, change in con-
tents, leakage, evaporation, and direct rainfall on surface of reservoir. Altitude

of top of spillway gates, 3,045 feet. Storage capacity, 67,211 acre~feet. Records
furnished by City of San Diego Water Department,

Gage height, in feet, and contents, in acre-feet, 1938

D February March April
i Feet Acre-feet Feet Acre-feet Feet Acre-feet

1 149.99 46,563 151.88 49,179 160.38 63,307

2 150.13 46,746 152.18 49,606 160.41 63,363

3 1650.15 46,773 155.00 53,680 160.45 63,436

4 150.21 46,856 156.22 55,494 160.49 63,510

5 150.29 46,967 166.65 56,137 {a) -

6 160.31 46,994 156.89 56,503 160.55 63,620

7 160.31 46,994 157.05 56,748 160,59 63,694

8 150.32 47,008 157.22 87,007 -la -

9 150.33 47,022 157.40 87,282 160.66 63,823
10 160,41 47,132 157.51 57,450 160.69 €8,878
11 150.43 47,160 157.60 57,587 160.73 63,952
12 160,67 47,491 157.87 58,000 160.76 64,007
13 160.71 47,547 158.42 58,848 a -

14 150.73 47,574 168,73 59,328 160.92 64,302
15 160.76 47,616 1568.90 59,591 160.96 64,375
16 150.78 47,643 1569.03 59,831 161.03 64,504
17 150.81 47,685 159.17 60,232 161.06 64,559
18 150.82 47,699 159.29 60,576 161.09 64,615
19 160.92 - 47,837 169.39 60,832 161,13 64,688
20 150.95 47,878 169.48 61,119 161.15 64,725
21 150.97 47,906 159.55 61,320 161.18 64,780
22 150.98 47,919 159.63 61,549 161,20 64,817
23 150,99 47,933 159.71 61,778 161.23 64,873
24 161.00 47,947 159.78 61,978 161.25 64,909
25 (a) - 159.84 62,150 161.28 64,965
26 151.01 47,961 159.90 62,321 161.33 65,057
27 161.09 48,072 160.00 62,608 161.37 65,130
28 161.50 48,643 160.08 62,755 161.39 65,167
29 160.16 62,902 161.41 65,204
30 160,25 63,068 161.44 65,259
31 160.32 63,197
February March April
Mean monthly discharge, in second-feet........... 53.3 247 48.3
Runoff, In acre=feet..cccevscocoscsssacsansasaces 2,960 15,190 2,870

a Unasble to read gage owing to heavy wind.
Cottonwood Creek near Dulzura, Calif.

Location.- Lat. 32°40'45", long. 116°40'20", in NW} sec. 22, T. 17 S., R. 3 B., at
arrett Dam, about 1 mile downstream from junction with Pine Valley Creek, and
about 17 miles northeast of Dulgura. Altitude of stream bed, 1,446 feet.

Druinage area.- 250 square miles.
Gage-height record.~ Gage read deily at 7 a.m.

Remarks.- Records of discharge represent flow into Barrett Reservoir, computed from
scharge over spillway, change in contents, leakage, evaporation, and direct rain-
fall on surface of reservoir. Altitude of top of epillway gatee, 1,615 feet.
Storage capacity, 42,796 acre-feet. Additional storage obtained by placing sand-
bags on spillway. Records furnished by City of San Diego.
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Gage height, in feet, and contents, in acre-feet, 1938

Da February March April
v Feet Acre-feet Feet Acre-feet Feot Acre-feet
1 160.02 35,501 162.56 37,524 168,93 42,839
2 160.14 35,595 163.20 38,043 168.94 42,848
3 160.21 35,651 169.20 . 43,073 168,92 42,831
4 160.28 36,706 169.59 43,411 168,91 42,822
5 160.356 36,761 169,32 43,177 168.90 42,814
6 | 160.39 35,793 169.19 43,064 168.93 42,839
7 160,44 36, 832 169.09 42,977 168.94 42,848
8 160,46 36,840 169.05 42,943 168.95 42,856
9 160.50 35,879 169,05 42,043 168,91 42,822
10 160.59 36,950 169.01 42,908 168,90 42,814
11 160,63 35,982 169.00 42,899 168.93 42,839
12 160.81 56,124 169.10 42,986 168.94 42,848
13 160.90 36,195 169.38 43,229 168,98 42,882
14 161,00 36,274 169.29 43,161 169.10 42,986
16 161.03 36,298 169.17 43,047 169.19 43,064
16 161.08 36,338 169.10 42,986 169.25 43,116
17 161.11 56,362 169.07 42,980 169.31 43,168
18 161.14 3€,386 169.056 42,943 169.38 - 43,229
19 161.25 36,473 169.01 42,908 169.456 - 43,289
20 161.30 36,513 169.00 42,899 169.50 43,333
21 161.31 36,621 168,99 42,891 169.55 43,376
22 161.34 36,545 168.98 42,882 169.58 43,402
23 161.37 36,569 168,96 42,865 169.60 43,419
24 161.39 36,685 168.94 42,848 169,61 43,428
25 161.41 36,601 168.93 42,839 ° 169.66 43,471
26 161.43 36,617 168.96 42,856 169.70 43,506
27 161.50 36,673 168.97 42,874 169.73 43,632
28 162,00 37,072 168,94 42,848 169.75 43,549
29 169.95 42,856 169.78 43,576
30 168,94 42,848 169.79 43,584
31 168.96 42,856
February March April
Mean monthly discharge, in second-feet.cecesssocase 37.1 212 RB.4
Runoff, in acre-feet..cccecasscacessncncssanssnscns 2,060 , 13,040 6,560

Cottonwood Creek above Tecate Creek, near Dulzura, Calif.

Location.~ Water-stage recorder, lat. 32°34'10", long. 116°45'40", in sec. 27, T. 18 S.,
R. 2 E., half a mile upstream from confluence with Tecate Creek and 54 mliles south
of Dulzura. Altitude, about 580 feet.

Drainage area.- 316 square miles.

Gage-height record.- Water-stage recorder graph.

Discharge record.- Stage-dlscharge relation defined by current-meter measurements be-
Tow EZU second-feet; extended to peak stage on the basis of mean depth-mean velocity
relation.

Maxima.- 1938: Discharge, 2,360 second-feet 2:30 p.m. Mar, 3 (gage height, 9.07 feet).
1936-37: Discharge, 2,775 second-feet Feb. 7, 1937 (gage height, 9.65 feet).

Remarks.- Records good. Regulation at Barrett and Morensa Reservoirs, 10 and 18 miles,
respectively, above station.

Mean dally dlscharge, in second-feet, 1938

Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. Day | Feb. Mar. Apr.
1] 3.5 120 92 11 6 219 41 21 3.6 167 7.5
21 6 281 82 2 | 20 497 37 22 3.2 144 6.5
3 2.6 1,460 78 13 10 806 41 23 3.0 135 6.5
41 3.9 1,040 79 14 7 517 37 24 2.8 128 6
5| 3.5 631 75 16 € 397 25 25 2.5 121 7
6| 2.3 427 67 16 5.6 328 19 286 2.3 121 7.5
71 2.1 326 63 17 4.8 292 13 27 | 22 121 6
8| 1.9 298 69 18 3.9 269 10. 28 | 47 118 5
9| 2.5 283 51 19 6 219 8 29 114 4.2

10 5 238 42 20 6 192 7.5 30 108 6
31 96
6.88 323 33.0
382 {19,830 |1,960
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Gage height, in feet, and <discharge, in second-feet, at indloated time, 1038

E Foot[Sec.ft.JPeet [Sec.ft.[reet [Sec.ft.[Peet |Bec.rt.|Fest |Bec.ft.| Peot [8ec.1t.
5 | Pebruary 27 | February 28 March 1 March 2 March 3 Maroch 4
1 4 3.201 101 2.78 &2 2.98 73 8,00 1,820 6.86( 1,150
2 3.08 86 2.80 &4 2.98 73 8.18 1,000] 6.60) 1,130
3 .98 71 2.86 58 2.99 T4 | 7.76 1,700| 6.60| 1,130
4 2.87 €1 2.98 7 3.03 79 | 7.20| 1,420| 6,60} 1,130
8 2.80 54 3.35 | 124 3.04 80 | 6.,70| 1,170| 6.680| 1,130
6} 2.12 7.8 | 2,74 48 3.35 | 124 3,07 84 | 6.35] 1,000 6.80] 1,130
v 2.60 43 3.38| 128 3.09 88 6.10 890{ 6.60( 1,130
8 2.86 40 3.43 | 138 3.13 92 | 6.20 936| 6.60| 1,130
9 2,82 37 3.60| 165 3.30 118 | 6.18 928| 6.60] 1,130
10 2.69 38 3.73 100 3.42 138 6.10 800 | 6.60} 1,130
11 2.587 34 3.68| 180 3.48 144 8.25 956| 6.680] 1,130
N 2.87 34 3.67] 178 3.54 184 | 7.40| 1,520| 6.56| 1,108
1 2.87 34 3.74| 192 3.60 165 | 7.60| 1,620) 6.50| 1,080
g 2.56 33 3.67 178 3.75 104 | 8,80 2,020| 6.48| 1,080
3 .87 34 3.87| 160 4.00 247 9.00| 2,320 6,40 1,080
4] 2.28| 18 2.80 38 3.48 | 144 4,17 286" | 8,70| 2,170 6.30 980
-} 2.68 37 3.38| 128 4.26 307 8.45| 2,040 6.28 066
] 2.62 37 3.30| 1l1e 4.27 310 | 7.85 1,740| 6.20 8386
7 2.60 36 3.231 106 4,30 318 | 7.18 1,400 6.18 218
8 2.89 38 3.18 93 4.80 403 | 7.00( 1,320| 6.10 890
9| 2.60]| 29 2.59 38 3.12 90 §.00 524 €,98 1,300 6.08 866
10 e.62 37 3.07 84 6.10 965 6,86 1,240 6.00 846
11| 2.70| 44 2.69 43 3.02 78 6.50} 1,160 | 6.78 1,800 8.98 . 826
Mi3,13] 98 2,73 47 2.081 73 7,7813,280 16,701 1.1701 8,80[°® 806 |
Supplemental record.- Mar. 3, 8130 p.m,, 9,07 feet., 2,360 sec.=ft.; Mar. 5, 6 a.m.,
5,66 f5., 710 sec,.~ft.; 6 p.ot., §5.24 £t., 552 sec.-ft,

Tie Juana River near Dulzura, Calif.

Location,~ Water-stege recorder, lat., 32°33'50", long. 116°46'28", in sec. 33, T, 18
.y +s half a mile downstream from sonfluence of Cottonwood and Tecate Creeks,
and &4 miles south of Dulzura. Altitude, about 550 feet.

Drainage erea.~ 478 square miles, of which 62 square miles 1s in Mexico.

Gage-height record.~ Water-stage recorder graph.

Discharge record.- Stage-discharge relation defined by current-meter measurements below
8551 ::coﬁlw’.nt; extended to peak stage on basis of mean depth-mean velooity
relation.

Maxima.- 1838: Discharge, 3,520 second-feet 1l a.m, Mar. 3 (gage height, 5.77 feet).
1e36-37: nuomgeﬁ 4,700 second-feet Feb. 7, 1937, (gege height, 6.60 fest).

Remarks,~- Records good. Flow subleot to regulation by storage in Morena and Barrett
Ron:"voirl, operated by City og San Diego.

Mean dally discherge, in second-feet, 1838
Day | Peb. Mar, Apr. | Day { Feb. Mar. Apr. || Day | Peb. Mar. Apr.
1 9 293 123 11 13 286 89 21 | 11 227 23
27 13 8§10 113 12 &7 582 58 22 10 208 22
3| 10 2,850 109 13 39 738 63 23 8.8 190 22
41 11 1,180 107 14 25 1] 63 24 8.8 179 21
& 14 800 104 18 21 409 80 28 6.8 164 23
6| 11 560 98 18 18 408 42 26 8.5 le4 26
kd 8.5 428 88 17 16 364 37 271 40 1e7 23
8 7 384 80 18 14 314 31 28 | 124 156 21
] 7.8 367 &9 19 16 277 27 29 164 19
10| 13 314 -] 20 18 247 24 30 146 22
31 131

Mean monthly discherge, in 2600nd=Leet..seeceesserceccsssoes 19.8 441 84.1
Runoff, In ROre=fe6t.ceccecsrtcsscesresronscsnrncsvsecassees | 1,100 (27,140 | 3,220

N
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Gage height, in feet, and discharge, in second-feet at indicsted time, 1938

f | Pest|Sec.Tt.[Feet [Sec.ft.[Peet |Sec.ft.[Pest [Sec.ft.[Peet [Sec.rt.[Feet [Sec.rt.
;% Pebruary 27 | February 28 March 1 March 2 March 3 Msrch 4
1 2.07] 124 | 2.33] 230 | 4.80{ 2,250
2 2.18 141 | 2.10] 134 | 2.34| 235 | 4.97| 2,440
sL 2.17| 160 | 2.33| 230 | 5.32| 2,800
4{>1.56]) 14 2.19| 168 | 2.34| 235 | 5.55] 3,120
5 2.20] 212 | 2.36] 247 | 5.45| 3,020
6 2.12| 120 | 2.32| 226 | 2.36| 247 | 5.40| 2,980
7 2.40| 271 | 2.37{ 253 | 5.46] 3,080
8 2.42| 285 | 2,41 277 | 5.53] 3,180
9 2.47| 314 | 2.45| 302 | 5.50] 5,140
10{>1.73|p 34 2.57| 381 | 2.50| 334 | 5.65] 3,350
11 2.66| 446 | 2.57| 381 | 5.77| 3,520
N 2.05| 98 | 2.64| 430 | 2.55| 367 | 5.68| 3,390
1 2.64| 430 | 2.56| 374 | 5.27| 2,830
2 2.63{ 423 | 2.60| 402 | 5.32| 2,900
3 2.61{ 409 | 2.75| 502 | 4.85( 2,400
4|p1.81}> 50 2.58| 388 | 2.80| 564 | 4.90| 2,460
5 2.55] 367 | 2.87 627 | 5.15| 2,680
6 2.06| 98 | 2.49| 328 | 2.91| 63 | 4.88( 2,380
7 2.46{ 308 | 2.93| 8L | 4.62{ 2,160
8 2.43] 289 | 3.03{ 780 | 4.50{ 2,040
9 2.02| 88 | 2.39] 265 | 3.27| 890 | 4.37] 1,900
10{p1.93|> 80 2.37| 255 | 3.68| 1,170 | 4.33| 1,860
1 2.56| 247 | 3.88 1,330 | 4.38{ 1,910
1 2.07 104 | 2.34| 235 | 4.20] 1,620 | 4.32] 1,850

Supplemental records.- Mar. 3, 2:30 p.m., 2,550.sec.~ft.; 4:15 p.m., 2,540 sec.~-ft.;
5345 p.m., 2,540 sec.~-ft.

Tia Jusna River near Nestor, Calif.

Location.~ Water-stage recorder, iat. 32°32'55", long. 117°05'15", on line between secs.
T end 4, T, 19 8., R. 2 W., 1} miles south of Nestor, and 3 miles upetream from
mouth. Altitude, 25 feet.

Drainage area.- 1,668 square miles, of which 1,198 square miles is in Nexico.

Gage-height record.- Water-stage recorder graph.

Discharge record.- Stage-discharge relation defined by current-meter measurements below
I,Iuﬁ second-feet; extended to peak stage on basis of mean depth-mesn velocity
relation.

Maxima.- 1938: Discharge, 6,760 second-feet 8 a.m. Mar. 3 (gage height, 6.38 feet).
1936-37: Discharge, 17,700 second-feet Feb. 7, 1937 (gage helght, 8.20 feet).

Remarks.- Records good. Flow subject to regulation by storage in Morena and Barrett
Reservoirs, operated by city of San Diego, and Rodriguez Reservolr, operated by
Government of Mexico.

Mean daily discharge, in second-feet, 1938

Day | Feb. Mar, Apr. | Day | Feb. Mar. Apr. || Day { Feb. Mar, Apr.
1 0 221 144 11 [} 322 59 21 5 272 26
2 0 439 130 12 0 816 57 22 4.4 240 20
3 0 4,950 122 W3] 0 1,540 61 23 3.5 220 19
4 0 3,010 119 14 0 1,100 67 24 2.8 205 18
5 0 1,640 116 15 | 3.3 670 63 25 1.7 193 18
6 0 1,090 110 16 | 3.5 496 49 26 0 186 18
7 o] 680 100 17 | 3.7 398 42 27 | 14 189 20
8 0 618 88 18| 3.9 358 36 28 | 42 189 20
9 0 601 76 19| 3.9 322 31 29 181 18
10 [ 412 63 20| 4.4 294 28 30 169 17
31 158
Mean monthly discharge, in second-feet.....ceceveevceccsrarce | 3.43 715 58.6
Runoff, in acre~feete.ccccceccccsesscsncecesocosvsscecnnsassone 191 |43,990 | 3,480
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1938

Feet lSee.ft. Feet ]See.ft. Feet | Sec.ft. Feet | Sec.ft.
March 1 March 2 March 3 March 4
1 2.93 85 3.63 405 65.15 2,880
2 2.93 85 3.62 398 5.37 3,470 4,030
3 2.99 100 3.61 391 5.63 4,200
4 3.01 105 3.59 37 5.95 5,220
5 3.02 108 3.56 358 6.06 |' 5,560
6 3.04 113 3.54 334 6.16 5,920 3,120
7 3.06 122 3.50 328 6.25 6,300
8 3.08 127 3.47 310 6.38 6,760
9 3.10 134 3.46 304 6.30 6,480
10 3.13 144 3.43 288 6.10 5,810
11 3.16 154 3.41 277 5.95 5,280 2,890
N 3.17 158 3.40 272 5.90 5,110
1 3.22 177 3.41 271 5.95 5,280
2 3.34 230 3.42 282 5.90 5,110
3 3.45 288 3.44 294 5.67 4,370 3,064
4 3.52 328 3.48 316 5.50 3,890
5 3.66 352 3.53 346 5.30 3,330
6 3.568 364 3.65 426 5.35 3,470
7 3.58 370 3.75 512 5.55 4,030
8 3.57 364 3.83 583 5,90 5,110 2,790
9 3.58 370 3.90 650 6.20 6,160
10 3.61 391 4.00 754 6.17 6,060
11 3.63 405 4.25 1,080 6,05 5,640 2,420
¥ 3.63 405 4.55 1,560 5.97 5,360

Campe Creek near Campo, Calif,

Location.- Water-stage recorder, lat. 32°35'20", long. 116°31'35", in sec. 24, T. 18
., K. 4 E., at State highway about 3% miles southwest cf Campo. Altitude, about
2,180 feet.

Drainage area.- 84 square miles, of which 4 square mlles are in Mexicc.

Gage-height record.- Water-stage recorder graph except for pericd 3 p.m. Mar. 4 to
2 m. Mar, 8, gage heights for which were estimated.

Discharge record.- Stage-discharge relation defined by current-meter measurements
below 42 second-feet; extended to peak stage on basis of mean depth-mean velocity
relation.

Maxima.- 1958¢ Discharge, 584 sscond-feet 1 a.m. Mar. 3 ( age height, 2.73 feet),
1936-37¢ Discharge, 1,470 second~feet Feb. 6, 1937 (gage height, 3.80 fest).

Remarks.- Records gocd.

Mean daily discharge, in second-feet, 1938

Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. Day | PFeb. Mar., Apr.
11 42 14 11 | 13 26 9.5 21 8.5 18 7
2113 89 12 12 | 24 60 10 22 7 18 9
3 7.5 315 12 13 | 15 39 17 23 [* 7 17 10
4 9 161 12 14 | 11 31 18 24 6.5 17 7.5
5| 10 41 12 15 9.5 a7 14 25 6 16 9
6 6.5 41 11 16 | 10 26 11 26 6 19 10
7 5.5 45 10 17 9 26 9.5 a7 | 34 23 9.5
8 4.8 41 9.5 18 8 24 8.5 28 | 34 18 8.5
9 6.5 32 9.5 19 | 15 21 9 29 21 8.5

10 8.5 26 9.5 20 { 11 21 8.5 30 18 11
31 ° 15
Mean monthly discharge, in Secon@~fe6t.ccvececvecccrscccssces 11.4 43 10.6
Runcff, in acre-feet.cccceseccccoescecaccccessosscssasasacnss 630 | 2,650 628
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Gage neight, in feet, and discharge, in second-feet, at indicated time, 1938

§ Feet]sac.ﬂ:. Peet [Sec.ft.|Peet |[Sec.ft.|Feet ]sec.ft. Peet ISee.I‘t. Peet ISec.ft.
iw | February 27 | Pebruary 28 March 1 March 2 March 3 March 4
1] 0.75 9.1 | 1.13 41 1.06 32 0.99 26 2.73| 6584 1.77] 173
21 .78/ 10.9 | 1.12 40 1.05 31 .99 26 2.48| 450 1.85| 197
3 279 1l.4 | 1.12 40 1.06 32 +99 26 2.33| 376 1.87| 203
4 .83 14 1.11 39 1.10 37 .99 26 2.17| 309 1.87( 203
5| .86] 16 1.10 38 1.13 40 1.00 26 2.16) 304 1.87( 203
6 «90[ 19 1.08 36 1.18 47 1.05 31 2.16] 304 1.88| 210
7l .96] 24 1.06 33 1.35 73 1.08 34 2.18| 313 1.90| 2

. . . . . 13
8] 1.02) =29 1.05 32 1.34 71 1.08 34 2.25| 342 1.90] 213
9] 1.03] 30 1.03 30 1.33 69 1.10 37 2.35 38 1.90] 213
10| 1.03] 30 1.03 30 1.30 65 1.12 39 2.48| 450 1.91 216
11§ 1.04f 31 1.02 29 1.25 57 1.15 42 2.41) 415 1.90f 213
N{ 1l.07| 34 1.02|- 29 |.1.20 49 1.23 54 2.33( 376 1.89| 210
1| 1.06] 33 1.03 30 1.18 47 1.30 65 2.20| 321 1.87f 203
2] 1.08[ 36 1.03 30 1.17 45 1.45 91 2.10| 281 1.77( 173
3( 1.10| 38 1.03 30 1.15 44 1.40 a2 2.07| 269 1.70f 153
4] 1.13| 41 1.03 30 1.12 39 1.35 73 2.05{ 262 1.60} 128
5] 1.18] 48 1.06 33 1.10 37 1.34 71 2.01] 248 1.53| 110
6] 1.30| 66 1.11 39 1,08 34 1.36 75 1.97| 234 l.48; 100
7| 1.32| 75 1.10 38 1.07 33 1.40 82 1.94) 223 1.40 84
81 1.27| 61 1.09 37 1.05 31 1.50| 102 1.91 213 1.40 84
9| 1.23| 55 1.08 36 1.03 29 1.656| 138 1.87] 200 1.39 a2
101 1.18/ 48 1.07 34 1.01 27 2.001 244 1.86{ 197 1.38 80
11 1.16| 45 1.06 33 .98 25 2.45| 435 1.76| 167 1.37 78
M{ 1.15] 44 1,06 33 298 26 | 2,65] 536 1.701 151 1.37 78

Otay River Basin
Otay River at Savage Dam, Calilf.

Location.- Lat. 32°36'40", long. 116°55'40", in NW} sec. 18, T. 18 8., R. 1 E,, at

Sgvage Dam, at Lower Otay Reservoir.
Altitude of stream bed, 347 feet.
Average altitude, 1,535 feet.
Length of main stream channel, 15

level.
Drainage area.- Area, 98 square miles.

tude, 5,755 feet.

miles.

Average slope, 26 percent.
Average slope of main stream channel, 4.1 percent.

Gage-height record.- Gage read daily at 7 a.m.
Femarks.- K

ecords of discherge represent inflow to Lower Otay Reservoir, computed from
discharge over spillway, change in contents, leakage, evaporation, and direct rain-

fall on surface of reservoir.

capacity, 56,314 acre-feet.

Altitude of top of spillway gates, 491 feet.

Zero of gage is 347.20 feet above mean ses
Maximum alti-

Storage

Records furnished by City of San Diego Water Department.

Gage height, in feet,‘and contents, in acre-feet, 1938

D February March April
&y Feet Acre-feet Feet Acre-feet Peet Acre-feet
1 139.93 51,944 139.78 51,768 143.52 56,339
2 139.95 51,968 140.04 52,075 143.51 56,327
3 139.92 51,933 142.98 55,666 143.49 56,301
4 139,89 51,897 144,46 57,550 143.45 56,251
5 139.91 51,921 144.4) 57,486 143.41 56,200
1 139.90 51,909 144.2]1 57,228 143.40 56,187
7 139.86 51,862 143.98 56,922 143.38 56,162
8 139.83 51,827 143,92 56,846 143.36 56,137
9 139.81 51,803 143.88 56,795 143.28 56,036
10 139.78 51,768 143.84 56,745 143.28 56,036
11 139.76 51,744 143.81 56,707 143.26 56,010
12 139.83 61,827 143.88 56,795 143.26 56,010
13 139.83 51,827 144,13 57,125 143.26 56,010
14 139.79 51,780 144.18 57,189 143.25 55,998
15 139.76 51,744 144,07 57,047 143.23 55,972
16 139.74 51,721 144.07 57,047 143,23 55,972
17 139.73 51,709 143.92 56,846 143.22 55,960
18 139.72 51,697 143.84 56,745 143.21 55,9047
19 139.68 51,650 143.78 56,669 143.19 55,922
20 139.66 51,627 143.76 56,643 143.18 55,909
21 139.63 51,591 143.73 56,601 143,18 55,909’
22 139.61 51,568 143.70 56,567 143.19 55,922
23 139.57 51,521 143.70 56,567 143.19 55,922
24 139.55 51,497 143.68 56,542 143.20 55,934
25 139.51 51,450 143.64 56,491 143.20 55,954
26 139.47 51,403 143.62 56,466 143.21 55,947
27 139.46 51,391 143. 60 56,441 143.22 55,960
28 139.58 51,532 143.58 56,415 143.22 55,960
29 143.56 56,390 143.23 55,972
30 143.56 56,390 143.25 55,998
31 143.54 56,365
February March April
Mean monthly discharge, in second-feet.......ee.se 15,1 282 4.32
Runoff, In acre-feet.eicesceccscccrssveecacnnsonnaa 840 17,340 257
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Sweetwater River Baszin

Sweetwater River at Sweetwater Dam, Calif.

Location.~ Lat. 32°41'20", long. 117°00'35", at Sweetwater Dem, in La Nacion grant, 6
es east of National City, San Diego County, and about 8 miles upstream from
mouth. Altitude of stream bed, sbout 150 feet.

Dm%%ga ares,- Area, 18l square miles. Average altitude, 2,277 feet. Maxlmum alti-
e, 6,015 feet, Average slope, 29 percent. Length of mein stream chennel, 43
miles. Average slope of main streem channel, 2.7 percent.

Gage-height record.- Staff gage reaed dally between 7 and 8 a.m.
Remarks.- Records of discharge represent flow into Sweetwater Reservoir, computed from
scharge over spillway, change in centents, leakage, evaporation, and direct rain-
fall on surface of reservoir. Storage capacity, 30,973 acre~feet. Records fur-
nished by California Water and Telephone Company.

Gage height, In feet, and contents, in acre-feet, 1938

N February March April
s Feet Acre-feet Feet Acre-~feet Feet Acre-feet
1 8l.44 - 21,624 83.14 23,026 89.68 29,045
2 81l.51 21,680 83.926 23,719 89.73 29,0986
3 81,59 21,744 89.57 28,934 89.75 29,117
4 8l.64 21,784 89.76 29,127 89.72 29,086
5 81.70 21,833 89.45 28,812 89.70 29,085
[ 81.76 21,882 89.49 28,853 89.69 29,0865
7 8l.81 21,923 89,54 28,903 89.70 29,065
8 81.83 21,940 89,74 29,107 89,68 29,045
9 8l1.86 21,965 89.58 28,944 89.68 29,045
10 81,91 22,006 89.58 28,944 89.69 29,055
11 g8l1.94 22,031 89.63 28,994 89.70 29,065
12 82.06 22,129 89,68 29,045 89.70 29,065
13 82,19 22,236 89.42 28,782 89.70 29,065
14 82.24 22,277 89.18 28,540 89.73 29,096
15 82.26 22,294 89.12 28,478 89,74 29,107
16 82.29 22,319 89.10 28,458 89.73 29,0086
17 82.34 22,360 89.14 28,499 89.68 29,045
18 82.36 22,376 89.15 28,509 89.68 29,045
19 82.40 22,409 89.16 28,519 88.71 29,076
20 82.42 22,425 89.39 28,752 89.76 29,117
21 82.45 22,450 89.66 29,085 89.76 29,187
22 82.47 22,466 88,72 29,086 89.74 29,107
23 82,48 22,475 89.68 29,045 88,72 29,086
24 82.48 22,475 89, 69 29,055 89.73 29,096
26 82.49 22,483 89.68 29,045 88.75 29,117
26 82.49 22,483 89.67 29,035 89.76 29,127
27 82.54 22,524 88.71 29,075 89.77 29,138
28 82.72 22,673 89.71 29,075 89.75 29,117
29 89.69 29,055 89.74 29,107
30 89,87 29,035 89.74 29,107
31 89,66 29,025
February March April
Mean monthly dischu'ge, in second-feet.... eee 34.6 391 48,2
Runoff, In 80re~feet.ccceccsresssscrasess . 1,920 24,060 2,870

San Diego River Basin
San Diego River at El Capitan Dem, near Lakeside, Calif,

Location.- Lat. 32°53'00", long. 116°48'40", in NE} sec. 7, T, 15 S., R. 2 B., at Bl
apltan Dam, 1 mile downstream from mouth of Chocolate Creek, and 7 miles east of
Lakeside. Altitude of stream bed, 553 feet.

Drainage area.- Area, 190 aquare milez. Average altitude, 2,905 feet. MNaximum alti-
e, 6, feet. Average slope, 38 percent. Length of main etreem channel, 14.5
miles. Average slope of mein stream, 7.5 percent. .

Gage-height record.- Gage read daily at 7 a.m._

%ﬂocor&! of discharge represent flow into El Capitan Reservoir, computed from
] ge over spillway, change in contents, leakage, evaporation, and direct rain~
fall on surface of reservoir. Altitude of spillway, 750 feet. Storage capacity,
116,500 acre-feet. Additional storage obtained by placing sandbags on spillway.

Records furnished by City of San Diego Water Department.
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Gage height, in feet, and contents, in acre-feet, 1938

PFebrusry March April
Day Feet Acre-feet | - Peet Acre-faet Feet Acre-feet
1 177.86 88,377 180. 688 ° 92,460 ©197.77 117,664
2 177.76 88,609 181.46 93,530 197.87 117,603
3 177.80 88,676 188.16 103,024 197.92 117,902
4 177.84 98,629 192,60 109,497 197.99 118,013
6 177.98 88,816 194,08 111,877 198.07 118,140
[] 178.086 88,909 194,95 115,249 198,10 118,188
7 178.09 88,062 196.50 114,102 198.08 118,166
8 178.11 88,9089 196.85 114,647 198.086 118,108
9 178.14 99,029 196.36 115,444 198.02 118,061
10 178.22 89,1356 196.68 116,946 197.99 118,013
11 178.27 89,202 196.93 116,338 197.97 117,981
12 |. 178.56 89,680 197.23 116,811 197.96 117,986
13 178.70 89,778 167.78 117,880 197.98 117,966
14 178.79 89,898 197.86 117,807 108.04 118,008
15 178.82 89,939 197.59 117,379 198.086 118,108
18 178.868 89,993 197.48 117,208 198.02 118,061
17 178.90 90,046 197.39 117,063 198.01 118,048
18 178.94 90,100 197.37 117,082 198,00 118,029
19 179.01 90,194 197.33 116,969 198.08 118,061
20 179.08 90,262 197.30 116,921 198.07 118,140
21 179.10 90,316 197.29 116,906 198.11 118,204
22 179.12 90,342 197.28 116,800 198.14 118,851
23 179,14 90,369 197.27 116,874 198.17 118,209
24 179.18 90,398 197.27 116,674 198,18 118,316
25 179.14 90,369 197.28 116,858 198.21 118,363
28 179.13 90,358 197.26 116,842 198.29 118,490
27 179.21 90,464 197.26 116,868 198.28 118,474
28 179.84 91,316 197.24 116,827 198,26 118,428
29 197.23 116,811 108.24 118,410
30 197.40 117,079 198.28 118,474
31 197.60 117,395
February March April
Mean monthly dlscharge, in second-feet.......... 86.1 687 86.9
Runoff, in acre-feet...cscercvcacscsancsetocsuas 4,780 42,260 5,110,

.

3an Diego River near Santee, Calif,

Location.- Water-stage recorder, lat. 32°49'20", long. 117°05'25", in Mission Gorge,
In Bx Kégsion San Diegc grant, 6 miles weat of Santee, San Diego County. Altitude,
about 205 feet. .

Drainage areu.- Ares, 380 square miles. Average altitude, 2,070 feet. Maxlmum alti-

e, 6,015 feet. Average slope, 38 percent. Length of main stream channel, 40
miles. Average slope of main stream channel, 2.9 percent.

Gage-helght record.- Water-stege recorder graph.

Diso%rge record.~ Stage-discharge relation defined by current-meter measurements
elow 4, second-feet; extended logaritbmically to peak stage.

Maxima.- 1938: Discharge, 7,350 second-feet 2 a.m. Mar. 3 (gage height, 7.06 feet).
1912-37: Diacp.rge, 70,200 second-feet Jan. 27, 1916, by slope-aree method.

Remarks.- Recerds good. Flow partlally resulged by E1 Capitan Reservoir, 28 miles
upstream. City of San Diego diverts water from El Capitan Reservoir.

Mean deily discharge, in second-feet, 1938

Day | Feb. Mar. Apr. || Day | Feb. Mar. Apr. i Day | Feb. Mar. Apr.
1] 0.8 496 31 11| 1.0 14 65 21 0.4 230 12
2 4 1,700 24 12 | 2.1 379 60 22 3 210 11
3 .4 3,770 24 13 | 1.2 1,250 68 23 3 193 13
4 .4 925 27 14 +9 1,220 5 24 3 174
5 .4 470 31 15 o7 745 75 25 «3 168 24
[] 2 296 80 18 @ 590 75 26 .2 156 68
7 o2 200 91 17 .9 486 kid 27 5.5 153 &3
8 2 189 82 18 |. .6 400 & 28 24 148 o2
9 .8 166 7 19| 1.0 307 26 29 137 43
10 .9 100 75 20 .6 259 14 30 63 54
31 37
Mean monthly discharge, in second-feet..... seeresnen 1.62 508 49.9
Runoff, in B0re-fe6tecscscsssscersscccccnsossassssansssonnans 90 {31,140 |2,970




194 FLOODS OF MARCH 1938 IN SOUTHERN CALIFORNIA
Gage height, in feet, and discharge, in second-feet, at indicated time, 1938
§ [ Feet[Sec.ft.[Feot [Sec.ft.|Feot |Sec.ft.|Feet [Sec.ft.[Feet |Sec.ft.[Feot [Sec.ft.
2 | Pebruary 27 | February 28 March 1 ' March 2 March 3 March 4
1) 0.13 0.3 0,70 .37 0.60] « 211 1.63 307 6,95 7,110 3,141 1,250
2 17 .5 «69 55 .64 271 1.63 307 7.06| 7,350 | 3.101 1,200
3| .19 .6 .68 34 .75 47} 1.68 328 | 6.57| 6,250 | 3.03| 1,130
4 .20 .7 <64 27 1.11 13521| 1.69 332 6.00| 5,160 | .02} 1,120
5 #21 .8 .62 24 2.00 48014 1.75 358 | 5.75| 4,710 5.00§ 1,110
6 .22 9 .61 23 2.40 710] 1.95 455 5.55 | 4,520 | 2.92] 1,040
7l .23 9 «60 21 2.40 7101 2,10 535 5.45| 4,160 | 2.91] 1,030
8 .27 1.3 «60 21 2.31 666 2.18 579 | 5.55| 4,360 | 2.90( 1,020
9 30 1.5 .59 20 2.21 596 | 2.30 650 | 5.,80| 4,800 2.91| 1,030
10 «31 1.8 .58 19 2.92 1,100} 2.50 780 | 5.60| 4,440 } 2.94( 1,060
11 « 52 2.1 .58 19 2.80 1,000 3.09} 1,250 5.58| 4,420 2.99] 1,100
N| .34 2.7 .58 19 2.50 780} 3,01} 1,180 | 5.73| 4,670 | 2.93| 1,050
1 34 2.7 .58 19 237 6921 2.95 ¢ 1,120 5.68| 4,570 2.80 944
2 .34 2.7 .58 19 2.31 656 3.351 1,490 | 5.31] 3,910 | 2,70 871
35 .41 5 .58 1¢ 2.25 620) 3.731 1,900 4,78 3,120 | 2.63 822
4| .44 6.7 .58 19 2,17 573} 3.68] 1,830 4.32 | 2,480 | 2.58 787
51 .49 9.4 .58 19 2.10 535 .64 1,680 5.97| 2,060 | 2.52 745
6 .50 10 .58 19 2.02 4911} 3.41{ 1,550 3.70| 1,770 | 2.50 731
7| .50 10 58 19 1.95 4551 3.48( 1,620 | 5.54| 1,610 | 2.45 698
8 «49 9.4 .58 19 1.87 415 4.32 | 2,560 | 3.40} 1,470 2.41 £74
9 .49 9.4 .58 19 1.79 375| 5.70] 4,690 } 5.34| 1,410 | 2,39 662
10} .50 10 .68 19 1.73 349 6.45] 6,050 | .24 1,320 | 2.33 €626
11 .60 21 «60 21 1.69 352 6.50| 6,110 | 3.17] 1,260 { 2.31 614
M| .72 41 +60 21 1.65 3151 6,50} 6,110 .10} 1,200 | 2,30
Boulder Creek at Cuyamsca Reservoin near Julian, Calif.
Location.- Lat. 32°59'15", long. 116°35'10", in NB} sec. 8, T. 14 S., R. 4 E., st

iyamaca Reservoir, 7 miles south of Julian.

Drainage area.- Area, 12.0 square miles.
tude, 6,515 feet.

miles.

Average slope, 20 percent.
Average slope of main stream chammel, 7.5 percent.

Gage-height record.~ Gage read daily at 7 s.m.
Remarks.- Records of discharge computed from discharge over spillway, change in con-

tents, leakage, evaporation, and direct rainfall on surface of reservoir.

of crest of dam, 4,633 feet.
by La Mesa, Lemon Grove, and Spring Valley Irrigation District.

Storage capacity, 11,600 acre-feet.

Altitude of stream bed,

Average altitude, 4,976 feet.
Length of main stream channel, 3.5

Rec

Gage height, iIn feet, and contents, in acre-feet, 1938

4,590 feet.
Maximum alti-

Altitude
ords furnished

Da: February March April
v Feet Acre-feet Feet Acre-feet Feet Acre-feet
1 30.62 7,565 32.83 9,414 35.33 11,525
2 30.83 7,758 35,00 9,551 55.35 11,5286
3 50.83 7,738 35.25 11,457 35.37 11,559
4 30.92 7,806 35,79 11,904 35.37 11,559
5 31.12 7,978 35.58 11,732 35.37 11,559
[ 31.12 7,978 35.53 11,526 35,57 11,559
T 31.12 7,978 35.25 11,457 35.57 11,559
8 51.12 7,978 35.33 11,525 35.37 11,559
9 51.12 7,978 35.55 11,525 55.33 11,525
10 51.21 8,047 35.33 11,525 55.33 11,525
11 3l.21 8,047 55.37 11,491 55.33 11,525
12 51.37 8,185 SS.E 11,870 35.29 11,491
13 31.50 8,288 35. 11,732 3537 11,559
14 31.50 8,288 35.42 11,595 55.42 11,595
15 31.50 8,288 35,33 11,525 55.46 11,629
16 31.50 8,288 35.42 11,595 35.46 11,629
Iy 31.50 8,288 35.37 11,559 35.46 11,629
18 51.50 8,288 35.42 11,595 35.42 - 11,595
19 31.62 8,391 35.42 111,595 35,42 11,59
20 31.67 8,426 35.42 11,595 35.42 11,595
21 31.71 8,460 35,42 11,595 35.42 11,595
22 31.71 8,460 55.42 11,595 55.42 11,595
23 31.71 8,460 55.47 11,595 55.37 11,542
24 31.71 8,460 55.42 11,595 356.37 11,542
25 31.71 8,460 35.42 11;595 35.37 11,542
26 31.71 8,460 55.46 11,629 35.46 11,629
27 31.83 8,564 55.46 11,629 35.46 11,629
28 52.33 9,000 35.46 11,629 35.46 11,629
29 35.50 11,663 35.46 11,629
30 35.50 11,663 35.50 11,663
31 35.42 11,595
February March -April
Mean monthly discharge, in second-feet..ssseevsese 35 116 16
Runoff, 1n 2cre-feet.ccecsicssorsccssssansecascaans 1,849 7,146 240




SAN DIEGO RIVER BASIN ' 196
San Vicente Creek at Foster, Calif.

Location.- Water-stage recorder, lat. 32°54'40", long. 116°55'35", in sec. 31, T. 14
.; R. 1 E., half 8 mlle north of Foster. Altitude, about 750 feet.

Drainage area.- Area, 75 square miles.- Average altitude, 1,640 feet. Maximm alti-
e, 4,132 feet. Average slope, 36 percent. Length of main stream chsnnel, 14
miles. Average stope of main stream channel, 4,5 percent.

Gage-height record.- Water-stage recorder graph except Feb. 1-10, 20-26, Apr. 1-18 and

Discharge record.-~ .Stage-discharge relation defined by current-meter measurements be-
ow 1, second-feet; extended to peak stage on basis of mean depth-mean velocity
relation. Discharge for perilods of missing gage-height record determined from
current-meter measurements and comparable hydrographs of adjacent streams.

Maxima.- 1938:° Discharge, 5,270 second-feet 11 p.m, Mar. 2 (gage height, 5.59 feet).
19}1‘5)5 1916, 1936-37: Discharge, 18,600 second-feet Jan. 27, 1916, by slope-
area met! .

Remarks.- Records fair.

Mean daily discharge, in second-feet, 1938

Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. Day | Peb. Mar. Apr.
1 0.2 433 26 11 1.0 143 19 21 0.2 58 10
2 .1 1,380 25 12 2 3486 20 22 2 52 9
3 .1 1,790 24 13 2 302 23 23 .1 49 9
4 3 545 22 14 2 198 20 24 .1 42 10
5 2 272 21 15 .2 143 17 25 o1 40 20
8 «1 180 20 16 2 122 16 26 .1 34 17
7 .1 133 18 17 .1 118 14 27 65 35 14
8 .1 154 17 18 o1 100 12 28 | 123 35 12
9 2 138 17 19 .2 91 11 29 38 10

10 .2 143 18 20 2 87 10 30 34 10

31 29
Mean monthly discharge, in second-feet.ccseesceccccasssacaase 6.89 233]| 16.4
Runoff, In 8Cre=feet.esccsicesssrrsssscassrssssessscsasssesssne 383 14,330 974
Gage height, in feet, and dischaerge, in second-feet, at indicated time, 1938
5y | Feet[Sec.ft.[Feet [Sec.ft.[Feet |Sec.ft.|Peet [sec.ft.[Feet |Sec.ft.|Feet [Sec.ft.
;% February 27 | February 28 March 1 March 2 March 3 March 4

1.47| 225 1.49 250 | 1.03 128 | 5.36} 4,840
1.35| 184 1.69 334 | 1.01 125 | 4.30f 2,970
1.25| 154 1.99 479 .98 118 | 3.48| 1,880
1.15| 128 2.35 690 .98 118 | 3.27| 1,650 | 1.63|p 519
1.06( 105 2.90{ 1,100 | 1.00 125 | 3.271 1,660

.95 80 3.,00( 1,190 | 1.10 151 | 3.50{ 1,940

.90 71 3.25| 1,440 | 1.19 178 | 3.54| 2,000 | 1,70| 576
.93 76 2.70 952 | 1.27 204 | 3,35( 1,780 | 1,93 731
0.2 .98 87 1.90 442 1.41 257 | 3.67| 2,180 | 2.09| 8587
i 87 1.80 398 | 1.74 398 | 4.50| 3,400 | 1l.84| 697

e

RMFPOODI OUPBLUOH ZHHFOODO-I OOMRNDE

.99 91 1.68 343 | 2.65 976 | 4.50( 3,420

1.03} 100 1.64 326 | 3.75( 2,080 | 4.10| 2,820 | 1.70}y 622

1,03 102 1.61 313 | 4.25] 2,760 | 3.20| 1,670

1.02( 100 1.55 287 | 3.90) 2,200 | 2.80 1,280

1.02( 100 1.48 261 | 3.00j 1,280

1,07 115 1.40 236 { 2.79) 1,100 | 2.48{,1,020 | 1.52]y 542

1.16( 138 1.33 211 | 2,72} 1,050

1.16| 138 1.27 191 | 2.76) 1,090 | 2.18 808

1.12| 130 1.21 172 | 2.94| 1,240

1.11( 128 1.17 160 | 3.65]'2,010

1.08| 120 1.14 154 | 4.50( 3,200
10| 1.77(>343 1.09| 125 1.11 146 | 5.14) 4,340 | 1.83 605 | 1.271> 426
1 1.13| 135 1.08 138 | 5.59| 5,27

1.25) 169 1.05 133 | 5.41] 4,920
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San Dieguito River Bas

Santa Ysabel Creek near Mesa Grande, Callf.

tion.- Water-stage recorder, lat. 33°07'16", long. 118°48'30", in NE4WWE sec. 20,

4 mile

Drainage area.- Area, 58 square miles.

R EET ¢

3 miles,

8,, R. 2
8 southwest of Mesa Grande.

oot

Altitude, about 2,000 feet.

Average altitude, 3,360 feet.

Average slope, 40 percent. Length of mnin etreamw ohanuel, 7.

Average slope of main stream channel, 8.9 perocent.

E., half a mile upstream from confluence with Bhok Canyon Creek and

Maxism alti-

recorder graph, except for perioed 4 p.m. Mar. 3 to

Ggi-hup%t record. - Wnter-ahge
n. r. 6, gage helghts for which were interpolated.

charge record.- Stage-discharge relation defined by ourrent-meter measurements be-

second-feet; extended to peak stage on basis of mean depth-mean velooity

“¥. relation.
m X .=~ 1938 Diluhu'ge 8,000 second-feet 11320 p.m. Mar. 2 (gage hoight 7.30 feet).
1012-28, 1936-871 Diacharge, 21,100 second-foet Jan. 27, 1916,

- Mean daily discharge, in second-feet, 1938

Day | Pob. | Mar. | Apr. [Day| Pev. | Mar. | Apr. fDay | Pev. [ Mar. [ apr.
1 18 443 €8 11 88 €8 54 2l 18 128 54
] 14 1,760 63 12 86 709 51 28 16 1 4 3
3 n 2,000 66 13 54 el 7e 23 18 103 34
4 50 68 14 28 402 76 24 16 94 34
8 28 454 86 15 28 288 64 1] 14 94 - 84
6 by 247 79 18 28 212 46 26 13 103 48
7 13 138 7€ 17 22 22¢ 40 27 163 103 38
8 13 178 e 18 19 lee 38 28 196 98 40
4 14 108 ] 19 32 143 34 29 108 42

10 22 76 €0 20 20 143 34 30 98 49

31 -]
Mean monthly dlscharge, In 8600Nd-£e6t..esesssscsasrrasinarss 38.2 330! 63,6
RUNGLL, In ROPO~f8OL. . ocatasnsnsesssavnsscsosssaansavecnanse | 1,080 | 20,310] 3,100

Gage height, in feet, and discharge, in second-feet, at indicated time, 1938
g Feet [Boc.ft.[Peet [Sec.ft.[reet [Sec.ft.[Peet [Sec.ft.[Feot [Bec.rt.iFeot |Sec.ft.
- February 27 | Pebruary 28 March 1 March 2 March 8 March 4
1 2.158] 240 2.25 312 | 2.00 138 | 5.50| 3,930
2 2.10] 205 2.30 350 | 2.01 143 | 4.50| 2,410
3 2.06| 169 2.60 496 | 2,08 191 | 4.30| 2,150
4 2.00] 138 3.08 864 | 2,10 205 | 4.10| 1,910
8 2.00| 138 3.35( 1,180 | 2.2C 276 | 3. 1,740
[ 1.98f 113 3.44| 1,230 | 2.30 350 | 4.00f 1,800
7 2.00f 138 3.10 984 | 2.4C 428 | 4.10f 1,910
8 2.00] 138 2,80 708 | 2.60 866 | 4.20] 2,030
9lp1.48|> 6.6 2.06] 1869 270 838 | 2.85 741 | 6.70] 4,270
10 2.08 169 2,50 5eé | 3,50| 1,280 | B.75| 4,360
11 2.06 169 2.50 496 | 4.50| 2,420 | 4.70] 2,680
2,00 138 2.40 426 | 8.10{ 3,500 | 4.00f 1,800
1 2.00| 138 2,30 350 | 4.40) 2,290 | 3.76| 1,820
2/ 2.10f 208 2.20 276 | 4.10| 1,800 | 5.88| 1,480
3] 1.68 14 2.20[ 276 2.17 254 | 3.90| 1,690 | 3,88 1,390
4] 1.88 28 2,30| 350 2.14 233 | 5.80| 1,680 | 3.68| 1,360
8| 1.85 72 2.20( 276 2.10 206 | 3.75( 1,620 | 3.53| 1,300
8| 2.35| 388 2.16| 240 2.10 205 | 3.85| 1,650 | 3,49 1,240
7{ 3.20/1,010 2.10( 205 2.06 169 | 4,10 1,910 | 3.45| 1,230
8] 3.10| ©34 2.13| 226 2.00 138 | 4.70( 2,680 | 3,40} 1,180
9| 2.75 e71 2.11} 212 2.00 138 | 6.,18| 3,360 | 3.35| 1,140
10 2,56 388 2.16| 240 2.00 138 | 8.70| 4,270 | 3.31} 1,100
11| 2.28| 312 2.10] 206 2.00 138 | 6.85| 6,540 | 3.28] 1,080
¥l 2,20/ 278 2.13]| 226 2.00 138 | 6,00( 4,840 | 3,23{ 1,030

Supplemental record,- Mar., 2, 11120 p.m., 7.30 ft., a,o'oo 8ec.=f't.
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San Dieguito River at Lake Hodges, Calif.

Location.~ Lat., 33°02'55", long. 117°07'25", in KW} sec. 18, T. 13 S., R. 2 W., at Lake
es Dam, 5% miles southwest of Escondido. Altitude of stream bed, 200 feet.

Drainage area.~ Area, 303 square miles. Average altitude, 1,690 feet. Maximum alti-
ﬁe, Z,I32 feet. Average slope, 38 percent. Length of main stream channel, 37
miles, Average slope of maln stream channel, 1.8 percent.

Gege-hoight record.- Staff gage read daily at 7 a.m.’

Remarks.~ Records of dlscharge represent flow into Lake Hodges, computed from discharge
over splllway, change in contents, leakage, evaporation, and direct rainfall on
surface of lake. Altitude of spillway, 315 feet. Storage capacity, 37,530 acre-
feet. Additional storage obtained by placing sandbags on spillway. Diverpions for
irrigation in San Pasquel Valley above lake Hodges. Record furnished by City of
San Diego Water Department.

Gage height, in feet, and contents, in acre-feet, 1938

February March April

Day Feet Acre-feet Feet Acre-feet Feet Acre~feet
1 109.09 30,256 115.29 37,917 115.73 38,504
2 109.28 30,474 116.08 38,975 115.67 38,424
3 109.39 30,601 120.94 45,933 116,66 38,410
4 109.59 30,832 117.22 40,538 115.656 38,397
5 109,73 30,995 116.28 39,247 115.62 38,357
6 109.90 31,193 116.91 38,746 115.66 38,410
7 109.98 31,287 115.72 38,491 115.71 38,477
8 110.06 31,369 115,66 38,410 115.71 38,477
9 110.13 31,463 115.67 38,424 115.71 38,477
10 110.20 31,546 115.58 38,303 115.71 38,477
11 110.30 31,663 115.51 38,209 115.72 38,491
12 110.63 32,055 115.52 38,223 115.72 38,491
i3 111.02 32,521 116.31 39,288 116.73 38,504
14 111.18 32,714 116.13 39,043 115.85 38,665
15 111.29 32,847 115.78 38,571 115.91 38,746
16 111.40 32,980 115.67 38,424 116,91 38,746
17 111.51 33,114 115.62 38,357 115.89 38,719
18 111.59 33,211 115.61 38,343 115,88 38,706
19 111.70 33,345 116.57 38,290 115.81 38,611
20 111.85 33,529 115.54 38,250 115.89 - 38,719
21 111.94 33,639 115.58 38,303 115.97 38,826
22 112.00 33,713 116.48 38,169 116.04 38,921
23 112.04 33,762 115.46 38,143 116.09 38,988
24 112.11 33,848 115,60 38,330 116.11 39,016
25 112.14 33,885 115.69 38,451 116.13 39,043
26 112.17 33,922 115,75 38,531 116.17 39,007
27 112.25 34,021 116.78 38,671 116.15 39,070
28 |, 113.51 35,603 115.79 38,685 116,11 39,016
29 115.76 38,544 116.086 38,948
30 115.80 38,598 116.10 39,002

31 115.77 38,558

February March April

Hean monthly discharge, in second-feet............ 1456 1,147 110

Runoff, in acre-feete.ceveceererenecnroavecannsnns 8,050 70,600 6,530

’

San Luls Rey River Basin

San Luis Rey River nsar-Bonsall, Calif.

Location.- Water-stage recorder, lat. 33°15'05", long. 117°14'55", in NBY sec. 1, T.
>, R. 4 W,, three~quarters of a mile downstream from highway bridge on Fallbrook-
Escondido road, and 3 miles southwest of Bonsall. Altitude, about 120 feet.

Drainasge area.- Area, 514 square miles. Average altitude, 2,510 feet. Maximum alti-
Euie, §,405 feet, Average slope, 25 percent. Length of maln stream channel, 58
miles. Average slope of main stream channel, 2.1 percent.

Gage-height record.- Water-stege recorder graph.

Dischnrge record.- Stage-discharge relation defined by current-meter measurements be-
ow 2, second-feet; extended to peak stagé on basis of mean depth-mean velocity
relation. '

Maxima.- 1938: Discharge, 18,100 second-feet 1 a.m. Mar. 3 (gage height, 12.60 feet).
1912~-18, 1929-37: Discharge, 16,700 second-feet Feb. 7, 1937. .

Remarks.- Records good. Regulation at Lake Henshaw, 41 miles upstream.
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Mean daily discherge, in second-feet, 1938

Day | Feb. Mar. Apr. [ Day | Feb. Mar. Apr. | Day| Feb. Mar. Apr.
1 58 2,060 130 11 64 345 72 21 43 246 69
2 48 4,040 118 12 | 106 1,310 76 22 42 229 €7
3 43 9,660 112 13 78 1,140 |-100 23 42 193 64
4 81 2,180 106 14 58 739 102 24 38 172 64
5| 112 1,110 108 15 53 505 89 25 36 178 89
6 87 757 99 16 56 439 85 26 35 190 81
7 51 608 87 17 50 401 81 27| 116 164 71
8 47 591 81 18 43 341 74 28| a504 159 &7
9 50 475 78 19 53 294 71 29 162 87
10 51 394 76 20 54 266 71 30 148 81
31 136
Mean monthly discharge, in second-feet... a74.2 956 84.5
Runoff, In 8Cre-feet..tesscorsvecencacsvane 24,120 | 58,770 5,03

a Revised; supersedes figures published in Water-Supply Paper 861, p. 24.

Gage height, in feet, and discharge, in second-feet, at indlcated time, 1938

Y Feeﬂsggz' Feet sf.::' Feet sf.:'_ Feet Sg:: Feot s?‘é: FeetF;:: Feetls?::
O

= | Feb. 27 | Feb. 28 Mar. 1 Mer, 2 Mar. 3 Mar. 4 Mer. 5

1 1.57| 365 |2.35 | 751| 2.75| 994[12.60{18,100| 4.95|3,050

2 1.48| 329 |2.90 | 1,110| 2.65| 929(12.25/17,200| 4.63|2,660|3.33|1,390

’ 3 1,45| 317 |3.50 | 1,580| 2.75 99411,75|15,900!| 4.65|2,680

4 1.42 ( 305 [3.97 [ 2,030] 2.75 994 (11.50{15,400( 4.52(2,540(3.17(1,260
5 1.56| 357 |4.50 | 2,560| 2.86| 1,070(11.45{15,200| 4.4 (2,420

6 ()0.40|» 45 |1.70| 421 |4.34 | 2,400| 3.00| 1,170{11.0 |14,000| 4.32(2,340{3.2 [1,280
7 1.78( 457 |4.47 | 2,530 3.15| 1,270/10.5 |12,900| 4.35|2,370

8 1.81| 470 |5.27 | 3,520| 3.50| 1,570{10.1 |12,000| 4.21|2,230|3.05{1,170
9 1.81| 470 |5.31 | 3,560| 3.75| 1,790| 9.65(10,900| 4.37(2,390

10 1.80| 466 |5.07 | 3,250| 4.23| 2,270| 9.25/10,100| 4.26/2,280{3.05|1,170
11 1.80| 466 |4.72 | 2,820| 4.48| 2,520| 8.85] 9,340 4,232,250

b 1.95| 540 |4.34 | 2,400| 4.58| 2,620| 8.7 | 9,04C| 4.35{2,370(2.95|1,100

\

1 2,06| 597 |4.07 | 2,130| 4.88| 2,990| 8.55| 8,940| 4.28|2,300

2 2,13 | 635 |4.17 | 2,230| 5.73| 3,990| 8.15| 7,950| 4.17|2,190(2.8 | 993
3> .62|| BL (2.09| 612 [4.41 | 2,470| 6.32| 4,950( 7.8 | 7,340( 4.07(2,090

4 2,04| 586 |4.40 | 2,460| 6.48] 5,180| 7.5 | 6,780 3.93|1,950|2.75| 961
5 2,09 612 |4,17 | 2,230! 6.58{ 5,350} 7,0 | 5,930| 3.88|1,900

6 2.06| 597 {3.90 | 1,960| 6.63 | 5,400| 6.6 | 5,330| 3.90{1,920|2.76| 961
7 [» .95 |b166 |2.07| 602 |3.60 | 1,660| 6.88| 5,780| 6.15| 4,650| 3.68/1,700

8 2,06| 597 |3.45 | 1,550| 7.53 | 6,850 5.85| 4,220} 3.65{1,670(|2.75| 954
9(1.14| 211 |2.05| 590 [3.15 | 1,290| 7.88| 7,540| 5.6 | 3,880| 3.5 [1,550

10 | 1.50| 337 |2.05| 590 |3.00 | 1,180| 8.83 | 9,340 5.35| 3,550| 3.5 |1,650/2.80| 987
11 | 1.77| 452 [2.07| 602 |2.80 | 1,040(10.40 [12,700| 5.15| 3,310{ 3.5 [1,55

M|1.75| 444 |2.06| 597 {2.80 | 1,040|12.00 {16,600| 5.1 | 3,250| 3.45/1,510|2.75| 954

San Luls Rey River at Oceanside, Calif.

.
Location.~ Water-stage recorder, lat. 33°12'40", long. 117°22'40", in NWi sec. 23, T.
1 5., R. 5 W., half & mile above State highway bridge at Oceanside. Altitude,

about 20 fesét.

Drainage srea.- Area, 557 square miles. Average altitude, 2,334 feet. Maximum alti-
c%e, 6,400 feet. Average slope, 33 percent. Length of main stream charnel, 62.5
mliles. Average slope of main stream channel, 1.9 percent.

Gage-height record.- Water-stage recorder graph.

Discharge record.~ Stage~discharge relation defined by current-meter measurements be-

ow 2, second-feet; extended to peak stage on basis of mean depth-mean velocity
relation., Discharge computed by shifting-control method and based in part on
comparison with discharge of San Luls Rey River near Bonsall.

Maxima.~ 1938: Discharge, 16,500 second-feet 5:30 a.m. Mar. 3 (gage height, 10.77
Teet).
1912-14, 1916, 1929-37: Discharge, 95,600 second-feet Jan. 12, 1916.

Remarks.- Records poor, due to shifting control. Storage at Lake Henshaw; numerous
dIversions above station.
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Mean daily discharge, in second-feet, 1938

Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. |[iDay | Feb. Mar. Apr.
1 38 2,000 122 11 52 390 66 21 56 301 51
2 44 2,860 113 12 81 1,160 69 22 46 262 51
3 38 11,300 113 13 88 1,140 91 23 38 213 51
4 51 2,650 110 14 65 613 110 24 35 193 53
5 85 1,480 117 15 55 462 95 25 34 166 84
6 70 1,060 117 16 54 402 87 26 32 200 102
7 47 798 98 17 57 421 77 27 57 161 69
8 40 €74 80 18 52 421 69 28 347 151 53
9 38 568 66 19 5§56 391 61 29 161 51

10 44 465 64 20 61 330 §3 30 156 61

31 137
Mean monthly discharge, in second-feet.,c.scevsstccsescancncs 62.8 | 1,022 80.1
Runoff, 1N 8Cre~fe6tivecscccssosacssesasasssnacvasensensssess | 3,490 162,850 | 4,770

Gage height, in feet, and discharge, in second-feet, at indicated time, 1938

§ Foot[Sec.ft.[Feet [Sec.ft.[Feet Sec.rt.[reet [Sec.ft.[Feet [Sec.rt.[Feet [sec.ft.
% | February 27 | February 28 March 1 March 2 March 3 March 4

1 4,41 114 5.27 517 | 6.74( 1,250 | 9.10| 11,200 4,300
2 4.48| 136 5.38 587 | 5.,76| 1,160 | 9.77] 13,100 3,800
3 4.70( 210 5.45 640 | 5.77| 1,140 |10.18} 14,400 3,600
4 4.94| 310 5.47 656 1 5.77| 1,070 |10.40| 15,200 3,400
5 5.01| 345 5.97| 1,070 | 5.80| 1,010 |10.74| 16,400 3,300
6 4.99| 340 6.35| 1,500 | 5.82 938 |10.45{ 16,000 3,100
7 4.94| 315 6.52| 1,710 | 5.91} 1,019 | 9.95} 15,500 2,920
8 4.85( 274 €6.55( 1,750 | 6.04} 1,150 | 9.58] 14,900 2,800
Q9 4.,82| 270 €6.56( 1,890 | 6.,16{ 1,280 | 8.97| 14,100 2,600
10 4.83( 265 6.84| 2,460 | 6.42] 1,590 | 8.65] 13,900 2,500
11 4,91| 305 6.93| 2,960 | 6.57| 1,770 | 8.22] 13,300 2,430
N 4.97| 335 6.91( 3,300 | 6.72| 1,980 | 7.98] 12,500 2,400
1 §.02} 360 6.75( 3,180 | 6.83| 2,140 | 7.70| 11,900

2 5.03| 365 6.55( 2,990 | 6.82| 2,120 | 7.40] 10,900

3 5.04| 376 6.34( 2,610 | 6,82 2,400 | 7.10| 10,000|>4.76]>2,320
4 6.07| 393 6.26| 2,490 | 7.17{ 3,150 | 6.70| 9,800

5 5.10| 409 6.36( 2,640 | 7.48] 3,960 | 6,61| 9,600

6 5.19| 463 6.37| 2,650 | 7.55| 4,400 | 6.26]| 8,800

7 5.20] 475 6.28| 2,520 | 7.64] 4,910 | 5.94 8,000

8 5.22] 487 6.16] 2,340 | 7.70| 5,400 | 5.68( 7,190|>4.63(>2,150
9 6.221 487 6.00| 2,090 | 7.78} 65,960 | §.48| 6,400

10 6.26f 511 6.86| 1,880 | B8.00| 6,850 | §.31| 6,800

11 5.25| 605 5.78| 1,660 | 8,30| 8,000 | 5.17| 5,200[>4.55(72,050
M §.22] 487 5,774 1,520 | 8.65] 9,450 | 5.11! 4,600

Supplemental record.- Mar., 3, 5330 a.m., 10.77 ft., 16,500 sec.~ft.

Santa Margarita River Basin

Temecula Creek at Nigger Canyon, near Temecula, Calif,

Location.~ Water-stage recorder, Ilat. 33°29'40", long. 116°59'00", in Pauba grant, at
upper end of Nigger Canyon, a quarter of a mile downstream from Arroyo Seco, and 10
miles east of Temecula, Riverside County.

Draiﬁge area.-

€,
miles.

» feet.

Area, 319 square miles.
Average slope, 30 percent.
Average slope of mein stream channel, 3.4 percent.

Altitude, about 1,350 feet.

Average altitude, 3,490 feet.
Length of main stream channel, 26.5

Maximum alti-

Gage-height record.- Water-stage reccrder graph, except Mar. 4 to 3 p.m. Mar. 6.

Discharge record.- Discharge estimated from hydrograph defined by current-meter

measurements, gage-height record, and comparison with adjacent stations.

Maxima.- 1938: Discharge, 14,600 second-feet 10 p.m., Mar. 2, (gage height, I11.27 feet).
1923-37¢ Discharge, 17,100 second-feet Feb. 16, 1927.

Remarks.- Records poor, due to extreme shifting of channel at high stages.

sions above station.
Margarita Ranch.

454720 O - 42 - 14

No diver-

Results of some discharge measurements furnished by Santa
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Mean daily discharge, in second-feet, 1938

Day | Feb. Mar. Apr. [iDay | Feb. Mar. Apr. |[Day | Feb. Mar. Apr.
1 23 180 42 11 48 95 37 21 25 60 27
2 22 4,100 39 12 79 235 38 22 21 60 26
3 35 3,500 44 13 69 195 38 23 16 €5 26
4 95 1,300 34 14 65 180 36 24 16 62 23
5 50 400 30 15 62 1556 33 25 16 65 30
6 28 140 30 16 55 115 29 26 16 68 18
7 18 125 30 17 46 115 28 27 35 58 17
8 17 115 30 18 41 110 26 28 50 50 19
9 20 95 30 19 43 80 28 29 55 26
10 24 20 36 20 33 60 27 30 48 30
31 41
Mean monthly discharge, in 8econd=feet.cscecssessvececceceses | 38.1 388 | 30.2
Runoff, in 8cre~fe0t.sscesescrcsssccsncsssnsnncorssscocaveasss 2,120 123,830 |1,800

Temecula Creek at Railroad Canyon, near Temecula, Calif.

Location.~ Water-stage recorder, lat. 33°28'25", long. 117°08'35", in Temecula grant,
at upper end of Temecula or Railroad Canyon, an eighth of a mile downstream from
Junction with Murrieta Creek, and 1} miles south of Temecula, Riverside County.
Altitude, about 950 feet.

Drainsge area.- Area, 592 square miles. Average altitude, 2,663 feet. Maximm alti-
tude, 6,200 feet. Average slope, 26 percent. Length of main stream channel, 41
miles. Average slope of main stream channel, 2.4 percent.

Gage-height record.- Water-stage recorder graph.

Diacharge record.- Stage-diascharge relation defined by current-meter measurements be~
ow Y, second-feet. Discharge estimsted from hydrograph based on current-meter
measurements and gage-height record, and by comiparison with adjacent stations.

Maxime,- 1938: Discharge, 21,700 second-feet (estimated) 10 p.m. Mar. 2 (gage height,
13.91 feet).
1923-37: Discharge, about 27,600 second-feet Feb. 16, 1927.

Remarks.- Records poor, due to extreme shifting of channel. Flood flow not affected
y diversiona. Gage-height record snd results of discharge measurements furnished
by Santa Margarita Ranch.

Mean daily disc.arge, in second-feet, 1938

Day| PFeb. Mar. Apr. {Day | Feb. Nar. Apr. [Day | Feb. Mar. Apr.
1 18 2,620 60 11 42 180 35 21 16 100 32
2 11 11,500 59 12 46 1,810 40 22 14 92 29
3 13 8,000 58 13 25 740 61 23 12 28 28
4 27 1,700 850 14 19 360 54 24 12 20 27
5 18 950 51 15 15 290 47 25 13 90 35
6 12 320 50 16 12 210 31 26 14 90 27
7 11 250 44 17 12 200 28 27 | 130 82 21
8 11 350 41 18 13 160 25 28 | 450 73 27
9 19 220 46 19 21 120 25 29 78 30
10 23 190 40 " 20 18 115 25 30 70 44
31 63
Mean monthly discharge, in second-fe8t....cceseecvccssrannese | 3744 1,007 | 39.0
Runoff, In aCre=fo8t..cccsesescrescsnsssovacassscscacanscssess | 2,080 61,910 |2,320

Santa Margarita River near Fall Brook, Calif,

Location.- Water-stage recorder, lat. 33°24'05", long. 117°15'10", in sec. 12, T. 9
s R. 4 W., 2 miles north of Fall Brook. Altitude, about 350 feet.

Drai; 9o _area.~- Area, 645 square miles. Average altitude, 2,541 feet. Maximum alti-
Eﬁe, 6,200 feet. Average slope, 33 percent. Length of main etream channel, 50
miles. Average slope of main stream channel, 2.2 percent.

Gage-height record.- Water-stage recorder graph.

Discharge record.- Discharge estimated from hydrograph based on current-meter measure-
ments and gage-height record, and by comparison with adjacent stationa.

Maxima,~- 1938: Discharge, 28,000 second-feet {estimated) 11 p.m. Mar. 2 (gage height,
TZ,0 feet).
1924-37: Diacharge, about 33,100 second~feet Feb. 16, 1927.

Remarks.~ Records poor, due to extreme shifting of channel. No diversions during
£ t>t>§’l1 period. Results of discharge measurements furnished by Santa Margarita
anch.
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Mean deily discharge, in second-feet, 1938 ~

Day | Feb. Mar. Apr. |[Day | Feb. Mar. Apr. ||Day | Peb. Mar. Apr.
1 30 3,890 o2 11 80 300 €8 21 15 168 80
2 23 12,000 o2 12 a8 2,140 [-1:] 22 16 166 43
5 20 10,400 20 13 48 95 120 23 186 150 40
4 48 2,000 80 14 30 800 88 24 16 148 37
5 30 1,000 79 16 26 480 70 26 14 140 88
8 21 00 76 18 22 $68. 54 26 13 138 48
7 20 400 68 17 20 300 54 27 156 130 k14
8 22 480 -3 18 28 270 46 28 | 580 128 45
] 40 380 70 19 30 240 48 29 125 8
10 43 320 84 20 20 200 44 30 113 100
31 110
Mean monthly discharge, in second-feet o7 1,849 | 64.4
RUNOLL, In ROY@=fO0L.sccccssrcssssrearsccsncressssansncesasss |28,980 |[76,820 |3,880

Sants Margarits River at Yaidora, Oalif.

Loocation.- Water-stage recorder, lat. 33°14'40", long. 117°22'60", in Senta Margarite
¥ Los Plores grant, 1 mile downstrean from Ysidors, 8an Diego Cownty, and about 2
miles upstream from mouth, Altitude, sbout 15 feet.

Dn%‘o :roa.- Area, 740 square miles. Aversge altitude, 2,327 feet. Maximum alti-
e, €, feet. Average slope, 31 percent. Length of main stream channel, €5
miles. Average slope of main stresm channel, 1.7 percent.

Gage-height record.- Water-stage recorder graph.

Discharge record.~ Discharge estimated from hydrograph based on current-meter messure-
ments gege-height record, and by comparison with adjecent stations.

Iax%.- 19381 Disoharge, 31,000 second-feet (estimated) 1 a,m. Mar. 3, (gage height,
70 feet).
1923~37s Discharge, 33,800 second-feet (estimated) Feb, 16, 1827,

Remarks.- Records poor, due to extreme shifting of channel, No diversions during
Tiood period., Gage-height record and results of discharge messurements furnished
by 8anta Margarite Ranch.

Megn daily Aischarge, in second-feet, 1938

Day| Peb, Mar. Apr. |[Day | Peb, Mar. Apr. [ Day| Peb. Mar. Apr.
1 44 6,870 188 11 80 380 o8 21 BO 236 70
2 48 13,000 117 12 | 240 2,800 90 22 40 280 80
3 36 16,600 111 13| 100 1,800 188 23 36 210 k4
4 81 3,000 107 14 80 960 138 24 34 2086 -]
-] 88 1,600 104 15 70 190 80
8 43 1,300} 101 18 80 170 80
ki 35 100 17 43 200 85
8 33 900 08 18 38 206 88
e &6 880 o8 19 80 190 80
10 80 380 o4 20 86 180 80
- 130
Mean monthly discharge, in second-feet...scocrcerssascccsanse 1,730 | 89.7
Runoff, in aore«feetescessssssvescesossveve 106,400 | 5,340

Murriete Oreek at Temecule, Calif,

%— Water-stage recorder, lat. 33°29'00", long. 117°08'80", in Temsouls grant,
" le upatream from debouchment into Temecula Greek and half a mile south of
Temeculs, Riverside County, Altitude, about 1,080 feet.

Dra%go ares.- Area, 220 square miles, Lvornio altitude, 1,710 feet. Maximum alti-
e, 4,500 feet. Average slope, 23 percent. Length of main stream channel, 31
miles, Average slope of main stream channel, 2.1 percent.

Gage-height record.- Water-stage recorder graph.

gggg%g_oﬁmg.- Discharge estimated from hydrograph based on current-meter measure-
ments gage-height record, and by comparison with adjecent stations.

Maxima,~- 1638: Discharge, 16,800 second-feet (estimated) 8 p.m. Mar. 2 (gage height,
B.7 feet).
1930-373s Discharge, 7,500 second-feet Feb. 18, 1932.

Remarks.- Records poor, due to extreme shifting of channel. Gage-height record and
several discharge measurements furnished by S8anta Margarita Ranch.
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Mean daily discharge, in second-feet, 1938

Day | Feb. Mar. Apr. [ Day| Peb. Mar. Apr. [Day | Feb. Mar. Apr.
1 5.0 |1,870 11 11| 21 33 5.0 21 3.5 22 4.1
2| 4,0 7,200 9.0 12| 24 950 5.5 22 3.4 20 4.0
3| 2.8 | 3,200 8.5 13 8.0 | 250 7.5 23 3.2 19 3.8
4| 6,0 360 8.0 14 4.6 105 6.5 24 | 3.2 17 3.8
51 4.7 120 7.5 15| 3,9 71 5.5 25 3.0 17 5.0
6| 2.8 83 7.6 16 3.8 48 5.0 26 3.0 16 4.5
7] 2.4 62 6.5 17 3.5 45 4.9 27 | 68 15 4.1
8| 2.3 85 5.5 18| 3.5 39 4,5 28 | 320 13 3.8
91 7.0 54 5.5 19 6.5 29 4,1 29 14 3.7
10| 8.0 40 5.5 20| 4.6 25 4.0 30 14 5.0
N . 31 13
Wigh monthily Al¥eharge, 1 PRACHR-LEH.coavesenecerssetrerens | 16,1 470 | 5.88
[ Bunof?, In alre-feabceece itterepnertogronascessssoccsscaivess 1,060 |29,450 345

San Juan Creek Basin

Sen Juan Oregk near San Juen Capiatrsmo, Calif.

Location.- Waver-stsge recorder, lat. 33°80!50%, totw:-Tt4837440%, “iv Mission Viejo
grent, at Ortega State Highway Bridge, 2% miles east of San Juan Capistrano, Orange
County. Altitude, ebout 150 feet. .

Drai; e area.~ Ares, 110 square miles. Average altitude, 1,470 feet. Maxlimum alti-
ﬁe, 1,525 feet. Aversge slope, 30 percent. Length of main stream channel, 18
miles. Average slope of main stream channel, 4.6 percent.

Ggge-ha%ﬁht record.- Water-stage recorder graph except 12 m. Feb. 28 to 2 p.m. Mar, 1
& 8. « 2 to 12 m. Mar. 14.

Discharge record.- Stage-discharge relation defined by current-meter measurements be-
Tow 533 second-feet; peak discharge determined by slope-area measurement. Records
from 12 m. Feb. 28 to 2 p.m. Mar. 1 end 9 a.m. Mar, 2 to Apr. 30 based on current-
meter measurements, slope-ares memsurement of peak discharge, and comparison with
record of inflow to Sentlago Reservoir.

Mexima.- 19383 Discharge, 13,000 second-feet about 10 p.m. Mar. 2.
1929-37¢ Discharge, 8,300 second-feet Feb. 6, 1937.

Remarks .- Records poor.
Mean daily discharge, in second-feet, 1938

Day | Peb. Mar. Apr. |[[Day | Feb. Mar, Apr. [ Dey | Peb. Mar. Apr.
1 18 560 7 11} 11 188 51 21 7.5 170 41
2] 10 4,100 T4 12 § 47 600 50 22 8 160 37
3 10 3,400 71 13 15 540 50 23 8 15C 38
4 14 1,000 68 14 10 480 50 24 8 139 39
5 9 600 67 15 Bdb 410 50 25 8 1156 41
6 ] 410 63 16 8 330 47 26 8 115 43
7 -] 316 61 17 7 230 44 27 10 112 44
8 8.5 265 54 18 T8 195 41 28 | 41 115 45
° 8.5 265 53 19 7.5 183 38 29 9C 46
10 8.5 225 52 20 7 175 39 30 85 46
31 80
Meen monthly discharge, in second-feet 11.8 509 | 50.7
Runoff, In 80re=feet.ceisceescccecscrsccnseonscsvrane 660 131,320 (3,010

Trabuco Creek near San Jusn Capistrano, Calif.

Location.- Water-stage recorder, lat. 33°31'30", long. 117°40'15", in SW} sec. 25, T.
~s R. 8 W., at State highway bridge, 1% miles north of Sen Juan Cepistrano.
Altitude, 200 feet.

Drai%ge area.~ Area, 36.5 squere miles. Average altitude, 1,770 feet. Maximum alti-
ude, 5,680 feet. Average slope, 41 percent. Length of main stream channel, 20
miles. Average slope of main stream channel, 5.2 percent.

Gage-height record.- Weter-stage recorder graph except Mar. 3-4 owlng to silting of
well.

Discharge record.- Stage-discharge relation fairly well defined below 300 second-feet
¥ current-meter messurements, and extended above on basis of slope-ares determi-
nations. Discharge for Mar. 3 and 4 was obtelned by comperison with other streams.

Maxima,~- 1938: Discharge, 4,400 second-feet Mar. 2.
1930-37: Discharge, 9,240 second-feet Feb. 6, 1937.

Remarks.- Records furnished by Orange County Flood Control District, through M. N.
ompson, chief engineer.
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Meen daily dlscharge, in second-feet, 1938

Day | Feb. Mar. Apr. Day | Feb. Mar. Apr. [IDay | Feb. Mar. Apr.
1 0.1 254 32 11 0.1 79 19 21 0 76 10
2 0 1,480 30 12 15 215 18 22 0 64 10
3 .1 820 29 13 4.0 211 17 23 0 58 10
4 0 331 27 14 0 182 16 24 0 54 10
5 0 245 26 15 0 169 15 25 0 51 27
6 0 196 24 16 0 152 14 26 0 47 19
7 0 156 23 17 0 138 14 27 0 44 12
8 0 113 22 18 0 115 13 28 185 40 ~ 11
9 0 92 21 19 0 103 12 29 38 12

10 0 85 20 20 0 o2 11 30 34 22

31 33
Mean monthly discharge, in second-feet....ccceseecrcscanvases 1.23 186| 18.2
Runoff, In acre=feet...ccceeecerseecececanssacacscasansennons 68 11,440| 1,080

Gage helght, in feet, and diacharge, in second-feet, at indicated time, 1938
Peet|Sec.ft.[Feet [Sec.ft.[Feet |Sec.ft.|Feet |Sec.ft.|Feet | Sec.ft.] Feet | Sec.ft.
February 27 | Februery 28 March 1 March 2 March 3 March 4

3

=

1 3.18] 91 | z.30] 140 | 5.78] 1,870
2 4.45| 720 | 3.30| . Y40 | 5.50] 1,410
3 . 4,15 550 | 3.40| 180 | 5,31 1,300
4 4.47| 730 | 3.80] 360 | 5.12] 1,200
5 4.20| 580 | 3.70] 320 | 4.98] 1,120
6 4,071 500 | 3.90| 420 | 4.80] 1,030
7 3.95] 440 | 4.12| 430 | 4.9} 980
8 3.85|] 390 | 4.30| 640 | 4.55| 900
9 3.75| 340 | 4.10] 520 | 4.42 840
10 3.46| 220 | 4.65| 840 | 4.31f 790
n 3.40| 180 | 5.15| 1,150 | 4.20[ 740
N . 3.40| 180 | 6.00] 1,700 | 4.12| 710
1 2.68 3.36| 170 | 5.80| 1,570 | 4,08 670
2 2.69 3,30 140 | 6.10§ 1,770 | 3.91] 620
3 2.69 3.26] 120 | 6.60{ 2,130 | 3.8 600
4 2.69 3.22] 110 | e.85) 2,350 | 3.78| 570
5 2.74 3.201 95 | 7.05| 2,640 | 3.70| 540
6 2.76 .18 91 | 7.15| 2,910 | 3.65] 520 | ,
7 2.78 3.16! 86 | 7.30] 3,420 | 3.58] 490
8 2,78 3.16 84 | 7.50| 4,400 | 3.50| 460
9 2.79 3.15) 84 | 7.15( 2,910 | 3.47 460
10 2.80 3.15) 84 | 6.70{ 2,220 | 3.40| 430
1 2,89 3.16] 86 | 6.30] 1,910 | 3.36] 420
N 3.20 3.38] 180 | 6.00] 1,700 | 3.32] 400

Aliso Creek Basin
Aliso Creek at El Toro, Calif.

Location.- Water-stage recorder, lat. 33°37'15", long. 117°41'20", in Censda de loe
sos grent, at Second Street Bridge at El Toro, Orange County. Altitude, 440 feet.
*
Drurn%e area.- Area, 8.5 square miles. Average altitude, 997 feet. Moximum altitude,

» eet. Length of main stream channel, 6 miles. Average slops of main stream
channel, 7.5 percent.

Gage-helght record.- Water-stage recorder graph.

Discharge record.- Stage-discharge relation defined below 300 second-feet by measure-
ments; extended above on basis of slope-area determination.

Maxima.- 1938: Discharge, 1,280 second-feet Mar. 2.
1930-37: Discharge, 1,950 second-feet Feb. 6, 1937.

Remarks.- Records furnished by Orange County Flood Control District, through M. N.
ompson, chlef engineer.

Mean dally discharge, in second-feet, 1938 -

Day | Feb. Mar. Apr. [Day | Feb. Mar. Apr. | Day | Feb. Mar. Apr.
1] 9 104 o . 11 17 0.2 0 21 0 4.0 0
2 404 0 12 7 46 0 22 0 1.0 4]
3 1 66 o] 13 0 26 0 23 0 0 0
4 .8 15 0 14 4] 7 4] 24 0 0 0
5|1 0 7 0 15 [} 5 0 256 4] ] 3.1
6! O 2.6 0 16 ] 3.0 0 26 0 0 0
7 ] 1.0 0 17 o] 3.0 0 27 .1 0 0
8y 0 17 0 18 0 3.0 o] 28 | 39 0 0
91 8 1.0 0 19 0 4.0 0 29 0 0
10 (o} 7 0 20 0 .5 0 30 0 ]
31 0
Mean monthly discharge, in second-feet... 2.89 23.4 0.10
Runoff, In 8Cre=fe0t.cscececsccscsscsscnscscsncscsosnsssncncanes 161 1,440 [}
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1938

g Peet|8ec.ft.[Feet [Sec.ft.[Feet |Sec.ft.| Feet |Sec.ft.|Feet | Sec.ft.] Feet | S80.ft.
it | February 27 | February 28 March 1 March 2 March 3 March 4
1 4,93 6.80] 190 | 8.30 90 | 8.35| 27 | 6.90
2 0.4 | 9.60] 1,050 | 5.40 83 | 5.28/ 18 | 6,70
3 6.90] 310 | 5.18 32 | 8.20] 10 | B.46
4 4,96 .1 [ 5.70| 100 { 6.30( 180 | 6.20 9 | 8.39
5 5.40| 44 5,29 55 | 6.60| 210 | 5,556 47 | 6.38
5 5.20 18 5.08 39 | 7.70| 420 | 8.15| &80

7 B.52| &4 4,98 36 | 7.10] 290 | 7.00| =290

8 5.48| 48 4,84 29 | 7.20| 320 | 6,85| 260

9 5.33| 26 4,74 27 | 7.30] @50 | 6.00] 110

|20 5.28( 18 4,63 23 [ 9.10] 840 | 5.85| a4

11 5.25| 13 8.78| 760 | 6.42] 27

X 5.26| 12 7.60| 440 | 5.40| 24

1 8.27| 11 8.00| 880 | 5.38] 21

2 5.26| 7 8,80| 780 | 5.35( 17

3 65.26| & 10.30| 1,280 | 6.34| 15

4 5.26| & 8.50| 700 | 5.34| 14

5 8.25| 5 > 15 | 6.75| 260 [5.34| 14

8 5.16 1.0 9.30 940 | 5.33 12

7 5.02 5 9.37 960 | 5.32 10

8 4,97 .1 6.90| 200 | 8.32| 10

9 8.27¢ 7 6.50] 200 | 5.31 8

10 5.60| 44 5.50 47 | 5,30 6

11 6.50 | 180 J 5.38 28 | 5.30 6

N 7.84 | 480 4.90 56 | 5,40 34 15.69] a4

Santa Ana River Basin
Santa Ana River near Mentone, 0Oalif.

Location.~ Water-stage recorder, lat. 34°06'40", long. 117°06!'00", in SW} sec. 4, T. 1
«s Re 2 W., near mouth of canyon, 0.4 mile upstream from Mentone power plant of
iotgxgloxe;n Ct}alifornin Baison Co., and 3% miles northeast of Mentone. Altitude, about
s eot.

Drainage area.~- Ares, 144 square miles (excluding Bear Valley). Average altitude, 6,422
!ee%. Haximum altitude, 11,486 feet. Average slope, 42 percent. ILength of main
stream chsnnel, 28 miles. Average slope of main stream channel, 6.4 percent.

Gage-height record.- Water~stage recorder graph except 9 a.m. Mar. 2 to Mar, 23.

Discharge record.- Stage-discharge relation defined by current-meter measurements below
P00 seconA-feet prior to Mar. 2 and below 400 second-feet after Mar. 23. Maximum
discharge by slopée-area method. Diechsrge for maximum 24 hours determined from
reinfall-runoff relation, using the records from recording rain gages at Devils
Canyon and Del Rosa as a basis for distribution of the storm rainfall; discharge for
Mar. 2-22 obtained by comparison with adjecent streams.

Maxima.- 1938: Discharge, 52,300 second-feet about 7 p.m. Mar. 2.
1896-1937: Discharge, 29,100 second-feet Jan. 27, 1916, by slope-area method.

Remarks.- Records fair except those for Mar. 2-23, which are poor. Practically no re-
lease from Bear Valley Reservoir during flood period. Discharge 1s for natural flow
of the stream end includes flow in Southern Celifornia Bdison Co.'s canal and Green~
spot pipe line; no flow in canal and pipe line Feb. 28 to Apr, 30.

Mean daily discharge, in second-feet, 1938

Day | Feb. Mar. Apr. |[IDay | Feb. Mar. Apr. | Day | Feb. Mar. Apr.
1 72 979 248 11 119 500 264 21 70 355 431
2 64 15,500 [ 250 12 | 207 1,240 250 22 71 345 440
3 90 8,080 | 255 13 126 1,970 280 23 71 342 424
4 277 2,550 | 266 14 108 1,150 255 24 62 340 400
5 105 1,650 | 271 15 86 760 250 25 83 321 379
] 85 1,000} 259 16 76 580 248 26 63 304 338
7 64 800 | 250 17 75 480 257 27 129 297 352
8 61 670 | 2486 18 67 430 268 28 | 611 .| 285 352
9 78 600 | . 250 19 100 390 330 29 285 356
10 108 550 | 255 20 85 370 379 30 286 347
- 31 253
Mean monthly discharge, in second~feSt.s.cececcesscscasscscss 114 1,405 305
RUROfL, In RCre-feet.cicececsscrocosssrssssssasassannasasssess (6,330 |86,400 {18,150
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Gage helght, in feet, and discharge, in second-feet, at indicated time, 1938

Hour Feot ] Sec.ft. Feet | Sec.ft. Peet I Sec.ft.
February 28 March 1 Mgrch 2

‘1 2.76 343 4.15 865 3.62 578
2 2.90 385 5,60 1,650 3,60 570
3 3.06 438 5.70 1,720 3.59 566
4 3.10 455 5.75 1,760 3.58 562
5 3.16 476 5.70 1,720 3.59 566
6 3.40 530 5.50 1,580 3.65 590
7 3.70 690 5.00 1,280 3.92 700
8 3.95 815 4.80 1,160 4.15 815
9 4.00 840 4.70 1,100 4,45 965

10 3.95 815 4.50 990

11 3.95 815 4.36 920
N 3.88 770 4.25 865
1 3.82 730 4.12 800

2 3.72 674 4.00 740
3 3.68 650 3.90 690
4 3.65 630 3.85 670
5 5.62 618 3.80 650
] %.68 602 3.78 642

7 3.56 594 3.76 634
8 3.54 586 3.73 622
9 3.52 578 3.71 614

10 3.50 570 3.69 606

11 3.50 570 3.66 594

M 3.75 670 3.65 590

Santa Ana River near Prado, Calif.

Location.- Water-stage recorder, lat. 33°52'05", long. 117°40'20", in Lomas de Santiago
grant, at Riverside-Crange County line, in lower Santa Ana Canyon, 3 miles down-
stream from Rincon bridge, and 3 miles southwest of Prado, Riverside County. Alti-
tude, about 400 feet.

Drainage area.- Area, 1,520 square miles {excluding Bear Valley and San Jacinto River).
Average altitude, 2,494 feet. Maximum altitude, 11,485 feet. Average slopse, 28
percent. Length of main stresm chammel, 66,7 miles. Average slope of main stream
chamnmel, 3.1 percent.

Gage-height record.- Water-stage recorder graph except 4 p.m. Mar. 2 to Mar. 29. 8taff
gage read & to 10 times daily Mer. 9-29,

Dischnr%o record.- Stage-discharge relation defined by current-meter measurements below
» second-feet and extended above on basis of mean depth-mean velocity relation,
Maximum discharge obtained from studies of results of slope-area determinationa,
mean depth-mean velocity relation, and s ¢ross section mede Mar. 5, 1938, together
with comparison with maximum discharge of Santa Ana River at Santa Ana (seogp. 182-183).
Discharge for some periods estimated by comparison with Santa Ana River atSanta Ana.

Mexima,- 1938: Discharge, about 100,000 second-feet at 12:15 a.m. Mer. 3 (gage height,
17.32 feet).
1919-37: Discharge, about 18,000 second-feet Feb. 16, 1927.

Remarks.~ Records fair, except for the perlod Mar. 2-20, which are poor. No diversions
during flood period. Slight regulation at Bear Valley Reservoir.

Mean dally discharge, in second-feet, 1938

Day | Feb. Mar. Apr. [Day | Peb. Mar. Apr. [iDay | Feb. Mar. Apr.
1| 186 1,750 326 11| 195 400 240 21 | 128 480 395
21 146 12,300 | 290 12 | 324 3,020 272 22 | 125 430 456
3 130 28,600 | 295 13 | 180 5,210 302 23 | 128 410 486
4} 170 4,480 | 290 14 | 149 3,500 290 24 | 125 410 522
51 144 1,900 | 302 15 | 141 2,800 313 25 | 118 420 616
6 110 1,280 | 326 16| 132 1,100 302 26 | 118 410 529
71 108 1,020 | 205 17 | 128 1,300 277 . 27 | 176 410 420
81 106 780 | 235 18 | 128 1,300 272 28 | 345 400 400
91 1lé2 570 199 19 | 146 890 302 29 380 390
16§ 196 440 | 224 20 | 132 610 350 30 470 413
. 31 450
Mean monthly discharge, in second-feet....c.eecesvecccceccccan 166 2,514 344
Runoff, In BCTO-O0t.eevveeroovesencssnsesssaneassscaroseasses |8,670(154,600 (20,490
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Gage height, in feet, and discharge, In second-feet, at indicated time, 1938

Hour Feet | Sec.ft. Feet | Sec.ft. Feot | Sec.ft,
February 28 March 1 March 2
1 3,60 870 3.20 630
2 4.25 1,360 3.05 555
3 3.82 1,030 3.00 530
4 3.55 840 2.90 480
5 3.65 905 3.10 580
6 3.95 1,120 4.00 1,160
7 4.20 1,320 4.70 1,760
8 4,65 1,620 5.25 2,350
9 2.30 247 4.70 1,760 5.60 2,780
10 4.65 1,620 6.20 3,600
11 4.70 1,760 €.90 4,700
CN 4.75 1,810 8.00 6,850
1 5.00 2,070 9.20 9,800
2 5.50 2,650 2.90 11,700
3 ! 6.00 3,300 10-20 12800
4 6.00 3,300 10.40 13,400
5 2.58 334 6.20 3,600
6 6.00 3,300
7 5.35 2,470
8 4,85 1,720
9 4.20 1,320
10 3.25 648 3.90 1,090
11 3.56 840
M 3.35 720

Senta Ana River st Santas Ane, Calif.

Location.~ Water-stage recorder and concrete weir control, lat. 33°45'00", long. 117°
, in Las Bolsas land grant, an eighth of n mile nbove Fifth Street Bridge in
Sante Ana, Orange County, and 2 miles below junction with Santimgo Creek. Altitude,
ebout 80 feet.

Gage-height record.- Water-stage recorder graph except Mar. 3-6 and Apr. 18-30, when
E] we was filled with siit.

Discherge record.- Stage-diaoha:ge relation defined by current-meter messurements be-
Tow ?U,U'UU second-feet; extended to peak discharge determined by slope-erea method.
Discharge 7 a.m. Mar. 3 to Mar. 6 based on comparison with Santlsgo Creek st Sante
Ans and current-meter memsurements.

Maxima.- 1938: Discharge, 46,300 second-feet about 3 a.m. Mar. 3 (gage height, 10.2
Teot).
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