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PROJECT EVALUATION OF "INVESTIGATION AND ANALYSIS
OF FLOODS FROM SMALL DRAINAGE AREAS IN
NEW MEXICO" -- A PROGRESS REPORT
by
Arthur G. Scott

ABSTRACT

The progress of this project, through June 1972, is shown
graphically and descriptively. The project is progressing
satisfactorily and analyses performed to date indicate that the
objectives will be met at the end of the 10-year project period.

A trial extension of the record of annual peaks for one station
in New Mexico was made by utilizing a rainfall-runoff hydrograph
simulation model. A comparison of frequency curves of annual peaks
for recorded and simulated data indicates that results of the
simulation are reasonable.

Recommendations for additional research in the following
three areas are: (1) an attempt should be made to define the
relation between channel characteristics and floods for streams
in New Mexico; (2) an investigation of rainfall depth-duration-
frequency relations and the transferability of rainfall data within
the State should be made; (3) an attempt to improve the regression

model of flood characteristics in New Mexico should be made.
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INTRODUCTION

A cooperative program between the New Mexico State Highway
Department and the U.S. Geological Survey to investigate the
magnitude and frequency of floods in New Mexico has been in
progress since July 1951. The early program was essentially
concerned with the collection of flood data by the use of crest-
stage gages. Flood-frequency analyses were to be made as data
became available. The scope of work and methods of study were
changed by a Memorandum of Understanding in August 1966 and again
in April 1969. These Memorandums of Understanding, in addition to
providing for the routine collection of flood data, provide for
intensive study of 41 small drainage basins in New Mexico and change

the proposed methods of analysis.

The program conducted by the U.S. Geological Survey is
currently financed by the New Mexico State Highway Department in
cooperation with the Federal Highway Administration.

The objective of the study is to obtain and analyze hydrologic
data which can be used in the design of highway structures. More
specifically it is to collect sufficient data and to provide an
analysis that allows estimation of flood peaks having recurrence
intervals of as much as 50 years at any virtually natural flow site
and with an accuracy equivalent to the accuracy of the estimate from

10 years of observed flood record of the site.

10




This report describes the progress of the study through

June 1972 and presents an evaluation of the adequacy of the data
being collected and an evaluation of the proposed methods of
analysis to see if the program objectives can be met. The work
schedule and work completed as of June 30, 1972 are shown on
figure 1.

The opinions, findings, and conclusions are those of the
Geological Survey and not necessarily those of the cooperating

agencies.

11
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PROGRAM OPERATION

Crest-stage station network

A crest-stage gage is a device which will record peak stage at
a site. By use of supplementary measurements, the annual peak flow
at the site may be determined. The crest-stage gage network in
New Mexico was started in 1951 to supplement the network of regular
streamflow gages. The network at present consists of 126 gages.
The number of gages varies from year to year as some are discontinued
because of destruction of the gage or control or because the length
of record is adequate to define the 50-year flood at the site. At
times, gages have been added to the network to extend coverage. The
locations of active crest-stage gages are shown in figure 2. At
present, Stage—discharge relations have been developed for about
70 percent of the gages. The length of record, through the 1971

water year, ranges from 5 to 23 years. The mean length of record

from the rated crest-stage gages is 16 years.







In 1970 a flood-frequency regression analysis was made utiliz-
ing peak-flow data from crest-stage gages and regular stream gages
(Scott, 1971). The standard error associated with the flood-frequency
relations which were developed ranged from 72 to 164 percent. These
errors may have been due, at least in part, to the use of relatively
short-term streamflow records. At the end of this project, in 1979,
about 9 additional years of peak-flow data from crest-stage gages will
be available for analysis. The additional data should improve the
relations. The record of flood peaks from crest-stage gages will
supplement those collected at the 41 flood-hydrograph stations in.
this program and those collected at the regular stream gages in other

programs.

15




Flood-hydrograph station network

The purpose of the flood-hydrograph station network is to
collect an adequate amount of data that may be used with a
rainfall-runoff model to simulate a long record of annual peak
discharges at each site after a relatively short period to
operation. A flood-hydrograph station is a streamflow measuring
site at whch a synchronous record of stream stage and rainfall
is obtained. In addition to the rainfall recorder at the stream-
flow measuring site, some basins have additional storage-type
rain gages, read by an observer, at other locations within the
basin.

The network of flood-hydrograph stations in New Mexico was

started in 1968. The number of stations in operation by water

year is as follows:

Number of flood~hydrograph

Water year stations in operation
1968 11
1969 16
1970 : 26
1971 41

The locations of the flood-hydrograph stations in New Mexico are

shown in figure 2.

16




A mathematical model, the "rainfall-runoff hydrograph simu-
lation model" (Dawdy and others, 1972), has been developed by
the Geological Survey. The model is calibrated to respond to
rainfall for a particular drainage basin by using the synchronous
record of rainfall and runoff recorded in the basin. Once the
model is calibrated, a long-term record of rainfall can be used
to simulate a long-term record of annual peaks. The basic data
required for the model are as follows:

1. A synchronous record of stream discharge and associated

rainfall ;~ to be obtained from the flood-hydrograph

stations.

A long-term record of daily rainfall values from a

N

nearby station -- to be obtained from National
Weather Service records,

3. Five-minute incremental values of rainfall for
selected major storms each year for the period of
the long-term record -- to be obtained from National

Weather Service records.
4. A nearby record of daily evaporation -~- to be taken

from National Weather Service records.

17




To calibrate the model accurately the record of flow events
and associated rainfall must cover a wide range of antecedent
conditions and a wide range of peak discharges. The exact number
of flows required cannot be predicted but it appears to be at
least 10. Once a long record of simulated annual peak discharges
is obtained at a site, the discharge for floods of a given prob-
ability can be computed. These data may then be extended to un-
gaged sites by a process known as regionalization. At present,
the recommended method of regionalization is to relate flood dis-
charges of a given probability to topographic and climatic character-
istics of the basin by regression analyses.

Because multiple-regression equations often do not represent
actual physical relationships, they should not be applied outside
the range of the data from which they were developed. Therefore,
the flood-hydrograph station network in New Mexico was designed to
sample as wide a range of basin characteristics as possible with
given number of stations. It was also necessary to locate the stations
so as to achieve good areal distribution. Areal distribution of the
stations was important to identify areas within which streams respond

similarly.

18
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Table 1 lists the flood-hydrograph stations in New Mexico

and selected basin characteristics. The basin characteristics

were determined as follows:

Drainage area, in square miles, determined by use of a planimeter

from the best available topographic maps.

Basin length, in miles, is the length of the main channel between

the gage and the basin divide measured along the channel which
drains the largest area. The length was determined by using a
wheel-type map-measure on the best available topographic maps.

Basin shape index, dimensionless ratio, is equal to the basin

length squared divided by the drainage area.

Channel slope, in feet per mile, is the average slope between

points 10 and 85 percent of the distance from the gage to the
basin divide. The main-channel slope was computed from the best
available maps as the difference in altitude of the 10 and 85
percent points, in feet, divided by the distance, in miles,

between the two points.

Basin altitude, in feet above mean sea level, is the average
of the altitudes at points 10 percent and 85 percent of
the distance along the main channel from the station to the

basin divide, determined from the best available maps.

19




Table 1l.--Selected basin characteristics of flood-hydrograph stations

in New Mexico

Basin Channel Basin
Drainage Basin shape slope altitude
Station Station name area (A) length (L) index (feet per (feet above
no. (sq. mi.) (miles) (L2/A) mile) msl)

07201200 Chicorica Creek tributary near Raton a 4.8 al.9 a 3.1 a 320 a 6,960
07201400 Una del Gato Creek tributary near Raton als.o b b b
07203600 Rio del Plano tributary near Taylor Springs 6.71 4.57 3.11 66 6,276
07203900 Graney Creek near Eagle Nest 1.83 2.64 3.81 854 9,670
07222800 Garita Creek tributary near Variadero all.5 b b b b
07225300 Bluewater Creek near Tucumcari b L 4 8.3 4.52 44 4,242
07227220 Cramer Creek tributary near Nara Visa ald.4 b b b b
07227280 Sand Draw tributary near Clayton 1.81 4.00 8.84 45 5,338
08268800 Rio Grande tributary near Arroyo Hondo 1.16 3,80 12.4 49 6,920
08293700 Arroyo Seco tributary near Pojoaque % 1.76 4.30 95 5,917
08295200 Rio En Medio near Santa Fe .63 1.00 1.59 1,310 11,180
08313400 Bland Canyon near Cochiti 7.57 8.75 10.1 296 7,320
08317720 Canada de la Cueva neat>Galisteo 1.79 2.40 3.22 81 6,282
08332700 San Pablo Canyon near Cuba 12.8 9.15 6.56 243 7,765
08341370 Pine Canyon near Thoreau 6.09 5.9 5.72 174 7,470
08359400 Lumber Canyon tributary near Monticello .90 3.5 13.6 114 5,230
08363000 Rio Grande tributary near Salem .18 .94 4.88 142 4,227
08379100 Pecos River tributary near Sena 1.24 4,06 33.3 267 6,444
08379550 Canon Blanco near Leyba 52,3 3.12 2.35 118 6,919
08381700 Canon Piedra Lumbre near Las Vegas 5.85 7.05 8.50 123 7,115
08383370 Pecos River tributary near Puerto de Luna .37 1.05 2.98 317 4,645
08390050 Rio Hondo tributary at Tinnie .23 .80 2.78 512 5,286
08394300 Twin Buttes Canyon tributary near Roswell 5.01 5.3 5.61 65 4,340
08397400 Hyatt Canyon near Cloudcroft 3.08 2.88 2.69 359 8,060
08404600 Pecos River tributary at Carlsbad .20 1.01 5.10 237 3,235
08437620 Monument Draw tributary near Monument 6.23 4.8 3.70 32 3,855
08477100 Willow Springs Canyon at Mimbres 3.84 6.35 10.5 200 6,595
08477200 Iron Creek near Kingston . .74 1.13 1.79 1,020 8,240
08480170 Nogal Canyon tributary near Nogal 1.94 2.80 4.00 333 7,080
08480700 Indian Creek ;ear Three Rivers 6.80 37 4.78 724 7,790
08488170 Chavez Draw tributary near Clines Corners 2.73 3.9 5.60 65 6,675
08488600 Arroyo del Cuervo near Torreon 11.8 : 6.2 3.27 300 7,180
08500000 Swingle Canyon near Datil 6.35 5.10 4.10 180 7,980
09350700 Ruben Canyon near Gobernador 5.06 6:45 3.91 93 7,075
09356520 Burro Canyon near Lindrith 9.11 5.21 2.98 79 7,146
09367400 La Plata River tributary near Farmington 1.03 3.61 12.7 167 5,634
09367550 Stevens Arroyo near Kirtland 4.59 5.57 6.76 68 5,416
09367900 Black Springs Wash near Mexican Springs 7.05 7.95 8.96 96 6,615
09437200 Mexican Canyon at Virden 3.40 7.55 16.8 99 4,175
09442630 Mail Hollow near Luna 4.65 5.35 6.16 181 7,480
09442695 Negro Canyon at Aragon 9.62 8.70 7.85 222 7,475
Footnotes: a-approximately

b-not yet determined. Will be determined when topographic maps are available.

20




Figures 3 through 6 show graphically the limits of various
basin characteristics of the flood-hydrograph station network
and compares these limits with the limits of all the stations used
in the 1970 regression analysis (Scott, 1971) which have drainage
areas of 18 square miles (46.6 ka) or less. The solid line
represents the limits of the flood-hydrograph station network.
The dashed line represents the limits obtained by plotting 49
stations with drainage areas of 18 square miles (46.6 kmz) or less

which were used in the regression analysis by Scott (1971).

21
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EVALUATION OF DATA COLLECTION

To assess the adequacy of the data being collected, it must
be determined whether or not the data are of the correct type,
and of sufficient length and sufficient accuracy to be used in the
proposed or alternate methods of analysis in order to meet the
objective of the project.

The collection of annual-peak data from crest-stage gages is
progressing satisfactorily. Stage—-discharge relations have been
defined for about 70 percent of the gages presently in operation.
Many of the gages which are not rated at present require only one
or two additional measurements to compute the stage-discharge
relation. Ratings should be defined for most of these gages by
1977, the scheduled time for discontinuing the operation of the

crest—-stage gage network.

26




The collection of data which are to be used to extend the
record of annual peaks at the flood-hydrograph stations also
appears to be progressing satisfactorily. Table 2 gives the
progress made toward defining the stage-discharge relation at
each flood-hydrograph station and the number of usable hydrographs
recorded at each station each year. A usable hydrograph is a
record of a flow for which a complete synchroncus record of stage
and rainfall was obtained and for which the recorded rainfall
appears to be representative of the average rainfall over the
entire basin.

The number of usable flows recorded to date seems to indicate
that sufficient flows will be recorded at most stations to be used
for the extension of record at the scheduled end of the project
in 1979. Table 3 lists the distribution by peak discharge of the

flow events recorded at stations for which a stage-discharge re-
lation has been defined. 1In 4 years of operation only one station,
08268800 Rio Grande tributary near Arroyo Hondo, has had no flows.
It is not known whether this is due only to chance or whether flow
at this site is as infrequent as indicated. The station is located
on a well-defined stream channel, which would indicate that periodic

flows do occur.
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Table 2.--Status of rating and number of usable hydrographs recorded

at flood-hydrograph stations in New Mexico

Station Rating status Number of usable hydrographs
no. Station name as of 1-1-72 1968 l 19624] 1970 ] 19/|AJ Total
07201200 Chicorica Creek tributary near Raton Rated - - - 7 7
07201450 Una del Gato Creek tributary near Raton 0 Measurement - - - 2 2
07203600 Rio del Plano tributary near Taylor Springs 1 Measurement - - - 2 2
07203900 Graney Creek near Eagle Nest 1 Measurement - - - 0 0
07222800 Garita Creek tributary near Variadero Rated - - - 1 1
07225300 Bluewater Creek near Tucumcari 2 Measurements - - - 2 2
07227220 Cramer Creek tributary near Nara Visa 1 Measurement - - - 1 1
07227280 Sand Draw tributary near Clayton 1 Measurement 0 3 0 1 4
08268800 Rio Grande tributary near Arroyo Hondo 0 Measurement 0 0 0 0 0
08293700 Arroyo Seco tributary near Pojoaque Partially - - - 3 3
3 rated
08295200 Rio en Media near Santa Fe Rated - - - 4 14
08313400 Bland Canyon near Cochiti Rated 0 6 3 0 9
08317720 Canada de la Cueva near Galisteo 3 Measurements - - 2 5 7
08332700 San Pablo Canyon near Cuba 2 Measurements - - 3 7 10
08341370 Pine Canyon near Thoreau 1 Measurement - 0 1 0 1
08359400 Lumber Canyon tributary near Monticello Rated 0 5 2 2 9
08363000 Rio Grande tributary near Salem 0 Measurement - - - 1 1
08379100 Pecos River tributary near Sena 0 Measurement - - - 0 0
08379550 Canon Blanco near Leyba 1 Measurement -~ - - 2 2
08381700 Canon Piedra Lumbre near Las Vegas 1 Measurement - - - 1 1
08383370 Pecos River tributary near Puerto de Luna Rated 1 4 2 3 10
08390050 Rio Mowdo tributary at Tinnie 1 Measurement - - - 8 8
08394300 Twin Buttes Canyon tributary near Roswell 1 Measurement ~ 0 7 8
08397400 llyatt Canyon near Cloudecroft 0 Measurement - 3 1 3 7
08404600 Pecos River tributary at Carlsbad 0 Measurement - - - 3 3
08437620 Monument Draw tributary near Monument 0 Measurement 0 1 0 1 2
08477100 Willow Springs Canyon at Mimbres 1 Measurement - - 0 0 0
08477200 Iron Creek near Kingston Rated - 1 3 5
08480170 Nogal Canyon tributary near Nogal Partially 4 - 2 0 8
. rated
08480700 Indian Creek near Three Rivers Rated 0 8 7 7 22
08488170 Chavez Draw tributary near Clines Corners Rated 4 0 0 5
08488600 Arroyo del Cuervo near Torreon Rated ] - 4 1 6 11
08500000 Swingle Canyon near Datil 1 Measurement - - 2 6 8
09350700 Ruben Canyon near Gobernador 0 Measurement - - 5 3 8
09356520 Burro Canyon near Lindrith Rated - - - 2 2
09367400 La Plata River tributary near Farmington Z Measurements - - 0 4 4
09367550 Stevens Arroyo near Kirtland 1 Measurement - - .0 5 5
09367900 Black Springs Wash near Mexican Springs Rated 0 0 2 0 2
09437200 Mexican Canyon at Virden ‘ 1 Measurement 0 0 -0 2 2
09442630 Mail Hollow near Luna 1 Measurement - - 0 6 6
09442695 Rated - - 2 1 3

Negro Canyon at Aragon

. = Station not in operation during water year.
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The storms which produce flood runoff in New Mexico are
generally intense rainstorms and generally cover a small area.

The recorded rainfall must be representative of the rainfall over
the entire basin to use the flow in the model calibration.

Supplementary storage~type rain gages were installed on seven
basins in 1969. The drainage areas of these basins range in area from
0.74 to 11.8 square miles (1.92 to 30.6 kmz). The gages are read
by observers who are instructed to read the gage after each storm.
Average rainfall was computed by the Thiessen method for each
storm on each basin. The basin average was then plotted against
the recorded rainfall for each storm. These plots are shown on
figures 7 through 13. The plots show a large scatter of points
for basins which have a drainage area greater than about 5 square
miles (13.0 kmz). The plots indicate very little bias between
mean and recorded rainfall. However, the large amount of
random scatter for the larger basins indicates that a careful
selection of flows to be used to calibrate the model will
have to be made for drainage basins over about 5 square miles
(13.0 kn?).

Another item of concern is the availability of long-term
rainfall records with which to extend the record of annual peaks
at the flood-hydrograph stations. Figure 14 shows the approximate
location of National Weather Service recording precipitation

gages which have over 25 years of record.
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EXTENSION OF RECORD BY MODEL

AL L

The Geological Survey rainfall-runoff model is basically a
moisture-accounting and flood-routing system. The model consists
of three components; (1) the antecedent moisture-accounting component,
(2) the infiltration component, and (3) the surface-~runoff routing
component. The antecedent moisture-accounting component establishes
s0oil moisture conditions at the beginning of a storm. The infiltra-
tion component determines rainfall excess during a storm. The
surface~runoff routing component routes the rainfall excess and
determines the peak discharge for the storm., The model requires

the evaluation of

10 parameters which are indices of average
physical conditions of the basin. The parameter values are deter-
mined for each drainage basin by an optimization process, which is

built into the model, during the calibration phase of the model.
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One basin in Mew Mexico was selected for use in the rainfall-

runoff model to test the adequacy of the

the proposed method of extending records

Q 2227 ; - - 1 - 1 - - v
08383370, Pecos River tributary near Pue

because a wide of flows have been

rainfall seems to be representative of t

ilable with

period of annual peaks is
There are 10 flows recorded at this stat

complex hydrographs which consist of two

During the calibration phase for th
the use of very low flows produced unrea
The final calibration was run using only
fairly reliable,

parameters appear to be

P

of flows which were used for the calibra
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RAINFALL~-RUNOFF RELATTIONS

Peak discharge was plotted against two indices of pre-
cipitation, total storm rainfall in inches and rainfall
intensity in inches per hour for the maximum 15-minute period,
to see if a relation between discharge and precipitation could

1

be defined for tl h stations which were rated.

e flood-hydrograp
In general, maximum 15-minute intensity gave the best correlation
with peak discharge. Data were plotted for six sites. No

relation could be defined for stations with drainage areas
greater than about 5 square miles (13.0 km™). Figure 16 is a
graph of peak discharge plotted against maximum 15-minute
rainfall intensity for station 08480700, Indian Creek near
: o . 2
Three Rivers; drainage area is 6.80 square miles (17.6 km").
Figures 17 through 19 are the same type of plots for stations
2
with drainage areas less than about 5 square miles (13.0 km™).
Enough data have not yet been collected for a detailed
analysis of the rainfall-runoff relations. However, figures
17 through 19 indicate that a direct relation exists between
peak discharge and precipitation for the smaller drainage
areas. This would offer a possible alternative method of

extending records on the smaller basins.

45




T

o)
o

0.05

(A01Y3d “NIW G1 WNWIXVW)
LU

Ly

YNOH Y¥3d SYILIWILNII NI “ALISNILNI NOILVLILII3¥Ud
o,
e e gy
x !
|
|
X
X X
X 3
X
X
X i
X
X
® x
X
x
x
R
X
X -
b 4
X X -
X
XX
x -
XX

i | | | e ] l

S O S Q o i B ] N

N ¢ ” ~ - o O (o} o

(Q01Y¥3d "NIW G1 WAWIXVW)
4NOH ¥3d SIHONI NI “ALISNILINI NOILVYLIAIJ3Yd

46

(M)




SECOND

PER

METERS

(8]

o

(&)

o

O

50

40

30

20

(A01Y3d “NIW G1 WNWIXYW)
4NOH ¥3d SYILIWILNID NI “ALISNILNI NOILVLIdI23Y4d
o o &
-—
X
(@] &L
F
ol
X
X 8
%
Ol £}
“‘?.— Sa—
(@]
| | | vl 1 | |
fo) (o) Q N % " N
" o - ilafide o 9 o o
(Q01Y3d “NIW G1 WNWIXVYW)
4NOH ¥3d SIHONI NI ‘ALISNIINI NOILYLIAI93¥4d
47

(F¥]

precip

£
i

Figure 17.--Relation o

umber Canyon

i
=




0.

(A01Y3d “NIW S1 WNWIXYW)
4NOH ¥3d SYILIWILNII NI “ALISNILNI NOILVLIAIIINYd

o
Q 0

O S

XX

0.5
b 4

—-d

1 R R
Q I G 2]
o o o (o]
(Q01Y¥3d “NIW Sl WNWIXVHW)
dNOH ¥3d SIHONI NI “ALISNILNI NOILVLIAII3Yd

| |
" N

48

0 500

40

o

0

<

20

i0

o

0O
o

wn

®




=

& dnoH Uf Sd INAD NI ‘}n[fﬂ INI NOILVLId|lJ34d
9 Sl 0
X -
o

1 R T Y N |

Q Q onq@ N W W < ] N

2] ~N -00 0 O O (o (o] o

(GOIU]J ‘NIW 9l Nﬂwlfﬂn

4N0OH

d3d

SIHINI NI “ALISNILNI NOILVLIdIJ3¥d

49

e )
L}

100

O

o
T

(]
)

- O

~N

o

0



i o
+ O ~N
Y 4 ~
=
~ -
Py o
< 8

~

0




REGIONALIZATIO

Regression analyses

The recommended method to extend flood data to ungaged sites,
at present, is to relate flood discharges of a given frequency to
topographic and climatic characteristics of the basin by
multiple~-regression techniques. One problem encountered in the
1971 multiple-regression analyses of flood data (Scott, 1971)
was that the standard error of the regression relations was
large. The standard error will probably be somewhat reduced by
using longer streamflow records to define the flood character-
istics at the gages. However, other important considerations in
improving the relations are to search for other basin character-
istics which might be important in explaining the differences
in flood characteristics from basin to basin and to find better
measures of the basin characteristics which were previously used
in the regression analyses.

Some other basin characteristics which might be important
are: (1) an index of the time variability of precipitation, such
as number of thunderstorm days or number of days with rainfall
exceeding a given value; (2) an improved slope index which will
describe the typical steep mountain stream flowing into a flat

alluvial valley; (3) an index of potential evaporation or

evapotranspiration; or (4) a 1l5-minute precipitation value of

a given recurrence interval.

S




i1 3ize t1
L 1M h nel
carried by {
18 tEh o d
\ el i
can then be u
n 1 aged H
at the un ed
Conside
annual runoff
Nevada, Califc
Hedman and Kas

-~ 14 - 1 v
studles betwee

stream channel

bars.

Chan ] ¢
hod 3t 4 11 J
i \ t 1d
: )
& 13
4 } r | |
is a lLrect ]
t ; A char
n L | ecl
; 1
1t 1 BO 1 r1V L
1
d [ I 1 1€
by 1Suri the
site.
. 1
ble success has b n
to channel iths anc
. g5 uip
rnlia and Lan L & )X

tner,

1
L

1

mean

1972). R«

annual runoff

between cha

tr teristi
T d
od. [hi
: ‘ A ,
b el a
| t 1 ize of a
( { C ol val 4
ic o ) 1 chann
I 10 1. ( ] po1l t L1 h
h , tic. The relat
; racteristic at
! '\l Y th | { 3 ivly ¢
] AA; ed in 1-\7‘] 1t 7’]' n
depths in semiarid areas
’ 196 : dman, i() /v‘);
3 were developed in these
and the depth and width of

LO

as




" = ‘ U ‘ o
3 4 - o) - ) - f
- - ~ 1 - —~ 3 —
. - Y U U
. - g ) 4 ¥
- 3 = — oud 1) ) -
c c 1 ) o
2 i r r o < 2 o = U Q
iy . 3 ) ; a ord 3 o
e 3 - ~ at v —
% - - - B = a e 4
& ‘ = - s .‘. < = b n



CHANNEL WID I"!’ IN METERS
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Figure 20.--Relation of 10-year flood to channel width.
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