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Streamflow Characteristics Related To
Channel Geometry of Streams in
Western United States

By E. R. Hedman and W. R. Osterkamp

Abstract

Assessment of surface-mining and reclamation ac­
tivities generally requires extensive hydrologic data. Ade­
quate streamflow data from instrumented gaging stations
rarely are available, and estimates of surface- water dis­
charge based on rainfall-runoff models, drainage area,
and basin characteristics sometimes have proven unreli­
able. Channel-geometry measurements offer an alterna­
tive method of quickly and inexpensively estimating
stream-flow characteristics for ungaged streams. The
method uses the empirical development of equations to
yield a discharge value from channel-geometry and chan­
nel-material data. The equations are developed by col­
lecting data at numerous streamflow-gaging sites and
statistically relating those data to selected discharge char­
acteristics.

Mean annual runoff and flood discharges with
selected recurrence intervals can be estimated for peren­
nial, intermittent, and ephemeral streams. The equations
were developed from data collected in the western one­
half of the conterminous United States. The effect of the
channel-material and runoff characteristics are accounted
for with the equations.

INTRODUCTION

The judicious management of land resources requires
knowledge of the hydrologic characteristics of an area and
how those characteristics may be modified by various land
uses. Recently renewed emphasis on the recovery of coal
resources from both public and private lands of the United
States has produced an awareness that hydrologic informa­
tion for most coal-resource areas is inadequate. The prob­
lem is acute in some parts of the western United States
where the development of coal resources is limited by the
availability of water. In these areas, coal-mine develop­
ment is dependent partly on reasonable assessments of the
useable surface-water and ground-water resources, as well
as the means to discharge excess (un useable) water from

the mine area during periods of both normal and peak
streamflow. Discharge information, however, may be
completely lacking.

For areas where gaged streamflow data are unavaila­
ble, various indirect methods have been developed to esti­
mate total runoff and flood-discharge characteristics (flow
rates for specified recurrence intervals). Initial attempts
were applied largely to ~umid and subhumid areas. They
included the transfer of streamflow records from gaged to
adjacent or nearby ungaged basins, and the estimation of
runoff from drainage area and precipitation. More recent
methods, designed to be more universally applicable than
the earlier efforts, relied on numerous basin characteristics
and multiple- regression analysis to estimate discharge
characteristics (Thomas and Benson, 1970). Further de­
velopment of these techniques led to various models relat­
ing rainfall (precipitation) and runoff. Although some of
these newer techniques have worked well for relatively
moist areas and some limited areas with arid or semiarid
climates, they also have proven to be ineffective for gen­
eral use in dry regions haveing complex patterns of topog­
raphy, vegetation, and hydrology (Riggs, 1978). The
sophisticated techniques, such as rainfall-runoff models,
potentially can yield realistic estimates of discharge char­
acteristics regardless of climate, but they are hampered
by the need for extensive input data. Some of these data
can be difficult to collect, and others, such as soil mois­
ture, are variable with time.

An alternative method of indirectly estimating
streamflow, using channel geometry as a modification of
the hydraulic-geometry concept (Leopold and Maddock,
1953), was reported by Moore (1968) in Nevada and by
Hedman (1970), in California. The method has the advan­
tage of being easily applied, and the estimates are based
on channel characteristics formed by the water and sedi­
ment discharge of a stream. Thus, the size of an alluvial
channel is indicative of the water conveyed through that
channel, and the shape of the channel is largely the result

Introduction 1



CHANNEL-GEOMETRY TECHNIQUE

The basis of all channel-geometry relations is the
continuity equation for discharge (water) of a stream:

(6)

of a geomorphic feature as a basis of evaluating flow char­
acteristics, velocity, of course, cannot be measured (rela­
tion 5). Mean channel depth generally is measured and re­
lated to discharge (relation 4), but variability of channel
profiles and the capacity for measurement error commonly
lead to unreliable results. Thus, most channel-geometry re­
lations include or are limited to channel-width measure­
ments as an independent variable and yield a specified
measure of discharge as the dependent variable. Expand­
ing relation 3 to equation form gives:

where "a" is a coefficient, and Qv is a measure of
streamflow, such as mean discharge or a flood discharge
of specified recurrence interval.

Implicit in equation 6 is the assumption that similar
hydraulic and sorting processes produce similar channel
features at each site and, therefore, that measurements
taken from those features are comparable. Equal widths of
perennial- and ephemeral-stream channels may yield simi­
lar estimates for the discharge of floods with selected re­
currence intervals, but that width might correlate with
greatly different values for the mean annual runoff of the
two streams. Even though the widths may be the same, the
mean annual runoff will be much greater for a perennial
stream that flows most of the time than for an ephemeral
stream that flows for a short period of time. Thus, separate
equations for annual runoff are presented for channels hav­
ing perennial, intermittent, and ephemeral streamflow.
Ephemeral streams are further subdivided into three groups
depending on the number of flow days per year.

Difficulty might arise when trying to determine
which equations are applicable to an ungaged site. Nor­
mally, however, consideration of channel appearance,
riparian vegetation, and regional climate dictate which
group of equations is appropriate.

Separate equations are provided for the differences in
channel shapes that result from variations in the sediment­
discharge characteristics. These equations for annual
runoff are based on particle sizes of the material forming
the channel perimeter.

Channel-geometry relations generally are developed
using measurements taken from one of three geomorphic
reference points, as shown in figure 1. These points define
the depositional-bar level (A-A'), the active-channel level
(8-8'), and the bankfull level (C-C'). Where feasible, data
for this study were collected from each of the three refer­
ence levels in order to ascertain which feature would yield
the best estimates of discharge characteristics.

The lowest of the three levels, defined by the sur­
faces of depositional bars, is described by R. F. Hadley in
Hedman, Moore, and Livingston, (1972, p. 4) as a
" ... longitudinal, in-channel feature formed along the bor­
ders of a stream channel at a stage of the flow regime

(I)

(2)

(3)
(4)
(5)

Qi rv W b

Qi rv Df

Qi rv y m

Qi = WDY,

of the sediment transported by the stream. The data com­
monly used to estimate discharge characteristics by this
technique, therefore, are measurements of geometry (prin­
cipally width) and the particle- size distributions of the
material forming the channel perimeter.

Results of studies undertaken to develop channel­
geometry relations applicable to the western United States
are presented in this report. The purposes of the study are:
(I) to provide a general description of the channel­
geometry technique, (2) to present equations useful for the
determination of streamflow characteristics in areas gener­
ally lacking hydrologic data, and (3) to extend the tech­
nique of active-channel geometry to intermittent and
ephemeral streams of semiarid and arid regions.

where
Qi instantaneous discharge, in cubic feet per second;
W = water-surface width, in feet;
D = mean depth of water, in feet; and
Y = mean velocity of water, in feet per second.

Considering numerous stream sites of various flow charac­
teristics, the simplifying assumption is made that the rates
of change of W, D, and Y with Qi are constant and, there­
fore, can be expressed by a multiple regression equation.
This assumption requires that Qi represents the same flow
frequency (flow duration or recurrence interval) at all sites
considered.

where k is a coefficient and b, f, and m are exponents.
The multiple regression form of the continuity equation
(equation 2) can be expressed as three simple functions:

The practical use of relations 3, 4, and 5 requires that
water-surface width, mean water depth, and mean water
velocity be measured for the same flow frequency at all
sites considered. This requirement cannot be met because:
(I) stream stage cannot be related to a flow-duration value
if the site is ungaged, and (2) the three parameters cannot
be measured at many or most flow durations for intermit­
tent and ephemeral streams.

To avoid the necessity of water-related measure­
ments, therefore, the channel-geometry method relies on
measurements obtained from a geomorphic reference fea­
ture recognizable at all channel sites. When using the level

2 Streamflow Related to Channel Geometry, Western U.S.



Figure 2. Reference points for bar geometry (A-A') in a
reach of an ephemeral-stream channel in Wyoming.

Figure 3. Reference points for active-channel geometry
(8-8') in a reach of a perennial-stream channel in Mon­
tana.

Figure 4. Reference points for active-channel geometry
(8-8') in a reach of an ephemeral-stream channel in New
Mexico.

DEPOSITIONAL-BAR (A-A')

ACTIVE-CHANNEL (B-B')

Figure 1. Commonly used reference levels.

when the local competence of the stream is incapable of
moving the sediment particles on the submerged surface of
the bar "(shown as reference level A-A' in figure 2). Ex­
perience has shown that the depositional-bar level is a use­
ful feature for channels with a well-graded sediment sup­
ply. If the channel material is predominantly sand and fine
gravel, however, which is the case for numerous ephem­
eral and intermittent streams of the western United States,
depositional bars may be poorly formed or absent. Hence,
the depositional-bar data collected for this study produced
inconsistent results and are not provided.

The active-channel level, shown as reference level B­
B' of figure I, was used by Hedman, Kastner, and Hejl
(1974) to determine flood-frequency discharge and later
described by Osterkamp and Hedman (1977, p. 256) as
" ... a short-term geomorphic feature subject to change by
prevailing discharges. The upper limit is defined by a
break in the relatively steep bank slope of the active chan­
nel to a more gently sloping surface beyond the channel
edge. The break in slope normally coincides with the
lower limit of permanent vegatation so that the two fea­
tures, individually or in combination, define the active
channel reference level. The section beneath the reference
level is that portion of the stream entrenchment in which
the channel is actively, if not totally, sculptured by the
normal process of water and sediment discharge. "

At most perennial and intermittent streams the active­
channel level is exposed between 75 and 94 percent of
the time. The active-channel level of many ephemeral

BANKFULL (C-C')

REFERENCE LEVEL
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streams may be exposed more than 99 percent of the
time. The stage corresponding to mean discharge of most
perennial streams approximates that of the active-channel
level, shown as reference level B-B' in figure 3, but is
lower than the active-channel level of the highly ephem­
eral stream channels, shown as reference level B-B' in
figure 4.

The highest reference level at which channel­
geometry measurements commonly are made is bankfull
stage, as shown by reference level C-C' in figure 5.
Bankfull stage is defined as the level of the active flood
plain and, therefore, is the stage at which overbank flood­
ing occurs (Wolman, 1955, p. 29). The bankfull level of
many perennial-stream channels approximates the stage of
a flood with a recurrence interval ranging from 1.5 to 3
years. Thus, the bankfull level of these channels is ex­
ceeded a very small percentage of the time. Flow at
bankfull stage in ephemeral-stream channels generally is
more infrequent than that in perennial or intermittent
stream channels.

A disadvantage of the bankfull reference level is that
its use requires the recognition of a flood-plain level or a
bench, features that are not easily recognized in incised
channels as shown in figure 6. In addition, changes in
bankfull geometry generally occur much more slowly than
do those of the active channel and may not be representa­
tive of prevailing conditions of water and sediment dis­
charge. Bankfull-geometry data routinely were collected
for this study, but, owing to the difficulties described
above, the data did not yield suitable results.

ACTIVE-CHANNEL GEOMETRY

The geometry of the active channel can be identified
and measured at selected sites in virtually all alluvial
stream channels although the significance of the measure­
ments at some streams, such as those with a braided chan­
nel pattern, may be questioned. Because the active channel
is identifiable at almost all channel reaches and because it
is indicative of relatively recent conditions of water and
sediment discharge, relations presented in this paper are
based on active-channel geometry.

Collection and Compilation of Data

Channel surveys were made at continuous-record
streamflow-gaging stations with relatively stable channels
where channel-geometry reference levels could be iden­
tified and where streamflow records provided good esti­
mates of streamflow characteristics. The width and the av­
erage depth were measured in feet.

At most sites, samples of bed and bank material were
collected from the perimeter of the active channel. Three
composite samples were collected, one from portions of

4 Streamflow Related to Channel Geometry, Western u.S.

Figure 5. Reference points for bankfull level (C-C) in a
reach of an ephemeral-stream channel in New Mexico.

Figure 6. An incised channel in southeastern New
Mexico with well-defined active-channel reference points
(8-8') but lacking a defined bankfull level.

material taken at equal intervals across the channel bed
and one each taken at intervals up each bank to the refer­
ence point.

Streamflow data for this study were tabulated from
published records for various gaging stations operated by
the U.S. Geological Survey. Values of mean annual runoff
for gaged sites are based on the most recent 10 years of
streamflow records; flood discharges of specified recurr­

ence interval necessarily were calculated from longer term
records. For mean annual runoff in particular, records for
the past 10 years can produce results quite different than
are obtained from long-term records owing to changes in
land- and water-use practices or variation in precipitation
patterns. As an example, figure 7 illustrates changes in
runoff during 67 years (represented by 38 years of runoff
records) for Rio San Jose at Grants, New Mexico. The re­
cords show that the mean annual runoff during the 1970
through 1979 water years is less than 4 percent of the



mean annual runoff for the long-term (38 years) period of
record. The channel width at the Grants site presently re­
flects recent runoff rates rather than the longer term aver­
age (fig. 7).

In the initial regression analyses, a digital computer
was used to relate the mean annual runoff and each of the
flood-frequency discharges to the channel characteristics.
Only the active-channel width provided useable relations,
so the data were grouped according to channel-material,
and regional-runoff characteristics (whether streamflow is
perennial, intermittent, or ephemeral), and reanalyzed.
The data were analyzed using a program developed by the
University of California School of Medicine (Dixon,
(965). The program provides linear-regression equations
with statistical summaries and residuals for the individual
input values. The equations for flood discharges provide
estimates of discharge rates in cubic feet per second. This
unit loses meaning, however, when applied to mean dis­
charges of intermittent and ephemeral streams. Thus,
mean annual runoff is used and expressed in acre-feet per
year, the depth (in feet) to which the average annual dis-

charge of a stream would cover an area of I acre TIle
coefficients and exponents of some equations were
justed slightly to provide simplicity and ordered variatJ n
among the equations.

Advantages and Disadvantages

Equations for estimating discharge by the channel­
geometry technique are defined by data collected from
numerous gaged stream sites. The accuracy of the method.
therefore, varies with the overall accuracy of the recor
from which the equations are computed. Both pre i I n
and accuracy also depend on the type of stream measured.
the discharge parameter being estimated, the regional on­
ditions of climate, 6eology, and topography, and the e ­
perience of the person collecting and applying the data.

Wahl (1977) reported on a test that was made In

northern Wyoming to determine how consistently indi­
viduals could measure channel geometry for the three dl ­
ferent reference levels. Seven participants independ nt!.

-
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visited 22 sites and measured the geometry in sections of
their choosing. An average standard error for discharge of
about 30 percent was attributed to differences in width
measurements alone.

The method, as indicated by standard errors of esti­
mate and other statistical measures, is most accurate when
applied to perennial streams with stable banks. Examples
are upland streams with coarse material (armor) protecting
the bed and banks from erosion, and valley streams with
well- vegetated banks formed largely of cohesive silt and
clay. Conversely, the use of channel geometry probably is
least accurate when applied to streams of flashy or erratic
discharge (including ephemeral streams) that have sandy,
noncohesive banks, and lack of well-developed growth of
riparian vegetation.

TYPES AND GROUPINGS OF DATA

The data upon which this study is based are listed in
table I. Each data set is identified by the number and
name of the streamflow-gaging station as assigned by the
U. S. Geological Survey; the location of each station is in­
dicated in figure 8. Data shown for each station generally
include active- channel width, active-channel depth, and
sediment characteristics of the channel bed and banks.
Discharge characteristics were obtained from the
streamflow- and basin-characteristics file of the U. S.
Geological Survey, and channel gradients were computed
from topographic maps.

All relations provided herein express mean annual
runoff (QA) or a flood discharge for a specified recurrence
interval (Qn) as the dependent variable. A 5-year flood
discharge (Qs), for example, is the discharge rate which
is expected to be equaled or exceeded an average of once
every 5 years or has a 20-percent chance of occurring
during I year. The independent variable for the relations
is active-channel width (WAd. All other data provided
in table I were used in the original multiple-regression
analyses and in the final analyses either to classify and
group the width-discharge data or to evaluate the reliability
of the data.

Owing to the purposes of this study, most data (table
I) pertain to channel sites in arid to semiarid parts of the
western United States. Most of the gage sites are located
on channels of ephemeral or intermittent streams. Some
perennial-stream data are included in table I, but most of
these data were collected in mountainous and other upland
areas where snowmelt and relatively large precipitation
rates sustain perennial streamflow in an otherwise water­
deficient region. The data of table I, therefore, are used
primarily to define width-discharge relations for channels
of ephemeral and intermittent streams.

The width of an alluvial stream channel is a function
of the geology and climate of the basin that the channel
drains. Because the geologic and climatic conditions of the

6 Streamflow Related to Channel Geometry, Western U.S.

western United States have wide ranges, the relations of
active-channel width with a variable of discharge (Q2, for
example) likewise show large ranges. To permit reasona­
ble estimates of discharges from width, therefore, it is nec­
essary to group data according to the characteristics of cli­
mate and geology. The groupings of data for this study
rely on differences of flow frequency, channel-material
characteristics, and runoff characteristics as reflected in
potential evapotranspiration.

Grouping by Flow Frequency

All channel data for this study (table I) were sepa­
rated into groups representing perennial, intermittent, or
ephemeral streamflow to define annual runofi. Ephemeral
streamflow was further subdivided depending on number
of flow days per year. Although the percentage of days
that streamflow occurs in these channels was a major
criterion for grouping, the terms perennial, intermittent,
and ephemeral, when related to streamflow, are qualitative
and cannot be applied precisely. For the purposes of clas­
sifying streamflow, the following definitions (modified
from Meinzer, 1923, p. 57-58) were used:

A perennial stream----Dr stream reach, has measurable
surface discharge more than 80 percent of the time. Dis­
charge is at times partly to totally the result of springflow
or ground-water seepage because the streambed is lower
than surrounding ground-water levels.

An intermittent stream----Dr stream reach, has surface
discharge generally between 10 and 80 percent of the time.
Because an intermittent- stream channel is at or near the
water-table surface, discharge can be the result of a dis­
continuous supply from springs or ground-water seepage,
a discontinuous supply fwm surface sources, including
runoff of rainfall and seasonal snowmelt, or both. If a
channel has sustained periods of no streamflow interrupted
by a seasonal period of continuous steamflow, at least I
month in length, the stream or streams is intermittent.

An ephemeral stream---or stream reach, is one that
flows only in direct response to precipitation; measurable
discharge generally occurs less than 10 percent of the
time. It receives no long-continued supply from melting
snow or other surface sources. Because an ephemeral­
stream channel is at all times above the water table, it also
receives no water from springs or sustained ground-water
seepage.

The data sets of table I were divided according to the
above definitions. The channels of the ephemeral group
were divided further into groups having discharge approxi­
mately 6 to 9 percent of the time, 2 to 5 percent of the
time, and I percent of the time or less. Relations between
active-channel width and mean discharge were developed
for each group. Channels with steady, perennial discharge
are shaped by limited discharge ranges, and commonly are
narrow relative to mean discharge. An ephemeral stream
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Figure 8. Location of measurement sites.

channel with discharge occurring less than I percent
of the time, however, is shaped by flow that might
occur less frequently than once per year. Owing to
the extended no-flow periods, the mean discharge of
these channels is very small, and channel widths gen­
erally are large relative to mean discharge. The infre-

quent discharges, however, help shape channels re­
gardless of whether a channel has perennial, intermit­
tent, or ephemeral streamflow. Therefore, it was not
necessary to develop separate relations between
channel width and flood discharges for the flow-fre­
quency groups.

Types and Groupings of Data 7



Table 1. Channel and streamflow characteristics at selected gaging stations.
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hrAD rp rJR ,JUHNSON, t<S

IJ1$T C'r< AT $t-.Nt.CA, "-u

nfl. CA~T~ CR Nk PYRA~Tl) CORN~P5, nK

FI,I"'T CP ~k ~ANSAS, OK
CAN~t)TAN p ~H HFbPON, N~

CTl'lllKRIIN R Nr< CTMAI-lRllN, N~

C(lNr~AS k NP VARjADFHn, N~

rRA~PFHns CP Nk ~T~"0, N~

lIIALf\lUT ("R AT PlJ~CF:[,t., 11K

Fn0PCI~1- MALTNF Nk RF"I) UAK, nK
JJI.~~·5 FK N~ H"CK~T'r, Ak
cnVF If"( NR r.Jr~F rH, Ak

f?1I,St-l Ii-\' r~~ '.1 A YSV II,I.F·, 01<'

~TA~J(HT R N~ tiTG C~()AH, nK
S CflNrrifl R AI' CHkTSTtJVAI.., TX
M ('nNrW"l Q AK T"N~~'PSLr:Y, T)'
!JnVF r~ AT KNTCK~wHnCK~R, l'X
P~C~N CP NH &AN ANG~l,(l, TX

~J cnNrHn n 1\ I' ST~·R['lNr. ClTY, "rX

I\J CflNCHf'l P ,.,IR ll\~T.SHAn, TX

CTRnLn IR rJkI Illll,VF'ld)E, TX
CTt.. nLn r~ A'r ,<;~,J,MA, TX
Sl\l:'olN/l.1, rc: !"oR SAK!"lAT., TX

HnNf'lD rl'? 'H< 1'A.I<Pl.~Y, 1'X

Hn~nl) CR Nrc: lillNOU, 1'X
HnNf'lrl rp fL r KTN\' WATF:IJHflLF ~fJ IH1NOfl, TX

SFcn rR AT PtlWt:. HAtotrrl rlP n'IlAMJ!,-, IX
GOLTSTt'n rw AT nU~JNGn, NM

RTU SAN JnSF AT (;RANTS, N~

GPAN1~ rA~vn~ AT \'r<ANTS, N~

RTn SAN JnS~ Nf.( GRA~JTS, N\I

I-'T11 P1Jn~cn H UFkNAIlO, Nr./

AfJpnyn n~ L~ MATANlA NH snrnRPU, N~

q I

Y.O
I ~

1 ~

10

17
2v
q.4

14
?b

14
"4
42
1>1
14

?O
b.O

?ri
1 q

\ 2

?6
44
~ I
II

?3

1>9
2~

72
23
14

\ 6
II
4/.

"0
4'

1 .70
1 • '\b

1.70
2.R6
1 • ~ I

1. O~
I.Qh
7.1>0

.7Y
?44

.R5

1. 0 4
.1>5

I • J~
?2~

J • RIJ

.OS
1 • >t 4

1. OJ

1.7Y
?07

I • o~

1.1 ,
I • A~

1 • ~()

?37

~.OO

1. Qy
I .73

3.02
1.00
3.?O
?RO

• R2

\ • l4
1. Q4

\ ." 7
?·n
? R I

1. Qu
1.0()

I. R4
1. ilL
0.7v

.~I>

? \ Y

I>
14
~7

I>
24

4\
~Q

L7

~9

I>

3

27
40

37
~~

4l
1

P

o

37

1.0
.7 R
.o~

3.~

.3 ?

.O~

~. R
7.4

:1.5

• J 2
100

.S4

.()~

.OR
?~

1..(1

\ I>
.20

'i0
.?O

.34

~ll

10
7.0

\\
~v

0.2
3. H
4.u

14

I>H
70
I, H

b
R3
04

S6
3u

97

IV

?l
25
~b

7v
\ 7

3 \
46
?~

17

6R
~I>

24
73
"/0

77
60
Y8
6q

oj

qR
9J
y7

CI
25

o
I>
o

28
72

o
?
?
4

10

I>
o

22
o

61

o
H5
44
Y4
"I?

34
44
31
~O

~?

R

24
34
1\
21

2R
32
J2
48
"1.7

23
1 q

JI
\ 4
JI>

12
17
J2
J\

4

1 0

31
27
41
II

10
37
19
20
21

10
47
16
J7
I I>

25
12
17
16
ih

j4

14
39
35

6

?~~4

17~

2?()
R9.~

1>6.7

2R3
~36

~47

~2.b

~ 1 H

540
11 Qu
141>0
1 J 07

317

7'0
? 1

Hl~

42
71 • I

202
1 ?2
J47

3 ~. 3
206

40. I
409

2436
0'

03.2

R6.2
I 12
J 42
JI>8
640

1020
13.0

?300
735C'

4b.U

.OO?]O

.0007~

.OOObO

.000b9
· OOR \ 0
.OO?ht"l

• 00 1 bO
.00740
• ntJ 1 .in
.oun.,7
.0\)0:24

.0v 0 47

.OOOYR

.00120

.00120

.00130

.nOl~o

.0018 0
• ou:11 0
.00077

.00IHO

.OO~40

.0141 0

.00?40

• CC, 100

.0()0~7

.OvlbO

.00140

.00150

.00140

.00lOO

.00 180

.00130

.Oo1<JO

.00?10

.00200

.OU7.~O

.OU170

.00l10

.00500

.00~bO

.00~uO

.OOO'A

.01~00

~~ OR3AIOOO
57 OR300~00

~R PR3 Q 4500
50 OR398500
bO OR400000

RTfJ RIITno~O AT HULLYwOon, ~~

"'lfl1 Hn no tl/q c.,>QSwFl,I., ~,..

~T() FF'LTX ~1-1 HAr. ... P"1AN, N,,"

R TO PFN ~SI'J AT r'lAYTnN, N""
FnUp .... TLF "RA", NP I,AKt-.Wnnu, NtA

10
\ 0

42
?4
?2

I • ~O
2.00
2.~0

1.00
! • nu

o
75
H7
&q

9 0

2?
31>
36
24
).4

1?0
947
'J2

1000
20~

.00"30

.00330

.002"10

.0(1360

.003~0

61
67
63
64
o~

60
67
6R
60
70

OR401?tlO

OQ(J73400
09074AOO
00()7~7()O

oQ215000

OO?loOOO
0 0 2351>00
0923~HOO

04270500
0931~500

,S SFYF'N H~ NR LAKF'~non, N~

knl\QjNl; fK Q NR ASPF,\j, ClJ
C"STL~ rR AA ASPF:N, cn

MARnu~ rR A~ ASP~~, en

pACTFIC Cq NR FA~~I)N, WY

~Ir, sAr"ny H BL Fl)FN, IoIY
pnT CP Al;' UTVFkSlnr-tS, ,.,P VERNAl" [IT
pnT CR ~JR l/FHNAJ" UT
DPy P< A.T Mn0TN, NH DRY n<, liT
SAJ.F':HATIJS ",ASH 111' GREF:'~ H, !I'T

?O
Jq

2l
31
\ H

~ I
5.H
6.0

1>0
30

1.00
\ • SO
\ • lO
?OO

.RO

?23
\ • 4]

.77

1 • 03

I. 1
30

.16

.57 55

9R
o
o
o

69

o
34
~ I

o
34

12
13

o
8

19

24
J9
J9
22
22

220
J08
32.2
l~.4

~OO

1 b 1 U

?5
106
116

IRO

.004~0

.010YO

.0n]0

.0Lh(IO

.00540

.00'i40

.02400

.00350
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Table 1. Channel and streamflow characteristics at selected gaging stations-Continued

OA, AVERAGE ANNIIAl. RUNOff, IN ACHE-fEET, ON, fl.UOD DISCHAR<;E Of SPf.CH'IC HECURR,:NCE TNTf.o.:PVAL;
N EOUALS 2, ~ , 10, 25, 50, np 100 Yt:.:ARS, IN rUnIC rF-:~T PEH SECONI); PA, AV~ ... tl,GV AN UAL
PRF:CTPTTATT()~, IN INCHfS' 07-74, 7-YEAH, 24-HOUO PHECI PHATTON, IN INCHES.

NAP ,~TATTON

NO NO OA 02 OS 010 02~ 050 0100 PA 02-24

1 06131000 36R80 2840 8790 14100 74400 34400 4b 4 0O 11.0 1.30
7 01'>135500 5~20 579 1 4 70 7310 3740 ~020 ~490 11.0 1.1'>0
.1 01'> 116000 730 79 41 ~2 b.l 71 RO 11.0 1.(,(1

4 061~o500 2120 379 787 11 0 n lROO 2130 2910 17.0 1.1'>0
~ 061'1000 1040 270 517 773 1170 1~10 )tHIO I? .0 1.60

6 06170700 15720 17.0 1.1'>0
7 06\74000 c; 151 n 7600 7170 11800 19700 7.7400 16~(JO 12.0 1.00
0 06177500 ""30 758 H60 1000 '4100 '\'100 3\400 13 .0 1. 40
9 06256000 2210 209 598 1020 1800 2570 3550 to." , .00

10 06268~00 7900 1090 1790 '340 31 30 3780 4490 7.2 1.20

11 06425500 lP480 1290 3060 1PRo P130 11400 I ~500 16.9 2.00
12 064 HOOO 3370n 1470 3"70 "170 10100 14100 19100 11.3 2.00
11 06441000 15070 75~(l 50bO 7470 1\400 1~700 19 0 00 l~.o 2.70
14 Oh411~00 03160 6170 13900 21700 10100 1~700 16.1 7.70
I~ Oh44~000 2 0 30 7J 447 1110 70~0 ,~IO 96fJO 17.4 7.10

If> Oh442500 10360 ,19 \600 nRO ,490 8400 1~400 17.5 2.10
17 01'>41'>7f>00 2760 103 3\ 0 57, 081 1720 I h 10 16.6 1 .00
1R OhHI\4700 127 65 7.65 548 11 po 10 30 3000 1°.5 7.30
\9 00944 0 00 2~30 4~h 1440 2070 1930 7410 1 (\700 19.~ 7.10
20 OI'>Hh.l°OO 3160 464 110 0 7440 44~0 bfi40 q4bO 7.4.0 2.60

21 0711H050 059 601 1600 7530 4100 5~80 73bO 17.0 2.40
27. 07144R50 3040 5\9 \7 30 3200 bO,O 4n',n 1.1000 7.4.0 3.00
23 071~6720 2120 879 2ROO 5210 10100 \ ~100 225uO \".0 7.40
2 4 071RH500 20140 956 3?7° SQ70 11 non 1blUO 71';lJ(\ 17.5 4.00
7~ 071 Q o"00 77750 4770 0010 17 300 17100 70OuO 75°00 41. n 11.00

20 07196000 R2~90 4,00 11300 17600 77f>00 36hOO 4b700 44.5 4. I 0
7.7 071 0 9000 3590 7b1'>0 6 4 00 10\00 161\1)0 72100 7950° 1 N. a 7.15
2R 077.07000 14190 349 773 1160 1790 21~0 3030 20.0 7..00
2 0 07772500 6570 1~30 80hO 14100 71100 34100 471'0') 15.0 7.00
30 07777700 1170 ~~2 0710 7.?40U Qll?00 IP~000 378000 1h.0 7.76

31 07229300 19140 Q400 \5\ 00 19200 74c;,UO 7.~600 l?7un 31.0 3, 7~

37 07247500 1079,0 631'>0 12100 177.00 742UO 30000 36700 43, a 4.10

33 077 4 Q d Un Q4Ql° 7000 13100 lR\OO 74700 3000° 35"-On 4 l. 0 •• no

34 07249500 774bn 5,30 10600 14700 70100 74A(JO 29600 4~.n 4.00

3~ 0737.9~00 .3 H" '/n 73 4 0 13500 10 400 7~700 ]f)10n lh~OO 34.0 3, 7 5

36 07335700 54050 9610 14AOO 10300 22700 25900 7.9100 ,7.0 4.2,
37 08 I ?ROOO '6520 7H~0 Ib600 373no A7000 131000 194000 16.5 3.30
3R 0017.8400 17460 19 Q (l 5870 10\00 17 Q UO "700 15'00 7.0.1) 3.50
30 01=1130500 19"'bO 7371) 6 310 10J?O 17720 73780 311'>30 1 R. n 1.30
40 08111400 1530 45H I~RO 1140 6670 11000 1 .,r..,U('l I R. 0 1.AO

41 08133500 2610 7110 '030 9200 15300 7.1000 7"1000 10.0 1.00
47 08114000 807.0 6250 711'>00 30100 6670 0 91AOO 171 noo 20.0 3.10
4.1 OAI04000 774n 7,10 8010 \ SHOO 79h00 431,U" 6110 0 32.~ 3.90
44 nR1R~('lOO 11100 at 1\0 7.1300 3~5n(J l)j Q(JO F.31';(jn 7\000 7A.5 1. 0 0

45 fJR1QAOOfl 67.09° 4040 14100 26100 48 0 00 7270 0 10?'()Un 25.0 3.70

4h 007.00000 3H470 6490 lROOO 29700 49000 09000 9 \7uO 37.0 3.80
47 00200500 1207. 0 ~210 17900 33100 1'>2200 92100 111 0 00 28.0 3.00
40 0 0 700700 1,36° q4QQ 18600 27500 41100 ~2700 05700 2~.0 1.00
4 0 08202700 9420 1000 9460 17700 15100 5"'00 83700 2c;, J) 3. 80
50 OR3,~nU(l 73{H'l 6310 11000 14'/00 19 QOO 7430 0 29000 13,0 1 • ~ I

51 OH343000 180 10.0 I • ~O
57 00343100 101 177 767. 1190 1000 2~70 33HO 10.0 1.50
53 0 9 343500 4670 211 581 012 1~80 :l7(IO 7970 10.0 I. ~O

5' 083~3000 26~20 4420 7 0 bO 10HOO 14 0 00 1 A100 22000 1 n. n I. 22
55 OR3~5300 115 478 1 400 2450 4410 h440 9030 10.0 1 • ~u

56 003R7000 12030 215 117 5QO 051 tOHn 1340 25.0 I. R"
57 00390500 7610 7950 8480 \49 0 0 27700 40700 57500 \ R. 0 1.92
50 OR394~00 8170 '010 15000 7.~lno 37 0 00 47700 ~~OOO if-.n , • QS

50 OR3Q8~OO 3330 2"/70 7°70 11HOO 7.4700 :lbOOO SO'500 I A. 0 2.02
60 00400000 2 9 30 470 3650 0670 75200 45000 74100 1 4 .0 2.0ll

61 00401700 2130 2610 11900 20100 60400 104000 16HOOO 14.0 7.00
02 09073400 60400 733 070 1110 1780 \190 I~OO 7. 0 .0 1.40
63 nOO14Ron 77110 340 190 417 447 466 484 70. ° 1. 4 0
64 09075700 47460 508 592 63P hAO 721 751 20.0 1.40
65 0921,000 3620 258 ~55 808 1180 1500 lR40 0.7 1.00

60 09216000 42600 ,00 840 1000 1190 1620 1°50 10.0 1.50
67 00235hOO 2910 66 136 193 774 340 40 0 7.0.0 1.00
6° OQ215000 1440 49 117 17 R 27? 154 441 20.0 1.00
6 0 09270500 7.5290 463 945 1350 lQ~O 2460 3020 20.0 \.50
70 09315~00 7.170 7490 4770 h670 9790 II~OO 7.5 .07
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Table 1. Channel and streamflow characteristics at selected gaging stations-Continued

.AC, WIOTH Of ACTTVf CHhNNF.r" IN Ft:FT, OAC, OfPTH Of ACTTvf CHANNF.r., IN ffET' BOS, At:O Slr.T-cr"AY,
TN PJ:.:RCFNT; 050, MFlHAN PARTTCI.E S1Z'=: I1F tiF.U MATF'~JA'-J, IN MILI... JIoIFTERS; RSJ..I, BANI< SJLT-CLAY-Hlf-;H,
IN Pt.RCFP-IT; Nt-, NlJ-F1,Ow DAYS, TN PFRr:t.:NT: Hr., ~F.:cnRn "~:NGTH, TN Wb.TF'P Y..-:ARS; OA, lJRATNAGF' ARFA,

IN ~OlJARI".. MIl,FS; GHA. ('HANNic.1. r.RADIENT, TN ""F!::T PER FEFf

71 0931~000

77 09334000
71 U9346400
74 09349ROO
75 09352900

76 U9354~00

77 093~"000

-'N 093A4500
79 0936.,500
80 09366~00

81 09367500
87 {)941.,600
HJ 09416 0 ,,0
H4 0941H500
H~ 09419610

96 119419A.,O
87 {)9444000
HR {)94711500
H9 09471000
90 09472000

91 1I9473000
92 u9474000
91 09490000
94 09480500
9~ 094N2000

9A 094A2400
97 094R2500
OR 09493000
9 q 094R3100

100 u9494500

101 094R6300
102 U94A6~OO

101 094R6HOO
104 1,9.,057.,0
10~ 1I950.,350

STATTflN

N~MF

BROWNS wA~H NR GRFEN R, UT
M WASH NR HANKSV TI,L ..:, liT

SA~ JIJAN R Nk CAHAcrAS, en
PEI0RA A NA APbnLES, cu
'ALL~CITO CR NA HAY~IF.Ln, Cn

Lns PTNns R AT LA HnCA, en
SPWINr. Ck AT LA bnCA, CO
ANjVAS fJ A'I FAkf'll~GTIJN, N'-l
LAI-JI,ATA ~ AT H~:,C;Prf(lrs, r(j

LA PIJl\'lfI P f\T cn-NM STATE LTNF

Lfl PLAT.a R Jl./k FhKMINGTfJN, N,\'I

PAHPAGU1' VALLVt TRIR Nk 11T~n, NV
,'0\ 11J)f') Y H Nk ,V,LJII. pA , r~v

MFAnuw VA(,I,F'r' \'lASH NR CflLTfo:N'fF, NV
I.F~ CANYON NH CHAQL,FSTQN PEAK, NV

1.115 VFGAS ~ASH Al N LAS VFGAS, NV
SAN t'PANCTS(0 P NR GLF~wUnu, NM
SAN PF.:DPO H AT PAf,Ul.l.INAS, AZ
SAN PFURU H AT CHAHL~SlnN, AZ
~AN P~GHO ~ NR p~nJNGT[)N, AZ

ARAVATP'&' Ck NR ~A~Mn'rH, AZ
GTLA R AT I\Fl.VIN, A7
SANT/l CPUZ R Nk LnCHIFL, tlz
SANTA C~U7. P Nt< NnGALF.S, AZ
S. TA CRUZ P ~r Cn"T[N~NTAL, AZ

ATRPOPT wASH AT TUCSUN, A7
S~NTA ,puz R A1 TIICSON, AZ
TUCSON ARROYU AT VINr. {'v!::., TIICSON, AZ
TANO~F VEPllF CH ~R TursnN, AZ
CI~N£~A CR NH ~A~TAUU, AZ

CANADA nF,T, nHn Nk TIICSON, A7.
S/l~TA CPII7. R "'1 cnRTARO, fl,7,
Af,TftH wASH ~lk THKF~ POINTS, A7.
RF.O TANK nltA~ NP RI~~nCK, AZ
nDy HF.AV~R CH NQ PI~RnCK, AZ

WAC

~5

1-'
I~O

74
20

~8

10
74
71
~b

7b
4b
71
71
93

1.14
I • ~O
11.1lJ
2. I 6
I • Q7

I • ~4
1.9"
1.R5

• R<
1 .41

1 .4 b
.91

3.~0

1.44
1.1"

.41
1. RO
I.A5
1 .52
2.53

I .1.,
2.50
1.09

7.1 H

.R3
I • ~~
1 .07
I.n
1.77

.7.,

.~7

1.70
1 .3k
1 • Q7

ADS

21
4
I
o
o

1
10
1 ~

1
o

12

2
1

II

7
1
~

~

o

U50

.1 9

3.h
75
7.,

100

70
.75

70

.43
L.3

.09
7u
I H

.15

.45

.51
1.4

14
• R4

1.4
1.1

.50
1.2
1.8
2.0

.RB

.54

.H2
200

1 ~

H~H

53
79
46
79

50
56

43
12
54
~ 1
33

72

74
74
14

40
~2

43
RO
78

41
67
~4

29
57

19
~ 1
76
~O

4

Nt

95.,4
o
o
o

o
o
o
o
~

~

100
o
o
o

90
o

1 R
o

41

o
o
6

24
8 9

95
8~

"2
48
94

97
11
~3

.,6
72

AI,

27
<7
04
6 I.,7

15
4R
35
66
23

22
66
2R
58
32

12
72
<1
11

A

12
34
10
20
17

75
136
7.,.3

679
7<.1

510
5"

1360
37

331

5R3
1"1

3820
1670

~.2

1300
1653

741
nl~

793~

541
RU11

~<.7

.,33
1662

23
2272

8.7
43.0

2R9

250
3.,03

4A3
49.4

142

GRA

.0070 0

.0 I?OO

.00340

.00430

.0:160 0

.00A80

.00720

.00430

.0IAOO

.00~30

.00540

.01700

.O{)4UCl

,00 9 00
.06700

.00500

.00620

.00140

.00740

.001"0

.OU590

.00730

.00390

.00RI0

.00~2n

.00.1I0

.00750

.03000

.00720

.00200

.00440

.Oi100

.01100

106 0951UIOO
107 09.,10700
lOR 09.,12200
109 09512300
11009.,12400

F. FI( SYCAuURE CP Nk Sl1t-.1F'Ln\t.~R, IlZ
SYCA~nHr. rH NR FlJPT Mr~n~ALn, AZ
SALT R TRTu AT PHn~NIX, AZ
CAVF CP "R CAV~ CR, AZ
C6V~ r~ AT Phn~NIX, AZ

III
117
I 1 1
I 14
I I ~

09.,13780
09513AOO
09.,13R35
09.,13060
09513 9 10

NFW
r-.Fw
NF"W R
SKUfJK
1'oF\fI H

NR Rur~ SPkTN~S, AZ
AT NI:.W RIVI:.R, A7.
NJ.I PErWTA, AZ

CR NH PHUf~rX, AZ

AT Gl,E"NOALr_, AZ

72
5b
79
7u
12

~.,

145
IA2

5b
4hU

1.30
.R.,
.44

1.40
7.75

7.40
1.00
7.00
I .~.,

7.~0

I
o
~

I
1

10
3.3
~.k

3.1
.71

1 • ~

.76

.70

.2b.1.,

18
~4

52
47
43

4
8

AU
75
27

27
3

99
96
97

71
79
9R
98
9A

Ih
16
IA

7
20

12
16
10
10

6

4.49
1~4

1.75
121
252

"7.3
R3.3

1 R7
"4.6

373

.03700

.OU 0 70

.01600

.00830

.00490

.00R50

.00520

.004bO

.00570

.00320

116 0 9 .,13970
117 10245ROO
lIN 10247R60
11 9 10<48510
1<0 10249300

121 10249411
122 10250600
123 102~1300

1<4 10251980
12~ 10252300

AGlJ~ F"RIA k AT AvnNnA"Jo~, fJ.Z
NFwl\RK VAr,IJF"Y TRIA NH HAMILTO~J, NV
PfNnYf~ VALf,Jo:Y nne NR l'F:/olPTIJl'~~, NV
I:.T,j)nRADn VAI,LFY TRIR Nk NFLSON, NV
S 'r~lN R NH ~rlUNO MnUNTAJN, NV

CAMPRfLL CN TRIR NH EASTGATf, NV
~TLORnSF r~ ~R ~ILURns~ STATIO~, rA
A~ARGnSA Q Ar l'~cnpA, CA
LnVFLI, "iASH NP RI,UE DT AMOND, ~V

CHINA SPRT~r. rk NQ ~OU~TArN PASS, CA

43u
7.7

12
17
n

2.B
26

/.9
I.,

B.6

2.~0

.43

.94

.1<
1. 1 ~

.78
1.22
2.00

.75

.54

o
o

47
o
7

.39

.04
7. I
h. I

30

15
7.~

.06
14

2.1

31
R7
2-/

40

75
61
90

"13

o
97

o
o
o

76
o

21
96

o

9
15
12
12
12

14
10
15
II
11

2013
157

1 .48
1.41

7u

2.14
23.7

52.8
.94

.00120

.02noo

.03700

.03~00

.01300

.06300

.00900

126
127
12N
1<9
130

131
132
133
134
135

136
137
13B
139
140

102R2 4 80
10393500
10396000
10403000
11139000

11140000
11142500
11147800
11148500
11176000

11180~00

11<5.,500
11337500
11318ROO
11390672

MAznURKA CN NR TNOF.PENOfNCE, ,A
STLVIr.S ~ NR AUPNS, OR
onN~~R 'JNO RLTTZ~N R ~R fRENCHGL~N, OR
SlLvr.Q eM NR RJI,~Y, OR
LAHPt-:A (H ~R SIS\J11UC, (li

sTsnuoc R NA GAREY, CA
ARHnyn DE LA ChOZ NR ~AN ~IMEnN, CA
CAOLAME CR NA SHANunN, CA
ESTRt:LLA R NR E~TRELLA, CA
ARRnYD MOCHO NR LIVERMUPE, CA

DPY CR ~T UNION CTTY, CA
PANnCHE CR AI. SILVt:R CR, NR PANnCH" CA
MARSH CP NR BYkON, rA
HF:D ~ANK (R NP R~n RLIJFF, CA
STONt: ,nRRAL CR "R ~JTES, CA

9u
~2

56
26
42

26'
78
55

l R.,

7.1

2.,
40
28
9~

16

1.00
~.OU

4.00
1.14
1.00

1.5U
~.78

1.10
1.80

.96

3.09
.75

1 .17
7. I B
1 • Nil

7
1
7
4

2
4
o
o

10

20

.58

.41
10

.42

.30
~.O

2.7
.56

14
I?

.36

13
33
71
53
18

47
n
~6

78
54

o
o
o
o

79

83
54
92
69
25

63
58
67
52
62

10
64
47
26
n

36
27
12
23
32

21
11
22
17
17

15.6
934
200
<28

93.8

471
41.2

227
972

3B.2

9.39
293

42.6
93.5
38.2

.08000

.00069

.00260

.00800

.00310

.00340

.007;0

.002"'0

.00640

.00420

.00640

.00510

.00310
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Table 1. Channel and streamflow characteristics at selected gaging stations-Continued

QA, AVERAr.E ANNUAL RUNOFF, IN ACRf-FEET, QN, FLOOD DISCHARr.E OF SPECIFIC RF.CURRENCE INTF.RVAL'
N EQIJALS 2, 5, 10, 2 ~, 50, Il· 100 YEARS, IN CURIC FEET PER SF-COND, PA, AV~~AGf ANNUAL
PRF:CIPITATIUN, IN INCHF:S: P2-74, 7-n~AR , 74-HnUR P~r::CtPTT~TTON, IN INCHFS.

"AP STATION
NO NO OA 02 05 010 025 050 0100 PA p2-24

71 09316000 "8R 1700 3550 5130 75UO 9530 11800 7.5 1.00
77 093 HOOO R69 1180 3070 ~OOU 8340 15400 70100 10.0 1.15
n 0°346400 384710 3HOO 5940 747U 91:\JO 11100 127UO 30.0 1. Ro
74 09349800 251400 2290 3940 5140 6740 "1°60 92uO 27.0 1.70
75 00.152900 OR530 1370 7110 26"0 3370 3P90 4410 46.0 7.60

"16 09354500 157200 1340 2330 )090 4170 5050 59YO 12.0 1.40
77 09355000 23 4 70 315 638 8R2 1740 1550 l RRO 17.0 1.19
7P 0 0 3"4500 5"6600 6170 9190 11400 14700 16400 18700 20.0 I. ~O
7° 093"~~00 77460 452 777 1000 1 1 10 1550 lROO 3~.0 7.2U
~O 09366500 23130 7(,6 1560 724U D40 4100 5040 3~.0 1.(,0

R1 09367500 17170 1250 2720 2Yoo 40YO 5000 5990 29.0 1.50
87 09415600 1.4 10.0 1 .10
83 09416000 79420 209 548 916 1600 2300 3190 6.3 1.30
R4 09418500 8550 474 1060 1610 2530 33RO 4.)80 7.5 1.30
R' 09419610 13 74 169 4"4 1360 2740 5130 1°.5 , .70

R6 09419650 643 IRO 1150 3040 8550 10700 30400 6.0 1.40
87 09444000 57l1° 2~40 5110 7310 10700 13600 1~ROO 17.6 1. RO
88 0 0 470500 710RO 6370 10700 1200,> 16'00 19 )00 22700 17. ° 1.°0
89 00471000 33 760 6Y70 12500 1780U 26700 35300 4590U 16.5 1.90
90 09472000 75R60 8710 16800 V40U 33100 41400 50400 15.5 1.90

91 09473000 15360 4560 8820 1230U 1"1200 2130U 25700 16.2 2.00
Q7 00474000 267300 21400 4560 0 66600 08400 12""ou 15"000 70.0 2.50
93 0°480000 19 30 1700 1510 504U 7330 9270 11400 1 ~ • 2 1.90
94 094RO~00 2U580 432U 7930 10900 15700 IR800 27000 18.7 2.00
95 004R2000 12'30 4460 8630 12000 '7000 71100 25500 I R• 1 2.10

96 094R2400 320 320 577 7"4 1030 1240 1470 10. " 1.80
97 094R2500 13040 5140 8R20 11600 15600 IR800 2710U 16.9 2.10
98 094R3000 h50 1000 2300 3300 4400 5500 6900 '1.0 1. HO
99 094R3100 6430 1040 2020 7810 39"10 4970 5Y50 17.0 2.00

100 094R4560 1700 920 2"90 4hOO HOOO 11300 1~400 Ib.6 1. YO

101 09486300 6590 21RO 5450 8610 13ROO 18600 24200 16.4 2.00
107 09486500 417 30 8340 13200 Ih600 71 0 00 24200 27500 16.3 2.00
103 0048"ROO 5400 ~7no 10100 11500 lRI00 218 0 0 25"00 1~.6 2.20
104 0°505750 6720 507 2340 5110 11700 10700 31400 71.6 2.4 0
105 09505350 2R040 2RRO .550 14900 7h700 3e"100 53900 73.1 2.50

10h 09510100 484 30 158 362 R50 1460 2340 24.5 3.00
107 09510200 18480 1660 5650 10400 19600 29100 41400 71.2 2.70
lOR 0°5' 2700 4.4 J5 181 418 1010 1760 7900 9.0 1.60
109 0°512300 2770 7Ul0 4900 7730 17~()0 16900 27200 15.7 2.30
110 09512400 D80 417 1200 7040 3540 5030 (,870 9.0 1.60

111 09513780 7140 15RO 5760 11 IOU 22JOO 34 700 51500 20.0 2.40
112 0°513800 7610 2100 7720 13600 16400 40300 58800 19.5 2.30
113 09513835 5750 1470 5110 0 0 50 18ROO 2RBOO 47100 15.6 1. Q O
114 OQ513860 11 JO 1200 4750 °60U 20100 32100 48900 12. ~ 1. 9 0
115 00513910 R1QO 7300 R380 1590U 11100 4?hOO 09600 13.8 I. 80

l1h 00513970 6~70 249 2400 75~U 74900 53000 lU1000 16.3 1.70
IJ7 10245800 120 23 95 202 44R 749 1190 10.3 1.20
11 R 1024"1860 1.4 .5 8.2 37 185 574 1.140 8.0 1.10
II ° 1074R510 5.R 2.8 62 370 lR20 5670 15500 b.O 1. 30
120 10249300 4950 38 79 116 175 278 2R9 15.4 I. 60

121 10249411 55 3.5 20 51 135 253 447 16.0 I. 50
127 10250~00 20 8.2 166 705 3000 7290 8.0 1.10
123 10251300 1990 234 972 2050 4540 7580 12000 4.0 1.10
174 10251980 148 40 411 139U 5130 11900 75400 9.0 I. 70
125 10257300 .~ 3.0 27 47 100 7.0 1.10

12h 102R2480 61 h.O 1.40
127 103°3500 134000 12RU 2130 27fi0 3~20 4310 5030 19.0 1.00
128 103Q6000 °4190 1270 7030 7570 3270 3810 43~0 '4.0 1.00
12° 10403000 31~90 552 1030 1430 2020 7530 10°0 20.0 1.00
130 11139000 2930 16Y 951 2350 23.0 3.20

131 11140000 45720 1200 5130 10500 72200 36000 54400 20.0 3.50
132 11142500 42740 75QU 14600 19800 76600 31700 3~700 31.0 3.50
131 11147800 4R80 113 1190 3740 12000 24600 46100 10.0 1.50
, 34 1\148500 41)140 387 7810 7020 17000 28800 44900 13. U 1.90
135 11 176000 3780 167 574 1010 1760 7450 3220 16.0 3.50

136 111R0500 2480 116 568 1100 2090 3U~0 4200 22 .0 2.90
137 112~5500 1340 200 1670 3750 8220 13100 19400 14.0 2.00
138 11337500 6570 459 1650 2970 5750 7370 9810 16.0 7.30
139 11378800 42380 4180 7080 92 40 12700 1 4 snO 17000 76.0 3. 00
140 11390672 4380 1180 2450 3540 5160 6550 8080 20.0 2.50

Types and Groupings of Data 11



Table 1. Channel and streamflow characteristics at selected gaging stations-Continued

wAC, wIJ)I'H nt>" ArTl\1F rHANNfo;J" IN FI::F:T; DAC, Ofo:PTH OF ArnVF CHA~NF.r., I~ FEFT: Ans, AFf) SU,T-CLAY,
Pl PJ::RCF:NT; n~o, MEDIAN PA~TTCLE STZE OF HF'O MAl'FI-<Y"r't TN MJf,LT'''FTF.HS; ASH, hANK sn:r-CLAY-HIC:H,
J~ PI.:.:RCF'NT; Nf, Nlj-rJ,UW OAYS, TN PFI-!C'fo.NT: kI., IH:cnI-H) LENGTH, TN ..... ATFH YFAR~; DA t l>RAl~AGF A;~fA,

Jf,J SUl)ARt~ MTLF:S; GPA, rHfl.~jNfo:T, r.l<A()IF":~", TN fo"FrT Pr.R F'J::F:r

"AP STATTON ,c;l'flr I ON
,n NO NA,"'F wAC nAC RIJS [)c;O HSH NF RI. nA (;PA

141 11449500 AI)ORf: CR NH K'L<;UVTLL~. C'A 22 ,9~ 0 I ~ <;9 3~ 22 o,3~ ,00440
142 11449100 SC'DTTS CH NR LAl<.C:PU~T, CA 42 2.7b n R.h 12 4~ 10 5~.2 .00210
143 13112000 CAMliS CR AT CAI'IAS, III 31 1 .57 29 ~(J 400
144 13114000 BF'AVFQ C'R AT ('A~A::', 11) 1 ~ 1.10 95 49 ~10

1 4 ~ 11207000 SPklNC; VALl.F:¥ CR f' ~A(;I,F. • III 'J.O .fiO 4H 16 20.9

146 14179000 BRFITF.NRUSH H AR CANynr~ CR, NR I)ETHnIT , DR 123 2.~0 ~o 0 45 10h .01200
147 14192000 "'ILL C'" AT SATJt. M, OR 4~ 2.01 n 3R 110 .0(.160
14 R 1419JOOO wTLI.Alol:INA CR N~ wILI.AMINA, nH 64 2,7"1 0 43 h4.7 .0()150
149 14j01500 .... ILSUN R "H TTLI.A~un,• 01-< 12~ J. 1 0 25 0 47 161 .0l)120
1~0 1430)"00 N'~STl)rc~ H "H hF'"AVf.H, UP 1'0 '1.61 0 13 I ill) .OIJ370

151 14305500 STLFT7. R ~T SlL~T7., DR 130 4. ) 2 10 0 ~8 202 .00160

Grouping by Channel-Material Characteristics

Channel-geometry studies for the Rocky Mountain
States and the Missouri River basin (Osterkamp and Hed­
man. 1977; (982) indicate that width-discharge relations
of perennial-stream channels vary measurably with the
channel- material characteristics. In general, streams that
transport predominantly fine-grained material (silt and
clay) fonn relatively narrow and deep channel sections
with cohesive banks of fine material. Predominantly sandy
channels tend to be wide and shallow, the banks lacking
the cohesiveness necessary to resist erosive discharges and
maintain a stable, well-defined shape. Channels armored
with increasingly larger material sizes (gravel through
boulders) tend to have the narrow shape, relative to mean
annual runoff, of the fine-grained channel sections. Ar­
mored streams (generally alpine streams in these studies)
have relative narrowness and pronounced stability because
the material forming the channel perimeter is immobile ex­
cept during uncommonly large flows. The armor, that is
the coarse-material sizes, provides the same stabilizing ef­
fect for these channels as does the cohesiveness of silt-clay
channels.

The data collected for this study are sufficient to de­
fine three groups of channels: (I) silt-clay channels-those
with a median-particle size (dso) of the bed material of less
than O. I mm (millimeter) or a bank- material silt-clay con­
tent of at least 70 percent and a dso of the bed material of
no greater than 5.0 mm; (2) sand channels-those with a
dso of the bed material ranging from 0.1 to 5.0 mm and
silt-clay contents of the banks of less than 70 percent; and
(3) armored channels-those with dso of the bed material
greater than 5.0 mm.

Separate relations between active-channel width and
annual runoff were developed for each of the channel-ma­
terial groups. The basic equations developed by regression
analyses for each flow-frequency group and geographic
area were used to define approximately the coefficients

12 Streamflow Related to Channel Geometry, Western U.S.

and exponents. The separate relations were then developed
graphically for the channel-material groups. This proce­
dure was necessary because there were not enough data
sets for a regression analysis of each group. Because equi­

valent standard errors could not be detennined for the
graphical analyses, the approximate standard errors shown
are for the basic regression equations. It is assumed that
the standard errors for the separate relations are at least

equal to and probably less than those shown. The use
of channel-material groups to define relations between ac­
tive-channel width and flood discharges showed minimal
statistical significance, and therefore separate channel-ma­
terial relations are not included to estimate the flood dis­
charges.

Grouping of Runoff Characteristics

Different groupings of the data sets were made de­
pending upon whether the intended relations estimated
mean annual runoff or flood discharge. The intermittent­
stream data were divided into northern and southern
groups for the purpose of relating width to mean-annual
runoff. The two groups are approximately separated by a
latitude 39° N. (fig. 9). To develop equations yielding
flood-discharge estimates, each data set in table 1 was
placed in one of four groups. The first includes alpine and
pine-forested drainage areas. The other three groups are
defined similarly to those of the mean annual runoff data
of intermittent streams. Thus, latitude 39° N. again sepa­
rates the plains that are east of the Rocky Mountains. A
fourth group includes the intermontane areas that are west
of the Rocky Mountains.

Regression analyses were made of various groupings
of the data in table 1 to yield equations that estimate mean
annual runoff and flood discharges. The results provided
here represent the groupings of data that appeared to pro­
duce the most consistent and statistically significant re-



Table 1. Channel and streamflow characteristics at selected gaging stations-Continued

OA, AVr:RAG~ ANNIIAL RUNOF"F", IN ACRF"-F"EET; UN, "1,000 DISCHARGE OF" SPECIfIC Rf.CURRf.NCf. INTERVAL;
N F"O'IALS 2, ~, In, 2~, SO, OP Inn YEARS, IN CUAlr F"EET PER sF:CONn; PA, AVF"RAGE ANNUAL
PRF:CIPITATTlIN, IN INrHES; P2-24, ?-YEAR, 24-HOUR PRECIPTTATTUN, IN INCHES.

"AP STATION
Nfl NO vA 02 US (Jl u. 025 050 0100 PA P2-24

141 11448500 8980 956 133n 15fiO lR50 2060 2270 41.0 4.50
14? 11440100 62450 4300 7070 107no 14600 1780U 21100 30.0 3.00
143 13112000 15650 30U 690 91U I I 80 13°0 1500 1U.O 1.20
144 131140UO I J 110 110 170 210 ?50 2 AO 3\ 0 10.0 1.20
145 11207noo 1P5n 52 13n 204 ~ 26 4~8 5nH 14.0 1. 30

'46 1417900n 45570n 6260 8R9n 10700 13100 14900 16700 77 .0 3, 70
147 141 02noO 06300 40.0 3.nn
14R 141 03000 205800 3850 5240 6210 7500 8490 95JO 87.5 4.90
14 0 14301500 907100 17400 22600 260no 30100 31200 36JOO 102.5 5.50
ISO 14303600 844Ron 14500 ?0100 24000 ?SOOO 32600 363no 11 0.0 5.RO

151 143n5500 1159000 20900 26600 30200 H30n 373no 40200 11 7 • 7 5.70

suIts. In order to develop easily applied equations of gen­
eral utility, however, the data groupings are intentionally
broad and necessarily different for the mean annual runoff
and flood-discharge equations.

Users of the equations need to realize that latitude
39° N. and the edges of the Rocky Mountains (fig. 9) are
not exact boundaries. These divisions need to be consid­
ered transition zones. Because the computed discharge

Table 2. Equations for determining mean annual runoff for streams in western United States.

Areas ot Percentage

similar of Chaone1- Standard error of estimate Equation

Flow reg iooa1- runoff time having material Equatioo (percent) number
2.1 y Y

frequency characteristics discharge characteristics

Perenni a1 Al pine More than 80 Si It-c1 ay and armored OA = 64WAC 1.88 28 (7)

P1 ains north of 10 to 80 Sil t-c1ay and armored OA = 40WAC 1. 8O SOQ! (8 )

1atitude 3goN. Sand OA = 40WAC 1.6S SOQ! (g)
Intermittent

Plains south of 10 to 80 Sil t-c1 ay and armored OA = 20WAC 1. 6S SOQ! (10)

1at i tude 39 oN. Sand OA = 20W AC l. SS SOQ! (11 )

Northern and 6 to g Si1 t-c1ay and armored OA = 10WAC l. SS !!..I (12)

southern plains Sand OA = 10WAC l. SO !!..I (13)

and intermontaine 2 to S Silt-clay and armored OA = 4.0WAC l. SO 40Q! (14)
Ephemera1

4.0WAC 1. 4O 40Q!areas Sand OA = (IS)

Deserts of 1 or less Sil t-c1 ay and armored OA = 0.04WAC l. 7S 7SQ! (16 )

the Southwest Sand OA = 0.04WAC 1. 4O 7St;,} (17)

--
2.1 Areas of climatic characteristics shown in figure g.

QI Silt-clay channel so-bed material dSO less than 0.1 mill imeter or bed material dSO equal to or less than
S.O millimeters and bank silt-clay content equal to or greater than 70 percent.

Sand channe1s--bed material dSO = 0.I-S.0 millimeters and bank silt-clay content less than 70 percent.

Armored channels--bed material dSO greater than S.O millimeters.

,"-I Active-channel width, WAC, in feet; discharge, OA, in acre-feet per year.

~ Approximate--standard error of estimate of the basic regression equation.

~ Standard error of estimate not determined; graphical analyses.

Types and Groupings of Data 13
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Figure 9. Areas of similar hydrology and channel geometry.

values can differ as much as 100 percent from one area to
another, it may be necessary to compute discharge values
with both ~quations if the drainage areas of the stream are
separated by one of the boundaries. The discharge values
then need to be adjusted on the basis of that part of the
drainage basin which is in each area (table 2).

APPLICATION OF THE METHOD

Collection of Channel-Geometry Data

A reach of channel for which the discharge character­
istics are desired needs to be thoroughly investigated to 10-

cate at least three cross sections, one or more stream
widths apart, that are representative of the channel. Care
needs to be taken not to select cross sections upstream or
downstream from tributaries that would significantly
change the drainage area. At cross sections where the re­
ference points for the active-channel width are adequately
defined, a tape or graduated tag line needs to be stretched
tightly across and perpendicular to the channel, as shown
by line B-B' in figure I. The width is measured between
the reference points and recorded. A photograph of the
cross section with the tape in place needs to be taken to
show the location and for possible review at a later date.
Detailed procedures for collecting channel-geometry data

14 Streamflow Related to Channel Geometry, Western U.S.



are given by Hedman and Kastner (1977).
Field training and experience are necessary for effec­

tive selection of the active-channel reference levels. Un­
usually shaped channel cross sections need to be avoided.
Relatively straight or stabilized reaches of meandering
channels need to be selected where active bank cutting or
deposition is not in the process of changing the channel
width. Braided reaches need to be avoided, as well as
reaches in the channel that indicate the channel has been
widened or realigned by an extreme flood or by construc­
tion work and has not had time to readjust. Likewise,
reaches with banks that cannot be rapidly sculptured by the
water (that is, banks composed of resistant material, such
as bedrock, and reaches lined with riprap or concrete that
have abnormally narrow widths) need to be avoided.
Reaches with large pools or steep inclines also need to be
avoided.

Channel-Material Sampling Procedures

At least one set of samples of bed-and bank-material
need to be collected at each site at which the channel­
geometry technique is used. Samples of bed and bank ma­
terial should be collected from the perimeter of the active
channel. Three composite samples should be collected,
one from portions of material taken at equal intervals
across the channel bed, and one each taken at intervals up
each bank to the reference point. Because fluvial sorting
processes are different for the bed and banks, care should
be exercised to insure that the bed samples are not con­
taminated with bank material, or the reverse. Specific
sampling procedures at channel-geometry sites are de­
scribed by Osterkamp (1979, p. 87-88). A particle-size
analysis (Guy, 1969) is made for each of the three chan­
nel-material samples, with the results being expressed as
percent of the sample finer than the various specified
sizes.

COMPUTATION OF MEAN ANNUAL RUNOFF

Mean annual runoff for various types of streams in
the western United States can be computed from equations
given in table 2. The equations are separated on the basis
of flow frequency, runoff, and channel-material character­
istics.

Perennial Streams

Mean annual runoff for all perennial streams with
silt-clay or armored channel can be computed with equa­
tion 7. This is an easily recognized class of stream. The
active-channel reference level is well developed, easy to
identify, and the equation has a minimum standard error of
estimate.

Intermittent Streams

Mean annual runoff for intermittent streams can be
computed with equations 8-11. This is a broad group of
streams with regard to the flow frequency (10 to 80 per­
cent), and identification will require thorough knowledge
of the area and the climate. To be classified intermittent,
the stream should have flow 10 to 80 percent of the days.
Most of the streams with drainage areas greater than 500
square miles, except those in the arid southwest, will gen­
erally have discharge for more than 10 percent of the time
due to prolonged snowmelt in the northern States and due
to larger and more frequent precipitation events in the
southern States, generally east of New Mexico. The areas
of the northern and southern plains and intermontane areas
are approximately separated by latitude 39° N. (fig. 9).

Ephemeral Streams

Mean-annual runoff for ephemeral streams can be
computed with equations 12-17. To be classified ephem­
eral, the streams should have flow on the average of less
that 10 percent of the days. Ephemeral streams are further
separated into those that have flow I percent or less of the
days, 2 to 5 percent of the days, and 6 to 9 percent of the
days.

Identification of the streams that are ephemeral and
the groups within the ephemeral classification again will
require thorough knowledge of the area and the climate.
All available hydrologic, geologic and climatic information
should be used to determine the flow frequency of ungaged
streams. All gage records should be examined because
streams within large general areas commonly have about
the same flow frequency. Local residents can provide valu­
able information on the number of low events. Inspection
of channel and flood - plain debris and vegetation will give
clues on the frequency of flow events. The channel mate­
rial and basin soil types should be investigated. Streams
with sandy channels and sandy drainage basins will have
fewer runoff events than those with fine material sizes.

COMPUTATION OF FLOOD-FREQUENCY
DISCHARGE

Flood-frequency discharge, in cubic feet per second,
for the indicated recurrence intervals in years can be com­
puted with the equations in table 3. The equations are
given for four separate groups-alpine streams, including
streams with pine-forested drainage areas, and three geo­
graphic areas to account for the variation in runoff charac­
teristics (fig. 9). The equations are applicable for all three
flow-frequency groups (ephemeral, intermittent, and pe­
rennial).

Computation of Flood-Frequency Discharge 15



Table 3. Equations for determining flood-frequency discharge for streams in western United States.

Areas of similar Standard error of Equatlon
climatic characteristics a/ Equation b/ estimate (percent) number

02 = 1.3WAC 1. 65 44 (18 )

05 2.8WAC 1. 6O 37 (19 )
Al pi ne

= 4.4WAC 1. 55010 38 (20)
and

025 = 7. OWACl. 50 42 (21)
pi ne-forested

050 = 9.6WAC 1. 45 45 (22 )

0100 = 13WAC1. 4O 50 (23)

02 = 4.8WAC 1. 6O 62 (24 )
Northern plains

= 24WAC 1. 4O05 42 (25 )
and

010 = 46WAC 1. 35 40 (26)
intermontane areas

025 = 61WAC 1.30 44 (27)
east of Rocky Mountains

050 = 130WAC1•3O 51 (28)

0100 = 160WAC 1•25 58 (29)

02 = 7.8WAC l. 70 66 (30)

05 = 39WAC 1. 6O 57 (31)
Southern plains east

= 84WAC l. 55010 56 (32)
of Rocky Mountains

180WAC l. 50025 57 (33)
(subject to intensive

270WAC 1. 5O050 59 (34)
precipitation events)

0100 = 370WAC 1. 5O 62 (35 )

02 1.8WAC1.70 120 (36)

05 7.OWAC 1. 6O 73 (37)
Plains and intermontane areas

010 = 14WAC l. 50 60 (38)
west of

025 = 22WAC 1. 5O 62 (39)
Rocky Mounta ins

050 = 44WAC 1. 4O 71 (40)

0100 = 59WAC 1. 4O 83 (41)

~ Areas of runoff characteristics shown in figure 9.

~ Active-channel width, WAC, in feet; discharge, On, in cubic feet per second, where n is

the recurrence interval, in years.

Flood-frequency discharge for alpine streams, includ­
ing all streams with pine-forested drainage areas, can be
computed with equations 18-23. These streams have small
floods in relation to total discharge and to active- channel
width. Much of the precipitation is stored and released
later as springflow or gound-water seepage.

Rood-frequency discharge for all other streams (ex­
cluding alpine and those with pine-forested drainage areas)
can be computed with equations 24-41.

16 Streamflow Related to Channel Geometry, Western U.S.

CONCLUSIONS
Active-channel geometry measurements can be used

to determine mean annual runoff and flood-frequency dis­
charges for streams in the western United States. The
method offers an alternative for estimating streamflow
characteristics for ungaged streams. The equations yield
discharge values from active-channel width and channel­
material data. The principal advantage is that the discharge
values can be determined quickly and inexpensively.
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For those readers who may prefer to use metric units rather than inch- pound
units, the conversion factors for the International System (51) of Units used in this
report are as follows:

Multiply inch-pound units

inch
foot
mile
acre
square mile
cubic foot per second
acre-foot per year

By

25.4
0.3048
1.609
0.4047
2.590
0.02832
0.001233

To obtain 51 units

millimeter
meter
kilometer
square hectometer
square kilometer
cubic meter per second
cubic hectometer per year
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