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STEP METHOD F.OR COMPUTING TOTAL SBDIMEN'I LOAD
BY THE MODIFIED EINSTEIN PROCEDURE .

Introduction

The modified Einstein procedure for computing total sedirnent
load was conceived by Messers B. R. colbyand c. H. Hembree of
the Geological survey, Lincoln, Nebraska. It is the procluct of sev-
eral yearsrfield research conducted jointly by the Bureau of Recla-
mation and the Geological survey on wide, sharlow, alluvia1 streams
in Nebraska. The fulI development of the proeedure is given in Geo-
logical survey wpter supply paper number 135? entitled "computa-
tions of rotal Sediment Discharge Niobrara River Near cody, Ne-
braska.tt The procedure has the merit of being adaptabJ-e to standarO
routine field observations presently conducted by the euality of wa-
ter division of the Geological Survey. It has greater accuracy for
comouting the tnansport of the individual sediment size fractions of
all the methods presently available. Because it is adaptable to the
routine Geological Survey field observations, it is the most economi-
ca1 method of securing a reasonably accurate determination of total
load.

The procedure, as the title indicates, is a modificati6n of "The
Bed-Load Function for sediment rransportatir:n in open cha.nnel
Flows" by Hans Albert Einstein and pu6hshed by ilre Department of
Agriculture as technical bulletin 1026, Sept. 19b0. The syrnbols and
formulas are those used by Einstein in his paper with modification
to fit,the new procedure. To understand the basic principLes of the
modified procedure a study should be made of Einstein's briginalpaper.

This step rnethod and the accompanying form is presented to
standardize and document computations of the modified procedure.
It will also make it possible for personnel" to make the c*rnputations
without thoroughly understanding all the theory of the various functions.

Sarnple Procedure

Figures of base data are first entered on the cornputation forrn
in the box headed ttData.tt The water discharge, width, mean veloc-
ity, average depth, and average depth ds at ttre sampling verticals
are all in pound-foot*second units. 'f,hese units are usedlhroughout
the computations except for sediment discharges that are represented
by symbols with a A and are in tons per day. In the exarnple the
width, water discharge, mean velocity, average depthi, and average
depth ds are 230, 113, 2.08, 0.98, and1.22, respectively. This
information may be obtained from the water discharge meas,rrement
and sediment sampling field notes. It may be found for most cases
that d and ds are very nearly the same and the d may be sub-
stituted for ds. This is particularly true j-f the equal transit method
of suspended sarnpling is used. Additional basic data, that may be ob-
tained from the water discharge and sedirnent samptr-ing notes are the
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In the above equation assu[re on the basis of past experience or an ap-proxi:rrate computation on scratch paper that -;- equals 1.54. Then
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The shea.r yelocity (ur*) is computed fromwherein g is the accellratiori Oue tt t;;"i;y ""0Then

u',t = (0.0150) (5.68) = 0.0g83

The kinematic viscosity, u , is L.L4 x 10-5ness of the lam.inar sublayer,'D , i"
N 1L.6vo=-il_-

I

. (u'*) = VS, Grs equal to 32.2.

ftz f see, The thiek-

Then

8=

SO

111"8) (1.14) (10-5)
= 0.00155

0.0853

Ks 0.00105

T = 6l6GE = o' 68

and from Plate 3, x = 1.54. As the assumed x is the same as thecomputed x, no recomputation is.necess;y. l" f.;,";;;ili"'ql"rr-tityunder the log "ig".ii so rarge that x t""r, oirr"r consideGbiy fromits as sumed nume ri6ar value wiTrrout 
"""" "rit.t;i,J ; ;":ffi;?Iiror,.

By definition

P = 2.303 log1g
30.2 (x) (d)

Ks

Then

30.2) (1. 54) (0. 98P = 2.303 logr.
0.00105
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The equation for computing igee is

ieQe
-fr.,mf = 1,200 oslz iy$x1z

also

tBQB =

corumn 6 contains the numerical values of 1,200 D3/2 for thedifferent geometrical mean particle sizes. Co1umn ? contains the
fra-gtion, -io, of the bed material in each size range. rn corumn g
is listed thdbed-Ioad discharge, in pounds per secind per foot ofwidth, as'computed from

igen = 1, 2oo oS lz iu| * lz
Each of the figures from Colurnn I is then multiplied by the width of
the section, 113 feet, and by 49.2, the factor to conveit sedimentdis-
c!119e_ in pounds per second to tons per day. C-otumn g is the product
of 43. 2 w.. Co1umn 10 is the produef of iggB and 43 .Z w.

column 11, the percentage of the suspended material (ajs) in
the various size fractions, is Computed froir the siae distribuiron
analysis of the suspended material. Plate 6 isthe size distribution
c_urve plotted on log-probability paper of the suspended sediments in
the example. If the size distribution is reporteO in odd fractionsthe
desired fractions may be computed from the log-probability plot. The
computer should examine the suspended size distiibution pioiting fordistortion. If the size distribution is greafly different than what
should be expected in comparison with-othef samples at the section
the answer will be greatly affected and may be questioned. Odd size
analysis is not unusual and may be due to a poor size distribution
analysis or just a happenstance in the sampling.

The figures in Co1umn LZ for each size fraction are the amount
of sampled transport and are cornputed by multiplying the percentages
in colum-n 11 !{ the total transport in the sampled zine pr-eviously"
computed as 130 tons per day.

Co1umn 13 contains the multiptiers or ratios from Plate Z for
a temperature of 640 F. These mottiptiers are used to compute Z-isfor other size ranges from the trial-and-error Z , for the feference
size rang,e. Th9 multipliers are merely the ratios of the 0. ? powers
of the faII velocities with reference size. E.aII velocities .rsud were
those determined by Rubey. rn the example the reference size has
been chosen as 0.o0o58 feet (0.12b - 0.zb rnm). rt should represent
one of the suspended size fractions containing i substantiaL airount of
the total sampled load. This is desirabte beiause there is less chancefor large effective error in the size distribution analysis. lf another
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igQg sediment discharge through the bed layer of particles of a sizeclass, in pounds per second per foot of width
i6 Fraction by weight of bed material in a size range
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Hydraulic radius

Slope of the energy gradient

Water temperature, in degrees Fahrenheit

Average velocity of flow in feet per second

Shear velocity equal to \EE
FaII velocity of sediment particles (Rubey)

Width of the stream channel

Dimensionless parameter determined from prate 3
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