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A COMPARISON OF THE SEDIMENTATION DIAMETER AND THE

SIEVE DIAMETER FOR VARIOUS TYPES OF NATURAL SANDS

ABSTRACT

Introduction

Sand, silt, and gravel, together classed as
sediment by the hydraulic engineer, present problems
of vital importance in projects for irrigation, nevi-
gation, soil conservation, flood control, and water
power development. High costs of maintenance, loss
of efficiency, and often complete destruction of im-
portant engineering works have been experienced due
to filling of reservoirs by sediment, filling or scour-
ing in navigation and irrigation chamnels, and erosion
and gullying on arable lands. These problems have re-
ceived considerable study both in the field and
laboratory, offering a very active field at the present
time; but progress remains insignificent in comparison
to the problems.

Most of the research in this field is still
in the stage of development of satisfactory equipment
and techniques for the measurement of the sediment
load in streams. The next stage is improvement in

the methods of analyzing sediment samples.




Nearly all studies of coarse sediments,
particles larger than asbout 1/16 millimeters in dismeten
are made on the basis of the sleve analysis, since this
is the most convenient and reproducible procedure avail-
able. It is generally recognized, however, that the
fundemental property governing the motion of a sedi-
ment particle in a fluid is not its size, but its
settling velocity, a function of 1ts volume, shape,
density, and the properties of the fluld. The es-
tablished equatlion for the verticel distribution of
sediment in a stream involves the mean settling velocity]
as the parameter describing the particles. It has
been a common practice to use the mean sleve diameter
in computing this mean settling velocity. The purpose
of this study is to show the magnitude of error involved|
in this procedure and to present a practical method of
estimating the mean fall velocity with greater accuracy.

A recent standardization of terms by a
speciel subcommittee on sediment terminology of the
Stream Dynamics Committee of the American Geophysiceal
Unlon defines three distinct diameters of a particle
as follows:

Sieve diameter -- The size of sieve opening through
which the glven particle will
just pass.

Nominal dismeter -- The diameter of a sphere of
the same volume as the given
particle.




Sedimentation diemeter -- The diameter of a sphere
of the same specific gravity and
the same terminal uniform
settling velocity as the given
particle in the same sedimen-
tation fluid.

A comperison of the sedimentation diameter and the sieve
diemeter for various sends, including graphs of these
two diameters plotted against each other for various
types of sands, will accomplish the purpose of this
study. Thus the problem to be answered in this report
mey be stated as follows: How do the sieve diemeter
end the sedimentation dliameter vary in different sizes

and types of sands?

Materials and procedure

Ten different sends from a wide veriety of
sources were used 1in this study to assure a wide range
of particle shapes. The sieve analysis of each sand
was made using screen numbers 10 to 100 (Tyler Standerd
Screen Scele) for a 15 minute period in a Rotap Shaker.
The cumulative sieve snalysis curve for each sand is
shovn in the Appendix.

Minute samples of 50 random particles were
split out of the sieve fractions for individual fall
velocity measurements using a settling tube and stop-
watch. The mean settling velocity in water, and the

stendard deviation from the mean, were computed from




the values obtained for the 50 random particles. The
water temperature was recorded for each series of ve-
locity measurements. A specific gravity determination
was made on each sleve fraction.

Assuming the mesn nominal diesmeter equal to
the mean sieve diameter, all data necessary for the
determination of the mean sedimentation diameter of
eech sieve fraction was then available. This graphical
determination 1s presented in detall in the thesis.
The cumulative distribution curve of sedimentation
diameters is plotted on the same graph as the sieve
analysis for comparison.

Magnified photographs of the sieve fractions

are presented to show the particle shapes involved.

Anglysis of data

In comparing the two distribution curves

(sieve analysis and hydraulic analysis), 1t was first
noted that the sieve dlameter was always larger than
the sedimentation diameter. The average sieve diameter
at the geometric mean size was 23.7% larger then the
sedimentation diemeter for the ten sands. The indi-
vidusl differences varied from 14.4% for the highly
spherical dune send studied to 39.0% for the angular

talus debris studied.




An important characteristic noted in the
comparison of the two analysis curves was the wider
deviation of the two values in the coarser range.

The ratio of the sedimentation dieameter to the sieve
dieameter was seen to decrease consistently from nearly
unity at the 100 mesh size (0.161 millimeters average)
to about 0.50 at the 8 mesh size (2.844 millimeters
average) .

The sedimentation dismeter is plotted both
arithmetically and logarithmically agalnst the sieve
dismeter. In both cases a family of curves is obtained,
each curve representing a particular sand. These curves
show the relative importance of size and shape in de-
termining the sedimentation diameter. The most angular
sand studied gave sedimentation diameters 10% to 20%
smaller than the sedimentation diemeters for the corres-
ponding sieve fractions of the most spherical sends
studied. Over most of the range studied, & size in-
crease of 20% effected the seme difference in sedimen-
tation diemeter as a shape change from the least spheri-
cal to the most spherical of the sands studied.

A procedure is presented for using the graphs
in estimeting the mean sedimentation diameter and fall
velocity of a sand when the mean sieve diameter and the

degree of sphericity relative to the sands of this study

are known.




Conclusions

A detalled comparison of the sedimentation
diemeter and the sleve diameter for the range of sedi-
ment particle sizes 0.15 to 1.65 millimeters (10 to 100
meshes to the inch, Tyler Standard Screen Scale) and
for particle shepes ranging from a highly spherical
dune sand to & highly angular talus debris sand has
been completed in this study. A procedure for esti-
mating the mean sedimentation diemeter and the
corresponding fall velocity in water at any temperature
is 1ncluded.

Generel conclusions of the study can be

summarized as follows:

l. The family of sedimentation diameter
versus sleve dlameter curves for sands 1is
asymptotic to the line on which these values are
equal, in the direction of the origin. For
practical purposes the difference between the
two velues becomes negligible for all sands at
gbout 0.05 millimeters. This confirms this value
as the diameter of the coarsest partlicle for which
the fall velocity in water at normel tempersture
can be calculated by Stokes equation (based on

viscous resistance only).




2. The ratio of the sedimentation diameter
decreases consistently in 2ll sands from practically
unity at sieve diameter values of 0.05 millimeters
to sbout 0.50 at sieve diameter values of 2.84
millimeters (the average for the 6 to 8 mesh
fraction, Tyler Standard Screen Scale).

3. The sedimentation diameter values for
the most engular sand studied (talus debris) varied
from 10% to 20% smaller than the sedimentation
diemeter values of the most spherical of the dune
and river bed sands of corresponding sieve

fractions.
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Chapter 1
INTHODUCTION

Sand, silt, and gravel, together claesssed as
sediment by the hydraullc engineer, present problems of
vitel importence in projects for irrigetion, navigation,
s0il conservation, flood control, and water power
development. High costs of maintenance, loss of
efficiency, and often complete destruction of important
engineering works have been experienced due to filling
of reservolrs by sediment, fllling or scouring in
navigation and irrigation chahnols, and erosion and
gullying on arable lands. These problems have received
considerable study both in thb f}ald and lasboratory,
offering e very sctlve fleld at the present time; but
progress remains inslignificaent in comparison to the
problems, An additional alarming feature of the sedi-
ment problems is that they may be expected to become
even more serious in the future in view of the extensive
industriel, commercial, and public service development
of streems accomplished in recent years. A great deal
of fundemental study.remains before hydraulic engineers
can hope to predict satisfactorily the behavior of

sediments in order to control them.



Most of the research in this field is still
in the stage of development of satisfactory equipment
and techniques for the measurement of the sediment load
in streems. The next stage is improvement in the methods
of analyzing sediment samples. It is generally recog-
nized that the fundamental property governing the motion
of a sediment particle in a fluid 1s not its size, but
its settling velocity, a function of its volume, shape,
density, and the properties of the fluid. Yet nearly
all studies of coarse sediments, particles larger than
sbout 1/16 millimeter in dismeter, are mede on the basis
of the sieve analysis since this 1s the most convenient
and reproducible procedure availables, This thesis is a
study of the shape factor ignored in this procedure,

A recent standardizetion of terms by a speciel
subcommittee on sediment terminology of the Stream
Dynemics Committee of the Americen Geophysical Union (1)
defines three distincet diameters of a particle as
follows:

Sieve diemeter -- The size of sieve opening through
which the given particle will
just pass.

Nominal dlsmeter -- The dlameter of a sphere of the
same volume as the glven particle.

Sedimentation diameter -- The diameter of a sphere
of the same specific gravity and
the same terminal uniform set-
tling velocity as the given perti-
cle in the same sedimentation
fluid.



The value of the sedimentation diameter lies in the
fact thet it is a measure of the settling veloecity but
does not entail specificetion of (1) a certain fluid
temperature (fixing a particular viscosity and density)
end (2) a certain particle demnsity. Stated more
slgnificantly, this means that for a given particle
volume, the sedimentation dlameter is a function of

the particle shape alone. A comparison of the sedimen-
tatlion diameter and the sleve diameter for various sands

is needed.

The problem
The problem to be answered in this report

mey be stated as follows: How cdo the sieve dlameter
and the sedimentation dlameter vary in different sizes
and types of sands? In analysis of the problem, the
following questions arise:

l. How can the distribution curve of sedimen-
tation diameters be determined for the sands to
be studied?

2, What is the neture of the resistance
curves (drag ccefficient versus Reynolds number)
for verious sands?

3+ To what extent does this report support
the studles showing that the sphericity of sand

particles generally increases with size?



4, What is the nature of the curves of sedi-

mentation dismeter versus sieve diasmeter for various

sends?
5, How does the ratio of the sedimentation
dismeter to the sieve dlameter vary as the sieve

dlameter increases?

6¢ What difference in sedimentetion diameter

may be expected for the seme sieve fraction of
sands of different degrees of sphericity?
The nﬁudy will be limlited to sands of sieve
dlameters corresponding generally to sieves 10 to 100

meshes to the inech (Tyler Standard Screen Scale), These

screens have openings from 1,651 to 0,147 millimeters
in diemeter. This range includes the fine, medium,
and coarse sands es defined in the terminology report
referred to earlier (1), The particle shapes to be
studied will range from a highly angular talus debris
sand to & highly sphericel dune sand. Ten sands from
as widely varying sources as possible will be sampled
for this study.
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Chapter 11
HEVIEW OF LITERATURE

The metellurgical engineers concerned with ore-
dressing problems were among the first to be concerned
with the problem of releting the sieve size and fall
velocity of mineral particles in water, Kichsrds (3),
in 1908, made an extensive experimental study of the
settling velocities of crushed gquartz and galena grains
of 2 large number of sieve fractions (aversge diameters
of 0.32 to 11.93 millimeters), This investigator found
thet the "friction factor" in "Rittenger's formula"
(proportional to the drag cosfficlent of the drag force
equation) was practically constant for grains larger
than 1.55 millimeters in diameter. The difference
between this factor for the quartz and the galena grains
was attributed solely to the diff;fences in the specific
gravities of the minerals. The possibility of a shape
factor difference was entirely overlooked in this early
investigation.

Rubey (5), using Rlcharda‘.data, developed a
formula in 1933 which followed these results reasonably

wells This formula was essentially a superposition of
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Stokes eqguation, applicable to the purely viscous range,
end the drag force equation for the "impact range”
(referring te the range in which the drag coefficient
is practically independent of the viscous forces).
This was claimed to be a generasl formule for gravel,
sand, and silt particles. Thus even at this late date
the importaence of the shape factor was not realized,
Among the first to emphasize the importance
of the shape factor was s Kuasian investigator, Zegrzda
(9:52-54), in 1934, Zegrzda plotted original experi-
mental date, and other data availeble, in the drag
coefficient versus Reynolds number greph. He divided
the band of experimental points into three stages --
the "streemline stage" (Stokes range), the intermediate
stage, and the "turbulent stege" (drag coefficient
essentially constent). The intermediate stage is
further divided into two ranges in which different
empirical relations seemed to hold. Empirical formulas
relating the drag coefficlent end the Reynolds number
for the two curves limiting the spread of the experi-
mental points are presented for each limited range.
The solution for the true fall velocity, using these
formulas, involves a tedious trial and error process.
Their practicel velue is questionable, An additional
weakness of this presentation lies in the fact that the
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sands studied are not shown or described sufficiently
to give a picture of the relative degrees of sphericity
involved.

Wadell (7), defined the true sphericity as
the ratio of the surface of a sphere of the same volume
as the particle to the actual surface area of the
perticle. He analyzes the experimental data on ex-
tremely thin steel disks (sphericity values of 0.12
and 0.22) and shows graphically the wide spread between
the resistance curves for these disks and that for
spheres, even in Stokes range., Wadell wes the first
to show that eliminstion of the nominal diameter be-

tween Reynolds number and the drag coefficient,

R = Ff:" ) (1)
4 (ﬂs'@)qdn
3 %‘ﬁ
yields a series of lines,

o /n s 4 BoBIIH
z 3
3G
or log Cp = logH-l-log(s ﬂc"Vo’ (3)
on the logerithmic O versus R graph, each of which

Cp = (2)

represents a particulsr terminsl uniform settling
veloclty (v ) in the seme fluid., He was also the first
to suggest the definltion of sedimentation dlameter

as now sccepted, His excellent theoretical study is

of little practical value to the "sediment engineers",

however, since the sphericities of natural particles
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are much greater then those of the disks in the studiles
enalyzed.

Heywood (6327-28, 40-47), in s detailed study
of particle shape and fall velocity, considers a volume

constant, k, defined as follows:

k = _volume of _particle

where 4 1s defined as the diameter of 2 circle of area
equal to the projected area of the perticle when placed
in 1ts most steble position. The volume constant, k,
varies from 77/6 for a sphere to values of less than
0.1, Heywood presents a graphical procedure for de-
termining the fall velocity for different values of k.
Trhis is the most practical procedure available for
estimating the fall velocity with consideration for
perticle shepe, However, the estimation of the shape
factor k is very indefinite.

A study of the resistance curves for definite
sands, pictured in enlarged photographs, is the
straightforward epproach needed to this problem., A
comperison of corresponding sedimentation and sieve
dlameters for sands thus studied seems the best method

of presenting the results for practical use.



SAMPLE NUMBER

S B e «f & ™ > o e

Table l.--TYPES AND SOURCES OF THE SANDS STUDIED,

TYPE

River bed material
River bed material
Fine rock debris
Dune sand

River bed material
Biver bed material
River bed material
Dune sand

Lake beach material
River bed material

SOURCE

Cache 1a Poudre River, Fort Collins, Colorado.
Michigan River, Camp Pennock, Colorado.

Talus slide, Verdi, Nevada,

Small dunes, Fernley, Nevada.

Truckee River, Truckee, California,

South Fork Yuba River, Cisco, California,
Putah Creek, Davis, California.

Dunes near Great Salt Lake, Utah.

Grand Lake, Colorado,

Cache la Pondre River, Chambers Lake, Colorado.

47 |
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Chapter IiI
'MATERIALS AND PROCEDUKE

The sands used in this study were collected
from a variety of sources in order to assure a wide
range of shapes. Table 1 lists the sands and their
Sources, The cumulative sieve analysis éurve for each
of these sands 1s shown in Appendix B together with the
hydraulic analysis curve.

New sieves of the Tyler Standard Screen Scale
were used in a Ro-tap Sheker for this study. Tyler
Numbers 10, 14, 20, 28, 35, 48, 60, 65, 80, and 100 were
used, with some exceptions (Appendix A). Materisl
coarser than the coarsest fresction to be obtained was
first removed from the oven dried and air-cooled raw
sample, Five hundred grams were guartered out for the
enalysis. The shaking time used was 15 minutes. Each
sleve fraction was weiéhed. and those greater than 10
grams were kept in separate containers for the settling
velocity analysis. ;

Minute samples of 50 random particles to be
used for individual fall veloclty measurements were

prepared for the sieve fractions with the aild of =
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microsplit constructed in accordance with the specifi-
cations set forth by Otto ( 2). Each particle was timed
through a fall of &0 centimeters in a glass settling
tube full of water., The diameter of the settling tube
was 5,08 centimeters, glving ratios of particle diame-
ters to boundary wldth less than 0,06 in sll cases,

Thus this study inveolves no appreciable boundary influ-
ence on the settling velocities.,

In all cases the particle fell about 25 centi-
meters through the water before the timed interval
started to insure the establishment of the terminal
uniform settling veloclty and to avoid effects of the
air water interface. A stop watch with a ten-second
sweep gave readings to 0.0l second in these velocity
measurements, The temperature of the water in the
center of the tube halfway down the timed settling
distance was recorded at the beginning and end of each
group of measurements. These temperature recordings
were averaged for the purpose of the computations. No
series of measurements were used when the two tempera-
ture recordings differed by more than 1,0° Fahrenheit.
The temperature just outslde the tube wﬁs also kept
within 1.0° Fahrenheit to insure that the transverse
viscosity pettern in the tube was sufficiently plene

to insure the desired accuracy.
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The average settling veloclty of each sieve
fraction was computed from the values obtained for the
50 random particles. The standard deviation of the
fall velocitlies from the mean was also computed for
each sieve fraction.

To determine the particle density of the
freoction, about 25 cublc centimeters of a fraction were
used, This was poured inteo a tared 100 milliliter
volumetric flask, The flask plus the oven dried sample
was weighed to the nearest milligram on the analytical
balance. The flask was then fllled with water, stopped,
and inverted several times. The flask was left standing
approximately 10 minutes before egitating severely to
insure the escape of all minute air bubbles. The me-
~niscus was then adjusted exactly to the merk with the
aid of an eye dropper. The flask was weighed again on
the balance with its send and water content. Finelly,
the temperature of the water at the time of welighing
was recorded to the nearest 0.1° Fahrenheit.

The steps in the computation of the particle
density are outlined:

' 1. The weight of the water added to the
volumetric flask was converted to volume by divide-
ing by the water density as determined from a

temperature~density curve.
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reprezent a constant velocity, the intersection of such
lines, drawn through the experimental points (R, Cp),
with the curve for spheres gives Ry and GDO velues
corresponding to the mean sedimentation dlameters of
the sieve fractions. The ratio GDO/GD will then be the
ratio of the sedimentatlon diameter to the sieve diame-
ter for the sieve fractioﬂ, from which the sedimentation
dismeter 1s easily obtained.

The cumulative distribution curve of sedimen-
tetion diemeters (Appendix B) was constructed by plot-
ting the average cumulative percentege values of the
sieve fractions against the mean sedimentation diameters
of the fractions as determined.

The megnified photographs of the sieve frac-
tions (Appendix C) were taken with side lighting
adjusted to show the surface detall of the particles
as well as possible. A regrettable 20% loss of detail

was incurred in the printing of the sheets as shown.



2, The solid volume of the particles was
determined by the volume of the water added from
the volume of the [lask.

3« The density of the particles was deter-
mined by dividing the welght of the sample by the
aglid volume as determined 1ln step 2.

The reason for presenting this simple pro-
cedure in such detail is thet the values obtained differ
from those usually assumed in the following respects:

1l The density values obtained were generally
considerably less than that of guartz (2.65 grams
per cublc centimeter), averaeging aebout 2,60 grams
per cubic centimeter.

2. The difference between the particle
densitles bf the different fractions of a given
send was often of appreciable magnitude (Appendix A)e

Using the average sieve dlameter (d), and the
average velocity (¥,), the mean Reynolds mumber (R) snd
drag coefficlient (GD) were computed for each sieve

fraction gs follows:

v d
- P‘r“' % 8 (4)
& g (Ps"P) 9 Yn

These points (R, Cp) were plotted on the logarithmiec R
versus Cp graph together with the established curve for

spheres. Since lines of # 1 slope on this graph



<0

Chapter IV
ANALYSIS OF DATA

The experimental date are presented in Appendix
A. Using these data, the mean Reynolds number (R) and
drag coefficient (Cp) were determined for each sieve
fraction on which the hydraulic analysis was made. The
values obtained are shown in the third and fourth columns
of Teble 2. 1In Figure 1 these R and Cp values are
plotted together with the curve for spheres.

Dimensional anelysls of the drag on immersed
bodies ylelds the three parameters -- Reynolds number,
drag coefficient, and shape, Thus the drag coefficilent
is a function of Reynolds number asnd shape:

C, = ¢ (R, shape ) (6)
With the Cp versus R curve for perfect spheres es-
tublished from z wealth of experimental data, it follows
that all bodies with less hydraulic shape efficilency
then perfect spheres will yield points falling above
this curve. OUnly bodles of greater shape efficiency
than spheres, that is, streamlined bodies, will yleld
points below the curve. Filgure 1 shows that all of the
experimental points of this study fell above the curve,
with the exception of several points to the left of R= 6.



fable 2,-«~COMPUTATION OF SEDIMENTATION DIAMETER dy.

i | R T IR T
0.161 1 3,64 8.09 8.59 1.062 0.171
0.161 2 2.54 8.80 9.00 1,023 0.165
c.161 4 3,40 10.2 11.07 0.921 0.148
€.178 8 5.16 6.64 6.74 1.016 0.180
C.178 10 4.89 7.43 7.28 0.980 0.174
0.192 4 4.95 8.29 7.59 0.915 0.175
0.192 5 4.7 8.64 7.83 0.8086 0.174
0.227 1 6.71 6.48 6.00 0.926 0.210
0.227 2 6.81 6.70 6.04 0.901 0.205
0,227 3 5.03 10.23 8,28 0.810 0,184
0,227 4 7.24 6.73 5.89 0.876 0.199
€. 227 5 6.28 8.54 6.93 0.811 0.184
0.252 6A 8.48 5.79 5.13 0,886 0,223
0.262 63 8.10 6. 45 5.51 0.854 0.215
0.252 8 10,60 4.66 4,32 0.927 0,233
0.2562 9 9,68 4,73 4,80 0.951 0.23
0.252 10 9.16 6.00 5.08 0,846 0.213
0.270 1 9.086 5.78 5.03 0.8% 0.235
¢.2% 2 10.07 5.11 4,58 0.896 0.242
0.270 3 8,36 6.13 5, 34 0.871 0.236
C.2% 4 7.24 6.73 5.89 0.875 0.199
C.27 5 9.22 6. 30 5.16 0.819 0.222
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Table 2,«~COMPUTATION OF SEDIMENTATION DIAMETER dy.--contimued.

)
e

a sand| R 0p Op, do/ g 4
0.386 | 1 | 17.4 2,41 | 312 | o.938 | o0.326
0.386 | 2 | 1.4 3,60 | 322 | o.870 | 0,310
0,356 | 3 | 143 4,68 | 383 | o.809 | o.202
0.356 | 4 | 19.2 317 | 2,92 | 0.921 | o0.328
0.286 | 5 | 16,8 4,5¢ | s.54 | 0,70 | 0,27
0.256 | 6a | 16.7 418 | 343 | o.820 | o.202
0,356 | 6B | 17.4 3.9 | 328 | o.80 | 0.299
0,356 | 7 | 20.8 307 | 2.8 | 0.9015 | 0.326
0.6 | 8 | 20 3,63 | 3.00 | o.820 | 0,295
0.356 | 9 | 18.3 3.66 | 315 | o.8638 | o0.%7
0.356 |10 | 19.7 356 | 301 | 0.848 | 0.m2
0.03 | 1 35.8 2,48 | 2.009 | o.848 | 0.424
0,803 | 2 | .7 2,74 | 2.22 | 0.810 | 0.407
0.503 | 3 | 28,3 4.2 | 2,94 | 0.693 | 0.348
0.803 | 4 | 320 314 | 2,38 | o.758 | o.381
0,503 | 5 | 335 308 | 2.33 | o.756 | 0.38%0
0.503 | 6a | 38.6 2.46 | 2.08 | 0.837 | 0.422
0.503 | 68 | 40.4 2.3 | 1.98 | o.8% | o0.422
0.503 | 7 | 37.4 2.47 | 2.08 | o.820 | 0.417
0,503 | 8 38.0 2,46 | 208 | 0,829 | o.47
0,503 | 9 39,5 2,38 | 1.9 | 0.83 | o.421
0.503 |10 | 379 2.49 | 2,07 | o.831 | 0,418
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ZTable 2,-~COMPUTATION OF SEDIMENTATION DIAMETER 4,.--contimued.

a Samd| R oy Op, a/ 4 a,
0.712 |Ottawa| 83.3 1.35 | 1.26 | 0.933 | o.664
o.m2| 1 | esa .93 | 1.858 | o.792 | 0.564
0.2 | 2 | esz2 2,09 | 1.0 | 0.765 | 0.545
o.m2| s | sa 2,20 | 1.60 | 0.764 | 0.544
o.mz| 4 | e0.7 2.30 | 1.7 | 0.738 | 0.524
o.mz| 8 | 6.0 2,48 | 1.73 | 0.607 | 0.496
o.m2 | ea | 749 1,66 | 1.4 | 0.840 | 0.608
0.2 | e8| 5.6 1,86 | 1.45 | 0.779 | 0.554
omz| 7 | evne 2,06 | 1.6 | 0.787 | 0.539
o.nz2| 9 76.9 1,76 | .43 | o0.812 | o0.578
o.mz2 | 10 | 727 1.88 | 1.48 | 0,787 | 0.860
-3.000 | 1 | 125.4 1.56 | 1.16 | 0.748 | 0.744
1,000 | 2 |1286 .57 | .16 | 0.7 | 0.7®
1,000 | 3 |108.3 1.95 | 1.82 | 0.677 | 0.6
1.001 | 6a | 120.2 Ler | L | oivm | o.7se
1.000 | 6B | 143.5 .40 | 1.08 | 0.757 | o0.787
w001 | 7 |122.2 1.7 | 12 | o.78 | 0.76
1,000 | 9 |133.3 1.6 | 118 | 0.8 | o0.78
1,001 | 10 |138.0 1.4 | 1.1 | o.780 | 0.750
1,40 | 2 | ma. 1.50 | 0.964 | 0.638 | 0.899
.40 3 |86 1.77 | 1.06 | 0.509 | 0.844
1.410 | 6a | 222. 1,47 | 0.99 | 0.639 | o.901
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Table Z.-=COMPUTATION OF SEDIMENTATION DIAMBIER d,,--continued.

a sand| R op o, a4/ 4 8,
1,400 | e | 229, 1.4¢4 | 0.015 | o.638 | o.895
1.410 | 9 | =2ms. 1.45 | o.924 | o.6a37 | o.898
1.410 |10 |236. 1.4 | o.803 | o.666 | o0.9m
2,006 | oa | 387, .37 | o.765 | o.6%8 | 112
2.006 | e |4, 1.20 | o.m3 | o892 | 1.19
2.006 | 9 | s, 1.8 | o.73 | 0.547 | 1.10
2.844 | ea |es7. 1.37 | 0.648 | 0,473 | 1.3
2.844 | 68 |6s4. 1.23 | 0.6 | 0.504 | 1.44
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It is not inconceiveble that these could represent
stresmlined sand particles, but examination of the
magnified photogrephs of Appendix C rules out this
possibility., The discrepancy must be ascribed to
experimental error.

Curves representing constent geometric shapes
on the Op versus R graph are known as resistance curves,
Striectly speaking, 2 netural sand cannot yield a
resistance curve since it has been shown (8) that the
larger particlea of a sand generally exhibit greater
sphericity than the smaller particles. The magnified
photographs of the sands used in this study (Appendix C)
support this general conclusion, Ourves 4 and B of
Figure 1 will be referred to as resistance curves for the
particular sands represented as distingulshed from
resistance curves for constent geometric shapes.

The reslstance curve for the least spherical
of the sands studied (talus debris, Semple 3) was
expected to lie farthest ebove the curve for spheres,
Curve A (Figure 1) joins the points representing the
fractions of this sand end falls ebove the other points,
Trhe points representing the dune sand (Semple 8) with
partielouInenrly spherical in shape (Appendix C) fall
generally below the others. The paucity of size

fractions svailable in this sand renders construction of
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a resistance curve indefinite. Unfortunately, this
applies to most of the sands studied, which explains the
drawing of only two of the ten resistance curves. Curve
B represents a river bed sand (Semple 6), The experi-
mental points establishing this curve fall approximately
in the center of the spread of the points representing
the several river bed sands studied, and cen be con-
sldered typlcal of these.

The flattening of the resistance curves at a
nominal diameter (d,) value of about 1.5 millimeters
indicates that this is near the size where viscous
effects become secondary and the drag coefficient be-
comes independent of Reynolds number for natural
particles. For spheres this does not occur until the
dismeter 1s about 5 millimeters.

The lines of constent nominal dismeter (d,)
in Figure 1 are shown in order to evaluate the assumption
that the sieve dlemeter and nominal diameter are equal,
This assumption wes necessary in this study since no
practical method is known for messuring the true nominal
diemeter of send particles. Y"The scatter of the experi-
mentel points about these lines is due principally to
the deficiency of this assumption. Differences in
particle densitles and fluid properties cause some

secondary scatter. An average of the particle densities
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and the fluld properties determined in the experiments
was used to establish the lines of constant nominal
diameter.

The points are seen to scatter more in the
smaller sizes., The scatter is a function of sphericity
since only spheres would have equal nominal and sleve
diameters. Thus the decreasing scatter in the larger
sizes supports the observation that the larger sizes
tend to be more spherical.

The procedure for the graphical determination
of the sedimentation dismeter (d,), using Figure 1, has
been outlined earlier in this report. The values ob-
tained are shown in the last column of Table 2, The
table is arranged by mean sieve diemeters (averages of
the two openings limiting the fraction) to facilitate
comperison of the sedimentation disameters for the
different sands.

The two cumulative distributlion curves from
the mechanicel anslysis and the hydreaulic analysis of
each sand are presented in Appendix B, In comparing
the two distribution curves, it is first noted that the
sieve dlameter (d) 1s always larger than the sedimen-
tetlon diemeter (4 ). An important characteristic noted
is the wider deviation of the two values in the coarser

range, In the sixth column of Table 2 the ratio da/d is
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seen to decrease consistently from nearly unity at the
100 mesh size (0.161 millimeters aversge) to about 0.50
et the 8 mesh size (2.844 millimeters average). This
consistent decrease in the 4,/d ratio 1s seen grephically
in Figure 2.

Figure 2 shows the relative importance of size
and shape in determining the fall velocity, that is,
sedimentation dismeter of natural sands, It is seen
that the most angulsr sand (talus debris, Sample 3)
gave sedimentation dismeters 10% to 20% smaller then
the sedimentation diasmeters of the most sphericasl sands
studied, Looking into the data of Appendix A, it is
seen that this corresponds to a 20% to 30f reduction
in fall velocity. Over most of the range studied it
is apperent thaéiu size increase of spproximately 20%
would effect thb_anme difference in sedimentation
diemeter and fall velocity as a shape change from the
least sphericel to the most spherical of the sands
studied.

Figure 2 slso shows that the d, versus d
curves are asymptotic to the line of 4, = 4 in the
direction of the origin. For practical purposes, the
difference between the two values becomes negligible
for all sands at about 4 = 0.056 millimeters. This 1s

gsbout the upper limit of Stokes range where viscous
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forces dominate ond particle shape, within the normsal
range, has negligible effect upon the fall veloclity.
This establishes the largest size at which settling
rate snalysis of the silts end clays esn be combined
with mechanical analysis of the coarser renge of a
composite sediment semple to yleld a continuous anelysis
curve. This supports the choice of the 200 mesh sieve‘
(0.074 millimeters) es the finest screen practicable
in the laboratory.

In Figure 3, d, is plotted logarithmlcally
egainst d to spread the data in the finer range. If
the points falling ebove the line are omitted as
erroneous through experimental error, the results
indicete a family d, versus d curves, for d values less
then 0.8 millimeters, of the exponential form:

dg = K a7 (7)
The factor K varies from 0.65 for the least spherical
sand to 0.80 for the most spherical sand, and n varies
from 0.87 to 0.93 tor the same sands.

Ssmple 6 was chosen for the complete re-
enelysis to indicete the experimental error involved
in this study., This semple was chosen for the wilde
size renge it offered. The data from the two analyses
are foﬂnﬂ in Appendix A, The plot of the two sets of

dete in the cumulative curves are shown in Appendix B,
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The experimental error appears sufficiently small for
the purpose of this detailed comparison of the two
diameters,

The procedure for using this date in estimating
the mean sedimentation diameter and fell velocity of &
sand when the meen sieve diameter and the degree of
sphericity relative to the sands of this study are known
will be briefly outlined. Either Figure 2 or 3 can be
used in estimating the meen sedimentation diameter. The
position of the d, versus d curve for the particuler
send must be estimated from the curves and data shown.
Comparison of the photographs of Appendix C should help
in this estimation. If the particle density is practi-
cally that of quartz, the mean fall velocity in centi-
meters per second for any temperature cen be obtained
with the estimated sedimentation dlameter and available
curves (6:4l) for the terminal fall velocity of quartz
spheres in water.

If the particle density differs appreciebly
from that of quartz, Figure 1 must be used. When the

parameters iy
GD " 4/3 Aq._l:;flz:_ - 8 Aﬂc"?z
[ Y O - . o
gand R = /1- = _':}__

are combined to elimineste vy, the result,
B T e S N W
OD = 4/3 R; /"l- 'RZA& ‘}& - ~E ﬂl)‘
z (8)
S

or log Cy = - 2 log R + log (
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is the eguation of the lines of constant nominal diemeter
or constant resistance force. The intercept term on the
right 1is calculated using the correct value of particle
density (2 ) and assuming the mean sieve diameter (d)
equal to the mean nominal diameter (dol. The position
of the resistance curve for the particular send is
estimated from the curves and data shown., The inter-
section of the line of constant resistance force with
the resistance curve yields R and Cp values, from either
of which the terminal uniform settling velocity (vo) is
determined. A superimposed scale of constant resistance
force lines on the Cp versus R graph, as presented by
Rouse (4, Fig., 125) is of considersble assistance in
this problem.



Chapter V
CONCLUSIONS

A detailed comperison of the sedimentation
diameter (d,) end the sieve diameter (d) for the range
of sediment particle sizes 0.15 to 1,65 millimeters
(10 to 100 meshes to the inch, Tyler Standard Screen
Scele) and for pertiecle shespes ranging from s highly
sphericel dune sand to a highly engular talus debris
sample has been completed in this study. A procedure
for estimeting the mean sedimentation dlasmeter and the
corresponding fell velocity in water at any temperature
is included.

The generel conclusions of the study can be
summarized as follows:

1. The femily of resistance curves for sands
of different average degrees of sphericity are
asymptotic to the resistance curve for spheres in
the direction of deereasing Reynolds number (R).
The difference between the two curves apparently
becomes negligible when Stokes range is reached
(esbout R = 0.1). The flattening of the curves at
e nominal dismeter of sbout 1.5 millimeters

indicates that this is about the size st which

2
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viscous effects become secondary snd the drag
coefficient becomes independent of Reynolds number
for the shape range cf natural sands,

2., The points plotted on the Cj versus R
greph, sssuming the sleve dlameter practically
equal to the nominal diemeter, scatter less from
the lines of the assumed nominal dismeters as the
nominal dismeters increase, Since the scatter is
primerily a function of the spherieity of the
particles, this study confirms the investigations
of others showing that the sphericity of sand
perticles generally increases with size. Exsmi-
nation of the megnified photographs of Appendix €
also confirms this observation,

3+ The family of d, versus d curves for
sands 1s asymptotic to the d5 = 4 1line in the
direction of the origin. For practical purposes
the difference between the two values becomes
negligible for all sands at about 4 = 0,06 miili-
meters. This confirms this value as the dlameter
of the coarsest perticle for which the fall
velocity in water at normal temperatures can be
celeulated by Stokes equation (based on viscous
resistance only).

4, The d,/d retio decreases consistently
in ell sands from practically unity at 4 = 0.05



S

millimeters to about 0,50 at d = 2,84 millimeters
(the average 4 for the & to 8 mesh fraction, Tyler
Standard Screen ﬁonlo).

S5« The dp values for the most angular sand
studied (talus debris, Sample 3) varied from 10%
to 20% smaller then the d, values of the corre-
sponding fractions of the most spherical of the
dune end river bed sands studied,
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SIEVE ANALYSIS

HYDRAULIC ANALYSIS

Tyler | Opening | ¥t, Ret.| Percent Mean Vel. | Stand, Dev,| Temp.| Viscosity Density | Solid D.
Mesh 4 Finer o e yad V2 2
mm, grams em, /8ec, | cm./see, °p, | dyne-sec/en| gm./ce. | am./es.
10 1,651 | Removed | 100,0
14 1.168 45,0 9.1
(1.001) (82, 6) 11.62 1.51 73.8 .00929 « 9975 2,595
20 .834 85.4 74,0
(.712) (62.4) 8.81 0.78 74.5 00922 .9974 2.597
28 « 389 115, 6 50,8 :
\ (.503) (39.3) 6, 54 0,73 75.0 +00916 9974 2, 601
»H 417 | 114.6 27.8
(. 356) (20.4) 4,72 0.61 0.6 00968 .99 2,622
48 «295 74,2 12,9
(.271) (10,7) 3.18 0.37 7.3 .00959 .9979 2,623
&0 . 246 21.7 8,5
(.227) (7.2) 2,74 0,33 73.1 00937 9976 2,612
65 « 208 12,9 5,9
-80 o175 0.2 5.9
(.161) (4.7) 2,09 0,25 73.9 00928 +9975 2.660
100 «147 12,2 3.5
Smaller 17.4
Total 499,2
SAMPLE NUMBER 1
Source: OCache la Poudre River, Fort Collins, Colorado

18 4



SIEVE ANALYSIS

HYDRAULIC ANALYSIS

Tyler | Opening | Wt. Ret, | Percent Mean Vel. | Stand, Dev,| Temp, | Viscosity Density | Solid D.
Mesh 4 Finer ¥ o7 Y ond /7 Vs
mm, grams cm. /sec, | cm, /sec, 7. | dayne-sec/cn®| em./ce. | en./ee.
(1.410) (95.0) 13,95 1.65 74.5 .00922 . 9974 2,585
14 1.168 50.2 89,9
(1.001) (83.0) 11.56 1,55 74.5 00922 «9974 2,585
20 .834 68.0 76.2
(.712) (68.8) 8.45 1.14 74,5 .00922 9974 2,585
28 «589 73.0 6l.5
(.503) (51.8) 6,21 0.58 74,3 00924 +« 997 2,594
H «Aa7 95.9 42,
’ (. 36) (20.1) 4,51 0,51 74,2 .00925 + 9975 2,606
48 «295 120.5 18.0
(.270) (14.,0) 3. 38 0.40 75.1 «00915 . 9974 2, 620
€0 246 39,5 10,1
(.227) (7.6) 2.0 0.2 75,4 -00811 .9973 2,620
65 « 208 24,5 5.2
80 175 4,7 4,2
(.161) (2.8) 1.98 0.29 76,0 »00905 9972 | 2.622
100 147 14.6 1.3
Smaller 6o 3
Total 487.2

SAMPLE NUMBER 2

Source: Michigan River, Camp Pemnock, Colorado




SIEVE ANALYSIS

HYDRAULIC AMALYSIS

Tyler | Opening | Wi, Ret.| Percent Mean Vel, | Stand. Dev.| Temp,| Viscosity Density | Solid D
Mesh | & Finer o o3, Ve /2 iz
m, grans om. /sec, | om/sec, °p, | dyne-sec/en®| gm.fee. | em/ec.

10 1,651 | Removed | 100.,0
(1.410) (92,0) 12,36 1,92 73.5 00933 .9976 2.457

14 1.168 80.1 83,9
(1,001) (71.0) 9.84 1.32 73,2 00936 «9976 2.420

20 .834 128.2 68,1
{.712) (47.3) 7.76 0.95 73.2 00936 9976 2,48

28 « 588 107.2 36,5
(.503) (28.3) 4,66 0,60 74.1 .00926 9975 2,389

B A7 8l.4 20.1
(. 356) (14,4) b By 3 0.5 74.4 00923 . 9975 2.3

48 +295 56.9 8.7
(+270) (7.4) 2.79 0,39 5.2 00913 «» 9974 2e B30

60 « 246 12,6 6.2
(+227) (5.3) 1.98 0.26 76.2 .00901 9972 2,319

65 «208 8.0 4.4

80 «175 0.3 4,3

100 « 147 8.0 2.7

Smaller 13.5
Total 497, 2
SAMPLE NUMBER 3
Source: Talus slide, Verdi, Nevada




SIEVE ANALYSIS

HYDRAULIC ANWALYSIS

Tyler | Opening | Wt. Ret.| Percent liean Vel. | Stand. Devw,| Temp,| Viscosity Density | Solid D,
Mesh a Finer Yo SE M V2 ~
mm, grams em. /sec. | cm, /sec. o7, | dyne-sec/en®| gn./ce. | om./ee.
10 1.651 None
14 1,168 |HNeglig. | 100.0
20 .834 1,9 99,6
(.712) (98.2) 7.80 1.03 75.2 .00914 .9974 2.496
28 . 589 13.5 96.9
(. 503) (91.0) 5.81 0.74 75,3 .00913 9973 2,602
35 JA1L7 59,3 85,0
48 +295 128.4 5943
{(.271) (55.0) 3,32 0,31 76.5 .00899 9972 2.638
&0 « 246 43,6 50,6
(.227) (45.5) 2,74 0.31 79.2 .00870 .9968 2,678
65 «208 50,8 40,4
(.192) (&.8) 2.23 0. 24 7908 .00864 09967 20621
80 17 16,2 37.1
(0161) (310 4) 1.80 0025 8005 om855 09966 2. 686
100 «147 57.1 25,7
Smaller | 128,3
Total 499.1
SAMPLE NUMBER 4
Source: Dunes, Fernley, Nevada

13 2



SIEVE ANALYSIS HYDRAULIC ANALYSIS
Tyler | Opening | Wt. Ret.| Percent Mean Vel. | Stand, Dev,| Temp. | Viscosity Density | Solid D,
mm, grams cm. /sec. | om. /sec, °F. | dyne-sec/em”| em./ecc. | gn./ce.

10 1,651 |Neglig. | 100,0
14 1.168 1,7 99,7
20 .834 8.3 98.0

(.712) (95.1) 7.50 1.23 78.9 .00874 . 9968 2.479
28 .589 28,8 92.2

(.503) (84,2) 5,74 0.66 80,3 .00857 . 9966 2,530
35 LA17 80.1 76.1

(.3586) (58.8) 4,03 0.54 80.6 .00854 . 9966 2,569
48 « 295 171.8 |- 41.5 '

(.270) (36.4) 3.04 0,31 76.5 00899 .9972 2,619
€0 +246 50, 4 3.4

(.227) (26.3) 2.4 0.2 78.1 .00882 « 2970 2,649
65 «208 50.9 21.2

(.192) (19.6) 2,17 0.19 79.5 00867 .9968 2,601
80 «175 16,1 18.0

100 «147 36.0 10.7
Smaller 53.4
Total 497.5
SAMPLE NUMBER 5
Source: Truckee River, Truckee, Californmia




SIEVE ANALYSIS

' HYDRAULIC ANALYSIS

fyler | Opening | Wt. Ret.| Percent Mean Vel. | Stand, Dev,| Temp, | Viscosity Density | Solid D,
Mesh a Finer Vo O Vol Vs

1. grams cm, /sec, | com, /sec, °F, | dyne-sec/cn®| gm.fee. | em/ee.

6 3,327 |Removed | 100,00
(2.844) (98.20) 20,51 3.37 77.8 .00885 9970 2.542

8 2.362 17.0 96,59
(2.006) (90,36) 17,17 1.76 77.6 .00887 9970 2,529

10 1.651 62.1 84,14
(1.410) (72.62) 14,06 1,91 77.5 .00889 +9970 2,569

14 1,168 114,9 61.09
(1.001) : (48.61) 11,52 1.38 77.0 .00894 9971 2,575

20 .834 124.4 36,13
(.712) (29.46) 9.4 0.91 77.0 00894 .9971 2,572

28 +589 66,5 22.79
(.503) (18.34) 6.51 0.70 77.1 .00892 . 9971 2,581

35 A7 44,4 13,89
(. 356) (10.48) 4,22 0.54 76.5 00899 .9972 2,587

48 «295 34,0 7.07
(.252) (5.14) 2,98 0.43 77.5 .00888 «997 2,541

65 .208 19.2 3.22

100 147 8.4 1,54

Smaller 7.7
To tal 498, 6
SAMPLE NUMBER 6
First Analysis
Source: South Fork Yuba River, Cisco, California

w
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SIEVE ANALYSIS

HYDRAULIC AWALYSIS

Tyler | Opening | Wt. Ret,| Percent Mean Vel. | Stand. Dev.| Temp. | Viscosity Density | Solid D,
Mesh a Finer ° S, M 2 =
e grans cm, /sec, | cm./sec, °F. | dyne-see/em®| em. fcc. gn. [ ec.
6 3,327 | Removed | 100.00
(2.844) (98, 26) 21.27 2.45 77.8 .00884 .9970 2,493
8 2. 362 b iv 7% 3 96.52
(2.0086) (20.88) 18,3 2,34 78.4 .00878 9969 2,532
10 1.651 55,5 85.24
(1.410) (73.00) 14,19 1.80 79.0 .00872 9968 2,566
14 1,168 120.5 60,75
(1.001) (48, 66) 12.14 1.45 81.6 00844 . 9964 2.564
20 .834 118.0 36.57
(.712) (29,82) 8.94 0.82 82.2 +00828 .9964 2,589
28 «589 66, 4 23.07
(.503) (18.56) 6. 70 0.80 83,0 00831 9962 2.599
® «417 44,4 14,05
(.356) (10.42) 4,39 0.64 77.0 00894 9971 2, 608
48 +295 35,7 6.79
‘ (.252) (4.97) 2.85 0,38 78.1 .00882 +9970 2,585
65 «208 17.9 3.15
100 « 147 7.5 1,63
Smaller 8,0
Total 492,0
SAMPLE NUMBER 6
Second Ainalysis
Source: South Fork Yuba River, Cisco, California




SIEVE ANALYSIS HYDRAULIC AWALYSIS
Tyler | Opening | V&, Ret.| Percent M Vel.| Stand. Devs| Temp. | Viscosity Density | Solid D.
Mesh d Finer o % Yl V7 ~
mme grems cm, [see, | om./sec. - d:no-m/caa’ gn./:c. en. /e,
6 3,327 | NWeglig. 100.0
8 2,362 0.3 99.9
10 1.651 0.7 99.8
14 1,168 7e6 98,3
(1,001) {94.2) 11.21 1,42 74.7 .00920 9974 2,619
20 834 40.9 90.1
(.712) (74.6) 8.61 0.84 76.0 00905 «9973 2.629
28 . 589 153.4 59.2
{.503) (37.4) 6,68 0.75 76.8 00896 «2971 2.672
35 A7 216.9 16.6
(.356) (8.7) 5.04 0.56 79.2 00870 « 9968 2,662
48 « 295 68.5 1.8
65 «208 7.9 0.2
100 «147 0.6 0.1
Smadler 0.4
Total 497,.2
SAMPLE NUMBER 7
Source: Putah Creek, Davis, Califoramia

st



SIEVE ANALYSIS HYDRAULIC ANALYSIS
Tyler | Opening | W, Ret.| Percent Mean Vel. |'Stand. Dev.,| Temp. | Viscosity Density | Solid D.
Mesh [ 4 Finer o SA o R 7 /&
mm, grams cm. [sec. | cm./sec, F. |dyne-sec/cm | gm /ec. | &n./ces
10 1,651 None 100.00
14 1.168 0.2 99,97
20 .834 0.5 99,87
28 .589 1.3 99,61
(.503) (98.84) 6.61 0.89 79.0 00872 +9968 2,631
35 ~A7 7.7 98.07
(.3586) (65.05) 4,84 0.70 80,5 .00854 «9966 2,808
48 .m5 331.0 32003
(.252) (19,94) 3.58 0.3 80,7 00853 «9966 2,794
65 «208 121.2 7.85
(.178) (4.64) 2451 0.38 7.1 00871 9968 2:.772
100 147 32,1 l.44
Smaller 7.2
To tal 501.2
—if,
SAMPLE NUMBER 8
Source: Dmmes near (Great Salt Lake, Utsh

6F



SIEVE ANALYSIS

HYDRAULIC ANALYSIS

Tyler | Opening | Wt. Ret.| Percent Mean Vels | Stand., Dewy Tempe | Viscosity Density |Solid D,
Mesh a Finer A % AL Vi ~
mm, grams om. [sec. | om, /sac, ®F. |dyne-sec/cem”| om./ec. | am./ee.
6 3,327 | Neglig. | 100.0
8 2,362 4,1 99.18
(1.410) (97.90) 17,02 2,09 82,6 +00834 «9963 2.512
10 1,651 12.8 96,61
(1.410) (92.20) 14,26 1,7 78.5 00877 +9969 2,588
14 1.168 44,1 87.7
(1.001) (78,54) 11,57 1.38 79,2 +00870 .9968 2,653
20 834 92,2 69,30
(.712) (56.16) 9.23 0.94 79.6 .00866 49967 2,594
28 «589 1381 43,02
(. 503) (30.42) 6,67 0,90 81,2 00848 +9965 2,604
35 +47 125,7 17,82
(+3586) (11.92) 4,52 0.54 .2 .00881 « 9969 2,592
48 « 295 58,9 6.01
(.252) (3.82) 3,35 0,42 78,9 .00874 9968 2.578
65 «208 21.9 1.62
100 «147 6.1 0.40
Smaller 2,0
Total 498,9

SAMPLE NUMBER 9

Sources Beach, Grand Lake, Colorado

0<



SIEVE ANALYSIS

HYDRAULIC ANALYSIS

Pyler | Opening |Wi. Ret. | Percent Mean Vel, | Stand, Devs| Temp. | Viscosity Densgity | Solld D.
Mesh [ 4 Finer ¥ ST 2 ~
mm, grams cm. [sec. | om,/sec. e A dno-m/unz gm, fee. | gm./ec.
10 1,651 Removed | 100,00
(1.410) (94, 46) 14,85 2,00 77.8 .00885 . 9970 2,594
14 1,168 54,9 88,97
(1.001) (70.82) 11,93 1.42 7.1 .00881 « 9969 2, 605
20 834 91.1 70,67
(.72) (61.22) 8.94 1.00 78.6 00876 . 9969 2.602
28 +589 94.1 51.77
(.503) (41.58) 6.55 0.73 79.4 .00868 .9968 2,617
35 A7 101.5 31.3
{.256) (22.88) 4,62 0.62 82,5 .00835 « 9963 2.617
A3 « 295 84,7 14,37
{.252) (10,52) 3.02 0,49 82.7 .00833 «9963 2,642
65 . 208 38,3 6.68
= (.178) (5.18) 2,25 0,28 83.5 00825 .9962 2,599
- 100 « 147 14.9 3,69
Smaller 18.4
Total 497.9
SAMPLE NUMBER 10
Source: Cache la Poudre River, Chambers Lake, Colorado




HYDRAULIC ANALYSIS

SIEVE ANALYSIS
Tyler | Opening | W&, Ret.| Percent Mean Vel, | Stand. Dev,| Temp.| Viscosity Density | Solid D.
Mesh a Finer h A o3 H p 7~
. grams cn./sec. | em./sec. °F. | dyne-sec/cn® gn.fw. gn. [ce.
14 1,168 | Neglig. | 100.0
20 0,834 6.0 98.8
(0.712) (49, 6) 10.58 0.55 76.1 00904 «9972 2,617
28 0,589 491,8 0.5
35 0. 47 2,5 0
Total 500.3

Standard Ottawa Sand

o]
&



Appendix B,--CUMULATIVE CURVES

OF MECHANICAL AND HYDRAULIC
ANALYSES
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APPENDIX C

ENLARGED PHOTOGRAPHS OF PARTICLES

o



L& N

yler Sleves 100 - 80 Tyler Sieves 65 - 60
Average 0,161 mm, Average 0,227 mm,

Tyler Sieves 35 - 28 Tyler Sleves 2¢ = 20
Aversge 0,505 mm. Average 0,712 mm,

SAND SAMPLE NUMBER 1
Magnification 10 dlameters

Type: River bed materisal _
Source: Cache la Poudre R,, Fort Collins,
Colorado



. O

Tyler Sieves 80 = 65 Tyler Sieves 65 = 60
Aversge 0,192 mm, Average 0,227 mm,

er Sieves 35 - 28 Tyler Sieves 28 - 20
7erage 0,503 mm, Aversge 0,712 mmnm,

SAND SAMPLE NUMBER 2
Magnification 10 diameters

Type: River bed meteriesl
Source: Michigsn River, Cemp Pennock,
Colorado



r ‘1uVﬁn_§6 - 60 Tyler Sieves 60 = 4
rerage 0,227 mm, Average 0,270 mm,

Tyler Sieves 28 = 20 Tyler Sleves 14 - 10
Average 0,712 mm, Average 1,410 mm,

"SAND SAMPLE NUMBER 3
Magnification 10 diameters

Type: Fine rock debris i
Source: Fresh talus slide, Verdi, Nevada



Tyler Sieves 80 - 65 Tyler Sleves 65 - 60
Averege 0,192 mm, Average 0,227 mm,

leves 60 - 4 Tyler Sieves 48 -
3 0,270 mm, Average 0,756 mm,

vler Sleves 35 - 28 Tyler Sieves 28 - 20
sverage 0,503 mm, Average 0,712 mm,

SAND SAMPLE NUMBER 4
Magnification 10 dlameters

Type: Dune sand
Source: Fernley, Nevada



L8

Tyler Sieves 80 = 65 Tyler Sieves 65 - 60
Average 0,192 mm, Average 0,227 mm,

er Sleves 60 - 48 Tyler Sieves 48 - 35

0,270 mm, Aversage 0,35

—er JSleves ) = 28 Tyler Sieves 28 = 20
Average 0,503 mm, . Average 0,712 mm,

SAND SAMPLE NUMBER 5
Magnification 10 diameters

Type: River bed material
Sourte: Truckee River, Truckee, California

-—



Tyler Sleves 48 = 35 Tyler Sieves 35 = &
Average 0,356 mm. Aversge 0,505 mm.

Tyler Sieves 14 - 10 Tyler Sieves 10 = €
Average 1,410 mm, Average 2,006 mm,

SAND SAMPLE NUMBER 6
Magnification 10 diameters

Type: River bed material
Source: So. Fork Yuba River, Cisco, Californis



Tyler Sleves 65 - 60 Tyler Sleves 60 - 48
Average 0,227 mm, Average 0,270 mm.

yler Sieves 48 - 35 Tyler Sleves 35 - 28
) 58 28
+ 0. 256 mr A A
versga Usootl IMNMl, nvel"-".,f__‘: Ue 51026] NI ¢

I'vler Sieves 28 - 20 Tyler Sieves 20 - 14
Average 0,712 mm, Average 1,001 mm,

SAND SAMPLE NUMBER 7
Magnification 10 diameters

Type: River bed material
Source: Putah Creek, Davis, Celifornla



teves 100 = &C Tyler Sieves 80 - ©O
e 161 mm, Averscge 0,192 mm,

vler Sieves €65 - €0 Tyler Sieves 60 = 48
" hverege 0,227 mm, Average 0,270 mm,

Tvler Sleves 48 - 35 Tyler Sieves 35 = 28

Average 0,356 mm, Average 0,503 mm,
SAND SAMPLE NUMBER 8
Magnification 10 diameters

Type: Exceptionly well-worn dune sand
Source: Dunes near Grest Salt Lake, Utah



Tyler Sieves 65 = 60 Tyler Sieves 60 - 48
Average 0,227 mm, Average 0,270 mm,

Tyler Sioves 48 = 35 Tyler Sleves 35 = ¢

avercge 0,756 mm, Average 0,503 mm,

Tyler Sieves 28 = 20 Tyler Sleves 20 - 14
Average 0,712 mm, . Aversge 1,001 mm,

SAND SAMPLE NUMBER 9
Magnification 10 dlemeters

Type: Lake besch material
Sources Grand Lake, Golorado



ler Sleves 48 - S0 'J.f-'l(jl‘ oleéVes vo = zZO

wverece Q0,356 mm, Average 0,503 mn,

28 - 20 Tyler Sieves 20 - 14
712 mm. Average 1.001 mm,

SAND SAMPLE NUMBER 10
Magnification 10 diasmeters

Type: River bed materisl G
Source: Ceche le Poudre River, Chambers Lake,
Colorado
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DEFINITIONS

Drag coefficlent.-- The coeffigient in the drag force
equation (F = C A-%g-) expressing the relative
resistance of bodiea of the ssme cross-
sectional area under the same flow conditions.,

Gravel,-- The class name for sediment of nominal diame-
ters varying from 2 to 64 millimeters,

Nominal diameter.-- The dismeter of a sphere of the
same volume as the given particle.

Hesistence curve.-- A line of points on the Reynolds
number versus drag coefficient graph repre-
senting bodles of constant geometric shape.

Reynolds number.-- The ratlo of the inertia forces to
the viscous forces acting on the particular
body in the particular fluid.

Sande~-- The class name for sediment of nominal di-
ameters varying from 0.062 to 2,000 millimeters

Sediment,-- Fragmental material transported by suspended
in, or deposited by water or alir, or accumu-~
lated in beds by other nstural agents. Float-
ing organic materiasl and ice are not included.

Sedimentation diemeter.,-- The diemeter of a sphere of
the same terminal uniform settling velocity

as the given particle in the same sedimentatim
fluid,

Sieve diemeter.-- The size of opening through which
the given particle will just pass.

Silt.-~- The cless name for sediment of nominal diame-~
ters varylng from 0,004 to 0.052 millimeters.

Sphericity.-- The ratio of a sphere of the same volume
as the particle to the actual surface area
of the particle.



Stokes equation.-- The theoretlicelly developed ex-
pression for the terminal fall velocity of
a sphere whose fall is depepnde sglely upon
viscous effects. (v = -L &‘ﬁf‘; d )e
Stokes range.-- The range of Reynolds number (all values
up to sbout 0.1) for which Stokes eguation
is in sgreement with experimental data.
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NOTATION

nnmisal cross sectional area of the particle
" an=/
dra efficient
B A" .
"?f

sieve dieameter

2F/A @; V2

nominal dlometer
sedimentation diemeter

foree og the particle

a6 ) 6= opn—E

aceleration of gravity
981 centimeters per second

dynamic viscosity of the fluid
= kinematic viscoslty of the fluid

(f’vg

aolid density of the particle

Reynolds number

density of the fluid
terminal uniform fall velocity
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