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A FIELD CALIBRATION OF THE SEDIMENT-TRAPPING
CHARACTERISTICS OF THE HELLEY-SMITH BEDLOAD SAMPLER

By WiLLiamMm W. EMMETT

ABSTRACT

For sediment particle sizes between 0.50 and 16 millimeters, the
Helley-Smith bedload sampler has a near-perfect sediment-trapping
efficiency. For particle sizes smaller than 0.50 millimeters, the
Helley-Smith sampler has a high bedload sediment-trapping effi-
ciency because part of the sediment retained by the sampler has been
transported in suspension and cannot be quantified separately from
the bedload. For particle sizes larger than about 16 millimeters, the
Helley-Smith sampler has a low sediment-trapping efficiency, but
this may be related to the paucity of coarse particles in transport in
the calibration tests, rather than a reflection of an actual low trap
efficiency for large-size particles.

INTRODUCTION

Schoklitsch (1950), in reference to bedload transport,
stated “there is not too much known about it.” His
statement was not without reason; the problems asso-
ciated with measurement of bedload transport in allu-
vial channels are significant. Hubbell (1964) has
described many of the problems encountered with
measurement of bedload and also provided a current
(at that time) state-of-the-art report on apparatus and
techniques for measuring bedload. The reader is re-
ferred to the discussion by Hubbell for an overview of
various bedload-sampling devices and the merits and
shortcomings of each device.

Bedload samplers of the direct-measuring type are
simplest and most widely used. A direct-measuring
bedload sampler intercepts sediment that is in
transport over a small incremental width of streambed
and accumulates the sediment in a chamber within the
sampler. The sampling efficiency of a bedload sampler
is defined (Hubbell, 1964) as the ratio of the weight of
bedload collected during a sampling time to the weight
of bedload that would have passed through the sampler
width in the same time had the sampler not been there.
Ideally, the ratio is 1.0, and the weight of every
particle-size fraction in the collected sample is in the
same proportion as in the true bedload discharge.

This report presents information on a field calibra-
tion of the sediment-trapping efficiency of the Helley-
Smith bedload sampler, developed since the Hubbell
report. Because the Helley-Smith bedload sampler

presently is in widespread use (probably in excess of
over 200 samplers worldwide), the data of this report
are of particular significance. However, test conditions
for field calibration during this study were limited, and
thus results are certain not to be applicable to all situa-
tions in which the Helley-Smith bedload sampler is
being used or being proposed for use.

BEDLOAD

Bedload is that sediment carried down a river by
rolling and saltation on or near the streambed. Though
bedload may best be defined as that part of the sedi-
ment load supported by frequent solid contact with the
unmoving bed, in practice it is the sediment moving on
or near the streambed rather than in the bulk of the
flowing water.

In the sediment-transport process, individual bed-
material particles are lifted from the streambed and
set into motion. If the motion includes frequent contact
of a particle with the streambed, the particle consti-
tutes part of the bedload. If the motion includes no
contact with the streambed, the particle is literally a
part of the suspended load, regardless of how close to
the streambed the motion occurs and whether or not
the particle is capable of being sampled by existing
suspended-sediment sampling equipment. Depending
on the hydraulics of flow in various reaches of a chan-
nel, particles may alternate between being a part of the
bedload or a part of the suspended load. Likewise at a
given cross section of channel, particles that are a part
of the bedload at one stage may be a part of the sus-
pended load at another stage. Any particle in motion
may come to rest, and for bedload, the downstream
progress is likely to be a succession of movements and
rest periods. Particles at rest are part of the bed mate-
rial. Obviously, there is an intimate relation between
the bed material, bedload, and suspended load.

Owing to the somewhat nebulous definition of bed-
load, it becomes an exceedingly difficult task to build
measuring equipment which samples only bedload.
Any device which rests on the streambed is perilously
close to sampling bed material, and any device which

1



2 SEDIMENT-TRAPPING CHARACTERISTICS OF THE HELLEY-SMITH BEDLOAD SAMPLER

protrudes upwards from the streambed, or by necessity
is raised or lowered through the flow, may sample some
part of the suspended load.

This paper utilizes the practical definition of bed-
load; that is, bedload is the sediment moving on or near
the streambed. A sampler used to measure the transport
rate of bedload, by the practical definition, is designated
a bedload sampler. This designation does not preempt
the fact that some amount of suspended load also may be
measured. This possibility and its implications are dis-
cussed in a later section of this report.

HELLEY-SMITH BEDLOAD SAMPLER

Helley and Smith (1971) introduced a pressure-
difference bedload sampler that is a structurally
modified version of the Arnhem sampler (Hubbell,
1964). The Helley-Smith bedload sampler has an ex-
panding nozzle, sample bag, and frame (fig. 1). The
sampler was designed to be used in flows with mean
velocities to 3 m/s and sediment sizes from 2 to 10 mm.
The sampler has a square 7.62-cm entrance nozzle and
a 46 cm-long sample bag constructed of 0.2-mm mesh
polyester, though more recently it has become stan-
dard practice to use a sample bag of 0.25-mm mesh
polyester. The standard sample bag has a surface area
of approximately 1,900 ¢cm?. Details of the sampler noz-
zle and frame assembly are shown in figure 2.

The original design included a brass nozzle,
aluminum-tubing frame weighted with poured molten
lead to a total weight of 30 kg, aluminum tail fins, and
bolted construction. More recent versions of the sam-
pler have stainless-steel nozzles for greater durability,
steel-plate tail fins, solid-steel round-stock bar frame
selected to maintain a 30-kg total weight, and all-
welded construction. The sample bag attaches to the

Sample bag

Nozzle

%

Ficure 1.—Sketch of the Helley-Smith bedload sampler.
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FicUuRE 2.—Plan and side elevation drawings of 7.62-cm Helley-
Smith bedload sampler nozzle (above) and sampler (below).
rear of the nozzle with a rubber “O” ring. A sliding
bracket on the top frame member allows for cable-
suspended lowering and raising of the sampler. Posi-
tion of the bracket along the frame controls the sam-
pler attitude; normal attitude is a slightly tail-heavy

position (about 15-degree angle).

Since this original design, several structurally dif-
ferent versions of the sampler have been built to adapt
the sampler to various field uses. One version, devel-
oped by the author, has been scaled up from the 7.62-
cm sampler. The orifice is twice scale (15.24 cm), and
the frame is one and one-half scale. The larger frame
assembly allows for greater weighting; total weight of
the larger sampler has generally been either 45 kg or
75 kg, but one sampler constructed for use on the Ama-
zon River weighs 250 kg. The large-nozzle sampler is
generally used to sample larger sediment sizes, and the
heavier samplers become necessary as deeper and
swifter rivers are sampled.

Perhaps the most extensively used version of the
sampler is the 7.62-cm nozzle adapted to a wading rod,



DESCRIPTION OF FIELD-TEST FACILITY 3

rather than having a frame and tail-fin assembly. To
minimize weight and to facilitate use of this model, the
nozzle is generally of cast aluminum and equipped
with a sectionalized tubular aluminum wading rod.

A laboratory hydraulic calibration of the Helley-
Smith bedload sampler has been conducted (Druffel
and others, 1976). Hydraulic efficiency of a bedload
sampler has been defined (Hubbell, 1964) as the ratio
of the mean velocity of water discharge through the
sampler to the mean velocity of the water discharge
which would have occurred through the area occupied
by the opening in the sampler nozzle had the sampler
not been there. In the laboratory study, velocity pro-
files were measured in the sampler nozzle and at var-
ious locations upstream from the sampler. Typical ve-
locity profiles are illustrated in figure 3. The results of
this study showed the hydraulic efficiency of the 7.62-
cm and the 15.24-cm Helley-Smith bedload sampler is
approximately 1.54. This value of hydraulic efficiency
was found to be constant for the range of flow condi-
tions in the experiments, a range applicable to many
natural streamflow conditions.

The study, along with other observations by the au-
thor, indicates the sample bag can be filled to 40 per-
cent capacity with sediment larger than the mesh size
(0.2-0.25 mm) of the bag without reduction in hydrau-
lic efficiency. However, sediment with diameters close
to the mesh size of the sample bag both plugs the sam-
ple bag and escapes through the mesh, causing an un-
predictable decrease in hydraulic efficiency and loss of
the sample.

Data on the hydraulic characteristics of the sampler
provide qualitative information about probable per-
formance, but such data cannot be used directly to
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FicURre 3.—Vertical-velocity profiles upstream of sampler and in
sampler orifice of 7.62-cm Helley-Smith bedload sampler.

evaluate the sediment-trap efficiency of the unit. Con-
trolled experiments are still needed to define
sediment-trap efficiency; this report describes the re-
sults of one such field calibration of the sampler.

DESCRIPTION OF FIELD-TEST FACILITY

An open slot in the streambed of the East Fork River,
Wyoming, continually excavated of trapped debris by a
conveyor belt, provided a bedload trap and direct quan-
titative measurement of bedload-transport rates for
comparison with bedload-transport rates measured
with the Helley-Smith bedload sampler. The following
sections describe the test stream, conveyor-belt bed-
load trap, and procedures followed in using the
Helley-Smith bedload sampler.

EAST FORK RIVER

The East Fork River heads in the Wind River Range
of Wyoming west of the Continental Divide and east
and south of Mt. Bonneville (fig. 4). From a series of
small alpine lakes and an altitude of approximately

Mount
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Area of X
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FicURE 4.—Map of East Fork River drainage area upstream of the
project site.
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3,400 m, the East Fork River descends about 1,250 m
in 50 river km to the project site described in this re-
port. Downstream from the study reach, it continues
another 50 km to its confluence with the New Fork
River, tributary to the Green River.

The project site is at lat 42°40'23" N., long
109°34'16"W. The drainage area of the East Fork River
at the project site is 466 km?2. About half of this basin
area lies within the Wind River Mountains and is
underlain by granitic and metamorphic rocks, mostly
of Precambrian age; the other half of the basin area is
provided by a major tributary, Muddy Creek, that en-
ters the East Fork River about 5 km upstream of the
project and drains an upland of rolling hills underlain
by lower Tertiary sandstone and shale of the Wasatch
Formation. Much of the sand portion of the sediment
load for the East Fork River comes from the Muddy
Creek basin, but most of the water during high flow
comes from melting snow of the mountain area. The
high-flow season is generally late May to mid-June,
and little bedload movement occurs at other times in
the year.

In the vicinity of the project, the East Fork River
meanders in a flood plain averaging 120 m in width,
which, in turn, is confined within a glacial outwash
terrace of sand and gravel, the tread or surface of
which is some 5 m above the flood plain. This terrace
and outcrops of the Wasatch are sources of fresh sand
and gravel debris wherever the river impinges later-
ally against them.

The level of the flood plain corresponds with the
bankfull stage of the river, at which the water has an
average depth of about 1.2 m. The bankfull discharge is
about 20 m?®/s, which, in the annual flood series, has a
recurrence interval of about 1.5 years. The water-
surface slope in the vicinity of the project area is
0.0007, averaged over 1.5 km of river length.

Composition of the streambed of the East Fork River
at the project site is predominantly sand, but in the
5-km reach of river from Muddy Creek to the project,
gravel bars are spaced at regular intervals of about five
to seven channel widths. Eight bed-material samples
were collected at each of 29 sections along approxi-
mately a 200-m reach upstream and downstream of the
bedload trap. Data of the composite size distribution of
the 232 samples (about 200 kg) are included in table 1
and indicate a median bed-material particle size of 1.25
mm. The median bed-material particle sizes at each of
the 29 sections are shown on the planimetric map of
figure 5. The occurrence and location of gravel bars is
apparent, as median particle sizes vary from 0.6 to 25
mm and indicate a large range of particle sizes avail-
able for transport. However, the majority of median
particle-size data indicate an overwhelming abun-
dance of medium to coarse sand available for transport.

Only limited information is available describing bed-
forms and their characteristics. At low flows when bed-
load is negligible, ripples exist over the sandy portions
of the streambed. Isolated sediment particles may be in
motion, but generally the ripples are stationary. From
intermediate flows to the highest discharges observed,
the bed is either flat or has long, low dunes and is fairly
resistant to local scour around a foreign object placed
on the bed. The better defined bedforms, as recorded on
sonar tracings, indicate an amplitude of about 10 cm, a
wave length of about 10 m, and a period of about 30
minutes. These characteristics of the dunes are sub-
stantiated by cyclic trends in measured bedload-
transport rates. However, the measured bedload-
transport rates cannot be used to quantitatively
describe bedforms, because dune fronts traveled dia-
gonally to the flow, whereas bedload measurements
were taken orthogonally to the flow and integrated the
passage of bedforms over time.

CONVEYOR-BELT BEDLOAD TRAP

Across the East Fork River, a concrete trough was
constructed in the bed, orthogonal to the flow direction,
that would constitute an open slot into which would
fall any sediment moving near or on the streambed.
The trough is 0.4 m wide and 0.6 m deep; the level of
the lip or top surface corresponds to the natural bed,
lower in elevation at the thalweg than near the banks.
Figure 6 is a cross section at the bedload trap; although
at the trap the entire wetted perimeter is bounded by
concrete construction, only at the definite angles at
changes in boundary projections is the cross section
different than the preconstruction cross section.

Along the bottom of the concrete trough passes an
endless belt of rubber, 0.3 m wide; it is threaded around
some drive and guidance cylinders, then returns over-
head, where it is supported by a suspension bridge
across the river. Thus, sediment falling into the open
slot drops on the moving belt, then is carried laterally
to a sump constructed in the riverbank, where it is
scraped off the belt. From the sump, sediment is exca-
vated by a series of perforated buckets on an endless
belt. The buckets lift the sediment to an elevation 3 m
above the riverbank and dump the load into a weighing
hopper. When the hopper is periodically evacuated by
opening a bottom door, accumulated sediment falls on
a horizontal endless belt that carries it in a
downstream direction 12 m and dumps the load on a
transverse endless belt, which, in turn, carries the de-
bris toward the river and dumps it into the flowing
water, to be carried downstream in a normal manner.
In this way, trapped sediment is collected, weighed
continuously, and returned to the river. Figure 7 pro-
vides some general views of the river and the bedload
trap.
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TaBLE 1.—Size distribution of composited bed material, East Fork
River, Wyoming, at bedload-transport research project

Sieve Percentage, by weight, Percentage, by weight,
diameter retained on sieve finer than sieve
(mm}
Pan .____________ .03 0.0
0062 ________________. 1 .3
088 ___4 4
A256 . __-1.0 .8
A77 2.4 1.8
250 6.6 4.2
B350 12.0 10.8
bHO00 13.5 22.8
10 o 9.1 36.2
1000 ______________ 7.4 45.3
140 . ____ 6.1 52.7
200 . . __ 4.7 58.8
280 43 63.5
400 _______________ 3.6 67.8
560 . ______ __ 3.6 71.4
800 ____________ __ 3.6 75.0
113 4.3 78.5
160 _________ _____ 4.1 82.8
226 5.1 86.9
320 . ______________ 5.2 92.0
450 ________________ 2.8 97.2
640 ________ _________. 0 100.0

TABLE 2.—Size distribution of transport-weighted composite bedload
(1976 conveyor belt), East Fork River, Wyoming, at bedload-
transport research project

Percentage, by weight,

Sieve Percentage, by weight,
finer than sieve

diameter retained on sieve
(mm}
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TABLE 3—Comparison of bed material and bedload particle sizes

Particle-size category Particle size (mm)

(d percentage fmer than)! Bed material Bedload
dy 0.27 0.32

dyg . 42 47

dys e ____.53 .58

dyy oo . 69 .73

dsy oo 1.25 1.13

Ay oo 3.20 1.73

75 e 8.00 2.37

M o 17.6 3.42

Ao - oo 37.6 7.01

river, at the project site a high natural bank on the
right side and a short embankment on the left prevent
any overbank flow. Essentially, all bedload is ac-
counted for, and all the flow passes through the 19-m
width of channel at the measuring section.

The hydraulic-geometry relations for the East Fork
River at the bedload trap are shown in figure 8. In
reality, the concrete trough and abutments of the bed-
load trap force small “kinks” in the hydraulic-
geometry relations; the relations shown in figure 8
have been smoothed and reflect the hydraulic charac-
teristics of the river if the bedload trap were not in-
stalled. For interpretative studies of bedload transport,
the hydraulic conditions above the 14.6-m width of bed-
load trap are more significant than the whole-channel
hydraulic conditions. These hydraulic conditions will
be termed “effective hydraulics,” and it is the effective
hydraulic parameters that are listed in subsequent
tabulations of data in this report. The reader may ob-
tain corresponding stream-wide conditions by refer-
ence to figure 8.

The bedload trap was installed in fall and spring,
1972-73. Robert M. Myrick was project engineer for
construction of the trap and is due much of the credit
for subsequent successful operation of the installation.
Data collection began in the spring of 1973 and has
continued during spring months since then. The data-
collection program for the conveyor-belt bedload sam-
pling was initially under the direction of Luna B.
Leopold but gradually has drifted toward co-direction
by Leopold and the writer. Basic data for the bedload
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Ficure 8.—Hydraulic-geometry relations for the East Fork River
at the bedload trap.
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trap have been previously published (Leopold and
Emmett, 1976, 1977), and the same authors are pres-
ently preparing an interpretative report utilizing these
data. Some of the data have been incorporated into a
report (Mahoney and others, 1976) which compiled in-
formation necessary for calibrating unsteady-flow
sediment-transport models. This latter report princi-
pally contains data of cross-sectional changes (scour
and fill) at a number of sections in the 5-km reach of
channel upstream of the bedload trap. Two doctoral
dissertations (Lisle, 1976; Andrews, 1977) provide ad-
ditional information about the fluvial characteristics of
the East Fork River in the vicinity of the bedload trap.
Use of the conveyor-belt facility for field calibration of
the Helley-Smith bedload sampler covered the period
1973-76, but principal data collection for the field-
calibration purpose was May-June, 1975. The writer
had sole responsibility for the Helley-Smith bedload-
sampling program.

SAMPLING TECHNIQUES WITH
HELLEY-SMITH BEDLOAD SAMPLER

Although the Helley-Smith bedload sampler is in
widespread use by the U.S. Geological Survey and
other Federal and State agencies, and by university
and private organizations, it has not been officially
sanctioned by the Federal Inter-Agency Sedimentation
Committee (Water Resources Council) nor certified for
its technical performance by the U.S. Geological Sur-
vey. This certification is awaiting completion of rigor-
ous laboratory testing of the sediment-trapping
characteristics of the sampler under direction of the
U.S. Geological Survey and the Federal Inter-Agency
Sedimentation Committee. Although laboratory test-
ing is now underway, it appears that the early 1980’s is
a reasonable target date for completion of testing and
certification (or possible rejection) of the sampler.

Widespread use of the sampler, but lack of certifica-
tion, combine to create some confusion with sampling
procedures. No formal technique manual for use of the
sampler exists, and instructions for its use are gen-
erally passed on by word of mouth from user to new-
comer. Even on an interim basis, this procedure is ac-
ceptable only if the user passes along instructions
based on reliable past use of the sampler.

The writer has collected more than 10,000 individual
bedload samples with the Helley-Smith sampler. This
experience, combined with gained insight of temporal
and spatial variabilities in bedload-transport rates,
has enabled him to establish a sampling procedure for
the Helley-Smith sampler which gives consistent re-
sults.

The spatial or cross-channel variations in bedload-
transport rates are significant. Frequently, all or most

of bedload transport occurs in a narrow part of the total
width of channel. Though this narrow width of
significant transport is generally stationary, it can
shift laterally with changes in hydraulic conditions or
sediment characteristics. Therefore, knowledge of
where maximum or all bed load transport had occurred
previously is not a criterion for eliminating a portion of
channel width from the sampling program. At least 20
equally spaced, cross-channel sampling stations are
necessary to insure that zones of both maximum and
minimum transport are adequately sampled. (For
large rivers and small rivers, the technique may be
modified so that sections are not spaced greater than 15
m apart, nor is there apparent need for spacing sections
closer than 0.5 m.)

Temporal variations in bedload-transport rates may
also be large. This variation with time is obvious for
the stream channel with movement of dunes, but even
in gravel-bed rivers with no apparent dunes or migrat-
ing bedform, bedload transport may occur in slugs of
sediment and show distinct cyclic trends with time.
The frequency of the cyclic trend is dependent on the
velocity and wavelength of the bedform or slug of sed-
iment. Obviously, a precise procedure would be to sam-
ple at each cross-channel station until a reliable mean
transport rate was established at each cross-channel
location, but time requirements prohibit this detail.

The adopted procedure, a compromise betw en effort
expended and idealized precision (in reality, little pre-
cision is lost), is to conduct two traverses of the stream
and to sample at least 20 sections on each traverse. The
spatial factor is covered by the 20 sections; the tem-
poral factor is covered both because of the time ex-
pended during a single traverse of the stream and the
time lag at each section as the second traverse is con-
ducted. A comparison of values of mean transport rate,
determined by multiple traverses of the stream, shows
little change in the mean value by the addition of more
than two traverses. Further, because of changes in the
river hydraulics with time, and with each traverse of
the river being time consuming, it is often impossible
to conduct more than two traverses of the river and
have the data considered as instantaneous or existing
simultaneously. Each sample collected with the
Helley-Smith bedload sampler requires about 2 to 3
minutes for lowering, sampling, raising, emptying, and
moving to a new cross-channel location. A typical
traverse thus requires about 1 hour; two traverses re-
quire about 2 hours. The time required to complete the
double traverse generally allows a minimum of several
cycles to be sampled in the cyclic trend of transport;
this appears adequate to average temporal variations
in transport.

For the East Fork River sampling program, all bed-
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Helley-Smith sampler is an explanation for its greater
mean percentage in this size category, but a quantita-
tive description of how much of it is attributable to this
effect is not possible. It is most important to recognize
that the Helley-Smith sampler does receive suspended
sediment, and the absolute quantites of it are depen-
dent on the sizes of sediment in transport and hydrau-
lic characteristics of the flow—factors which are differ-
ent for every stream and thus cannot be calibrated.

Complete analysis of suspended-sediment size data
for the East Fork River shows no significant quantity
of suspended sediment larger than 0.50 mm, For mate-
rial capable of being moved in suspension (<0.50 mm),
its significance as bedload decreases as bedload-
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FicUure 11.—Relation of bedload-transport rate in individual-size
category as function of total bedload-transport rate; 0.12-0.25
mm size class.

transport rate increases. This is reflected in the rate of
change values (exponent B) tabulated above. The val-
ues for suspended-sediment size particles are less than
unity, indicating that as total bedload-transport rate
increases, the percentages of sediment in those size
classes decrease.

For sediment in the four particle-size classes ranging
in size from 0.50 to 8.0 mm, significant bedload
transport occurs, and the significance increases as the
total bedload-transport rate increases. The dominant
particle-size class of bedload is 0.50 to 1.0 mm and ac-
counts for a little over one-fourth of the total bedload
(recall also the size distribution of composited bedload,
table 2). The greatest rate of change in percentage of
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FiGure 12.—Relation of bedload-transport rate in individual-size
category as function of total bedload-transport rate; 0.25-0.50
mm size class.

total bedload in a given particle-size class occurs for
particles in the size class of 2.0 to 4.0 mm, followed by
size classes 1.0 to 2.0 mm and 4.0 to 8.0 mm. These
rates of change values combine with the mean percent-
age values such that at high bedload-transport rates
the percentage of total bedload is actually greatest in
particle-size categories of 1.0 to 2.0 mm and 2.0 to 4.0
mm, This leads to a median particle size of composited
bedload being 1.13 mm (table 3).

For sediment sizes greater than 8.0 mm, only about
%2 percent of the total bedload occurs in the particle-
size categories of 8 to 16 mm and 16 to 32 mm. The
mean transport rate for these size particles is about
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Ficure 13.—Relation of bedload-transport rate in individual-size
category as function of total bedload-transport rate; 0.50-1.00
size class.

0.0004 kg/m-s (tables 8 and 9). The average 32-mm
particle weighs about 55 grams, and the average
16-mm particle weighs about 6.8 grams. These num-
bers can be manipulated to show that, streamwide,
only about three 32-mm particles and twenty-five
16-mm particles pass down river every 30 seconds, the
duration of sampling with the Helley-Smith sampler.
Since the Helley-Smith sampler covers only about 0.5
percent of the stream width (76.2 mm nozzle/14.62 m
wide), the Helley-Smith sampler has somewhat less
than a 2 percent chance of collecting a 32-mm particle
and about a 15 percent chance to collect a 16-mm parti-
cle. This is additionally reflected in the number of ob-
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servations recorded in tables 8 and 9. While nearly 50
percent of the runs with the conveyor-belt sampler in-
cluded trapping a particle of size 16-32 mm, fewer
than 25 percent of the runs with the Helley-Smith
sampler included trapping a particle of that size. Thus,
the transport rate for large particles in the East Fork
River was too minimal to allow reliable calibration for
particles larger than about 8 mm, perhaps to 16 mm.

It should also be pointed out that the rate-of-change
data for the two coarsest size categories are mislead-
ing. Since the largest particles move only at high
transport rates, many low transport runs are not in-
cluded in the analysis for these size particles. By this
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Ficure 15.—Relation of bedload-transport rate in individual-size
category as function of total bedload-transport rate; 2.00-4.00
mm size class.

fact alone, large particles begin their significance at
high transport rates and increase from there. Because
zero values cannot be used in log-transformed re-
gressions, values of rate of change (slope of the regres-
sion equation) comparable to the smaller particle-size
categories cannot be quantitatively determined.

This section of the results has concentrated on
analysis of bedload-transport rates by individual
particle-size categories as functions of total bedload-
transport rate. Its primary purpose is to place reliabil-
ity limits on the comparability of data collected and
was used to show that for particle sizes less than 0.50
mm, the influence of suspended sediment casts doubts
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on comparability (not reliability) of data collected with
the Helley-Smith sampler. For particle sizes less than
0.20 mm (mesh size of the bag), data collected with the
Helley-Smith sampler should be discarded. For particle
sizes larger than 8.0 to 16 mm, paucity of individual
particles moving probably prohibits the Helley-Smith
sampler from collecting a representative sample, and
data should be treated with caution.

The above analyses and discussion are not applicable
to a direct comparison between the Helley-Smith sam-
pler and the conveyor-belt sampler, because the
analysis utilized all available data rather than
matched data sets. For example, many data collected at
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Ficure 17.—Relation of bedload-transport rate in individual-size
category as function of total bedload-transport rate; 8.00-16.0
mm size class.

low transport rates in 1976 with the conveyor-belt
sampler were not obtained with the Helley-Smith
sampler; this created a data base with a mean
transport rate that is different between the two
methods of sampling. The next section discusses a di-
rect comparison of the two methods of sampling.

COMPARISON OF HELLEY-SMITH RESULTS WITH
CONVEYOR-BELT RESULTS, BASIC DATA

Data collected concurrently with both the Helley-
Smith sampler and the conveyor-belt sampler may be
compared directly one against the other; a total of 74
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such matched sets of data exists. Some of these data
sets are composed of a single run with the conveyor-
belt sampler and two runs during the same time with
the Helley-Smith sampler, thus giving two points of
comparison. Of the 74 data sets, some runs with the
conveyor-belt sampler are lacking particle-size
analyses. For comparisons made at given particle-size
classes, 61 matched sets of data are available. Table 10
lists matching of data sets as used in the present and
next sections of this report.

Comparisons of the bedload-transport rate in each
particle-size class were made with the Helley-Smith

sampler results expressed as functions of the

conveyor-belt sampler results. As in the previous sec-

tion of this report, the statistical procedure utilized

was a least-squares linear regression of log-

transformed data, giving a power equation of the form:
Y = AX®,

or, for this analysis:

J»(Helley-Smith) = Aj,(conveyor belt)®,

where j, is the dry-weight unit bedload-transport rate

in kilograms per meter-second.

Results of the statistical analysis are presented in
table 11. The sample means of the log-transformed
transport rates (Iog Y and log X) and the standard de-
viations of the transformed values (SD(log Y) and
SD(log X)) are given in table 11 (top) for each
particle-size class; also given are the computed inter-
cept (log A) and slope (B) for the transformed data, the
estimated variances for these parameters (see Draper
and Smith, 1966, section 1.4), and the values of the
multiple correlation coefficient, r2, for the regressions.
Tatle 11 (bottom) lists the means for the transport
rates before the log transformation (Y and X), the ratio
Y/X, and the values of A and SE(A) (computed by tak-
ing the antilogs of log A and SE(log A), respectively).

The quantities SE(log A) and SE(A) should be in-
terpreted as follows: a confidence interval for the inter-
cept log A can be constructed by taking the lower limit
of the interval to be log A — constant (SE (log A)) and
the upper limit to be log A + constant (SE(log A)). The
limits of the corresponding interval for A are obtained
by taking A +~ (SE(A)) constant and A X (SE(A)) con-
stant. For a 95-percent confidence interval, the value of
the constant is 1.96.

Graphs of basic data and statistical analyses are il-
lustrated in figures 19-27 for various particle-size
categories. Graphs show the least-squares fit to the
data and, superimposed, the line of perfect agreement.
Summarized below are salient data of table 11, utiliz-
ing the mean values of the regression statistics.

Particle-size Mean ratio in transport rate; Rate of change in ratio

class Helley-Smith:conveyor belt of transport
(mm) {Y/X, in percent) 3B)
0.06- 0.12 0.928
12— .25 751
25—~ .50 .802
.50~ 1.00 934
1.00- 2.00 .868
2.00- 4.00 .803
4.00- 8.00 739
8.00-16.00 747
16.00-32.00 501

If values of the exponent B were equal to 1.0, regres-
sion relations would be linear. To test the hypothesis
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FicUure 19.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler; 0.06-0.12 mm size class.
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Ficure 20.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler; 0.12-0.25 mm size class.

that the slope = 1.0 at the 5 percent level of
significance, a 95-percent confidence interval is con-
structed by taking

B = 1.96 (SE(B)),

and the hypothesis is rejected if 1.0 does not lie in the
interval. The upper limit of the interval attained
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FiGURE 21.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler; 0.25-0.50 mm size class.
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FicUre 22.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler; 0.50-1.00 mm size class.

values ranging from 0.85 to 1.07. Although several re-
gression equations had values of slope = 1.0 within the
interval, and all values of slope indicated relations ap-
proaching linearity, the hypothesis that regression re-
lations are linear must be rejected. Implications of the
nonlinearity will be discussed in a later part of this
section of the report.
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Ficure 23.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler; 1.00-2.00 mm size class.
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belt sampler; 2.00-4.00 mm size class.

For particle sizes less than 0.50 mm, the effect of the
Helley-Smith sampler catching suspended sediment is
apparent. Sampling efficiency as determined for parti-
cle sizes less than 0.25 mm should be discounted be-
cause of mesh-size limitations of the sample-collection
bag. Data show that for sediment in the particle-size
class of 0.25 to 0.50 mm, the Helley-Smith sampler is
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Ficure 25.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler; 4.00-8.00 mm size class.
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particle-size category, Helley-Smith sampler versus conveyor-
belt sampler; 8.00-16.0 mm size class.

about 150 percent efficient; this efficiency factor is
valid only for the East Fork River and is dependent on
the particular ratio of suspended load to bedload.

For particle sizes between 0.50 and 16 mm, the
Helley-Smith sampler traps approximately the same
amount of sediment as the conveyor-belt sampler. Av-
erage sampling efficiency for particle-size classes be-
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tween 0.50 and 16.0 mm (3Y/2X, from table 11) is 92.6
percent. The slopes of the regression equations indicate
a decrease in the sediment-trapping efficiency of the
Helley-Smith sampler as the bedload-transport ate in-
creases. Reduction in trap efficiency appears modest,
but if extrapolation is made beyond the range of meas-
ured data, the consequences may be great.

For particle sizes greater than 16 mm, the Helley-
Smith sampler traps only about 50 percent of the sedi-
ment trapped by the conveyor-belt sampler. This de-
creased efficiency is probably related more to the pau-
city of large particles moving (as explained in the pre-
vious section) than to the characteristics of the sam-
pler. The effect of a decreasing number of particles
moving as particle size increases is also reflected in the
decrease away from unity in values of the rate of
change (slope of regression equations) tabulated above.

The adequacy of the above statistical treatment of
the data has been discussed by M. deVries (oral com-
munications, 1978) on the basis of work by deVries and
his colleagues at the Delft Hydraulics Laboratory,
Delft, The Netherlands. Whereas the author, thus far,
has expressed results of regression equations with the
conveyor-belt data as the independent variable,

J»(Helley-Smith) = A j,(conveyor belt)?,

deVries indicates that the regression should be ex-
pressed

Ju(conveyor belt) = A' j,(Helley-Smith)®’.

SEDIMENT-TRAPPING CHARACTERISTICS OF THE HELLEY-SMITH BEDLOAD SAMPLER

Mathematically, the above equations express the same
relation, but as far as the statistical analysis is con-
cerned, they differ. DeVries points out that in practice
the calibration curve is used to compute the actual
transport rate from the measured rate obtained using
the Helley-Smith sampler. This would suggest that the
second relation above should be used. The author
agrees that an end product might be a curve enabling
determination of real transport rate from a sampling of
transport rate obtained with a Helley-Smith bedload
sampler. On the other hand, the purpose of the present
study is an evaluation of the agreement that data col-
lected with the Helley-Smith sampler have with data
collected with the conveyor-belt sampler. As such, cor-
rect experimental and analytical procedures would
demand that data collected with the conveyor belt be
treated as the independent variable. Assumptions or
statements of fact relating measurements with the
conveyor-belt apparatus to real transport rates may
then be used to imply the relation to true transport
rates that exists with measurements obtained with the
Helley-Smith sampler. It was implied in an earlier sec-
tion of this report that the conveyor-belt apparatus
measured the true bedload-transport rate; still, statis-
tical analysis of the present data involves a comparison
of the Helley-Smith bedload sampler to the conveyor-
belt sampler. A later section of this report discusses
both some shortcomings in data collected with the con-
veyor belt and the statistical significance in reversing
the dependence and independence of the variables.

DeVries also points out that calibration of bedload
samplers implies that the reading from the sampler is
compared to the real value. Calibration, as in this in-
vestigation, usually consists of comparing average
values of the observations, j, (Helley-Smith), with av-
erage values of the real transport, j, (conveyor belt),
the latter being assumed to be the real transport. But,
if a nonlinear relation exists between the measured
transport and the actual transport, average values
cannot be used (as deVries points out, in the same way
log x # log x). Instantaneous measured transport
should be compared to actual transport; however, it is
impossible to measure actual momentary transport at
the location of the sampler.

The Delft Hydraulics Laboratory (DHL, 1969) has
circumvented this problem by means of a probability
distribution of bedload-transport rate. Hamamori
(1962), with deVries, developed a probability distribu-
tion of the ratio of instantaneous to average transport
rates:

Pl = %(j,,/@( 1+log 4 )
(Jolip)

where P indicates the probability of a value < ji/j,.
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This probability distribution is characterized by the
largest instantaneous sample being 4 times the mean
and 60 percent of the samples being smaller than the
mean. It is not unlike probability distributions com-
monly used for meteorological data (e.g., rainfall), hy-
drological data (e.g., daily streamflows), or any other
data sets where minimum values are zero and
maximum values may be greater than twice the mean.
That is, one large value may compensate for several
small values so that the majority of values are smaller
than the mean. Hamamori developed the probability
distribution for the case of primary dunes with faster
secondary ripples on top. DeVries reported to the
writer that field data collected with the Arnhem sam-
pler in the Pannerden Channel (a branch of the Rhine
River in The Netherlands) showed good agreement
with the probability distribution; D. W. Hubbell (oral
communication, 1978) reported good agreement of the
probability distribution with data collected by Einstein
during calibration tests for the Nesper bedload sam-
pler; and significantly, there is good agreement with
the minute-by-minute recordings of transport as
measured with the conveyor-belt apparatus on the
East Fork River, Wyoming.

If the instantaneous transport rates obey the rela-
tion

Jo(Helley-Smith) = A’ j,(conveyor belt)?’

and the average transport rates obey this relation with
A’ and B’ replaced by A and B, it can be shown that

A" =% A B+1\ 2B
(%)
and
when the above probability distribution holds for the

instantaneous rates. The effect on statistical data as
presented in table 11 is summarized below.

Particle-size -
class A B A’ A'ilA Y/X
(mm) (percent)

006- 012________________ 0.654 0928 0.674 1.030 126.77

A2- 26 .348 751 390 1,122 234.48

25- 60 _____________ 566 .802 618 1.092 163:78

b0~ 100 743 .934 763 1.027 101.36

1.00- 200________________ 498 .868 527 1.057 94.45
2.00- 400 _______________ 329 803 .359 1.091 94.30
4.00- 800________________ 192 739 217 1.129 105.91
8.00-16.00________________ .143 747 161 1.124 105.18
16.00-32.00____________ ... .016 501 022 1332 7415

The average effect is to increase the value of the
coefficient by about 8 percent. The net effect, weighted

by transport rate for particle-size classes between 0.50
and 16.0 mm, is to increase the average sampling effi-
ciency, SY/3X, from 92.6 percent to 97.9 percent.
The brief discussion in this section has been based on
a direct comparison of sediment trapped by the
Helley-Smith sampler to sediment trapped by the
conveyor-belt sampler using only basic data as col-
lected. Two comparisons were made: one based on av-
erage values of transport as collected, and a second
based on a conversion to real instantaneous transport.
Certain modifications to the basic data can also be
made; the modifications reflect refinements to the basic
data and are based on auxiliary analyses designed to
make the data sets more systematic and to allow for
additional deficiencies in analytical procedures. These
modifications are discussed in the next section; their
influence and importance (or lack of it) will be reflected

in the recommendations. Incorporation of modifica-
tions has been preceded by presentation of basic data in
this and the previous section to allow more objective
reasoning to what might be called subjective re-
finements.

MODIFICATIONS TO THE BASIC DATA

Rather than test the influence of various refinements
to basic data on a particle-size class basis, testing was
done on comparisons of total bedload as trapped by the
two methods of sampling. Twelve refinements or com-
binations of refinements were attempted; statistical
data of these attempts are included in table 12. For
convenience, these data are summarized below and
subsequently discussed individually.

Mean ratio in total bedload-

Refinement transport rate Rate of change in
(see subsequent Helley-Smith:conveyor belt ratio of transport
discussion for detail) (Y/X, in percent) (B)

(1) None, basicdata ________ 109.14 0.790
(2) Helley-Smith

independent, (1) ______ 109.14 1.013
(3) Conveyor-belt

corrected ______________ 124.49 .856
A (2),(3) 124.49 1.102
(5) Helley-Smith

corrected, (3) __________ 123.01 .867
(6) Variance corrected,

3,6y 123.01 927
(7Y Excludes d<0.25 mm,

3 122.63 .885

(8) Excludes d <0.50 mm,

3 109.22 916
93),®6),8) 109.22 979
10x3), (5, (1) . 122.02 .896
(11)3), (5), (8 ____ . 108.58 1927
(12)(3), (5), (6),(8) __________ 108.58 991

Item (1) above includes no modification to the data
but is an expression of the regression equation for total
bedload. Using abbreviations of HS for the Helley-
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Smith sampler and CB for the conveyor-belt sampler,
the relation is obtained:

HS = 0.55 CB*™, 1

with a mean sediment-trapping efficiency for the
Helley-Smith sampler of 109 percent. This relation is
graphed in figure 28.

To the eye, the least-squares relation shown in figure
28 is not overwhelmingly a better fit to the data than is
the line of perfect agreement. This fact led to modifica-
tion (2) which reverses the independent and dependent
variables (or simply minimizes the squares along the
abscissa rather than the ordinate). This leads to a rela-
tion:

HS = 1.15 CB"", (2)

which is quite different from relation (1) but utilizes
the same statistical procedures. By necessity, the mean
sediment-trapping efficiency for the Helley-Smith
sampler remains at 109 percent. A graphing of this
relation is shown in figure 29.

Leopold and Emmett (1976, 1977) have published
more detailed information of the conveyor-belt data
than is reproduced in this report. For the voluminous
data of 1976, they showed in the 1977 publication the
gate-by-gate transport data as well as stream-wide
values obtained either by accumulating the gate-by-
gate data or by operating the conveyor-belt with all
gates open. For a number of the conveyor-belt runs,
stream-wide data were collected utilizing both tech-
niques of operation and representing approximately
the same hydraulic conditions of flow. Analysis of these
data shows that the sum-of-the-gates determination of
stream-wide bedload was higher than the correspond-
ing determination by operating with all gates open si-
multaneously and indicates an end effect at the gates
when the gates were individually opened. The effect
was not only consistent, involving every instance of
data collection, but was significant. The overregistra-
tion by the individual gate method was a factor of 1.3
and was constant over the range of transport rates in-
vestigated.

Modification (3) involves dividing by the factor of 1.3
the conveyor-belt data which were collected by the in-
dividual gate method to correct the data for the equiva-
lent stream-wide condition. Table 10 indicates which of
th data were so corrected. This correction led to a re-
gression equation:

HS = 0.76 CB®#, (3)
and a mean sediment-trapping efficiency of 124 per-
cent. A graph of the data and least-squares relation is
shown in figure 30.
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pler (independent variable).
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conveyor-belt sampler (dependent variable) versus Helley-Smith
sampler (independent variable).

Modification (4) utilizes the data of modification (3)
but reverses the independence of the axes as in
modification (2). This yields a regression equation:

HS = 1.59 CB'1°, 4)

and retains a mean sediment-trapping efficiency of 124
percent. This is illustrated in figure 31.
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Ficure 31.—Comparison of total bedload-transport rate;
conveyor-belt sampler corrected to condition of stream-wide slot
(dependent variable) versus Helley-Smith sampler (independent
variable).

It was noted in an earlier section of this report that
the mean river stage, or discharge, during the period of
operating the Helley-Smith sampler was often, but
only slightly, different than the mean discharge during
the operation of the conveyor-belt sampler. Regression
of the conveyor-belt-determined transport rates

against effective discharge (data of table 4) shows that
bedload-transport rate is approximately proportional
to the square of effective discharge. An appropriate
correction factor to transpose the Helley-Smith trans-
port data to the same hydraulic base as the conveyor-
belt data would be

(¢2)

Values of this correction factor along with Helley-
Smith-determined transport data, both unaltered and
modified by the correction factor, are listed in table 10.

Modification (5) involves regressing corrected
Helley-Smith data as just described against conveyor-
belt data as modified in (3) above. The regression equa-
tion determined is

HS = 0.78 CB"*¥ ()

and indicates a mean sediment-trapping efficiency of
123 percent. The graph of these results is shown in
figure 32.

Reversal of the dependent and independent vari-
ables, as in modifications (2) and (4), shows some
inadequacies of a least-squares statistical procedure in
the analysis of some data sets. Use of least-squares
techniques usually implies that data used as the inde-
pendent variable are free of error. This is not the case
with the present data, for, indeed, the data collected
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Smith sampler corrected for stage difference versus conveyor-
belt sampler corrected for condition of stream-wide slot.
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with the conveyor belt are subject to some of the same
variability as are data collected with the Helley-Smith
sampler. When the independent data have an error as-
sociated with them, the least-squares technique will
invariably yield a relation which has underestimated
the exponent or slope value of the relation. There does
exist, however, a statistical procedure for adjusting
slope value by a correction factor:

1+ 9"\,
O-ml—ﬂ-z"3

where o® is the variance of the error in the indepen-
dent variable and o,? is the variance of the indepen-
dent variable (see Snedecor and Cochran, 1967, p. 165).

Variance of the error in the conveyor-belt data can
be obtained for those runs in which all gates were
opened simultaneously and a minute-by-minute record
was kept of the bedload-transport rate being measured.
Necessary basic data for this determination can be
found for conveyor-belt data collected in 1976 by refer-
ence to Leopold and Emmett (1977). Variance of the
conveyor-belt data is obtained as part of the least-
squares regression of the present analysis. A mean
value of the least-squares correction factor, as ob-
tained, is 1.069. This correction factor is based on
measured total bedload; its uniform applicability to all
particle-size classes is not known.

Modification (6) applies this correction factor to the
regression of modification (5) and results in

HS = 0.96 CB"*%, (6)

and the mean sediment-trapping efficiency remains at
123 percent. This is graphed in figure 33.

It was earlier shown that collection of suspended sed-
iment influences trap efficiency of small-size particles
for the Helley-Smith sampler. Modification (7) uses the
corrected conveyor-belt data of (2) but excludes sedi-
ment particles smaller than 0.25 mm. The resulting
regression is

HS = 0.85 CB"*% (N

and indicates a mean sediment-trapping efficiency of
123 percent. The graphic relation is shown in figure 34.

Modification (8) is identical to modification (7) except
that it excludes all sediment particles smaller than
0.50 mm, the upper limit of particle sizes associated
with suspended sediment. The new regression equation
is

HS = 0.82 CB"*, (8

and a resulting mean sediment-trapping efficiency is
109 percent. The relation is graphed in figure 35.

1.0 T T T T vd
/
EXPLANATION

ok ® 1973 i
O 1974
® 1975
O 1976 Least

0.01F squares PY i

001 /P i

/ erfect agreement

/

KILOGRAMS PER METER — SECOND

BEDLOAD TRANSPORT RATE BY HELLEY-SMITH SAMPLER,IN

0.0001 / -
/
TOTAL BEDLOAD
0.00001 L . ) -
0.00001 0.0001 0.001 0.01 0.1 1.0

BEDLOAD TRANSPORT RATE BY CONVEYOR BELT, IN
KILOGRAMS PER METER — SECOND
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squares regression.
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Ficure 34.—Comparison of total bedload-transport rate for sedi-
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sus conveyor-belt sampler corrected for condition of stream-wide
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Modification (9) is similar to modification (8) except
that it also includes correction for variance of the inde-
pendent variable. The new result is

HS = 1.02 CB"*3, (9)
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and the mean trap efficiency remains at 109 percent.
Figure 36 illustrates this regression.

Modification (10) involves regressing corrected
Helley-Smith data against corrected conveyor-belt
data (5) but also excludes sediment particles smaller
than 0.25 mm. The relation determined is

HS = 0.87 CB"*° (10)

and includes a mean sediment-trapping efficiency of
122 percent. The relation is illustrated in figure 37.

Modification (11) is similar to (10) except that it ex-
cludes sediment particles smaller than 0.50 mm. The
regression is

0.93

HS =084 C 11

and yields a mean sediment-trapping efficiency of 109
percent. This relation is illustrated in figure 38.

Modification (12) utilizes the regression of (11) and
further includes correction for the variance of the inde-
pendent variable. This regression yields a comparison
of the Helley-Smith sampler to the conveyor-belt sam-
pler of

HS = 1.05 CB*% (12)

and gives a mean sediment-trapping efficiency of the
Helley-Smith sampler of 109 percent. The relation is
illustrated in figure 39.

The 12 modifications to the basic data give some re-
gression equations that are quite different from some
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FicURe 37.—Comparison of total bedload-transport rate for sedi-
ment particles larger than 0.25 mm; Helley-Smith sampler cor-
rected for stage difference versus conveyor-belt sampler cor-
rected for condition of stream-wide slot.

of the others, though reference to figures 28-39 indi-

cates that throughout the measured range of transport

rates, the variation is not as large as might be imag-
ined. The real importance lies in extrapolation of rela-
tions some distance from the range of measured data,
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rected for condition of stream-wide slot.
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Ficure 39.—Comparison of total bedload-transport rate for sedi-
ment particles greater than 0.50 mm; Helley-Smith sampler cor-
rected for stage difference versus conveyor-belt sampler cor-
rected for condition of stream-wide slot; relation corrected for
variance of the independent variable in the least-squares regres-
sion.

because the difference in relations (1) to (12) generally
increases in significance as the transport rate increases
or decreases from the mean transport rate as deter-
mined in the study. It becomes a decision as to which

SEDIMENT-TRAPPING CHARACTERISTICS OF THE HELLEY-SMITH BEDLOAD SAMPLER

modifications to the basic data should be employed, and
the reasoning for their use.

The writer believes all of the modifications are objec-
tive and relevant, but, lest a reader disagrees, this is
the reason the basic data are presented first. Though
all of the modifications may be relevant, it is apparent
in the comparison of equations (5) to (3), (10) to (7), and
(11) to (8) that the effect of correcting the Helley-Smith
results to accommodate the slight differences in river
stage is very modest and may be neglected. The correc-
tion for excluding suspended-sediment size particles
(<0.50 mm) has no bearing on a comparison of the two
methods of sampling on a particle-size class basis,
when particle sizes are greater than 0.50 mm. Thus
these two corrections need not be further considered.

The correction for error in the independent variable
affects slope value of the relation only; it does not in-
fluence the value of mean sediment-trapping efficiency.
It is not known with certainty if the slope correction
factor can be applied equally to all particle-size classes;
it thus becomes subjective in its application. This di-
lemma may be solved by not using the correction fac-
tor, utilizing mean sediment-trapping efficiency as de-
termined, and recognizing that the rate of change in
trap efficiency (exponent value of the regression equa-
tion) should be increased by an amount less than 10
percent of its value.

This leaves only the correction applied to some of the
conveyor-belt data (table 10) to normalize these data to
the condition of a continuous stream-wide open slot.
Utilizing only this modification to the data, table 13
lists a summary of the statistical data generated when
regressing the Helley-Smith sampler data against the
conveyor-belt sampler data on a particle-size class
basis. Graphings of data and least-squares relations
are shown in figures 40-48.

A summary of the pertinent statistics from table 13
are listed below.

Particle-size Mean ratio in transport rate Rate of change in ratio

class Helley-Smith:conveyor-belt of transport
{mm) (Y/X, in percent) (B)
0.06- 012 ___ ____________ 143.03 1.030
A2- 256 . 246.00 .868
25- B0 _174.34 914
b0~ 100 114.74 1.016
1.00- 200 ________________ 103.88 1923
200- 400 ________________ 100.47 .848
4.00- 8.00 ___________ _____109.06 775
8.00-16.00 _____________ _._109.04 788
16.00-32.00 ________________ 72.38 .501

Information on particle-size classes 0.06 to 0.12 mm
and 0.12 to 0.25 mm is discarded. These are particle
sizes nominally in suspension; further, the mesh collec-
tion bag for the Helley-Smith sampler cannot accom-
modate these sizes of sediment.
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Ficure 40.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler corrected for condition of stream-wide slot; 0.06-
0.12 mm size class.
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Ficure 41.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler corrected for condition of stream-wide slot; 0.12-
0.25 mm size class.

For sediment in the particle-size class of 0.25 to 0.50
mm, the Helley-Smith sampler has a sediment-
trapping efficiency of about 175 percent. Much of this
overregistration is due to collection of suspended sedi-
ment, but no separate quantification can be made of
the bedload sediment-trapping efficiency. The particu-
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FIGURE 42.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler corrected for condition of stream-wide slot; 0.25-
0.50 mm size class.
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FiGURE 43.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler corrected for condition of stream-wide slot; 0.50—
1.00 mm size class.

lar value of 175 percent is related to the proportion of
bedload to suspended load in this particle-size class and
may be a number unique to hydraulic and sediment
characteristics of the East Fork River. It is not un-
reasonable, though purely speculative, that sediment-
trapping efficiency for this particle-size class may be
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Ficure 44.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler corrected for condition of stream-wide slot; 1.00-
2.00 mm size class.
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FiGUure 45.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler corrected for condition of stream-wide slot; 2.00—
4,00 mm size class.

near ideal for conditions involving no suspended-
sediment transport.

For particle-size classes between 0.50 mm and about
16 mm, there is good agreement between the transport
rate measured with the Helley-Smith sampler and that
measured with the conveyor-belt sampler. Exponent
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F1GURE 46.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler corrected for condition of stream-wide slot; 4.00—
8.00 mm size class.
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FiGURE 47.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler corrected for condition of stream-wide slot; 8.00-
16.0 mm size class.

values of the regression equations indicate that trap
efficiency of the Helley-Smith sampler decreases
somewhat as transport rate increases, but correction
for the error in the independent variable makes the
actual decrease less than the apparent decrease in trap
efficiency. Considering all factors involved in the ex-
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FiGURE 48.—Comparison of bedload-transport rate by individual
particle-size category, Helley-Smith sampler versus conveyor-
belt sampler corrected for condition of stream-wide slot; 16.0-
32.0 mm size class.

perimental arrangement, the Helley-Smith bedload
sampler may be considered as perfect a bedload sam-
pler for these sizes of particles as is the conveyor-belt
apparatus.

For particle sizes greater than about 16 mm, the
Helley-Smith bedload sampler yields an apparent low
sediment-trapping efficiency. This low trap efficiency is
related to the paucity of large particles moving as bed-
load in the calibration stream and does not necessarily
reflect an actual low trap efficiency for large particles.

SUMMARY AND RECOMMENDATIONS

The sediment-trapping characteristics of the
Helley-Smith bedload sampler were studied by com-
paring sediment-transport rates as measured with the
Helley-Smith sampler with those measured utilizing
an open slot constructed across a streambed. The
number of data sets used in the comparison is large,
and range in measured transport rates is nearly 1,000-
fold.

Unaltered basic data indicate the Helley-Smith bed-
load sampler, for the majority of sediment sizes availa-
ble in the study, is 90 to 100 percent efficient, but effi-
ciency decreases somewhat with increases in transport
rate. Modifications of the basic data to normalize the
data sets and correct for statistical procedures indicate
trap efficiency is 100 to 110 percent and varies little
with changes in transport rate.

Based on all analyses of this report, the following
recommendations are made relative to the sediment-
trapping characteristics of the Helley-Smith bedload
sampler:

(1) The Helley-Smith bedload sampler should not be
used for sediment particles smaller than
0.25 mm.

(2) The Helley-Smith bedload sampler should not be
used for measuring bedload-transport rates for
sediment of particle sizes which also are
transported as suspended sediment.

(3) The trap efficiency for sediment in the particle-size
class of 0.25 to 0.50 mm was indeterminate,
being 175 percent in the test stream; 100 percent
is recommended for the condition of no
suspended-sediment transport.

(4) For sediment of particle-sizes larger than 0.50 mm
and smaller than 16 mm, sediment-trapping effi-
ciency of the Helley-Smith bedload sampler may
be assumed as 100 percent, with no change in
efficiency with changes in transport rate.

(5) Trap efficiency for sediment particles larger than
16 mm was indeterminate, being about 70 per-
cent in the test stream; reduction in efficiency
was related to the small number of large parti-
cles moving; actual efficiency may increase with
an increase in the transport rate of particles
larger than 16 mm. Obviously, trap efficiency
goes to zero when particle size exceeds nozzle
opening; no data are available to define trap effi-
ciency as particle sizes approach nozzle dimen-
sions.
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TABLE 4.—Summary data of river hydraulics and bedload transport, conveyor-belt sampler

River discharge Unit
Mean Mean bedload- Bedload
Date! Total,? Effective,? depth,* velocity,® transport size,”
Q Q' D 14 rate,’ dso
(m*/s) (m?*/s) (m) (m/s) Jn (mm)
(kg/m—s)

5-26-73 ____________ 17.0 16.1 1.04 1.06 0.0122 1.35
5-28-73 ____________ 6.66 6.50 .55 .81 0009  ______
5-29-73 ____________ 7.50 7.30 .59 .84 .0o1r  ______
6-01-73 ____________ 17.0 16.1 1.04 1.06 0190  ______
6-02-73 ___________ 18.8 17.8 1.11 1.09 .0235 74
6-03-73 __ __________ 17.5 16.6 1.06 1.07 0240  ______
6-06-73 ____________ 11.8 11.3 .81 .96 0133  ______
6-07-73 ____________ 16.7 15.9 1.03 1.06 .0260  ______
6-08-73 ____________ 20.3 19.2 1.17 1.19 .0218 .98
5-25~-74 __ ______ __ 5.44 5.34 48 .76 .0056 .54
5-26-74 ____________ 10.3 9.92 74 .92 .0822 .59
5-27-7T4 __ _________ 22.9 215 1.27 1.15 1758 1.03
5-28-74 _ __________ 32.0 29.8 1.60 1.28 2255 1.40
5-29-74 ___________ 45.0 41.5 2.01 1.41 12912 1.52
5-30-74 ___________ 34.6 32.2 1.68 1.31 .0786 1.51
5-31-74 . _________ 244 22.9 1.33 1.18 .0647 1.40
6-01-74 ____________ 25.9 24.3 1.38 1.20 .0206 94
6-02-74 ____________ 272 25.5 1.43 1.22 .0130 .99
6-03-74 ____________ 31.9 29.7 1.59 1.27 .0172 .88
6-04-74 _________ __ 29.9 279 1.52 1.25 .0285 .92
6-05-74 ____________ 28.3 26.5 1.47 1.23 .0305 .81
5-27-75 ____________ 2.44 2.44 .28 .61 0021 ______
5-30-75 ____________ 2.04 2.04 .24 57 0016  ______
6-02-75 ____________ 5.98 5.82 .51 78 .0484 74
6-03-75 ____________ 9.52 9.13 .70 .90 0791 ______
6-04-75 __ . _________ 10.5 10.0 74 .92 .0812 1.16
6-05-75 . _________ 11.2 10.7 .78 94 .0972 1.26
6-06-75 ____________ 21.3 20.0 1.21 1.13 3114 1.36
6-07-75 ____________ 26.6 24.8 1.40 1.21 .2069 1.28
6-08-75 ____________ 275 25.6 1.44 1.22 1733 1.41
6-09-75 ____________ 26.2 24.3 1.38 1.20 .0833 1.35
6-10-75 _______ _..._153 14.4 .96 1.03 0348  ______
6-11-75 ____________ 10.6 10.1 .75 .92 0110 ______
6-13-75 __ _________ 16.7 15.8 1.02 1.06 .0277 .50
6-14-75 ___________ 27.6 25.7 1.44 1.22 .0926 1.27
6-15-75 ____________ 314 29.0 1.57 1.27 .1190 1.05
6-16-75 _______ ____ 32.8 30.3 1.62 1.28 1190 1.19
6-17-75 ____________ 23.8 22.2 1.30 1.17 .0796 1.36
6-18-75 ____________ 13.5 12.8 .88 .99 0106 ______
6-19-75 ____________ 10.5 10.1 .75 92 .0097 73
6-21-75 ____________ 7.48 7.23 .59 .84 .0032 .70
6-22-75 ___________ _7.25 7.01 .58 .83 .0047 .64
6-23-75 ___ _________ 8.55 8.24 .65 .87 .0062 77
6-24-75 ____________ 11.3 10.8 .78 .94 .0194 .98
6-25-75 ________ 23.2 21.7 1.28 1.16 .0838 1.10
6-26-75 ____________ 13.8 13.1 .90 1.00 .0396 99
7-01-75 __ ________ 24.8 231 1.34 1.18 .2159 1.63
7-08-75 _______ ___ 23.0 215 1.27 1.16 .0317 91
5~-18-76 __ _______ _ 10.4 9.87 .78 .87 .0838 .98
5-19-76 _____ ______ 15.7 14.8 1.01 1.00 .1359 1.04
5-20-76 _____ ______ 20.3 18.9 1.19 1.09 .1163 .96
5-20-76 ____________ 21.0 19.6 1.22 1.10 1295 1.04
5-21-76 ____________ 24.0 22.4 1.33 1.15 1769 1.52
5-22-76 ____________ 18.6 17.5 1.13 1.06 .0754 1.56
5-26-76 ____________ 10.3 9.77 77 87 .0130 71
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TABLE 4.—Summary data of river hydraulics and bedload transport, conveyor-belt sampler—Continued

River discharge Unit

Mean Mean bedload- Bedload

Date’ Total,” Effective,® depth,' velocity,® transport size,”

Q ’ D \4 rate,’ dso

(m*/s) (m%s) (m) (m/s) Jo (mm)

(kg/m—s)

5-27-76 ____________ 15.2 14.3 .99 .99 .0232 .59
5-27-76 ____________ 14.5 13.7 .96 .97 .0301 61
5-27-76 _____ ______ 13.8 13.0 .93 .96 10233 77
5-28-76 . ________ 20.1 18.8 1.18 1.08 .0437 .95
5-28-76 ____________ 21.2 19.8 1.23 1.10 .0454 1.11
5-29-76 ___________ 22.0 20.5 1.25 1.12 0712 1.30
5-29-76 _____ o 22.4 20.9 1.27 1.12 .0618 1.67
5-30-76 ______ __..224 20.9 1.27 1.12 0774 1.29
5-31-76 - __________ 17.7 16.6 1.09 1.04 .0621 1.09
5-31-76 ____________ 16.8 15.8 1.06 1.02 .0405 .98
6-01-76 _ __________ 15.2 14.3 .99 .99 .0361 81
6-01-76 ._______ ___ 14.7 13.9 .97 .98 .0325 .80
6-02-76 _______ _____ 19.1 17.9 1.15 1.07 0576 .94
6-02-76 ________ ___._19.0 17.8 1.14 1.06 .0463 1.04
6-03-76 ____________ 23.2 21.6 1.30 1.14 .0834 1.18
6-04-76 ____________ 234 21.8 1.30 1.14 .0871 1.40
6-05-76 ______ _____ 23.0 214 1.29 1.13 .0918 1.76
6-05-76 _______ 24.0 224 1.33 1.15 .0784 1.51
6-06-76 ____________ 24.2 22.6 1.33 1.16 .0908 1.30
6-07-76 __________ __26.5 24.6 141 1.19 .0869 1.35
6-08-76 ____________ 22.7 21.1 1.28 1.13 .0570 1.24
6-09-76 ______ ____ 20.1 18.8 1.18 1.08 L0513 1.03
6-09-76 ____________ 20.3 18.9 1.19 1.09 .0346 1.08
6-10-76 ____________ 19.5 18.2 1.16 1.07 .0290 1.06
6-11-76 __________ __14.6 13.8 .97 .98 .0253 .84
6-11-76 ___________ _154 14.5 1.00 .99 .0289 1.05
6-11-76 ____________ 16.6 15.7 1.05 1.02 .0280 1.02
6-11-76 ____________ 16.1 15.2 1.03 1.01 .0629 1.07
6-11-76 ____________ 15.3 14.4 .99 .99 .0236 .79
6-12-76 ______ _.--_139 13.1 .93 .96 .0181 .81
6-12-76 . ________ __ 13.2 125 90 .94 .0169 77
6-12-76 ____________ 11.8 11.2 .84 91 .0162 .81
6-12-76 ____________ 11.0 10.5 81 .89 .0145 .82
6-12-76 ____________ 10.1 9.64 .76 .86 .0106 .82
6-12-76 _ . __ P 8.89 8.50 .70 .83 .0084 77
6-13-76 _ _________ 6.80 6.55 .59 .76 .0028 .49
6-14-76 ____________ 5.13 4.97 .50 .69 .0022 41
6-14-76 ____________ 4.79 4.65 .47 .67 .0020 .53
6-15-76 ______ .- 3.96 3.87 42 .64 .0003 .66
6-15-76 _______ __ 3.51 3.44 .39 .61 10004 .88
6-16-76 ____________ 5.13 4.97 .50 .69 .0009 .50
6-18-76 ___ ________ 3.99 3.90 42 .63 .0006 42
6-19-76 ____________ 4.30 4.20 44 .65 .0009 .44
6-20-76 ____________ 4.70 4.57 47 .67 .0023 .43
6-21-76 _________ ~10.0 9.53 .76 .86 .0181 .68

'Dates correspond to dates listed in table 5.
“Complete river discharge including overbank flow.

*Discharge over 14.6-m width of bedload trap: includes all flow over the active width of the streambed.

‘Mean depth over effective width W. D =

SMean velocity of effective discharge; V= Q = Q .
WD 14.6D
“Unit transport rate of solids in dry weight per second, over 14.6-m width of bedload trap.

"ds, is median diameter of grains: complete grain-size data are given in table 5.
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TABLE 5.—Particle-size distribution of bedload sediment, conveyor-belt sampler

Date! .~ 5-26-73 5-28-73 5-29-73 6-01-73 6-02-73 6-03-73 6-06-73 6-07-73 6-08-73 5-25-74 5-26-74 5-27-74 5-28-74 5-29-74
Q*F . 16.1 6.50 7.30 16.1 17.8 16.6 11.3 15.9 19.2 5.34 9.92 215 29.8 41.5
/S 0.0122 0.0009 0.0011 0.0190 0.0235 0.0240 0.0133 0.0260 0.0218 0.0056 0.0822 0.1758 0.2255 0.2912

Percent by weight finer than sieve size (mm) indicated

*H &) Q] 0.3 ™* [ (] 0.1 0.3 02  _____ R
h (* (Sl A4 (G * Sl 3 5 5 01 0.1
h h h q h (&) 8] 4 11 1.0 .3 0.1 1
(S ¢ o 1.3 (5] [§] ) 1.0 2.8 2.1 .6 1 .3
(5] (] (3] 2.6 (S ) (" 1.9 8.9 4.3 1.4 5 .5
&3} ) h 7.4 h * ) 4.8 27.0 13.0 4.6 1.9 1.4
h ) ) 22.1 ) h * 13.8 46.2 38.3 15.6 6.9 5.6
) i+ th 48.2 [l A N 34.0 63.8 62.6 32.4 18.8 17.3
[§§] o [§§] 62.6 [S] [§] ) 51.2 75.9 75.3 48.8 34.1 33.5
[S3] * * 73.0 (] (5] * 65.6 85.1 83.5 62.3 50.4 47.4
h (3] (&) 83.3 (S (] () 77.9 92.3 90.8 75.7 66.8 59.4
(§] (5] ™ 90.9 (] [N 4 87.9 961 95.8 85.5 78.8 69.0
S} [§] (&) 96.2 ] h ) 94.9 98.2 98.7 92.2 88.2 76.5
4 (5] 4] 98.4 (4] ) ) 98.1 99.2 99.5 95.1 93.2 81.0
(& h [} 99.7 (S (S h 99.5 99.7 99.8 96.5 96.1 83.6
(4 (4 (4 100.0 ) [§3) o 100.0 100.0 100.0 97.2 97.7 85.7
* h ) I ™ (5] (] 97.7 98.5 86.5
& y [ [ ) &3] 98.2 994 87.5
) * ] (W] ) * 100.0 100.0 87.9
W] " (&) ) * ) 89.2
) * ) ) ) ™ I R 100.0
Particle size (mm) at given percent finer

o] 4 &3] 0.31 h &) 0.36 021 0.26 0.36 0.45 0.48
™ h (G}] 44 6] * 52 .29 37 .50 66 .69
(&S] (&) (8] .60 8] &l 72 41 48 .75 1.02 1.04
) th h 74 [N [l .98 .54 .59 1.03 1.40 1.52
th (] (] 1.08 (8] ) 1.39 .73 .75 1.51 1.92 2.44
S8 Y &) 2 06 h &) 2.44 1.36 1.45 2.67 3.39 8.71
(] [N h 3.61 &) h 4.03 2.51 2.63 5.57 6.89 48.9

_ 5-30-74 5-31-74 6-01-74 6-02-74 6-03-74 6-04-74 6-05-74 5-21-75 5-30-75 6-02-75 6-03-75 6-04-75 6-05-75 6-06-75

32.2 22.9 243 25.5 29.7 279 26.5 2.44 2.04 5.82 9.13 10.0 10.7 20.0
0.0786 0.0647 0.0206 0.0130 0.0172 0.0285 00305 0.0021 0.0016 0.0484 0.0791 0.0812 0.0972 0.3114
Percent by weight finer than sieve size (mm) indicated
0.06 ... 0.1 R 0.2 0.1 0.1 0.2 Y & 0.5 4l 0.2 0.2
R 1 4 3 2 4 h (] 7 h 3 2
. 3 .9 6 4 .6 Y (Y 11 Y A 3
. 6 1.5 2 8 1.0 th h 1.9 & 6 4
. 12 3.5 2 9 2.2 (1 o] 4.3 [N 1.0 8
.37 2.6 115 .0 .5 10.0 (8] (] 14.2 [N 3.2 2.3
K 7.6 26.1 0 3 30.1 W h 30.8 ) 10.4 8.2
1 182 38.5 3 .8 45.0 ' ' 48.1 [ 242 219
100G, 32.3 50.4 2 4 58.3 (W [ 60.8 ] 38.6 36.1
l.a1. 47.1 60.7 A .8 69.3 [l [N 73.7 ") 55.5 51.7
200, _.__ 63.0 71.1 4 80.0 ) [N 85.7 [ 73.5 69.3
2.83. 76.3 80.4 3 879 (W] o 92.2 [ 86.9 82.6
400 86.4 88.0 [ 1" 96.5 (W] 95.4 91.6
5.66 92.6 92.8 h [ 99.0 (] 98.6 95.8
8.00 95.4 (] (] 99.8 [} 99.5 97.9
11.3 97.6 h [ 100.0 h 99.8 98.8
16.0 98.5 th th N} .
22.6 100.0 (] 9 th
32.0 _ I th [ h
45.0 _ _ (& (] h
64.0 Ll o o I (R ] - L S,

0.38 0.29 0.27 0.27 0.31 0.30 [} ' 10.26 th 0.36 0.40 0.43
60 42 40 37 43 40 (] h .37 h 2 .59 62
97 .67 64 .56 65 56 h h .55 h 82 .92 98

1.40 94 .99 .88 92 81 () th 74 h 1.16 1.26 1.36

2.04 1.40 1.62 1.48 1.38 1.23 h () 1.11 (&) 1.58 1.68 1.83

3.47 2.59 331 307 263 2.36 h th 1.90 (&3] 2.40 2.60 2.97

6.40 8.84 7.52 566 523 4.50 h (] 3.45 (] 3.61 3.90 521



TABLES 4-13 33
TABLE 5.—Particle-size distribution of bedload sediment, conveyor-belt sampler—Continued
Date' ___ 6-07-75 6-08-75 6-09-75 6-10-75 6-11-75 6-13-75 6-14-75 6-15-75 6-16-75 6-17-75 6-18-75 6-19-75 6-21-75  6-22-75
QF 248 25.6 243 14.4 10.1 15.8 25.7 29.0 30.3 22.2 12.8 10.1 7.23 7.01
I S 0.2069 0.1733 0.0833 0.0348 0.0110 0.0277 0.0926 0.1190 0.1190 0.0796 0.0106 0.0097 0.0032 0.0047
Percent by weight finer than sieve size (mm) indicated
0.06 __ 0.2 0.2 *) 0.3 0.2 0.2 0.2 ™ 0.6
09 _ 3 3 ) 4 .2 3 2 ) 9
12 . 4 4 I 6 4 4 2 *) 1.6
18 .. 5 6 (&3} 9 6 q 3 &) 2.9
25 9 15 * 2.0 1.3 14 9 ) 7.0
35 - 23 4.7 Q] 5.7 5.5 5.1 45 S]] 20.6
50 _ 81 9.8 " 14.4 13.8 14.0 11.8 Al 35.0
a1 229 21.5 ) 278 30.4 28.2 24.0 ™ 50.2
1.00 __ 388 36.0 () 40.8 47.8 439 36.9 ) 63.8
141 _ 5438 52.1 I 54.3 62.0 56.2 51.8 ) 74.7
200 __ 708 68.2 I 68.0 74.7 69.3 68.4 * 83.7
283 __ 823 80.8 I3 79.6 84.4 80.5 81.2 * 90.5
400 _ 904 89.6 ) 88.3 91.8 89.7 90.7 ) 95.4
5.66 __ 94.5 94.2 * 93.6 94.9 94.2 95.8 * 97.3
800 _ 971 . " 96.8 97.3 . 98.2 ) 99.0
11.3 __ 986 4 99.1 98.6 99.4 ) 100.0
16.0___. 99.6 (&l 99.7 99.5 100.0 (&3] [
22.6___.100.0 (&5} 100.0 100.0 L -
4 L L. ) R
* [ U
(W] [ U
Particle size (mm) at given percent finer
0.39 036 (& h 0.24 0.34 0.34 0.35 0.37 [§3] 0.27 0.22 0.22
.64 61 ™ IS 30 52 .53 .53 57 Q] 35 32 .31
1.05 8 ) o 39 86 .78 .83 95 & 55 .50 .46
1.41 1.35 ) ) 50 127 1.05 119 1.36 ) .73 .70 64
1.88 1.86 o ) .66 1.85 153 1.78 1.86 * 1.05 1.04 91
3.06 3.17 * " 1.38 329 280 3.19 3.10 * 1.78 2.04 1.77
5.43 6.07 o ) 2.70 644 572 6.12 5.27 g 311 3.85 353
Date' ... 6-23-75 6-24-75 6-25-75 6-26-75 7-01-75 7-08-75 5-18-76 5-19-76 5-20-76 5-20-76 5-21-76 5-22-76 5-26-76 5-27-76
Q" . 824 10.8 21.7 13.1 231 21.5 9.87 14.8 18.9 19.6 224 17.5 9.77 14.3
b - 0.0062 0.0194 0.0838 0.0396 0.2159 0.0317 0.0838 0.1359 0.1163 0.1295 0.1769 0.0754 0.0130 0.0232
Percent by weight finer than sieve size (mm) indicated
006___ 0.4 0.6 0.4 0.2 0.2 0.5 0.3 0.3 0.3 14 0.3
09 - 7 7 4 3 3 7 5 4 4 15 4
A2 1.0 1.0 4 5 5 9 N 5 6 1.6 .6
A8 _ 17 1.5 N 8 8 13 0 9 9 1.9 9
25 . 41 3.2 1.5 7 .2 2.2 8 1.7 1.6 2.6 2.6
35.._ 155 12.7 5.9 .2 .3 7.8 Ni 5.8 4.9 58 120
50___ 29.8 24.2 17.8 1 1 22.0 .3 185 15.3 12.5 31.6
1 457 36.4 33.5 .3 .2 38.0 9 37.1 334 22,9 50.1
1.00_.. 61.9 50.7 46.5 K 5 50.7 3 51.9 483 33.2 61.0
141_._.75.0 64.1 58.7 .6 .6 64.4 .3 66.9 63.0 45.8 70.9
2.00___ 851 77.6 70.6 .1 7 78.3 3 80.2 76.6 60.4 80.9
2.83___ 921 88.1 80.7 .2 . 88.3 88.8 86.3 73.9 88.7
400 96.6 94.9 89.0 4 94.2 937 91.8 84.6 .
566___ 985 98.2 93.5 . 97.3 96.5 95.2 926
8.00___ 99.3 99.8 96.9 98.7 98.0 97.1 97.0
11.3 ~__ 998 00.0 98.7 98.7 98.6 97.9 98.8
16.0 ___100.0 99.8 995 99.2 98.1
226 ... 100.0 100.0 99.9 98.4
20 ... ... ... ... 1000 1000 .. _. 100.0 99.9
450 ... . . el 100.0
640 _______ Ll
Particle size (mm) at given percent finer
0.28 0.34 0.34 0.33 0.30 0.31 0.34 0.34 0.36 0.38 0.33 0.29 0.25
.39 48 50 .60 .42 44 48 47 51 .59 57 39 .33
.68 74 .75 1.13 .64 67 .71 .68 13 1.03 1.05 .53 45
98 1.10 99 163 91 .98 1.04 .96 1.04 1.52 1.56 71 .59
1.44 1.69 1.36 2.30 1.35 1.43 1.51 1.35 148 2.20 2.24 1.14 91
2.44 3.22 2.09 3.83 2.76 2.40 2,61 2.31 2.59 4.51 3.93 2.28 212
4.03 6.43 3.24 6.89 6.28 429  4.89 4.60 5.53 12.23 6.63 431 4.27




34 SEDIMENT-TRAPPING CHARACTERISTICS OF THE HELLEY-SMITH BEDLOAD SAMPLER

TABLE 5.—Particle-size distribution of bedload sediment, conveyor-belt sampler—Continued

Date' .. 5-27-76 527-76 52876 52876 529-76 529-76 530-76 531-76 531-76 6-01-76 6-01-76 6-02-76 6-02-76 6-03-76
Q® 137 13.0 18.8 19.8 20.5 20.9 20.9 16.6- 15.8 14.3 13.9 17.9 17.8 21.6
P _ 0.0301 0.0233 0.0437 0.0454 0.0712 0.0618 0.0774 0.0621 0.0405 0.0361 0.0325 0.0576 0.0463 0.0834
Percent by weight finer than sieve size (mm) indicated
0.3 0.3 0.3 0.6 0.3 0.2 0.2 0.2 0.2 0.2 0.2 1.0
5 4 4 a 4 3 3 3 3 3 3 11
5 6 6 .9 5 4 4 4 6 4 4 12
1.0 12 1.0 2.2 9 6 9 6 L1 8 .6 15
33 35 2.3 2.8 1.8 3 7.6 6.0 11.7 9.6 6.4 8.2
13.2 13.6 85 8.1 6.1 6 21.1 19.0 27.3 23.4 18.2 19.4
30.7 29.0 20.3 19.1 14.6 .5 36.7 36.5 45.3 40.4 36.1 33.6
475 425 347 323 248 1 475 49.3 57.0 52.3 48.8 44.6
58.4 51.4 46.3 422 33.7 3 58.0 61.6 67.5 63.1 59.8 55.9
68.7 60.2 58.5 52.6 43.9 1 68.8 735 775 74.0 69.6 67.5
78.8 69.8 71.2 64.3 56.6 .9 78.2 83.1 85.6 83.4 785 76.9
87.2 78.2 816 75.5 70.1 . 86.1 90.4 91.8 91.3 86.3 83.9
92.8 85.8 89.6 85.1 81.7 92.4 95.6 95.5 96.1 91.5 89.1
96.8 91.6 94.8 92.2 90.3 96.4 98.4 97.9 98.9 95.2 929
98.6 95.8 97.9 96.2 94.3 98.2 99.1 98.9 99.5 96.5 95.1
100.0 97.3 98.8 98.0 95.8 99.1 100.0 99.6 100.0 98.3 95.9
PR 97.8 100.0 99.1 96.9 99.5 100.0 o 99.8 95.9
. 100.0 99.7 98.2 99.8 o 0 97.2
B - 100.0 100.0 100.0 . 100.0
Particle size (mm) at given percent finer
0.27 0.27 0.30 0.30 0.33 034 032 0.34 0.28 0.30 0.30 0.33 0.30
.39 .38 45 46 .53 49 45 47 40 .41 42 48 .46
.55 .59 71 78 1.05 83 .68 .69 .58 60 .64 69 74
7 95 111 1.30 1.67 1.29  1.09 98 81 .80 .94 1.04 1.18
1.24 1.67 1.68 2.04 2.47 195 176 1.55 1.30 1.23 1.50 1.69 1.85
2.46 3.68 3.11 3.84 4.35 358 3.64 2.95 2.63 2.44 2.90 3.59 4.06
471 7.35 5.74 7.07 9.38 624 691 5.37 5.37 473 5.11 7.81 11.03
Date' .. 6-04-76 6-05-76 6-05-76 6-06-76 6-07-76 6-08-76 6-09-76 6-09-76 6-10-76 6-11-76 6-11-76 6-11-76 6-11-76  6-11-76
Q* ... 218 21.4 22.4 22,6 246 21.1 18.8 18.9 18.2 13.8 14.5 15.7 15.2 14.4
P _ 0.0871 0.0918 0.0784 0.0908 0.0869 0.0570 0.0513 0.0346 0.0290 0.0253 0.0289 0.0280 0.0629 0.0236
Percent by weight finer than sieve size (mm) indicated
X 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.3 0.3 0.3 0.2 0.3
.09 3 2 2 2 3 3 4 3 3 4 4 4 3 5
. 6 4 3 3 4 4 5 5 4 6 5 5 4 7
. 8 6 5 6 T 6 8 b a 8 a 8 7 11
25 . 14 12 1.1 1.2 3 2 1.8 1.6 1.6 1.7 17 1.7 2.0 2.5
35 . 5.4 46 4.4 5.3 .9 9 7.5 6.7 75 71 6.8 6.7 9.3 10.6
50 141 12.3 13.7 16.9 6 9 19.9 175 19.0 213 17.6 17.6 22.1 26.5
1 ... 215 23.3 258 30.1 3 7 36.3 335 35.3 425 34.2 34.9 37.0 455
1.00_-- 389 33.1 36.4 40.9 6 1 48.8 470 47.8 57.7 48.1 49.1 478 59.2
141 .. 50.3 43.2 47.8 52.8 2 0 61.0 60.3 59.9 70.5 61.6 62.3 585 71.0
200 . - 613 53.9 59.5 65.1 .3 0 73.2 72.5 72.0 812 75.0 75.0 717 815
2.83 ... 70.3 64.2 69.4 75.3 ) 6 83.6 82.2 82.3 88.8 86.6 85.4 816 89.3
400 .. 716 73.8 77.9 83.0 . 90.8 89.2 90.0 93.8 . 92.1 89.8 94.6
566 .. 87.1 83.2 86.0 89.6 96.1 94.2 95.0 97.3 96.8 95.4 98.2
8.00.___ 93.4 92.0 92.4 94.6 98.8 97.1 98.1 98.9 99.3 98.2 994
11.3 ... 965 97.3 . 97.5 99.7 98.2 99.0 100.0 100.0 99.3 100.0
160 ... 982 99.4 98.9 100.0 100.0 99.6 100.0
226 _____ 99.0 100.0 99.2 1000 .. .. .
320 .. 995 I 99.5 - P el _
450 ___._100.0 1000 ... T T LD L R
640 .. L R
dy ________ 034 0.36 0.37 0.35 0.34 0.36 0.32 0.33 0.32 0.32 0.33 0.33 0.30 0.29
; . 57 54 49 47 51 .46 48 .46 45 .48 48 43 41
1.07 .96 .83 .75 .82 69 14 70 63 72 71 .68 .59
1.76 151 1.30 1.35 1.24 1.03 1.08 1.06 84 1.05 1.02 1.07 .79
2.91 2.41 1.99 2.39 1.84 1.58 1.61 1.63 1.21 1.54 1.51 1.67 1.18
5.83 5.18 4.22 5.33 3.50 2.89 3.08 3.03 2.25 2.59 2.69 3.10 2.22
9.35 9.97 8.31 9.83 7.42 5.16 6.08 5.65 4.40 4.14 4.81 5.49 4.10
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TABLE 5.—Particle-size distribution of bedload sediment, conveyor-belt sampler—Continued

Date' .. 6-12-76 6-12-76 6-12-76 6-12-76 6-12-76 6-12-76 6-13-76 6-14-76 6-14-76 5-15-76 6-15-76 6-16-76 6-18-76 6-19-76 6-20-76 6-21-76
[ A— 13.1 12,5 11.2 10.5 9.64 8.50 6.53 4.97 4.65 3.87 3.44 4.97 3.90 4.20 4.57 9.53
J Sp— 0.0181 0.0169 0.0162  0.0145 00106 0.0084 0.0028  0.0022 0.0020 0.0003  0.0004 0.0009 0.0006 0.0009 0.0023 0.0181

Percent by weight finer than sieve size (mm) indicated

(=]
<
(=3

0.

4 -2 -3 2 0.8 2.3 17 0.4 0.4 1.0 0.5 0.6 0.3
.5 3 4 -3 12 3.7 27 6 7 15 8 8 5
N 5 6 6 18 5.9 16 12 12 24 3 1.3 7
11 9 9 1 38 103 78 2.7 35 5.4 8 46 19
2.6 2.4 2.3 A 104 507 14.2 7.2 8.7 13.5 5 10.9 3.6
111 10.0 8.9 .3 282 419 28.6 20.1 26.4 37.8 3 35.9 17.4
275 24.8 22.9 0 512 gog 46.9 375 50.3 61.9 4 62.1 37.7
46.9 437 43.0 4 720 978 637 535 70.0 777 2 77.0 51.4
60.2 58.9 58.8 -8 834 g53 72.5 63.0 80.6 85.0 . 84.1 60.0
71.6 72.1 72.2 - 90.8  ggg 785 70.6 87.3 89.7 89.2 68.6
81.7 83.3 82.7 - . 83.3 . 91.3 92.4 92.8 776
89.8 912 89.5 87.4 93.0 936 948 85.2
94.9 : 91.3 94.0 943 95.3 911
97.6 95.0 X X 95.6 957
99.0 97.9 96.9 98.5
99.3 99.2 322 99.3
X 100.0 . 100.0
100 g 1000
Particle size (mm) at given percent finer
0.29 0.30 0.30 0.30 0.29 019 011 0.13 0.22 0.25 0.20 0.17 0.19 0.18 0.27
40 42 42 43 41 28 22 26 32 37 30 26 28 27 35
58 61 61 62 59 39 32 40 48 57 40 34 36 35 48
7 81 82 82 7 49 41 53 66 88 50 42 44 43 68
1.15 115 117 117 1.08 63 .53 74 1.09 1.69 64 53 55 53 1.22
2.19 2.04 2.06 2.13 1.90 103 .94 2.14 3.58 5.13 119 96 1.26 1.00 2.68
4,02 371 3.48 117 3.30 192 277 565 1178 12,65 5.83 6.18 1167 3.14 5.31

'Dates correspond to dates listed in table 4.

*Discharge over 14.6-m width of bedload trap; includes all flow over the active width of the streambed.
*Unit transport rate of solids in dry weight per second, over 14.6-m width of bedload trap.

‘Indicates sieve analysis not available.



SEDIMENT-TRAPPING CHARACTERISTICS OF THE HELLEY-SMITH BEDLOAD SAMPLER

TABLE 6.—Summary data of river hydraulics and bedload transport, Helley-Smith sampler

River discharge Unit

Mean Mean bedload- Bedload

Date! Total,’ Effective,? depth,* velocity,® transport size,”

Q' D 14 rate,” ds

(m?/s} (m%s) (m) (m/s) I (mm)

(kg/m—s)

6-01-73 ___________ 16.6 15.8 1.02 1.06 0.0065 0.45
6-02-73 _____ R 18.5 17.5 1.10 1.09 .0277 .58
6-03-73 ___________ 18.0 17.0 1.08 1.08 0425 71
6-06-73 - _________ 11.9 11.4 .81 .96 .0074 .56
6-07-73 ____ _______ 16.4 15.6 1.02 1.06 .0383 .60
6-08-73 ____________ 19.7 18.6 1.15 1.11 .0059 42
6-09-73 __________ 283 26.4 1.47 1.23 1106 1.53
6-09-73 ___ ________ 27.6 25.8 1.45 1.23 .1624 1.13
5-24-74 ____________ 2.95 2.95 .31 .64 .0015 1.22
5-25-74 ____________ 5.44 5.34 48 7 .0046 41
5-26-74 ____________ 10.8 10.4 .76 .94 .0451 .50
5-26-74 ____________ 10.1 9.73 .73 .92 .0583 .65
5-27-74 __ _ ______ 23.3 21.9 1.29 1.17 1702 .98
5-28-74 . ___ 29.7 27.7 1.52 1.25 1532 1.07
5-28-74 ____________ 32.6 30.3 1.62 1.29 .2533 1.15
5-29-74 ____________ 45.3 41.8 2.03 1.42 .3025 1.14
5-30-74 _____ ______ 36.4 33.8 1.74 1.33 1227 1.76
5-31-74 ___________ 25.1 23.5 1.35 1.19 .0768 1.14
6-01-74 ____________ 25.8 24.2 1.38 1.20 .0200 .68
6-02-74 ___________ 27.5 25.7 1.44 1.23 .0106 .40
6-03-74 ____________ 31.9 29.7 1.60 1.28 .0233 .49
6-04-74 ______ _____ 30.0 28.0 1.53 1.26 .0307 .59
6-05-74 ____________ 28.3 26.4 1.47 1.23 .0447 .70
5-25-75 ___ ________ 2.35 2.35 27 .60 .0061 .82
5-25-75 . 2.35 2.35 .27 .60 .0024 .48
5-26-75 ______. S 2.41 2.41 .27 .60 .0050 .74
5-26-75 ___ ________ 2.38 2.38 27 .60 .0075 .67
5-27-75 _____ _____ 2.44 2.44 .28 .61 .0034 .70
5-27-75 ___ _____ ___ 2.44 2.44 .28 .61 .0062 .49
6-01-75 ___ ________ 3.26 3.25 .34 .66 .0080 .49
6-01-75 ____________ 3.26 3.25 .34 .66 .0086 .61
6-02-75 ____________ 5.38 5.28 .47 .76 .0649 .64
6-02-75 _____ ______ 5.35 5.25 47 .76 0749 .87
6-03-75 ____________ 9.06 8.75 .68 .89 0093 .78
6-04-75 _______ ____ 10.1 9.73 .73 .92 .0983 .99
6-05-75 - __________ 10.6 10.2 .75 .93 .0512 1.06
6-05-756 - __________ 10.5 10.1 15 .93 .0829 1.05
6-06-75 ___________ 20.9 19.7 1.20 1.13 .1076 .90
6-06-75 ______ _..--.213 20.1 1.21 1.14 .0860 .97
6-07-75 . __________ 26.9 25.2 1.42 1.22 1262 .95
6-07-75 ___ ________ 27.0 25.3 1.43 1.22 0474 .68
6-07-75 ____________ 26.6 24.9 1.41 1.21 2168 .93
6-07-75 - _________ 26.4 24.7 1.40 1.21 .1896 1.27
6-08-75 ____________ 27.4 25.6 1.44 1.22 2027 1.24
6-08-75 ___.________ 27.5 25.7 1.44 1.23 .1025 1.28
6-09-75 ____________ 27.1 25.4 1.43 1.22 .1185 .82
6-09-75 ____________ 27.1 25.4 1.43 1.22 .1054 1.50
6-10-75 ____________ 17.0 16.1 1.04 1.07 .0674 1.11
6-10-75 ___________ 16.7 15.9 1.03 1.06 .0298 1.41
6-11-75 . _________ 10.9 10.5 77 94 .0210 1.15
6-11-75 ____ . _____ 10.8 10.4 .76 .94 .0225 1.02
6-12-75 _____ ______ 10.7 10.3 76 .93 .0112 .49
6-12-75 . ___________ 10.6 10.2 .75 .93 .0125 .48
6-13-75 ___ ________ 16.7 15.9 1.03 1.06 .0337 .70
6-13-75 __________ 16.7 15.9 1.03 1.06 .0252 44
6-17-75 ___________ 245 23.0 1.33 1.19 .0879 1.58
6-17-76 ____________ 24.5 23.0 1.33 1.19 1052 1.38
6-18-75 _____ _____ 13.7 13.1 .90 1.00 .0265 57
6-18-75 _______ ..--13.7 13.1 .90 1.00 .0195 .59
6-19-75 _____ I ~10.9 10.5 77 .94 .0163 .70
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TABLE 6.—Summary data of river hydraulics and bedload transport, Helley-Smith sampler—Continued

River discharge M Unit Bedload

Date! Total,* Effective,? dl\e/[etahx% velo?:ai\tl;f,5 mﬁiﬁ size,”
' Il)) 14 rate,® ds

(M*/s) (m?¥s) (m) (m/s) H {mm)

(kgﬁl—s)

6-19-75 ____________ 10.9 10.5 .77 94 .0114 .65
6-20-75 ___________ 7.14 6.95 57 .83 .0040 .55
6-20-75 _ ________ 7.14 6.95 57 .83 .0045 .50
6-21-75 __ _ ______ 7.70 7.48 .61 .85 .0039 .52
6-21-75 ____________ 7.70 7.48 .61 .85 .0051 .65
6-22-75 _ ________ _ 7.48 7.27 .59 .84 .0075 .81
6-22-75 _________ __ 7.48 7.27 .59 .84 .0099 .56
6-23-75 _____  _____ 8.44 8.17 .64 .87 .0096 .92
6-23-7 ________ __8.44 8.17 .64 .87 .0154 1.08
6-24-75 ______ _ ___ 11.3 10.9 79 .95 .0254 .82
6-24-75 ____  ______ 11.3 10.9 .79 .95 .0183 .78
6-25-75 _______ ____21.5 20.3 1.22 1.14 .0926 .88
6-25-75 . ___ 21.7 20.4 1.23 1.14 .0814 .99
6-25-75 _________ 23.3 21.9 1.29 1.17 .0912 1.19
6-25-75 ___  ________ 23.3 21.9 1.29 1.17 .0725 1.56
6-26-75 ____________ 15.9 15.1 .99 1.05 .0684 .82
6-26-75 __ ___ 15.7 14.9 .98 1.04 .0976 .76
6-26-75 __________ 118 11.3 .81 .96 .0513 1.04
6-26-75 ______ IR 11.6 11.1 .80 .95 .0683 1.03
52876 ___ ________ 21.4 20.1 1.23 1.11 .0390 .65
5-28-76 _________ ___ 21.1 19.9 1.23 1.11 .0822 .64
5-29-76 _________ 22.4 21.0 1.27 1.13 1205 1.14
5-29-76 __________ 224 21.0 1.27 1.13 .0977 .56

‘Dates correspond to dates listed 1n table 7.
*Complete river discharge including overbank flow.
*Discharge over 14.6-m width of bedload trap; includes all flow over the active width of the
streambed. .
“"Mean depth over effective width W; D = _@
vw

°Mean velocity of effective discharge; V = Q _ e

. WD 146D
“Unit transport rate of solids in dry weight per second, over 14 6-m width of bedload trap.
“ds 18 median diameter of grains; complete grain-size data are given in table 7.
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TABLE 7.—Particle size distribution of bedload sediment, Helley-Smith sampler

Date' - 6-01-73  6-02-73 6-03-73 6-06-73 6-07-73 6-08-73 6-09-73 6-09-73 5-24-74 5-25-74 5-26-74 5-26-74 5-27-74 5-28-T4
Q® .. 158 17.5 17.0 114 156 18.6 26.4 25.8 2.95 5.34 104 9.73 21.9 27.7
FE I 0.0065 0.0277 0.0425 0.0074 0.0383 0.0059 0.1106  0.1624 0.0015 0.0046 0.0451 0.0583 0.1702 0.1532
Percent by weight finer than sieve size (mm) indicated
0.1 0.3 0.2 0.1 0.3 0.4 0.1 0.1 0.1 0.5 0.0 0.1
4 5 3 3 4 8 1 2 2 11 0.0 2
11 8 5 6 N 12 2 3 K 2.2 5 3
3.1 18 11 17 15 2.4 4 6 6 41 1.0 6
9.6 5.2 3.2 7.5 4.7 10.0 11 1.7 .9 15.7 4.0 1.9
30.7 175 10.3 26.3 16.4 35.7 31 16 .5 42.1 12.9 5.3
57.7 411 26.7 44.4 40.1 65.7 7.6 12.3 1 60.7 338 14.7
71.6 62.7 50.1 62.0 58.3 82.6 17.4 317 .8 72.5 53.9 30.2
77.9 73.1 65.4 70.6 67.4 88.0 29.5 45.7 .2 80.9 66.7 46.9
83.0 81.3 71.3 777 76.6 91.3 452 57.9 9 87.2 77.6 61.8
87.9 88.5 86.9 84.1 86.5 94.0 66.1 711 . 92.2 88.6 74.9
92.2 938 93.2 89.0 94.1 96.1 83.2 82.4 95.7 94.7 85.6
95.9 . 92.7 97.9 97.5 . 91.6 975 98.0 95.1
982 95.2 993 98.6 96.2 98.5 99.3 X
97.6 99.8 99.2 . 99.4 100.0
99.5 100.0 100.0 100.0
1000 -~

Particle size (mm) at given percent finer

0.25 0.28 0.23 0.25 0.21 0.42 0.36 0.23 0.18 0.25 0.27 0.36 0.35
.34 41 .30 35 .28 68 54 35 .25 .33 37 52 52
46 57 42 47 35 1.14 7 65 33 43 50 76 .79
.58 1 .56 60 42 1.53 113 1.22 .41 .50 .65 ‘98 1.07
.76 99 .80 91 .50 1.96 1.69 2.27 56 65 .94 1.36 1.53
1.60 1.79 2.00 1.82 a7 2.90 2,98 5.80 1.18 1.22 1.65 2.26 2.68
3.09 3.18 5.47 3.00 2.32 4.66 5.05 12.3 2.60 2.26 3.30 3.93 3.98
Date' . 5-28-74 5-29-74 5-30-74 531-74 6-01-74 60274 60374 60474 6-05-74 5-25-75 5-25-74 5-26-75 5-26-75 5-27-75
Q* .. 303 41.8 33.8 235 242 257 29.7 28.0 26.4 2.35 2.35 2.41 2.38 2.44
0.2533 0.3025 0.1227 0.0768 0.0200 0.0106 0.0233  0.0307 0.0447 0.0061 0.0024 0.0050 0.0075 0.0034
Percent by weight finer than sieve (mm) indicated
0.06_____ 0.1 0.2 0.1 0.1 0.2 0.3 0.3 0.2 0.2 0.3 0.5 0.5
09 . 2 3 1 2 5 q .6 4 4 6 N 11
12 3 4 2 3 1.0 1.3 1.1 N T 6 1.0 11
a8 5 6 4 6 17 2.2 18 1.6 1.1 9 1.2 1.6
25 13 1.3 1.2 2.3 8.6 10.7 6.9 6.3 2.9 3.0 4.2 3.8
35 4.0 4.1 2.9 8.6 30.0 41.1 29.2 215 11.3 12.0 15.2 11.4
50 __ 11.7 11.8 6.6 15.1 426 66.7 494 42.6 32.0 28.7 39.6 27.7
s S 26.3 26.1 14.3 25.9 49.4 72.3 62.7 59.0 51.0 455 66.3 50.5
1.00 .. 43.1 445 26.0 45.3 56.5 75.8 72.1 70.9 64.4 56.0 85.3 72.8
141 59.7 59.0 40.6 58.0 63.9 79.3 78.4 78.3 75.2 70.4 94.6 91.8
2.00. - 74.2 717 55.4 713 72.1 83.2 83.8 84.8 85.0 87.1 } 93.9
283 .. 84.8 81.5 69.2 82.1 79.6 87.1 88.1 89.8 91.6 98.5 99.5
4.00 . - 91.8 885 815 70.4 86.3 91.0 92.8 93.6 95.7 99.7 100.0
566 . 95.6 93.6 89.6 94.9 90.9 941 94.9 96.0 97.6 100.0
8.00__.__ 97.6 96.8 95.2 . 94.5 X 97.2 97.6 .
. 98.6 98.4 98.0 96.7 98.5 98.7
99.3 99.3 99.6 98.0 99.2 99.4
00.0 99.8 100.0 99.4 99.4 99.7
100.0 100.0 1000 100.0
Particle size (mm) at given percent finer
0.38 0.44 0.30 0.22 0.21 0.23 0.23 0.28 0.28 0.25 0.27 0.26 0.27
.56 75 51 .29 27 .30 .32 39 .39 33 39 .36 40
84 1.25 84 .41 33 39 45 53 57 42 .56 47 .56
1.14 1.76 1.14 68 40 49 59 .70 .82 .48 74 57 .70
1.66 2.53 1.69 1.48 .49 77 .84 1.02 1.24 56 1.01 .69 .88
3.18 4.42 3.04 3.54 2.16 2.05 1.92 1.93 1.85 75 1.48 .97 1.19
6.44 7.86 571 8.56 6.21 5.73 4.82 3.72 2.37 119 2.07 145 1.56
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TABLE 7.—Particle size distribution of bedload sediment, Helley-Smith sampler—Continued
Date' _ 5-27-75 6-01-75 6-01-75 6-02-75 6-02-75 6-03-75 60475 605-75 605-75 6-06-75 6-06-75 6-07-75 6-07-75 6-07-75
Q* ... 244 3.25 3.25 5.28 525 8.76 9.73 10.2 10.1 19.7 20.1 25.2 25.3 24.9
SO 0.0062 0.0080 0.0086 0.0649 0.0749 0.0093 0.0983  0.0512 0.0829 0.1076 0.0860 0.1262 0.0474 0.2168
Percent by weight finer than sieve size (mm) indicated
0.06 07 04 0.4 04 0.9 0.3 0.5 0.3 05 05 0.6 0.3
.09 9 6 5 4 1.3 3 7 4 7 5 7 3
12 14 8 7 6 L7 5 9 6 9 a L1 5
a8 2.7 L7 1.1 L0 2.7 7 14 9 L4 12 L7 7
25 12.6 8.1 3.9 2.8 6.4 6 3.0 2.0 3.8 3.5 5.3 1.9
35 311 20.2 18.0 12.1 16.5 7 7.9 55 9.5 8.8 13.4 47
.50 51.1 39.1 36.7 26.8 32.6 .8 17.5 14.6 21.5 211 29.6 14.4
1. 69.4 58.4 55.6 424 46.6 .0 33.1 31.7 37.4 38.7 52.3 348
1.00 81.1 72.8 68.7 55.2 58.8 4 476 47.6 51.1 52.2 70.4 544
141 89.3 80.9 80.8 69.1 70.6 : 63.0 63.3 63.1 64.5 84.0 69.8
2.00_ 93.6 85.1 90.8 83.6 82.4 79.2 78.9 75.0 76.0 92.9 81.8
2.83_ 96.1 87.0 96.3 92.9 91.7 90.6 89.9 85.2 85.3 96.9 89.4
4.00_ 97.3 88.1 98.6 97.9 97.3 96.9 96.8 92.8 92.7 98.7 94.1
5.66_ 97.7 89.0 99.5 99.1 985 99.0 99.0 96.3 : 99.5 96.5
8.00. 98.6 89.8 99.8 99.7 . 99.8 99.8 98.4 100.0 98.2
113 . 99.3 90.9 100.0 100.0 100.0 100.0 99.3 99.2
16.0 _ 100.0 93.8 100.0 100.0
22.6 _ R 1000 ... .. . L. e aeeeen W00 e 1000 o
820 ...
450 ... .. o .
64.0 - [, o U, I
Particle size (mm) at given percent finer
0.20 0.22 0.26 0.28 0.23 0.36 0.30 0.34 0.29 0.28 0.28 0.25 0.36
27 32 34 39 35 53 48 52 A4 43 A4 38 52
.38 .47 49 .60 .53 75 74 .76 .65 .87 .66 .65 .71
49 61 64 87 .78 99 1.06 1.05 .90 97 95 68 93
65 82 .90 1.27 1.19 1.41 1.47 1.46 1.32 1.49 143 90 1.26
1.12 1.84 1.56 2.03 2.11 2.35 2.27 2.31 2.41 271 2.69 1.42 2.20
2.39 16.4 2.54 3.15 3.34 3.66 3.48 3.53 432 1.87 5.00 2.33 448
Date! .. 6-07-75  6-08-75 6-08-75 60975 6-09-75 6-10-75 6-10-75 6-11-75 6-11-75 6-12-75 6-12-75 6-13-75 6-13-75  6-17-75
Q* ... 247 256 25.7 25.4 25.4 16.1 15.9 10.5 10.4 10.3 10.2 159 15.9 23.0
X 0.1896 0.2027 0.1025 01185 0.1054 0.0674 0.0298  0.0210 0.0225 0.0112 0.0125 0.0337 0.0252 0.0879
Percent by weight finer than sieve size (mm) indicated
0.2 05 04 0.3 0.4 04 0.7 05 1.0 0.9 0.6 08 0.3
4 8 5 3 5 5 9 N 1.3 1.2 8 11 4
5 8 8 5 i 1 L1 L0 16 L5 L1 1.5 5
N 11 1.1 6 1.0 1.0 1.6 1.4 2.3 2.2 18 2.3 i
2.0 3.3 3.5 2.8 2.5 3.9 5.3 5.1 10.5 9.5 7.2 9.4 18
4.9 7.9 13.9 9.9 7.7 10.4 16.1 15.9 35.5 34.9 24.8 37.9 6.2
9.9 14.1 25.6 16.4 15.0 15.7 24.0 25.0 495 52.0 37.4 58.3 10.7
22.7 25.3 435 24.1 27.2 236 342 35.6 61.1 69.1 49.7 70.0 18.1
39.1 37.9 58.7 34.0 441 34.3 45.1 49.0 68.3 83.4 59.8 75.9 27.9
56.8 549 71.2 47.2 63.1 50.2 57.6 64.0 74.7 90.9 70.0 80.6 43.3
73.8 72.4 81.4 62.9 80.1 69.8 71.4 79.2 80.7 94.6 80.8 84.8 63.8
85.8 82.7 88.9 76.9 915 85.1 82.8 90.2 87.4 96.5 89.7 88.6 80.0
93.3 91.0 94.4 89.0 97.2 94.3 91. 96.8 93.8 98.1 95.6 92.0 90.6
97.1 94.8 97.2 94.2 99.1 98 3 96.7 98.8 97.9 99.1 98.4 96.4 96.0
98.9 98.0 99.2 97.6 99.8 99.8 99.0 99.7 99.5 100.0 99.5 99.7 98.8
99.7 99.6 100.0 99.2 100.0 100.0 99.6 99.8 100.0 10.0 100.0 99.8
100.0 99.8 .. 1000 . 100.0 1000 .. L B 100.0
100.0 .
0.36 0.29 0.27 0.29 0.31 0.27 0.25 0.25 0.21 021 0.23 0.21 0.23
.60 53 38 A9 52 50 35 35 28 28 31 .28 64
.92 93 60 1.03 84 1.02 73 69 35 35 47 34 118
1.24 1.28 82 1.50 L1l 1.41 L5 1.02 A9 48 70 44 1.58
1.66 171 1.18 2.10 1.46 1.83 1.69 1.44 .85 .65 119 .61 2.05
2.67 2.97 2.24 3.41 2.21 2.75 2.95 2.29 2.36 1.03 2.24 1.89 317
4.55 5.75 4.25 6.02 3.37 4.17 487 3.52 131 213 3.81 194 5.20
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TABLE 7.—Particle size distribution of bedload sediment, Helley-Smith sampler—Continued

Date' - 6-17-75  6-18-75 6-18-75 6-19-75 6-19-75 6-20-75 6-20-75 6-21-75 6-21-75 6-22-75 6-22-75 6-23-75 6-23-75 6-24-75
Q7 .. 230 13.1 13.1 10.5 10.5 6.95 6.95 7.48 7.48 7.27 7.21 817 8.17 10.9

S 0.1052 0.0265 0.0195 0.0163 0.0114 0.0040 0.0045  0.0039 0.0051 0.0075 0.0099 0.0096 0.0154 0.0254

Percent by weight finer than sieve size (mm) indicated

0.4 0.7 0.4 0.3 05 0.4 0.9 0.4 0.4 0.4

5 8 i 6 5 4 9 4 5 6

6 1.0 8 8 9 8 14 T N 8

9 15 12 11 1.4 2 2.3 9 11 1.2

2.2 49 48 5.8 9.0 8 111 6.5 45 4.0

8.4 24.4 19.7 23.8 30.8 4 33.3 27.1 16.5 17.0

17.3 423 33.1 39.1 47.1 8 48.6 45.9 26.9 33.5

29.2 58.8 50.7 53.7 58.4 3 60.6 59.2 35.8 46.2

39.1 : 67.4 65.8 68.3 1 68.5 63.5 47.0 55.1

50.8 81.2 78.3 74.7 5 745 76.0 61.0 65.1

65.5 90.2 89.1 80.1 . 80.1 83.9 76.2 777

78.7 94.4 95.0 84.6 85.2 92.3 88.2 88.8

89.1 96.9 97.8 £9.6 ) 96.1 95.5 95.4

95.1 98.3 99.0 92.8 98.2 99.1 98.8

98.1 99.6 100.0 97.3 99.4 100.0 99.8

99.3 100.0 98.6 1000 987 - 100.0
100.0 100.0 L S

Particle size (mm) at given percent finer

0.26 0.25 0.25 0.24 0.22 0.23 0.21 0.21 0.24 0.24 0.24 0.26 0.26
.33 .32 .33 31 .29 .30 .28 .28 .32 .30 .32 .35 .35
: 45 44 52 46 39 .39 .37 .40 51 41 55 .69 52
5 57 59 70 65 55 50 52 65 81 56 92 1.08 82
dis 75 81 95 98 .89 67 .85 1.31 1.22 87 1.43 1.54 1.41
du . 118 1.32 1.56 167 2.72 1.39 2.62 3.06 1.88 2.02 2.52 2.47 2.40
dos ———-o_ . 5.61 2.20 2.25 3.03 2.83 6.49 3.26 6.41 6.34 2.76 3.55 5.71 3.86 3.88
Date! .. 6-24-75 6-25-75 6-25-75 6-25-75 6-25-75 6-26-75  6-26-75 6-26-75 6-26-75 5-28-76 52876 5-29-76  5-29-76
Q@ 109 20.3 20.4 21.9 21.9 15.1 14.9 113 111 20.1 19.9 21.0 21.0
Moo 0.0183 0.0926 0.0814 0.0912 0.0725 0.0684 0.0976 0.0513 0.0683 0.0390 0.0822 0.1205 0.0977
Percent by weight finer than sieve size (mm) indicated
0.4 0.3 0.4 04 0.4 0.4 03 0.1 0.4 0.2 04
A 4 5 5 5 5 A4 .2 8 3 5
6 6 N 8 K 8 4 3 9 5 8
1.0 1.0 L1 9 1.0 9 1 5 L5 8 1.2
3.1 3.0 3.2 .7 2.8 .4 1.8 0 8.7 3.7 49
12.3 11.4 9.3 8 9.6 .0 5.6 9 25.8 14.4 19.7
28.8 26.2 19.1 3 22.8 8 15.3 4 41.9 35.1 42.9
436 40.2 31.1 8 413 1 319 5 52.6 555 63.5
53.8 50.4 43.0 9 61.8 2 483 4 585 66.3 73.6
64.5 61.1 56.9 .6 77.1 4 64.1 .4 63.4 74.9 80.9
77.0 71.9 71.6 8 88.1 8 785 3 68.0 83.1 86.9
87.0 80.3 82.0 . 94.9 . 89.0 .0 72.0 89.5 915
93.7 88.5 89.3 . 95.2 8 755 93.6 94.9
97.3 91.6 93.7 98.3 .1 79.6 96.3 97.5
99.1 97.3 96.5 99.7 8 82.7 97.9 99.2
99.7 99.4 97.8 100.0 .0 84.9 98.5 99.7
100.0 100.0 988 993 ... 998  _____ 90.4 98.9 99.8
98.8 - 92.6 99.4 100.0
98.8 - 100.0 100.0
100.0 Ll e
Particle size (mm) at given percent finer
dy oeee 0.25 0.28 0.28 0.29 0.30 0.29 0.30 0.34 0.41 0.22 0.28 0.29 0.25
dy - 34 .39 40 A5 51 43 43 51 60 .30 .37 43 33
dy - .50 .58 .63 .80 1.00 .63 61 .76 .83 43 .50 .70 45
w0 - 18 88 99 119 156 82 .76 1.04 1.03 65 64 114 56
o - 1.31 1.43 1.60 170 2.41 1.07 95 1.44 1.31 1.59 96 1.70 74
dy - - - 234 2.53 3.28 3.09 4.55 1.73 1.50 2.36 1.99 10.0 2.10 2.89 1.69
o - 3.71 442 6.69 6.51 7.61 2.85 2.70 3.94 3.15 23.6 4.67 4.95 4.03

'Dates correspond to dates listed in table 6

‘Discharge over 14.6-m width of bedload trap; includes all flow over the active width of the streambed.
*Unit transport rate of solids in dry weight per second, over 14.6-m width of bedload trap.
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TaBLE 8.—Summary of statistical data: log-transformed linear regression of transport rate by particle-size class versus
total transport rate, conveyor-belt sampler!

J» (size class) = A j, (total® [Y = AX")

Particle-
size Number — — Correlation -
class of data Y X A B coefficient, Y/X
{mm) points (kg/m—s) (kg/m-—s) r (percent)
0.06- 0.12 __86 0.000092 0.029164 0.000961 0.663 0.912 0.32
12- .25 _.88 .000520 .029855 .003627 .553 .890 1.74
.25~ 50 __88 .005519 .029855 .074800 742 954 18.49
.50- 1.00 __88 .008326 .029855 .278676 1.000 .994 27.89
1.00- 2.00 __88 .006535 .029855 .401883 1.173 992 21.89
2.00- 4.00 __88 .004139 .029855 .368044 1.278 .985 13.87
4.00- 8.00 __88 .001659 .029855 .116466 1.211 957 5.56
8.00-16.0 __86 .000460 .030946 .014618 995 .808 1.49
16.0 -32.0 __43 .000379 .049484 .006132 .926 .875 77
32.0 -640 ____6 .000800 .107516 653752 3.007 760 74

'Basic data as collected.

TABLE 9.—Summary of statistical data: log-transformed linear regression of transport rate by particle-size class versus
total transport rate, Helley-Smith sampler!

J» (size class) = A j, (total” [Y = AX?]

Particle-
size Number - — Correlation - =
class of data Y X A B coefficient, YiX
(mm) points (kg/m—s) (tkg/m—s) r (percent)
0.06- 0.12 _.82 0.000116 0.032706 0.001390 0.727 0.913 0.35
12— 25 __83 .001027 .031693 .008111 599 .858 3.24
25— 50 __83 .007254 .031693 .080705 .698 912 22.89
50— 1.00 __83 .008510 .031693 .319448 1.050 978 26.84
1.00- 2.00 __83 .006360 .031693 419373 1.213 973 20.07
2.00- 4.00 __83 .003362 .031693 .348418 1.344 .939 10.61
4.00- 8.00 __80 .001185 .034352 .066206 1.193 .870 3.45
8.00-16.0 __68 .000356 .039981 .005802 .867 714 .89
16.0 -32.0 __18 .000421 .065133 .001210 .387 .385 .65

'Basic data as collected.

TaBLE 10.—Listing of comparable data sets used in direct comparison of results from conveyor-belt sampler with results
from Helley-Smith sampler

Effective discharge,!  Discharge Unit bedload transport rate,*
Q' (m¥s) ratio b (kg/m—s)
Date T squared?
Conveyor Helley- Qe \ Conveyor belt Helley-Smith
belt Smith W) 0 ©) ) )

6-01-73___ 16.1 15.8 1.04 0.0190 0.0190 0.0065 0.0067
6-02-73_ __ ___ __ ________________ 17.8 17.5 1.03 .0235 .0235 .0277 .0287
6-03-73_____ . 16.6 17.0 .95 .0240 .0240 .0425 .0405
6-06-73__________________________ 11.3 114 .98 .0133 .0133 .0074 .0073
6-07-73_____ ___ 15.9 15.6 1.04 .0260 .0260 .0383 .0398
6-08-73_._ 19.2 18.6 1.07 .0218 .0218 .0059 .0063
5-25-74 _________________ e 5.34 5.34 1.00 .0056 .0056 .0046 .0046
5-26-74 __________________________ 9.92 10.4 91 .0822 .0632 0451 .0410
5-26-74 _______ [ 9.92 9.73 1.04 .0822 .0632 .0583 .0606
5-27-74_ . 21.5 21.9 .96 1758 11352 .1702 .1640
5-28-74_ ____ 29.8 27.7 1.16 .2255 1735 .1532 1773
5-28-74_ 29.8 30.3 .97 .2255 1735 2533 .2450
5-29-74__ 41.5 41.8 .99 2912 .2240 .3025 .2982
5-30-74_________ _ _ ____________ 32.2 33.8 91 .0786 .0605 1227 1114
5-31-74_________________ 22.9 23.5 .95 .0647 .0498 .0768 .0729
6-01-74__________________________ 24.3 24.2 1.01 .0206 .0206 .0200 .0202
6-02-74___________ S, 25.5 25.7 .98 .0130 .0130 .0106 .0104
6-03-74___ 29.7 29.7 1.00 0172 .0172 .0233 .0233
6-04-74______ ___________________ 279 28.0 .99 .0285 .0285 .0307 .0305
6-05-74___ 26.5 264 1.01 .0305 .0305 .0447 .0450
5-27-75 . 2.44 2.44 1.00 .0021 .0021 .0034 .0034
5-27-7 2.44 2.44 1.00 .0021 .0021 .0062 .0062
6-02-75 _____________ 5.82 5.28 1.22 .0484 .0372 .0649 .0789
6-02-75 __________ 5.82 5.25 1.23 .0484 .0372 .0749 .0920
6-03-75 ___ __ ___ 9.13 8.75 1.09 .0791 .0608 .0093 .0101
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TaBLE 10.—Listing of comparable data sets used in direct comparison of results from conveyor-belt sampler with results from
Helley-Smith sampler—Continued

Effective discharge,’ Discharge Unit bedload transport rate,?
Q' (m¥s) ratio b (kg/m—s)
Date ———— " squared,’
Conveyor Helley- Qs Conveyor belt Helley-Smith
belt Smith W) ) o) & )
6-04-75____ 10.0 9.73 1.06 .0812 .0625 .0983 .1038
6-05-75_ 10.7 10.2 1.10 .0972 .0748 .0512 .0563
6-05-75 ____ o ____ 10.7 10.1 1.12 .0972 .0748 .0829 .0930
6-06-75_____________________ 20.0 19.7 1.03 3114 .2395 1076 1109
6-06-75__________________________ 20.0 20.1 .99 3114 .2395 .0860 .0851
6-07-75 _____ . 24.8 25.2 97 .2069 .1592 1262 1222
6-07-75_ __ o _____ 24.8 25.3 .96 .2069 .1592 .0474 .0455
6-07-75_ . 24.8 24.9 .99 .2069 15692 .2168 2151
6-07-75____ _____________________ 24.8 247 1.01 .2069 .1592 .1896 1911
6-08-75___________ . 25.6 25.6 1.00 1733 1333 .2027 .2027
6-08-75___ __ ___ S 25.6 25.7 .99 1733 1333 .1025 .1017
6-09-75_____ 24.3 25.4 .92 .0838 .0722 1185 .1085
6-09-75___________ 24.3 25.4 .92 .0838 0722 .1054 .0965
6-10-75__________________________ 14.4 16.1 .80 .0348 .0268 .0674 .0539
6-10-75____ _ 14.4 15.9 .82 .0348 .0268 .0298 .0244
6-11-76______ . 10.1 10.5 .93 .0110 0110 .0210 .0194
6-11-75___ _ _ ____ U IO 10.1 104 .94 .0110 .0110 .0225 .0212
6-13-75_ 15.8 15.9 .99 .0277 .0213 .0337 .0333
6-13-75__________________________ 15.8 15.9 .99 .0277 .0213 .0252 .0249
6-17-75__________________________ 222 23.0 .93 .0796 .0612 .0879 .0819
6-17-75_________________________ 22.2 23.0 .93 0796 .0612 .1052 .0980
6-18-75_ . ____128 13.1 .95 .0106 .0106 .0265 .0253
6-18-75 12.8 13.1 .95 .0106 .0106 .0195 .0186
6-19-75_ __ . 10.1 10.5 .93 .0097 .0097 .0163 .0151
6-19-75_______ 10.1 10.5 93 .0097 .0097 .0114 .0106
6-21-76 _ ____________________ 7.23 7.48 .93 .0032 .0032 .0039 .0036
6-21-75 ____ _ 7.23 7.48 .93 .0032 .0032 .0051 .0048
6-22-75 ... 7.01 7.27 .93 .0047 .0047 .0075 .0070
6-22-75 ___ 7.01 7.27 .93 .0047 .0047 .0099 .0092
6-23-75 __ . 8.24 8.17 1.02 .0062 .0062 .0096 .0098
6-23-75 _ . __.8.24 8.17 1.02 .0062 .0062 .0154 .0157
6-24-75____ _ 10.8 10.9 .98 .0194 .0194 .0254 .0249
6-24-75___ . 10.8 10.9 .98 .0194 .0194 .0183 .0180
6-25-75__ . 21.7 20.3 1.14 .0838 .0645 0926 .1058
6-25-75___________________ o217 20.4 1.13 .0838 .0645 .0814 .0921
6-25-75_____ 21.7 21.9 .98 .0838 .0645 .0912 .0895
6-25-75_________ e 21.7 21.9 .98 .0838 .0645 0725 0712
6-26-75______ __ ________________ 13.1 15.1 .75 .0396 .0396 .0684 .0515
6-26-75___ __ ___________________ 13.1 14.9 77 .0396 .0396 .0976 .0754
6-26-75_______ 13.1 11.3 1.34 .0396 .0396 .0513 .0689
6-26-75__________________ I 13.1 11.1 1.39 .0396 .0396 .0683 .0951
5-28-76. _18.8 20.1 .87 .0437 .0336 .0390 .0341
5-28-76____ 18.8 19.9 .89 .0437 .0336 .0822 .0734
5-28-76_ . 19.8 20.1 .97 .0454 .0454 .0390 .0378
5-28-76 _________________________ 19.8 19.9 .99 .0454 .0454 .0822 .0814
5-29-76_________ e 20.5 21.0 .95 0712 .0548 .1205 1148
5-29-76_________ . 20.5 21.0 .95 0712 .0548 .0977 .0931
5-29-76_ 20.9 21.0 .99 .0618 .0618 1205 1194
5-29-76___________ R 20.9 21.0 .99 .0618 .0618 .0977 .0968

Discharge over 14.6-m width of bedload trap; includes all flow over the active width of the streambed.

*Regression of transport data from table 4 indicates the transport rate is proportional to the square of the effective discharge. To correct for stage (discharge)
differences between otherwise comparable conveyor-belt and Helley-Smith data sets, the appropriate correction applied to Helley-Smith transport data is the
factor (@' 5/Q s ).

*Unut transport rate of solids in dry weight per second, over 14.6-m width of bedload trap.

“Basic data as collected.

3Conveyor-belt data corrected to conditions of stream-wide slot.

“Helley-Smith data corrected for stage difference with conveyor-belt data; see note 2.
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TaABLE 11.—Summary of statistical data: log-transformed linear re%ression of transport rate, Helley-Smith sampler versus conveyor-belt
sampler (basic data)

Particle- Number Jj» (Helley-Smith) = A j, (conveyor-belt? [Y = AX?)
size class of data — pre——
(mm) points Log ¥V Log X SD (log Y) SD (log X) Log A B re Var (log (A)) SE dog (A} Var B)
0.06- 0.12 —-3.713838 —3.804032 0.430278 0.389728 —0.1841 0.928 0.7394 0.078713 0.280558 0.005384
12— .25 —2.821671 —3.147199 280158 299980 —.4586 751 .6463 052254 228591 .005229
25— .50 —1.961669 —2.137697 342941 .361216 —.2473 .802 7135 .020564 .143400 .004377
.50- 1.00 —1.882042 ~1.876378 .540334 .509253 —.1289 934 7755 .016175 127180 .004284
1.00- 2.00 —1.975948 —1.927100 584104 .584409 ~-.3024 .868 7550 .016799 129610 .014148
2.00- 4.00 —2.189868 -2.126512 584247 623490 —.4831 .803 7336 .019445 .139445 .003965
4.00- 8.00 —2.668660 —2.640915 589985 .682776 ~.7161 739 7331 .025106 158450 .003378
8.00-16.0 —3.248296 —3.219476 632180 761091 ~.8438 747 .8085 .028324 168298 .002591
16.0 -32.0 -3.330789 —3.076402 .481029 458405 -1.7910 501 2275 684715 827475 070886
J» (Helley-Smith) = A j, (conveyor-belt? [Y = AX?]
Particle- Number — - - -
size class of data Y X YIX A SE (A) B SE (B)
(mm) points (kg/m—s) (kg/m—s) (percent)
0.000193 0.000157 123.08 0.654 191 0.928 0.073
.001508 .000713 211.66 .348 1.70 751 072
.010923 .007283 149.98 .566 1.39 .802 .066
1013121 .013293 98.70 743 1.34 934 .065
.010569 .011828 89.36 498 1.35 .868 .064
.006459 .007473 89.43 .329 1.38 .803 .070
.002145 002286 93.81 192 1.44 739 .058
.000565 .000603 93.58 143 1.47 747 .051
.000467 .000839 55.67 .016 8.54 501 .266

TABLE 12.—Summary of statistical data: log-transformed linear regression of transport rate, Helley-Smith sampler

versus conveyor-belt sampler (comparison of various modifications to the basic data)!

Conditions
atl‘o)ptlli]eed J» (Helley-Smith) = A4 j, (conveyor-belt)? [Y = AX?]
regression Number _— —_ Correlation —_ -
statistics of data Y X coefficient, Y/X
(see notes) points (kg/m-—s) (kg/m—s) A B r (percent)
*) 74 0.041516  0.038041 0.550 0.790 0.881 109.14
(>3 74 .041516 .038041 1.150 1.013 .881 109.14
) 74 .041516 .033349 762 .856 .881 124.49
& 74 .041516 .033349 1.594 1.102 .881 124.49
(* 9 74 .041023 .033349 784 .867 .887 123.01
45 6 74 .041023 .033349 .960 927 . 123.01
*n 61 .048285 .039375 .846 .885 .906 122.63
**% 61 .034967 .032015 .819 .916 .891 109.22
(5% 61 .034967 .032015 1.016 979 . 109.22
(+37 61 .048045 .039375 .873 .896 .908 122.02
(58 61 .034763 .032015 .843 927 .893 108.58
(% 6 8) 61 .034763 .032015 1.053 991 108.58

"Total bedload.
*Basic data as collected.

*Regression treats Helley-Smith data as independent variable.
‘Conveyor-belt data corrected to conditions of stream-wide slot.
*Helley-Smith data corrected for stage difference with conveyor-belt data.

“Includes correction for variance of independent variable in least-squares regression.

“Excludes sediment particles smaller than 0.25 mm.
"Excludes sediment particles smaller than 0.50 mm.
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TABLE 13.—Summary of statistical data: log-transformed linear regression of transport rate, Helley-Smith sampler versus conveyor-belt
sampler (conveyer-belt data corrected for conditions of stream-wide slot)

Particle- Number Jj» (Helley-Smith) = A j, (conveyor-belt? [Y = AX?]
size class of data
(mm) points
—_ [ Var SE
Log Y LogX 8D (log Y) SD (log X) Log A B rt (log(A N (log(A ) Var (B)
0.06- 012 ____________ —3.713838 —3.869253 0.430278 0.356737 0.2701 1.030 0.7287 0.100988 0.317786 0.006690
12- .25 . —2.821671 —3.212598 280158 258133 —.0341 .868 6392 074816 273525 .007203
25— .50 —1.961669 —2.263078 .342941 .319925 .0527 914 1275 025758 .160494 005307
50— 1.00 _ —1.882042 —1.941755 540334 468626 .0899 1.016 7758 020139 141912 005052
1.00- 2.00 _ —1.975948 —1.992475 584104 .545829 —.1372 923 7437 1021207 145626 .004975
2.00- 4.00 _ —2.189868 —2.191892 584247 584976 —.3323 .848 7200 1025468 .189586 004734
4.00- 8.00 _ —2.669660 —2.706331 589595 645916 -.5720 775 7204 1030541 174759 .003949
8.00-16.0 _ —3.248296 —3.285883 632180 722824 —.6607 788 8107 .032110 179194 .002839
16.0 -320 ____________ —3.330789 —3.190414 481029 458413 —1.7338 .501 .2275 735338 .857518 .070884
Particle- Number Juv (Helley-Smith} = A j, (conveyor-belt? [Y = AX?]
size class of data — — [
(mm) Points Y X Y/IX A SE (A) B SE (B)
(kg/m—s) (kg/m—s) (percent)

0.06- 012 ____________ 61 0.000193 0.000135 143.03 1.863 2.08 1.030 0.082
12— .25 _ __61 .001508 .000613 246.00 924 1.88 .868 .085
.25- .50 _ _.61 .010923 .006265 174.34 1.129 1.45 914 .073
.50- 1.00 -.61 .013121 .011435 114.74 1.230 1.39 1.016 .071

1.00- 2.00 __61 .010569 .010175 103.88 729 1.40 923 .071

2.00- 4.00 __61 .006459 .006428 100.47 .465 144 .848 .069

4.00- 8.00 -.61 .002145 .001966 109.06 .268 1.50 775 .063

8.00-16.0 _.53 .000565 .000518 109.04 218 1.51 .788 .053

16.0 -32.0 __ [ 14 000467 .000645 72.38 .018 7.20 .501 .266










