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MAGNITUDz AND FREQUENCY OF SUMMER FLOODS IN
WESTERN INzVW MEXICO AND EASTERN ARIZONA

by
F. W. Kennon, Hydraulic Engineer

U. S. Geological Survey : 6\’\
Introduction

Numerous small reservolrs and occasional water-spreading structures
are being built on the ephemeral streams draining the public and Indian lands
of the Southwest as part of the Soil and Moisture Conservation Progrem of the
Bureau of Land Management and Bureau of Indian Affairs. ZEconomic design of
these structures requires some knowledge of flood rates and volumes. Infor-
mation concerning flood frequencies on areas less than 100 square miles is
deficient throughout the country, particularly on intermittent streams of the
Southwest. Design engineers require & knowledge of the frequency and magni-
tude of flood volumes for the planning of adequate reservoir capacities and a
knowledge of frequency and magnitude of flood peaks for spillway design. Hence,
this study deals with both flood volumes and peaks, the same statisticel methals
being used to develop frequency curves for each,

It is proposed to summarize in this study the present know.edge of
the magnitude and frequency of floods on ephemarel streams dreining a portion
of the arid Southwest. At the present time most of the soll .a.nd moisture
conservation work ou the public lands in this reglon is located in eastern

Arizona and west of the Rio Grande in New Mexico, The bulk of these lands 1s
| gsenidesert where runoff in the "dry washes" occurs almost exclusively as a re-
sult of sporadic summer thunderstorms. All available records of stream flow
in this region were examined with the intention of developing regional flood-
frequency relationships which might serve as guides in hydraulic design

problems of the Soil and Molsture Conservation Program, All available records



.wreams in the gemidesert lands were used in this analysis., Fifty-one sucia

records were found. The lengths of the recor@s are summarized in the following

compilation: (g;g"i
Length in years: 3-4  5-9 10-1% 15-19 20-29 30=3%9
Number of records: 7 17 14 6 L 3

All records for drainage areas larger than 75 square miles were ob-
tained from U, S. Geological Survey water-supply papers. Of the runoff
recurds for amaller drailnage arees, 7 appeer in U, S. Geological Survey publi-
cations and 18 were obtained from the files or published reports of the Soil
Conservation Service. Of the 7 U. S, Geological Survey records, all except
the record for Sebino Creek near Tucson, Ariz., and Tucson Arroyo at Tucsen,
Ariz,, are considered poor because of unsteble channel conditions., The 821l
Conservation Service records are of uncertain quality, although all stations
were equipped with water-stage recorders and artifical controls. Excessive
sediment deposition near the controls is largely responsible for the uncertainty
of the records., The controls for stations on the amell drainage areas were
welrs, a model of which had been calibrated at a hydraulic laboratory. Sta-
tions for large basins were rated by current meter.,

| The accompenying mep (Plete I) shows the location of all gaging
stations, A list of the stetions shown on Plate I is given in table 1.

Mothod of analysis

After having selected the gaging station records to be studies, the
next step was to compile an annual flood series for euch station. An annual
flood peak is considered as the highest instantaneous discharge rate observed
.during a water year., For the purposes of this report an annual flood volume

is the greatest consecutive 3-dey runoff, including the peak, observed during



the water year. An annual flood series is a list of these single annual
events.

Discussion of computation methods will be confined to flood volumes
with the understanding that the same methods were followed with regerd to
flood-peek rates,

Reason for the cholce of consecutive 3-day runoff as a flood volume
unit is explained as follows: During the summer flood season on the desert
range lends of the Southwest, runoff from areas of less than 100 square miles
usually occurs as & flood flow of relatively brief duration, the stream channel
being dry before and after the flood. Examination of the records of flow of
such streams indicates that almost all summer floods endure for not more than
5 days. For all prectical purposes it may be sald that the same 1s true for
le.x;ger watersheds. A low bese flow mey persist for varying lengths of time
after a flood has passed from a baein of several hundred square miles, but
usually the three consecutive dayes of highest runoff will be found to include
90 percent or more of the total flood runoff,

For each of the stations listed in table 1, the maximum flood volumss
for ell the years of record were arranged and numbered in order of magnitude.

) Having these data there is known the relative distribution of floods in a
given period of years. The problem then is to determine what recurrence inter-
vals these discharges represent. The formula used in this report is simple and
gives results acceptebly in conformence with some of the latest statistical
theories, Recwrrence intervals in years, T, are computed from the formula
_I_._+__l_1n which N equals number of years of record and M equals relative magni-

i

tude of the event, beginning with the highest as number cne.



The annuel-flood volumes for each station are then plotted on a
special chart (see fig. 1 as an example), The vertical scale shows the volume
of flood runoff, and the scale of recurrence intervals is graduated in accord-
ance with the theory of largest values. Curves were fitted to the plotted
data by inspection (see fig. 1). The charts for each staetion are not appli-
cable directly to ungazed area. The records cover different periods of time,
and experience has demonstrated that the average of the annual floods for
- one station may not be compared with the average for another station with a
different period of record. Furthermore, meny of the flood records are short
and the sampling errors correspondingly large. It is therefore necessary to
combine the flood data for the reglon to reduce the large sampling errors, to
give the date regional significance, and so to make the flood frequency
studies applicable to ungeged areas.

The procedure used in combining regional flood data was as follows:
As long a period as possible was chosen during which a representative group
of gaging stations was operated. In this case the 2l-year period, 1930-50, was
selected. The purpose was to determine the average annual-flood volume in
the base period for each of the 15 stations shown in table 2. This average is
not the simple arithmetic average but a graphical mean determined by the
intersection of the visually best-fitting frequency line with the mean line
(the line corresponding to the 2.33-year recurrence interval). This method of
determining the mean in effect gi;;s greater weight to the medium floods than
to the extreme floode that have large sampling errors. The graphical mean
then i1s not influenced adversely by the chance inclusion or exclusion of a
major flood, as is the simple arithmetic meen.

It should be noted that only a few of the stations shown in table

2 have a record covering the full 2l-year period. For purposes of this study
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the . .cord of the other stations is expanded to the 2l-year period by the
methods discussed below.

The graphical mean annual flood for each of the 15 stations is
determined by plotting the 1930-50 record on frequency charts and drawing the
best fitted curve for & short interval on either side of the 2,33-year line.
However, to do this the recurrence intervals computed for each flood of a
record shorter than the 2l-year base period must be the same as they would
have been had the record been complete for this period.

The msthod by which recurrence intervals for a short record may be
ad justed to the longer period consists of computing a figure for each year
of the base period for which no record was obtained. The record would then
be considered complete for the purpose of determining the graphic mean (and
for meking & test for homogeneity). The computed figures are not considered
‘true discharges; they are "computation figures,” inserted to avold bias in the
computation of the mean ennuel floods. These computed figures are obteined by
comparison of records for the short-term station with records for a long-term
sﬁ&pipgrpy msens of a graph correlating annual floods of the same year at both
EEEEEEPB' -

An order number is assigned to each flood observed or computed and
recurrence intervals computed for each observed flood runoff, The floods are
then plotted on frequency charts and a curve drawn to obtein the 2.33-year,
or graphical mean, flood runoff.

Each annual flood that was actually measured is divided by the
graphical mean, This ratio expresses all floods in dimensionless terms and
places them on & comparable basis; that is, all are measured in relation to

the station mean flood for the standard period 1930-50.



The flood frequency graphs for the 1930-50 period referred to above
do not have the same slope at each station. If it can be established that
the difference in slopes is no greater than might be expected from random
errors or vagerles of sampling, then several records may be combined to ob-
tain an average flood frequency curve that wi}l be more dependable than any
one of the individual curves and that can, therefore, be applied throughout a
region.

The test requires a study of the l0-year floods as estimated at each
station., The l0-year flood obtained from the frequency graphs for each sta-
tion is divided by the mean flood to get the 10-year ratio. These ratios are
averaged. Then for eech station there is listed the length of record in years
and the recurrence interval corresponding to a discharge equal to the everage
10-year flood ratio times “he mean flood, (see table 2).

If it 1s assumed that each station represents a different sample
from a single homogeneous record, then the recurrence intervals will not differ
among themselves by an amount greater than can be attributed to chance. A
chart (see fig. 2) has been set up to test this supposition. It shows what
range of recurrence interval can be expected for the estimated 1lO-year flood,
19 chances out of 20. In using the chart the effective length of record may be
taken as N, ¥+ 0.5 Ng, in which N, is the number of years of observed record,
and Ny is the number of years for which "computed values" for annual flood
volumes were estimated. The recurrence intervals taken from table 2 are plot=-
ted against the effective length of record on figure 2. It will be seen that
all points lie between the limiting curves and, therefore, there is no reason
to presume thaet the records lack homogeneity.

Having tested the homogeneity of the 15 records which are to be com-

bined, the flood ratios for each station were then listed in order of magnitude.
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Order number one, of course, refers to the greatest measured flood at each ste-
tion, number two the second highest, end so on. For each order number the
median flood ratio together with the corresponding recurrence intervel were tabu-
lated end then rlotted on a frequency chart (see fig. 3). Tke curve defined

by these plotted points showing flood volumes in ratic to the mean annual flood
volume may be consldered as representing the most likely flood-frequency velues
for the reglon for recurrence intervals up to about 20 years.

Since major interest is centered upon rere floods of at leeast 50~
year magnitude, 1t was necessary to extrapolate the curve shown in figure 3
beyond the 20-year recurrence intervel. The station-year method was used to
guide this extrapolation. If, for example, 5 records of 20 years each can be
combined to obtein a 100~-year record, then the accuracy of predictions can
be increased through reduction of the sampling errors. In applying the method
to flood frequency studies, it is required that the flood frequency charscter-
istice be camparable and that the data be independent.

It hes been shown that the longer records for the region appear to be
homogenevus., Since the flcods under conslderation almost inveriably result '
from locelized thunder storms, they may be considered as independent events,\f
rether than floods produced by extensive genersl atorms. J

A form of station-year anelysis appears on Table 3. Here the maxi-
num flood of record 1s listed for eech of 1€ staticns selected from those
listed in table 1 whose eggregate record equels 336 years. The dates show
that tre maximum floods occurred in different storms, and thus may be consi-
dered independent events. The maximum flood is divided by the mean annual
flood and a recurrence intervel assigned to the flood ratios in accordance wita

the formula T = 336+ 1 in which M is the order number of the flood ratio, 1
4 a



being assigned to the greatest ratio, and 336 ls the sum of the periods of re-
cord observed at each station. These ratios were plotted on figure 3 to define
the upper end of the curvc.

‘The flood-frequency distribution computed as above may be epplied to
the ephemeral streesrs draining the desert range lands of the Rio Puerco and
Mimbres besins in New Mexico and thet area in Arizona south of Gila River be-
tween Santa Cruz River and Peloncillo Mountains elong the Arizona-New Mexico
state line. It may also be epplicable to the eastern pert of the Little
Colorado River basin, Moenkopi Wash near Tube is comparable to Rio Puerco and
southeast Arizona stations, but this 1s the only long-term record available for
the desert basin part of the wetershed. Figure 3 should not be applied to
small dralnage areas in higher mountainous areas of the region. Precipitation
is appreclably greater on these arees than on the intermountaein basins, and
floods from small areas in the mounteins mey be considerably greater then
floods from comparable arees on the lower plains.

Application to ungaged areas

In order to apply the flood frequency distribution curve to ungaged
ereas, it is necessary to estimate the meen ennuel flood for each area. This
involves a correlation analysis of the observed mean floods with drainege
besin characteristics.

Assuming thet the region is meteorologlcelly homogeneous, the most
important basin factors which affect the mean flood volume are area, topography,
and soll infiltration cepacity. The mean flood peak rates are also influenced
by additional factors such as shape of drainage basin and channel storage. Of
these the moet imporiant appears to be area, the factor on which information
is most readily available. Measuring other basin features is more difficult

and, unless good topographic meps end informetion on infiltration rates are



evallable, it may be impossible.

The region considered in this study has not been adequately mapped
for the most part, hence, basin area is the only feature which may readily be
correleted with mean floods. The correlation employed is e simple plotting of
annuel mean floods agaelnst drainage aree on logarithmic peper.

As some of the station records were obtained prior to the base period
1950-50 used in developing the combined freguency graph on figure 3 and some
short records would not correlate with any of the longer records, not all values
for meen annual floods to be releted to drainzge area were adjusted to a common
reriod, In each case, however, the probable range in values for the mean
annual flood was computed. The range varies inversely with the length of re-
cord. The computation is based on the teble below where N is the length of

record end T is recurrence interval in years.

Limits
(one standerd deviation)

N Upper T Lower T
3 L7 1.45
L k.3 15
5 4,0 1.5
6 5.8 1.5
T 36 1.6
8 3.5 1.6
9 3.4 1.6
10 Hed 1.7
15 i § p 1%
20 3.0 1.8
25 2.9 1.9
30 2.85 1.9
35 2.8 1.9
Lo 2.75 1.9

An example will illustrate the use of the table., Station No. 2,
Rio Puerco near Cabezon, has a 6-year record. The ennual floods were plotted

¢1 & frequency chart and & curve fitted by inspection. From the preceding
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table i1t was found that the mean annuel flood velue may be expected to lie be-
tween flood values whose recurrence intervals ere 1.5 end 5.8 years. One enters
the frequency curve, based on the observed 6-year record, at recurrence inter-
vals 1.5 end 3.8 yeers and derives values of 440 end 660 cfs-deys. These
figures-define the probable range of the meen ennuel floods at Rio Puerco near
Cabezon, The mean flood is not, therefore, plotted against drainage erea as
a point, but as a line extending from 440 to 660 cfs-days (see fig. 4). Such
range lines were plotted on figures 4 and 5 for all statlons. It was evident
that two curves would average the observed data.

Mean ennual flood volumes recorded at gaging stations in western
New Mexico and in Sen Simon Creek, Arizone, for areas of more than 10 square
miles, line up fairly well when plotted egainst drainage areas, as shown on
figure 4. The solid line on figure 4 is presented as en average of the plotted
floods, the longer-term records being given greater weight. For the purpose of
estimating mean annual flood volumes from ungaged areas, it may be assumed
that figure 4 1s applicable to Arees 1, 2, 3, and 4, shown on the drainage map,
Plate I.

Figure 5 is a similar curve applicable to Area 5, which includes the
Santa Cruz and San Pedro River basins and the mountainous area near the south-
east corner of Arizona at the headwaters of San Simon Creek and Whitewater
Draw, Considerably greater flood volumes may be expected from this area as
compared with Areas 1 to k&,

Frequency analysis of flooa-peak discharges

As was mentioned previously a frequency analysis of flood peak dis-
cherges was made using the same methode as those employed in dealing with annual

consecutive 3-day volumes. The gaging station records used in the analysis are
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listed in Table 1. The genecralized flood frequency curve derived from these

deta eppears as figure 7. It is applicable to the seme region as the flood-
volume frequency curve with the exception of Aree L4, this exception to be dis-
cussed later. Figures 8 and 9 show the relation between mean annual peak
discharges and drainage arecs, from which mean annual peak discharges for un-
gaged basins may be estimated. Figure 8 applies to Areas 1, 2, and 3; and

figure 9 applies to Aree 5.

An inspection of figures 4, 5, 8, and 9 reveals that, in general, relc-

tively low peak discharges are associated with low flood volumes in Areas 1, 2,
3, and 4; wherees high retes and large volumes occur in Area 5. Convectional
storms apparently are characterized by higher intensities and higher total pre-
cipitetion in Area 5 as compared to the other parts of the reglon.

Precipitation intensity dete for the region are meagre, but the data
that are available illustrate this trend. Leopold's (1944) values for average
summer maximum 24-hour precipitation clearly indicate greater severity of
summer storms over the Santa Cruz, San Pedro, and Sulphur Springs basins as
compared to the Middle Rio Grande and San Simon Creek. Soil Conservation Ser-
vice studies (Dorrah, 1945) of precipitaticn intensities made by the regional
office at Albuquerque also show southeast Arizona to be & center of greater
convectional storms. It chould be noted that San Simon Creek lies within this
reglon of greater storms but has no recorded floods comparable to thcie ob-
served on San Pedro and Senta Cruz Rivers. The San Simon basin topography mey
be such that storms tend to override the area.

There are other flood anomalies which can best be discussed by further
consideration of figures 4, 5, 8, and 9 relating mean floods to drainage areas.

Beginning with figure 4, it will be noted thet the Sen Jose River Stations No. 6

il



and 7 plot conslderably below the meen curve, indicating very low flood
volumes for these stations., Flow from the upper 215 square miles of the San
Jose watershed 1s almost completely reguleted by the Bluewater=Tolte Reser-
voir (capacity 46,000 ecre-feet). This has been taken into eccount by reduc-
ing the drainage area for Stations 6 and 7 by 215 square miles. Between
Bluewater Reservolr end Station 6 there are 5,100 acres irrigated by diversion
from the river or by ground water withdrawals, Between Stations 6 and 7 there
are three smell storage reservolrs serving an irrigated area of 3,500 acres.
This irrigetion activity reduces flood flows to some extent elthough the
principal reason for the low San Jose flood volumes is believed to be due to
excessive channel losses. The San Jose River flows through fissured lava bed~
from a polnt considerably above Grants to Laguna, It 1s thought that losses
through the permeable lave in thils reach are great enough to reduce flood
volumes substantially.

The probable range of values for mean annual flood volumes at Station
30, San Simon Creek near Rodeo, also extends considerably below the mean curve
on figure 4. The Rodeo records are of dubious quality. This station as well
es Stations 32, 33, 34, 39, eand 40 were operated by the University of Arizona
from 1920 to 1925. All were operated &s non-recording stations, and it is not
Imown how well flood stages mey have been observed, Moreover, 1t may be said
that it is nearly impossible to obtain reliable volume data on flash floods
without recording instruments. Returning agein to the plotted flood data, it
is seen that, whereas the range line for Station 30 drops to & very low value on
figure 4, the range lines for Stations 23, 39, and 40 extend well above the
mean curve on figure 5. Since all four stations are relatively near each
other, it seems most unlikely that flood volumes would be very low at one ste-

tion and very high at the other three. Little weight should be given the
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results obtained at these stations individually.

Turning to the flood peak graph, figure 8, it is evident that the San
Jose River Stations 6 and 7 exhibit very low flood peek rates. This mey be
attributed to excessive channel losses and irrigation diversions which were dis-
cussed previously in connection with fl:.d volume anomelies. It is not known
why the Soil Conservation Sorvice Station 13 near Santa Fe shows such a low peek
flocd rate.

The high peak dlscharges obscrved at most of the Mexican Springs
stetions, Nos. 18-26, as well as Tijeras Creek near Albuquerque, No. 15, end
Scil Conservation Service Station 36 near Safford are probably releted to topo-
gravhic features of their respective drainege basins., With the exception of
Mexican Springs Station 2%, all these drainage basine possess steep prevailing
slopes which favor high peak discaerges. Although flood volumes at these sta-
tions are similar to the volumes observed at other stations in Areas 1 to 4,
the peak rates are camparable to those observed in Area 5, The range lines
are plotted on the Area 5 mean annual peak rate curve, figure 9, as dashed lines
to demonstate this.

Use of figure 8 in estimating the flood discharge for Vhitewater
Drew near Douglas, Arizona, Station 41, has been found to give erroneous re-
sults. However, in testing for homogeneity, figure 6, “able L4, it was found
that peak rates at Station 41 are not comparable to those observed elsewhere,
hence the reglonal frequency curve, figure 7, cannot be used in that vicinity.
The frequency curve defined by the Station 41 record indicetes flood peaks of
much lower magnitude than does the regional frequency curve for recurrence
intervals beyond 2 years. In this regard it is significant to note that the

highest peak of record at VWhitewater Draw near Douglas lies close to the
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regional frequency curve vhile the next lower arnuel peak lies far below the
regional curve. The No. 1 peak is almost three times as great as the No., 2
peak, It may be that this represente one of those odd samples whose idio-
syncracy is due to chance alone and that with time this stetion's flood ex-
perience will approach the regional norm.

As a check on the upper end of the regional flood peak frequency
curves, a pélot of discharge against drainage area was made of the highest
floods of record for the region (see Teble 5 and 6, fig. 10). The 100-year
flood peak curves are shown on this figure. It will be seen that the estimated
100=-year floods lie anong the higher floods of record.

Use of the method in estimeting flood volumss and vpeak discharges,

To illustrate the use of the foregoing frequency data in estimating
floods at an ungaged site, the following examples are presented: Suppose a
50=-year flood peak and volume is required for e tributexry of the Chico Arroyo
in Areca 1. Assume the drainsge basin above the point of interest is 10 square
miles., If there are no oxceptional besin avnormelities, the mean or middle
curves on figures 4 and 8 are entered at 10 square miles, and a meen ennuel
flood volume ea.d peak flow rate are found to be respectively 24 cfs-deys and
520 cfs. Figure 5 1s then entered at the 50-year recurrence interval to obteain
e ratio of 50-year to meen annual flood volume of 3.72. The 50-year flood
volume is then 24 cfs-days multiplied by 3.72, or 89 cfs-days. Similarly,
figure 7 is entered at the 50-yeer recurrence interval for a ratio of 50-year
to mean annual peek of 3.65. The mean ennual flood peak of 320 cfs is multi-
plied by this ratio, 3.65, to obtain 1,170 cfe as the 50-yeer peak discharge.

The accuracy of flood frequencies computed in this manner are

chiefly dependent on the accuracy of the estimated mean annual flood., Other
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. characteristics, aside from area, are lknown to influence flood flows.
Zhiese will be studied in a correlation analyses planned for the future in an

effort to increase the accurscy of flood estimates for ungaged arees,

U, S, Geol. Survey
Water Resources Division
Denver, Colorado

1954
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UNITED STATES
DZ-ARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

File No. {

Washington —_.......
District oo

Sta ; Period of Dr&ua ° Mgag.‘:!;nmg'g}‘?gr
No. Geging Steftion i Recprd eqﬁﬂes c\ffgli ;& e cfga.te:
) MEXICD } S . ~ L
1 |Rio Pperco pr. Cabpzon f___/_ 1943-50 36( 556 2,130
2 |Rio Pherco gt Cabezon | “ [1646-5h 397 556 1,600
,_B_EEQPIMQJ'J nr. Gu&dg}!!ﬁq d 119hk- 1,394 P 100 7,100
4L |Rio PsLerco dt Rio Puercol 1913-50 5,16 5,700 10,800
5 | Tt Phevcs g, Bernsrio 1940-51 5 864 ,900 8,700
6 | san Jése River nr.| Grant 1937-51 8792 122 260
7 |San Jose River at Lorreo 1910-15, 2,4192 910 2,700
. i 1943-50
8-10 | SCS stationg on Monteno Grant
nr. Albuquenrque i
8 |w-1 1939-5p a.125 0.68 L7
9 [W-2 1939-5p Q.063 0.37 21
_10 |W-3 | - 1940-5@ g.242 0.96 18
11 |Rio Salado nr. San Acaci# / |1946-50 1,380 825 5,500
12&13| SCS stationg nr. Spnta FJ: _
12 |w-1 1939-4B d.22 0.72 38|
13 (W-2 , 1940-4 1.23 0.80 13
1% [calisteo CrJ nr. Domingo|  1942-51 64 15 500
15 TiJerls Cr. lnr. Albuquerque 11921, 1943-48 74 70 2,500
16 |Mimbres River nr. Vlimbre+ 1922-25, 1927 18 265 800
. 1929-50
17 |Mimbrgs River nr. E‘aywooi 1917-15, 1930- 48 680 f4,000
3 . 50, 19bB-1o
18-26|SCS station jat NavLJo |
Experiment Station |
18 |Pershdll Wash _ > 937-40, 1942 0.95 4, 310
19 _|Mexicdn Spribas N937-bp 87 | 8 | P00
20 |Catron Wash 1937-40, 1942 26,9 72 2,000
21 |Figuentedo Wesh 1937-39, 1942 72,0 130 ,250
22 |Rorcrdss Wa 1937-39, 1942 3.98 5. 3 170
| 23 |Black [Creek 1937-39, 1042 Th4l 18. 86 390

a « Drainege area above station has been reduced 215 sq. miles (see text for

\



UNITED STATES

By

~——

e DEPARTMENT OF THE INTERIOR rue No. [w"“"‘“‘"—-—
GEOLOGICAL SURVEY District — e .
Table 1. (Contimued) (2)
Mean ual [Flood
Sta. Peripd of Dr::jéao 828 Rp-3 -
No. Gaging Stationm Recprd 8q. les s s £
24k |Horsepasturd Wash 1938-4p d.29 0.37 28
25 |Lower _croano 1938-4p, 1942  13.3 20 800
26 | Chusc4 Wash 1950-Lp g4.67 16 820
27 Pnorctl River ar. Gpllup | 1940-4 558 620 2,550
ARIZONA
28 |Puercg River mr. Aflamana 1940-4 2,76q ,100 1_13,1»00
29 |[Moenkqgpi Wash nr. Tuba 1927-5D 2,270 2,340 6,000 |
30 |Sam Simon Cx. mr. Rodeo 1920-25 sk 170 c
31 |San S{mom Cif. mr. fan Sidom  [1920-2B, 80 740 ,150
1931-33,
1935-4p
32 |San Simon C1. mr. Solomon 1931-38, 2,280 660 7,000
1935-5D
33 |E. Tugkey Fork nr.|Paradise  [1920-2f g.2 92
34 [Cave Gr. nr. Paradise 1920-25 39 0 c
35-38|SCS etations nr. Shfford
35 |w-1 1939-52 0.81 L, )
36 |w-2 1940-52 1.07 6, 470
37 |W-k 1939-50 1,19 3, 113
38 |W-5 1939-52 1013 3, 103
39° |W. Turkey Fofk nr.|Light 1920-2% 190 680 ¢
40 |Whitewater Drav nr| Rucken 1920-2% 4oLo 610 o
41 |Wnitewater Draw mr Douglas 1915, 1918, | 1,023 ,250 ,570
1931-33,
1.935-50
42 |San Pedro Rijer at|Charleston [913-1%, 1,220 4,250 ,000
-A915-338,
1935-50
43 |Aravaips Cr.|nr. Felimap 1919-21 540 1,850 ,300
1931-41
ki |Santa [Cruz R. sir. Nogaled 01k-19, Sk 1,190 k,150 |
1931-50

¢ = No instantaneous flood peak data available




UNITED STATES

o ]
DEPARTMENT OF THE INTERIOR  pue No. [ i
GEOLOGICAL SURVEY District .
Table 1. (Continwed) (3) . . .
Mean Annual [Flood
Sta. I Perpd of D“A.-j”f;" TZ3 P33
No. Gaging Station | Recbrd 8q. miles |crg ddys cfs
45 |Sonoita Cr. jar. Pategonis 1930-3B, 214 530 3,500
L e || o
| 46 [Rillifo Cr. por. Wrjightstdwn  [1940-U 221 650 I2,300
47 |Rillito Cc. mr. Tucson 1914-5p 916 1,550 6,300
48 |Sabing Cr. nr. 'ruc'bon 1932-5p 35 405 i,oho
45 | Tucsod Arro o at 'l*xcson 194L-5D 21.5 132 1,200
50 | Queen| Cr. l‘ Supprior 1916-17, 143 570 ik, 950
1948-5p
51 |Nogales Wash at Nogales 1931-33 R 3G b 3,350
Note|: Period of |record| indicstes pdriods for which redords wbre processed
vhey this [reporty was prepared.

b = 0nly 2 years of record available for flood vols.
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Period: 1930-50
Table 2.--Test for homogeneity, annual maximum consecutive 3-day vols. (cfs days)
' Draix{age Mean N0-year Q2.33| R.I [Effectfve
Sta. Arda ‘gfllggé Flood | Q10| x | for [Length|of
No. Jaging [Statio |_8q. miles |po5-33) Q10 | Q2.33| 2.39|Col.7 Record
(1) 2) (qg (&) GIT (&) [ (1) | (B) (9)
NEW MEXICO i ]
! 4 _|Rio Plerco at Rio Puerco, 5,16 6,350/11,609 1.83 35,200| 30 | 19
8 |Montedo uraqt, W-1 |  0.125 | 0.73| 1.4%|1.97 |1.7% | 20 16
[14_|celisteo crJ at Dohingo | 640 1,050/ 2,11d 2,01 {2,510| 18 1y
16 |Mizbrds R. dr. Mimbres 183 270{  8ud3.11 | 65| 6 | 22
~17 Mimbr&s R. nr. Faywood 485 835| 2,389 2.85 |2,000( 7 21
1 ARIZONA |
28 |[Puercé R. ni. Adamhna 2,754 15,800113,50q 2.33 13,800| 11 | 16
29 |Moenkopi Wagh nr. Tuba 2J2]d 2,230( 5,100 2.29 15,330 11 21
32 |San Sj:;pn Cx. nr. Bolomon 2,284 1,700| 3,800 2.24% [4,060| 12 20
38 |Safford W-5 1 I 1.13 3.45| 6.2 [ 1.80 | 8.24]| 33 16
41 m_zitevluter Oraw nri 1,023 1,230} 2,270 1.85 (2,940 26 20
Doujla.s
42 |sen Pedro R. nr. Cherlesi 1,220 L 560 8.!;8%_{.86 10,900{ 19 | 20
ton
43 |Aravaipa Cr. nor. Ftldman» 540 1,000| 3,500 3.50 |2,390| 6 | 16
L4 |sentaiCruz R. nr. *ogalej 542 1,220| 2,760 2.26 |2,920| 12 | 20
45 |sonoita Cr. nri.__rip,Lo_g_gni 210 610 1,600 2.62 |1,460| 7 2l
47 |Ri1114o Cr. nr. Tubson 916 1,260| 3,800 3.01 (3,010l 6 | 21
48 |Sabing Cr. nr. TucLon ___3%.0 440} 1,210 2.75 [1,050| 8 20
16 /p8.28
mear} ratio 2.39
Note} Thig table| includes all statipns with 10 j‘m ~ moreiof redord, with
tae |exceptiion that whexe two br more stations weke cloge by, lonly one
——-———of--t&xe—sro p-has|been—dntered; -

A"
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Table 3.--Three-day volumes--Station-year frequency tabulation

Q\w

Washington ...

- —————

! ‘Years i f"ea?ﬁ%&““l ﬁiecur.
Sta. i i of Q Max Q2L.33  |Q Mex| Int.
No. Station | iRecord cfs fays cfs gays 1Q2.33[(years
U B 5. N R N R .
4 | Rio Pperco gt Rio |Puerco 128 31,_159__-__ 5,70 < 15.45 89 -
8 |SCS sta W-1nr. Albuguergue 1k 1.88 .68 - [2.77 26 |-
12 |scs sta W-lior. Seita Fe| {10 3.12 2720633 | 71|
14 | Galisteo Cr{ at Dolmingo I |10 2,180 176 x|2.82 | 27 -
47_-&1@:& R. nr. Fay{vood 34 k4, 9p0 6Bb :17.28 {119 |~
e IZONA | ! ,
28 __PuercL_R. I iy 10 ! 13,600 5,100 5 [2.67 | 24
29 Moenktpi Wadh nr. [Tuba, 24 | 9,510 2,380 7 |4,06 | 51 f-
3. | San Simon C¥#. nr. Solomon 19 | 5,300 1,660 13.19 | 32
37 | SCS ¢ s{:a W=k |nr. _Se!fford 14 io.h .6 . [2.89 30
_k41 | Whiteyater Draw nr. Douglas 21 5,2B0 1,250t |4.19 60
42 | San Pedro R{ nr. Charleston 36 54,000 L,250 () 12.70 | 178
43 | Aravafpa Cr{ nr. Fl;ldman 14 6,450 1,850 :.[3.50 b i
L4 | Senta|Cruz B. or. Nogaleb 26 | 3,0L0 1,190 2.53 | 22 | !
45 | Sonoita Cr. |nr. P t_ogoniL 20 1,740 530 - [3.28 | 36 ("
47 | Rillito Cr.|nr. Tyeson | 37 | 20,0p0 1,550 ¢ 12,90 | 357
48 | Sabinp Cr. mr. Tudson | | 19 | 1,6R0 bop < |h.02 45
SNV UV SRR B S N
|
TOTAL i 336" I
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District ..o .

Table 4.--Test for homogeneity, annual peak rates, period 1931-50

| neGE [0 yeas Q2.33| R.I [Effectlive
Sta. D', a“?og% Q10 | QO0| x | for [Length|of
No,. Geging Stetion | | Area | “cr5”| cfs | Q5.33 2.29|Col.7 |Record)

of |
mimy il T Y[ [ T (e Tor

4 | Rio Pherco dt Rio Puerco| 15,160 10,800122,800( 2.11 p4,700| 11 | 18.5
8 SCS station [W-1 nr.Albugperque /0.125 53| 151 2.85 121 7 | 16
14 |Galisteo Cr{ at Domingo | | 640 |4,950/9,400| 1.90 11,300| 21 | 1k.5
16 | Mimbrbs R. &t Mimblree 183! 800/1,870! 2.34 [1,830] 10 | 20
17 | Mimbrés R. gr. Faywood 485 | 4,160/8,040| 1.93 | 9,530| 19 | 19.5

_ i ABIZORA | I

28 | Puerc¢ R. ni. Adamona 2,760 04,500|30,500 | 2.10 83,200 13 | 15
29 | Moenkopi Wagh nr. Mube 2,490 | 5,400(13,200 | 2,07 h2,400| 15 | 20
32 | San Simon Cf. nr. Bolomoh 2,280 | 7,000[12,700 | 1.82 [16,000| 26 | 20

1.13 126 340( 2.70 289 7 |16
480 | 9,200(2L,200 | 2.30 P1,100] 11 | 20
540 | 5,760|9,600 1.67 L3,200{ 46 | 15.5
542 | 4,650/9,150| 1.97 10,600| 19 | 20
210 | 3,500/9,9601 2.84 8,020 8 | 20
221 | 5,850/12,700 | 2.17 013,400( 12 | 20

38 SCS station
42 | san Pedro R{
L3 Aravajpa Cr|
44 | santa{Cruz R.

L5 Sonoita Cr.
46 Rillito Cr.

48 Sabini Cr. nr. Tuelon 35.0 960(2,800 | 2.92 | 2,200f 6 | 19
L9 Tucson Arroyo nr. [Tucson 21.5 11,370|4,000| 2.92 | 3,140 6 |15.5
N N . .
| 16/36.61
r

Mean|ratio , 2.29

41  |whitewyater Iraw nr. Douglas 1,023 | 2,460(3,530 | 1,43 |5,510]| 2004 | 19,5

17 /138.04
2.2k |
2.24 x 2,460

Note:| Whitqwater Praw iF not hHomogeneous with thg above| atatﬂbns.

2,0

-
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DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY
Table 5.--Station year frequency tabulation--annual maximum peak rates

File No. {

Washington ...
District .

Meon
J IRES = Ry @ Mex Fecur.
No. Gaging Stztion Record] cfs Date Q2 3 Q2.33 |(years)
NEW MEXICO _ ] _
b | Rio Pperco ,Jt Rio [Puerco 18 [28,000| Aug.21,1935 10,800 2.59| 24
8 |SCS ste. W-1 nr. Albuguerque 14 155| Sept.§,1947 47| 3.30( 39
13 |Scs sta. W-2 nr. Sant_a._lj‘L 10 123/ Aug. §,1944 13| 9.50| 156
1% | Galisteo Cr{ at Dolningo 10 (10,500| Aug. 3 ,1949 |1 5,500| 1.91| 20
16 | Mimbrée R. fr. Mimbres 20 | 2,230/ Aug.19,294% | Boo[ 2.79| 28
ARIZONA
28 | Puerce R. nr. Adarans 10 [30,000{Aug.13,1946 A3,400| 2.24| 21
29 | Moenk¢pi Wagh nr. [Tuba 26 (15,100}Aug. 4,1929 [6,000( 2.52| 22
32 | San Simou Cx. mr. Solomonh 20 27,500|Aug. 9,1931 | 7,000( 3.93| 52
38| scs sta. w-9 nr. tm 1 | u28lAug.1d,1952 | 103 k.15 78
42 |San P R{ nr. Charleston 35 [98,000(Sept.28,1926| 9,000{10.90 | 313
43 |Araveipa Cr{ nr. Feldmen 14 0,000|Aug. 2,1919 |7,300| 2.74 | 26
44 | Santa|Cruz B. nr. fogale: 27 p2,000|Aug.31,1935 | 4,150| 2.89| 31
45 |Sonoita Cr. |nr. Pa.ta,qonii 23 {14,000/ Sept.30,1946] 3,500/ 4.00| 63 |
47 |Rillito Cr. |or. Tucson 38 P8,000|Dec.23,1914 |6,300| b.44 | 104
48 |sabing Cr. gr. Tucgon 20 |3,200|Mar. 3,1938 |1,040| 3.08| 35
L9 | Tucson Arroyo nr. [fucson 13 | 4,100|July24,1948 | 1,200| 3.42| 45
tomar] | | | 312
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- DEPARTMENT OF THE INTERIOR  piioxo. | *oo8ton e
GEOLOGICAL SURVEY | Distriot ..

Table 6.--Swmary of high sumer flood discharges for Arizona end western New Mexico

! ‘ tource
Sta. ! Dra 8 Dischiarge of
No. Gaging Station a cfs ecord
T T D B il i
1 _R_i_q_h'rorco . Cabpzon | | | 360 4,400
_2 |Rio Pderco at Cabegon | ) 397 2,440 a
3 |chicoArroyd nr. Ghadalupe | | 1,39 12,00 | a
L |Rio Pderco &t Rio Puercoi ! | 5,160 __39,d00 | &
s |Rio Pderco dr. _139_:—+ard0 1 | 5,860 18,800 a
6 isan J.c{s@___li_-_t:-_ Grants 87p 1,330 a
7 |Sen Jgse R. mt Corteo . ' 2,415 11,400 a
8 [Montado Gremt w-1 | | Lol pas | 5 | v
9 |Montarjo Grant W-2 ' : | D.063 100 b
10 |Montado Graok W-3 | D. 284 158 b
11 (Rio Sglado n!r San|Acacia 1,38p | 27,400 a
12 |senta [Fe W-1 P _ D, 22 181 b
13 |santa [Fe W-2 o 1.23 123 b
14 Galietleo Cr.| at Domingo 64D __10,500 a2
15 |Tijeras Cr. pr. Albuquerque _ h | 4,810 a
16 |Mimurds R. at Mimbres , 183 2,330 a
17 |Mimbres R. nr. Fayyood | | 485 8,50 | &
18 Pa_zjshtJl],_ggs nz_-._,h!‘lex_.. Springs | L , D.95 517 b
19 |Mexicdn Sprihgs Webh | 30,7 4,500 b
20 t.r Met_ica.n s!prings' 26.9 | 4 .710 b
21 h nr. Mg;i_galn Sprihgs i 78.0 3,280 b
22 h nr. lilexic , _Sprian o .98 8 b
23 gh nr._l:gexic __§pg;%1ga I 41 54 b
2k Wash nr. Mexican Springs D.29 60.4 | b
25 e nr. hjgxi_gal,n Springs 18.3 1,500 b
26 prings _ B.67 | 1,260 b
27 1. _ 5% | 3,70 | a
28 i _ 2.76L 30,000
29 _ 2,499 15,100 a
L3 #&n Siron 843 5,6}20 a
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Table 6.--(Continued) (2)

‘ ‘ Draigege ]L“ Source
Sta. ! Arega Discharge of
No. Gaging Station 8q. miles cfs Record|
32| San Simon Cx. nr. Solomon 2,280 27,500 | a
34 |cave ¢r. nr| Paradise | P 39 3,360 a
35 | Safford W-1 B 0.81 436 b
36 |safford w-2| o _ 1.07 1,000 b
37 [ Safford W-4 1.19 189 b
38 |safford W-5 1.13 428 b
41 |Wuitwater Inaw nr. _Douglis 1,033 9,950 a
L2 Isen ;Idro RJ at ChhArlestown 1,480 98,000 a
43 |Aravajpa Cr. nr. Fpldman 540 20,000 a
44 |Santa|Cruz §. nr. Nogales 542 12,000 a
45 |Sonoita Cr. mr. Pa.!t.agonm 210 14,000 a
L6 |Rillito Cr. mr. Wrightstown 231 9,000 a
47 |Rillito Cr. jmr. Tucson 916 28,000 a
_48 |sabing Cr. mr. Tucon 5.0 3,300 a
49 | Tucson Arrojo at Tucson d1.5 4 100 a
50 |Queen|Cr. nn. Superior 143 13,200 a
51 |Nogalgs Wash at Nogales 30.0 4,400 a
, _ NEWI MEXICO
52 |Sea Cristobsl Arroyo nr.|Lamy | 1.5 2,460 c
53 U;_ng_éd vasH Estanbie valley 3.0 3,960 c
54 | Unnamqd wash Estantia Velley 1% h,?éo c
55 |Tajique Cr. [at Tajlique 12 1,110 c
56 |Santa|Fe Cr.| at_Santa Fe i 7.0 L4 400 <
57 |E1 Rancho Arnroyo nr. Pojaque 6.7 47,000 | ¢
8 ArrcléL Ramon Matinbz nr. |Poieaus 0.8 1,780 c
59 |Santa|Fe Cr. nr. Santa Fq 2 3,200 a
60 |Arroyd Hondd nr. Spnta Fd 1835 | 2,430 a
61 |Unnamdd wash nr. San Ysidro .0 __k,150 d
62 |Unnamgd wash nr. San Ysidro ] .25 14,900 d
63 |Abo Wdsh nr. Scholte 257 18,300 d
ARTZONA
64 |Big Springs Wash nr. Safflord 6.2 5,300 e
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hl

[ Washington .........
l Distriet .___

l l Dr:%age LSourcl
Sta. L ’ a Discharge of
No. Geglng Station ag. miles cils ecord
65 |Billidgsley Wash nr. Safford R A 3,300 | e
_66 |Five Q'clock| Wash pr. Safitord 5 )f.é 2,920 e
67 _|Packext Wash pr. Safford | k.0 2,300 o
68 _|Shelddn Wesh! nr. Safford | 5.9 1,120 o
69 Blackjield Whsh nr, Saffdrd .1 586 o
70 |PicocHo Wash nr. Yuma .5 37,4900 f
71 |[Uunamgd wagh| Huleipi Res. .3 1,900 f
72 |Big Sdndy Cr{. nr. Vellton 270 49,4q00 oy
73 |Gila H. at Winkleman 39D 5%,400 by
74 |Pinal [Cr. at| Globe 2 11,400 f
75 _|Chase [Cr. 2p 12,940 £
76 |Petersgon Cr.|nr, Safford 25.7 4,600 f
77__ |Unnamegd Wash| nr. EIJM 3p.3 5,700 -
] NEW|MEXTCA
9 |Embudd Arroyp at Aibuquerque 18 3,350 N S
80 |Rio Hdndo nr{. Arrojo Hondo 8 | 2,510 r
81 |El Rito Cr. . E1|Rito 1P 1,340 T
82 |Rio Santa Crhz at Cundiyd 38 2,810 £
83 |Rio dq Arenas nr. Hurley 16 2,860 f
84 |Camerdn Cr. hr. Eutley 46 5,490 £
85 |Unnamed arrofo nr. ta [Fe -~ 2 1,920 £
86 |Polomas R. nr. Hermosa 5p 8,680 4
87  |Trujillo Arrpyo nr} Hillg boro 7 2p 20,800  §
a. U. §. Geolpgical|Survey Water| Suoply Peperls
b, U. S Soil| Consexvation Service filés and ireport
c. FilJe of WL F. Somers, |U.5.G.5., Salt Lakg City,lUtah
d. Filegs of HL M. HtLdson, U.S.G.5., Santa Fe, New Minco
e. Duni - Safford |Reporti by Turmer and ot’;érs.
: o M&xllnum flpod fldws in Western Unit%d States by L. W. ﬁmess

~

W
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Figure 2. Homogeneity test, flood volumes.
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Flood dota plot
{ March 1949)

—y T Y T -
¥ 1 1 ol | t L1 n w
J « 1 T m. . T -+
: 1
ISEBRE n H
1 T ] S 1
BERE | [
i ! BEER 1 v £
T T “ HIGHE ¥
! ' | -
T T s T - o
o 1 i+ L 1 - ®
— T .- o
1| : N 1 1 11 s ©
—14 L8 1 - “.4, I n n =
! L . T EBENNE 1 c ©
H . ] ] 2
t f T = EERR " T © o
——— <
] L BB EERN ; S
” T N RBSEEEERNARA] o= 8
lv\vm 1 it IRESBEAR! + 4 © M .
T T ) ) Y > -]
T ) T 15 5 T ®o - E 3 c
1 — AR I 1 - o
2 1 pa T 2 3 2 o
— - ..l'..lm.- ——F 1 B! o> O N
& e
Tt . T T e . € &g
LR 8 IEEESC)REA o ® H
bl ks 60 o T ’e e c 0 H
RS EE = Si e o o
. -+ : 1 a ¥ i e B
t ? : T e gpTRErE s aenae: T e 3
S 2 SRS ; SESsiastats S e
T - T 4y C.— T T - 2. $ -
1 ~ -— - S o
3 . U . ] e 4 4 : ©
T 1 i i v Y515 0 T1 T
FssassssEas: : T * E
i i H g L1 -—
1 il | ¥ | ] H Py -—
, g SEREE 8o
! ! N8 LiL IR o
: T T E >
! 1T o O
t Nt [& 3 -
Il Ll |
: “h ek i ;w“i,:ﬂ!
T ! T ! 1T
i RESRRSRGE e rrmn s fee et 7/ — T
! “ | e BEEA W 4w Lill]
! ® | : .
i BSSUNERETE N [ | T T
¢ SEANE SEENREE A T
i T T t 1T
1 { ! R R IBEEEE
! t =t N ERRBREBE
o ' | | | I Jlhas
i + v - - -
M T L : «.u T Hﬂ
i - + + : D T 14
i 1 : L w - SR EE S st T — =3 e
! 1 Pt Ty | T I T
m i T i »,.. ] 41. 1 ! ABERRE RS
. : RSS! 1 1 ! i | Lo il
g sl e s T
= BESSERARRI S EAAAEE BERNRRRS ! 1 {1}
H It N 4 J L S PESEN.
x© * Hfs ...4..H.W £t + ot .ﬁ.
ew [ A W RRIE SN & SRS § DD 5 G S5 .5 .0 BN ST pe ] e
2% ™ _ T * : .
N O s b4 R e Ee: - :
b= - ;m‘ | S IS { IS DTS BRI SN : _«..
cad ir 4t 1| roar e e .Llwﬁrflﬁ
s ot ok , . , .
1 : | P ! NSRS S8 RN I
m c + r i oot 0 00 -y 2 GO e s o> v anana re ? 14+ 1
S"i b e 1 ey ! EDEVEDERY W D SRR D ERAN D S
a®E S S S — . -
Wﬁ - 7 T 10 G103 00 4 0 AN S5 DGR I e T T3 et
o 4 . Hulo.;‘ﬂs_. P s R L - . ) e
. 1 ' 4 v
0 ® ! 1 W o ] i 34 pesasE [ Eaanas:
- 't T
- m : A EESAS PN ERESEE IR EE R0 R TH
T . Y ™11 T T
- + t)trbdeset a e b e ‘ -
W — + B M A. ] | B! m h M | _
m T T t T i RAETIRE
. } 34 e g g iy e 4 4t 4 3
S a1 1080EE A I EIREREE A
1 IS DI b ois ¢ - : ++ BE W :
c H $ 4=t 1 1 1T 18 T4
i ! w. T A.“.u....AﬁP.‘ pEETg e LSRN B8 =1 1T )
. - e L e e IESBEE A
“ 0_. / 1 . 4:«.,*.., ..HZ. X ‘ A : T+ 1
o @ p e 3 SuBaBEw 2 B ES 3 IRE ¥
o = 82 — T SeuSSEPE] s T w ’m T
—+ + pifbeg it o ' T
T s 1 ST : 5288 BELS LD HTHGH
s ¢ EESsax£E18 8L ER BRI ARRER RALALSEENE maase
= ° - =ttt R mam e . t
g &[T 1R NRE N MV ERIE, 1! 1
\ T =11t 1 T u
I THESL SN TR LT
3 : HEEESERENE! L il /|
- " ~N =1
OWNjoA pOOl} |DNULUD uDBW |DIIYADIY
10AJOJU| 93uBaind0s ueAIB JO SOWN|OA POO[J 010y

200

50

40

20

8 9 10

interval,

14 15

13

12

Lot

in years

Recurrence



& [at: ..
EE EEEER (3332 31 °
T T o
T == ) e
f
[E5E8

\ ]
i/ g
1 -
r
1l 1
1
]
i
- it THI
v\ HE SeE]
- a1l
_'\ £ tas
_ I R
' Ssan ik
i 580

+
1

333 151

LEOR1 $3581 KN

155] NS EDES)

1 i i
- D) "

shop 839 u abioydsy

orea.

Areas |, 2, 3, and 4.

Dreinage orea in sguore miles
4.-Relation betweqn meon annual flood (3 doy volume) ond drainage

Figure



s

——

o] 11 s W“
k . 'o
. . o
& ] 1
| |
o i v HESSEy h
i i i
/x.. 4 .w t] §
t 1 i
R, + - =
JE3E i .

1

1l

i |
1= t ! -
i I | :
14 1 o
- i i mm
nE g i Ja=e
T 1= ® =
1 ” H m
Hitr
¥ 3 v @
: -
: - S
3 £ o
1 . » s
i} £
Ll
o
B S (7]
. -
o
. ~
3 LY
e o
o
3k <
1 o
= -~
: o0
2o
L]
L
I ~
! C

S I 5

-

area.

inage

Relation between mean annual flood (3 day volume) and dra
Area 5

Figure §



200 o
100 \
$0
40
- \
32 M —
4
20 17ejed4
«38
4129
L4 0
10 Coptl
° 16
. (T
3 7
5 49 <3
* 8
=
- ‘ ﬁ
s /
: ‘/ .
E 3 L~
5 /
€
.
52 Y
g 4
c /
.5
1.4
1.3
1.2
1.1
1.01
10 20 30 40 60 60

Effective length of record, in yeors.

Figure 6. Homogenelty test, peak rates.

\“._



File Number

UNITED STATES DEPARTMENT OF THE 'NTERIOR — GEOLOGICAL SURVEY — WATER RESOURCES DIVISION

o—
| i
S L T I S T T L g T IS EEBEER
} BB § 1 e 1 11 Y ISR SASENANEEE 8| Tt T + 1t -
RS9 : I I8 T 18! ! 5 BB ESE T 5 : 1 = s .
i H I L IR I ENERESE S t 1 -
~ T 1 : 2ABERE; 1 B = § ~
Y T  FNSWER RSN EE 1 1 o.u -
T T H EABEREE RS 8 M. - -
q 1 | I 11 t EEENE T Qg ]
| RERIRIZENEERERBEN 11 [ m
EERI BRI R _a i _: I .“l..w —
T Y T Y 1 - T —
t o-t-4 T 4 w_n T T o “ -
t 1 | E B B R ) : T = 4
! St 1 f - v ; < o E
- 1 ] . A Y -
| 177 L4 B RERE : -t WM 3
| | 5 | 3. X 13 5 B T c © ]
N RS SHEE 1 | < 7
i 1 i TR 1] T (- -] -
T + t T T +1 T (24 —
e REAARERER T ! ~ o5
T pove = - — ' — - -
’ 1 e T ~ o - o =
+ ey e d e s 3
: - - +1H o) P 11+t & ® = =
t + + ? B30 Seamdn on . -
— - TT Y T * + Y (= I —
L4 b i b2 Ml o S 1 1! Tl . 22 7
B N S B IRAS RERE| 1 1 Tt o Z =
T e T T t * r -~ - T
1 5 B BE % T 11t 171 bad |BE; = =]
——— m -
- ~ ~ T S ST S e T m - -~
p 5% 12 0 O 13 9 . ¢ ¢ - e & 3 P (o ey m 3
= == SaESES NG e TSR T S eIk o % 3
Ly + — irl..!l:.fr?..fo.ff. + o ]t 3 o 3
T N R - o = &% 3
- - - —ty Fr—N\)- e +=+ T e e m e -
t 1 t ~ — —
7 ERwwS e AN § (54,0 B O ETTE BLE KRS 1 o T & =
TTITTI ¥ 1 1 ) t ] : — 1
HitonireE T + : R »-”.“JLJ.T! - o -1
: | B3 111 : !  RER B EEg w O -
1 xi | 1 N 1] LB | 3 o m H
Tt TN L b .v...m [= -1
i i A B 1T € © =
e N - - v o w i
| i P ET | ) c.m
1 | BECAN 1 o .
? 1 17 I
et : : =N HHEHTE
IREIGREEA 2 B B PR I EREREESN]
4 | H ) g | W M_ 111
g el L& SRDE (8 o
t “L_ .T.J: rHerrtrt ' ' —— T 11
T NERREEES al T
5 ! 111 ] ] — H
' LB i H T
“ ' - et .‘H_ _ 115 _q
= [ERRICERERRRANINN '
- 0 1 7
< 1 gt e E
c 3 AR ENINan M
H 1 + r
2 Saaas Her T H
4 ,. T - w 111 .,I.v.... - . ~'..Af+a,.oA
[ ! S NSEESEEE! d -
\ i SAEENIEAT PANES +— . dEERCIS DA SN [
= | PRttt = ] B 2 3 ) TS Y B :
4 | ——t T R i (3SR
° e e e BB B St PR mans moma s B
; i INSESERSE S S8 GAMEEEE SIS NI RS RS BB [
o Pygp e b
& 3 T T 3 SEGSESEE e Ry ssEansssay m
w2 OO T e T : . : g :
= & 1144:..44.'&11:....4 H cegpeey IR HEEERRREE IS R [ Syt nd
3 -+ ENENSASSNREENaSE ..0....LM 1 -+t {9 by DA T o8 DT
& EEsEEEs R IZSECTIEEEET: R e e R R e e S SRR ae. e w e ee =gy E———
- - + 14t < ww ...... — ISEEREES S5 PEnar i D4 S 4 et e
(3 € ~ e R ERREE b S -—— e P I g
o o }
- + — U U5 ESERAPEREDEPED (5 5 0 e R S - b —tt
s 9 . _ oa e ome = > = s Ewanpae
© 711 T 1T t
z >~»~. - M 1 B -
| Trr] ™t Tt t
- i 1 .+ 4 4+ — B G (s s A (R T7S A §
[ | L 1l
(-3 } T
-4 1
§ | H4 ;
Q i Pl s
S : usdsunael b
¢ ! - :
23 I LB I 1
© o ! 1 4
8 ¢ FH =
- DS e 00 Gy S
o= o mr + I
- s +
S @2 ;
c £ | T
=] - +— 1
M & . i I
TR
H |

¥oad pooj; |ONUUD UDIW (0I1YdDID

|0AJ23u| 92U@J4n33) UIAD ;O y0ad PpoOOJJ :0}iDY

200

40

20

8 9 10

7
interval,

14 15

13

2

1ot

in yeors

Recurrence



++ 1 pe 2
= . L 12 bt
% pestmm NN
- s Qe
= = SEa 2335 E = TTHTH .. =
sdisgaa SRR HH :
1
353z st g =8

100

o]
t

1
ISE s

10

area, in square mi

-
@
S
° €
o
« 2
o
B p=mm= U
TH H -1 i I h WERA b
: HHE Ta ot . H =mm
; I b i !
] il B @ {1 | I + ~t ———
Aﬁ, Ll n | i
N2 i S

1] e ; K & D 1
EE= RS ER== P R
=== t T HEEE
- T Il T
_, 41 L
f T v I
t fisaagEmmn
1 .
41 “
m - - 1 =
n e
T Fl &
I 1 o
e~ v o~ b- o e ~ e - - L o~ W. -~ - - - - o -
s32 ul ‘abioydsiq

Figure 8.-Relation between mean annual flood (peak discharge) and drainage orea.

Areas 1,2, oand 3 Arizona ond New Mexico.



10,000

1,000

i

100

r-—_.d

10

Drainage area in square miles

r EH
e H 1
I EE= i ap i HEEEES
< “joic pod snaau it o8
(aasun = iiisifad b 5
TR
I i EEaEEE SEEA R =
L Ex P 4
i H i R
4 N =
g I
byand da 1
! | Lty
jialin °0
- H
u s . NI = w
\ : )

.. _ ,,. = ]
sgismm I : =+ 14 ;
HE el i 113883 SEEE S gomme §d 39 Bo Be 151 fast e
MRS ER I o e B iy o it Sy 01 e daga ]
a8 [t fess E RSN GE e oY Aa =5 ma s} {ss 5] 255 25 Fye ==
H = u ; :
H BN B 8 gEEs
: gl T o i BERA L) (F
18N RREE I L ERAE I Euy
= RN aE AN { [SEENEEC ! I
5 11 I 1 I A 51 A
» Lo o - o o wva ~ w - - L] o~ Wo.l ~ w o - o o~ Lo
. ‘$'3'9 ul abioyosig
N ’ X g »

greaq.

flood (peak dischaorge) and drginage

Area S.- Arizono

between mean annual

9.-Relation

Figure



-4

10,000

o

T

000

100

T

t

maad b

11T

I

===

i

|

1
I
|

B
1

30 BT e R

fa,
Rl
117

P

I
1

wer
hd
]
T

e ee Earsd Bsht

i
Bl pm
Hi
r
s

[l eaas

T

10

i

1

0.0l

a0~ © 0 ) o~

$42 NI ‘39MVHISIO

IN SQUARE MILES

AREA

DRAINAGE

Relation between observed peck dischorge and drainage orea for summer floods,

Figure 10.-

Arizono and western New Mexico

CPO 83617 4



——

REFIRILCES

Leopold, Luna B., 184k, Cuaracterictlcs of heevy reinfall in lew Mexico and
Arizona, Transactions rfmsrican Society of Civil Englneers, Vol. 109,

p. 837-892

Dorral, J. H.,1945, Certein Lydrologic and climetic characteristics of the
Southwest region, Reglonal Bulletin ilo. 98, Engincering Series 9, U. S.
Soil Conservation Sexrvice.



	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038

