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1. Scope

1.1 This guide covers the equipment and basic procedures
for sampling to determine discharge of sediment transported by
moving liquids. Equipment and procedures were originally
developed to sample mineral sediments transported by rivers
but they are applicable to sampling a variety of sediments
transported in open channels or closed conduits. Procedures do
not apply to sediments transported by flotation.

1.2 This guide does not pertain directly to sampling to
determine nondischarge-weighted concentrations, which in
special instances are of interest. However, much of the descrip-
tive information on sampler requirements and sediment trans-
port phenomena is applicable in sampling for these
concentrations, and 9.2.8 and 13.1.3 briefly specify suitable
equipment. Additional information on this subject will be
added in the future.

1.3 The cited references are not compiled as standards;
however they do contain information that helps ensure standard
design of equipment and procedures.

1.4 Information given in this guide on sampling to deter-
mine bedload discharge is solely descriptive because no
specific sampling equipment or procedures are presently ac-
cepted as representative of the state-of-the-art. As this situation
changes, details will be added to this guide.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.
Specific precautionary statements are given in Section 12.

1.6 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

! This guide is under the jurisdiction of ASTM Committee D19 on Water and is
the direct responsibility of Subcommittee D19.07 on Sediments, Geomorphology,
and Open-Channel Flow.

Current edition approved Nov. 1, 2019. Published January 2020. Originally
approved in 1984. Last previous edition approved in 2011 as D4411 — 03 (2011)".
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2. Referenced Documents

2.1 ASTM Standards:*

D1129 Terminology Relating to Water

D3977 Test Methods for Determining Sediment Concentra-
tion in Water Samples

3. Terminology

3.1 Definitions—For definitions of terms used in this
standard, refer to Terminology D1129.

3.1.1 isokinetic, adj—a condition of sampling, whereby
liquid moves with no acceleration as it leaves the ambient flow
and enters the sampler nozzle.

3.1.2 sampling vertical, n—an approximately vertical path
from water surface to the streambed. Along this path, samples
are taken to define various properties of the flow such as
sediment concentration or particle-size distribution.

3.1.3 sediment discharge, n—mass of sediment transported
per unit of time.

3.1.4 suspended sediment, n—sediment that is carried in
suspension in the flow of a stream for appreciable lengths of
time, being kept in this state by the upward components of flow
turbulence or by Brownian motion.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 concentration, sediment, n—the ratio of the mass of
dry sediment in a water-sediment mixture to the volume of the
water-sediment mixture. Refer to Test Methods D3977.

3.2.2 depth-integrating suspended sediment sampler, n—an
instrument capable of collecting a water-sediment mixture
isokinetically as the instrument is traversed across the flow;
hence, a sampler suitable for performing depth integration.

3.2.3 depth-integration, n—a method of sampling at every
point throughout a sampled depth whereby the water-sediment
mixture is collected isokinetically to ensure the contribution
from each point is proportional to the stream velocity at the
point. This method yields a sample that is discharge-weighted
over the sampled depth. Ordinarily, depth integration is per-
formed by traversing either a depth- or point-integrating

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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sampler vertically at an acceptably slow and constant rate;
however, depth integration can also be accomplished with
vertical slot samplers.

3.2.4 point-integrating suspended-sediment sampler, n—an
instrument capable of collecting water-sediment mixtures
isokinetically. The sampling action can be turned on and off
while the sampler intake is submerged so as to permit sampling
for a specified period of time; hence, an instrument suitable for
performing point or depth integration.

3.2.5 point-integration, n—a method of sampling at a fixed
point whereby a water-sediment mixture is withdrawn isoki-
netically for a specified period of time.

3.2.6 stream discharge, n—the quantity of flow passing a
given cross section in a given time. The flow includes the
mixture of liquid (usually water), dissolved solids, and sedi-
ment.

4. Significance and Use

4.1 This guide is general and is intended as a planning
guide. To satisfactorily sample a specific site, an investigator
must sometimes design new sampling equipment or modify
existing equipment. Because of the dynamic nature of the
transport process, the extent to which characteristics such as
mass concentration and particle-size distribution are accurately
represented in samples depends upon the method of collection.
Sediment discharge is highly variable both in time and space so
numerous samples properly collected with correctly designed
equipment are necessary to provide data for discharge calcu-
lations. General properties of both temporal and spatial varia-
tions are discussed.

5. Design of the Sampling Program

5.1 The design of a sampling program requires an evalua-
tion of several factors. The objectives of the program and the
tolerable degree of measurement accuracy must be stated in
concise terms. To achieve the objectives with minimum cost,
care must be exercised in selecting the site, the sampling
frequency, the spatial distribution of sampling, the sampling
equipment, and the operating procedures.

5.2 A suitable site must meet requirements for both stream
discharge measurements and sediment sampling (1).> The
accuracy of sediment discharge measurements are directly
dependent on the accuracy of stream discharge measurements.
Stream discharge usually is obtained from correlations between
stream discharge, computed from flow velocity measurements,
the stream cross-section geometry, and the water-surface el-
evation (stage). The correlation must span the entire range of
discharges which, for a river, includes flood and low flows.
Therefore, it is advantageous to select a site that affords a
stable stage-discharge relationship. In small rivers and man-
made channels, artificial controls as weirs can be installed.
These will produce exceptionally stable and well defined
stage-discharge relationships. In large rivers, only natural
controls ordinarily exist. Riffles and points where the bottom

3 The boldface numbers in parentheses refer to the list of references at the end of
this standard.
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slope changes abruptly, such as immediately upstream from a
natural fall, serve as excellent controls. A straight uniform
reach is satisfactory, but the reach must be removed from
bridge piers and other obstructions that create backwater
effects.

5.3 A sampling site should not be located immediately
downstream from a confluence because poor lateral mixing of
the sediment will require an excessive number of samples.
Gaging and sampling stations should not be located at sites
where there is inflow or outflow. In rivers, sampling during
floods is essential so access to the site must be considered.
Periods of high discharge may occur at night and during
inclement weather when visibility is poor. In many instances,
bridges afford the only practical sampling site.

5.4 Sampling frequency can be optimized after a review of
the data collected during an initial period of intensive sam-
pling. Continuous records of water discharge and gauge height
(stage) should be maintained in an effort to discover parameters
that correlate with sediment discharge, and, therefore, can be
used to indirectly estimate sediment discharge. During periods
of low-water discharge in rivers, the sampling frequency can
usually be decreased without loss of essential data. If the
sediment discharge originates with a periodic activity, such as
manufacturing, then periodic sampling may be very efficient.

5.5 The location and number of sampling verticals required
at a sampling site is dependent primarily upon the degree of
mixing in the cross section. If mixing is nearly complete, that
is the sediment is evenly and uniformly distributed in the cross
section, a single sample collected at one vertical and the water
discharge at the time of sampling will provide the necessary
data to compute instantaneous sediment-discharge. Complete
mixing rarely occurs and only if all sediment particles in
motion have low fall velocities. Initially, poor mixing should
be assumed and, as with sampling any heterogeneous
population, the number of sampling verticals should be large.

5.6 If used properly, the equipment and procedures de-
scribed in the following sections will ensure samples with a
high degree of accuracy. The procedures are laborious but
many samples should be collected initially. If acceptably stable
coefficients can be demonstrated for all anticipated flow
conditions, then a simplified sampling method, such as
pumping, may be adopted for some or all subsequent sampling.

6. Hydraulic Factors

6.1 Modes of Sediment Movement:

6.1.1 Sediment particles are subject to several forces that
determine their mode of movement. In most instances where
sediment is transported, flow is turbulent so each sediment
particle is acted upon by both steady and fluctuating forces.
The steady force of gravity and the downward component of
turbulent currents accelerate a particle toward the bed. The
force of buoyancy and the upward components of turbulent
currents accelerate a particle toward the surface. Relative
motion between the liquid and the particle is opposed by a drag
force related to the fluid properties and the shape and size of
the particle.

6.1.2 Electrical charges on the surface of particles create
forces that may cause the particles to either disperse or
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flocculate. For particles in the submicron range, electrical
forces may dominate over the forces of gravity and buoyancy.

6.1.3 Transport mode is determined by the character of a
particle’s movement. Clay and silt-size particles are relatively
unaffected by gravity and buoyant forces; hence, once the
particles are entrained, they remain suspended within the body
of the flow for long periods of time and are transported in the
suspended mode.

6.1.4 Somewhat larger particles are affected more by grav-
ity. They travel in suspension but their excursions into the flow
are less protracted and they readily return to the bed where they
become a part of the bed material until they are resuspended.

6.1.5 Still larger particles remain in almost continuous
contact with the bed. These particles, termed bedload, travel in
a series of alternating steps interrupted by periods of no motion
when the particles are part of the streambed. The movement of
bedload particles invariably deforms the bed and produces a
bed form (that is, ripples, dunes, plane bed, antidunes, etc.),
that in turn affects the flow and the bedload movement. A
bedload particle moves when lift and drag forces or impact of
another moving particle overcomes resisting forces and dis-
lodges the particle from its resting place. The magnitudes of the
forces vary according to the fluid properties, the mean motion
and the turbulence of the flow, the physical character of the
particle, and the degree of exposure of the particle. The degree
of exposure depends largely on the size and shape of the
particle relative to other particles in the bed-material mixture
and on the position of the particle relative to the bed form and
other relief features on the bed. Because of these factors, even
in steady flow, the bedload discharge at a point fluctuates
significantly with time. Also, the discharge varies substantially
from one point to another.

6.1.6 Within a river or channel, the sizes of the particles in
transport span a wide range and the flow condition determines
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the mode by which individual particles travel. A change in flow
conditions may cause particles to shift from one mode to the
other.

6.1.7 For transport purposes, the size of a particle is best
characterized by its fall diameter because this describes the
particle’s response to the steady forces in the transport process.

6.2 Dispersion of Suspended Sediment:

6.2.1 The various forces acting on suspended-sediment
particles cause them to disperse vertically in the flow. A
particle’s upward velocity is essentially equal to the difference
between the mean velocity of the upward currents and the
particle’s fall velocity. A particle’s downward velocity is
essentially equal to the sum of the mean velocity of the
downward currents and the particle’s fall velocity. As a result,
there is a tendency for the flux of sediment through any
horizontal plane to be greater in the downward direction.
However, this tendency is naturally counteracted by the estab-
lishment of a vertical concentration gradient. Because of the
gradient, the sediment concentration in a parcel of water-
sediment mixture moving upward through the plane is higher
than the sediment concentration in a parcel moving downward
through the plane. This difference in concentration produces a
net upward flux that balances the net downward flux caused by
settling. Because of their high fall velocities, large particles
have a steeper gradient than smaller particles. Fig. 1 (2) shows
(for a particular flow condition) the gradients for several
particle-size ranges. Usually, the concentration of particles
smaller than approximately 60 um will be uniform throughout
the entire depth.

6.2.2 Turbulent flow disperses particles laterally from one
bank to the other. Within a long straight channel of uniform
cross section, lateral concentration gradients will be nearly
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symmetrical and vertical concentration gradients will be simi-
lar across the section. However, within a channel of irregular
cross section, lateral gradients will lack symmetry and vertical
gradients may differ significantly. Fig. 2 (3) illustrates the
variability within one cross section of the Rio Grande.

6.2.3 Sediment entering from the side of a channel slowly
disperses as it moves downstream and lateral gradients may
exist for several hundred channel widths downstream. In or
near a channel bend, secondary flow accentuates both horizon-
tal and vertical gradients. Until data have been collected to
prove the contrary, one must assume both gradients exist and
design sampling procedures accordingly.

6.2.4 At sections where spatial variability exists, samples
must be collected from many regions within a cross section.
Only for special conditions will samples from one or two
points be adequate.

6.2.5 Despite turbulent currents that disperse particles along
the direction of flow, the concentration at a fixed point will
vary with time even if flow conditions are steady. Temporal
variability depends upon many factors. Within a group of
samples collected during a short period of time, the concen-
tration of any sample generally will not deviate from the mean
by more than approximately 20 %; however, every sample
must be composed of a stream filament at least 50 ft long.
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7. Spatial and Temporal Variations in Bedload Discharge

7.1 Bedload discharges vary both within a section and along
the channel due to variations in the sediment and mean flow
properties, turbulence, patterns of secondary circulation and
position relative to the bed relief. (See 13.1, also 7.2.) Also,
because of the intimate relationship between bedload discharge
and the flow forces, particles that move as bedload at one
section may be immobile or may move as suspended load at
another cross section. As a result, the proportion of bedload
discharge to total sediment transport may vary longitudinally
and bedload discharge observed at one section may not be
representative of the bedload discharge at another section.

7.2 Although data on the temporal variation in bedload
discharge are far from abundant, observations with bedload
samplers have shown that discharges vary dramatically and
tend to be cyclic. In one study (4) of a river having bed material
of coarse cobbles, bedload samples collected every 3 min
during a 3-h test showed a coefficient of variation of 41 % and
an oscillation period of about seven minutes. Another study (5),
conducted in a laboratory flume with a bed of coarse gravel,
showed that the coefficient of variation of bedload samples
collected every minute during a 1-h test was 100 %. Temporal
variations at a fixed sampling point are caused, in large
measure, by the passage of bed forms. Because a single
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FIG. 2 (3) Cross-Sectional Variability of Suspended Material in Two Different Size Ranges, Rio Grande, near Bernardo, NM (a) Contours
in mg/L for Material Between 0.0625 and 0.125 mm; (b) Contours in mg/L for Material Between 0.25 and 0.5 mm
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measurement at a point probably will not be representative of
the mean bedload discharge, numerous repetitive measure-
ments must be made at each measurement point during a time
interval that is sufficiently long to allow a number of bed-form
wave-lengths to pass. Alternatively, the sampling position must
be moved longitudinally so that samples are obtained randomly
over parts of several bed-form wave-lengths.

8. Spatial and Temporal Variations in Total-Sediment
Discharge

8.1 Temporal and spatial variations in the total sediment
discharge result from the combined effects of variations in the
suspended-sediment discharge and the bedload discharge. De-
tailed information on the extent of temporal variations in total
load are scarce; however, as with variations in suspended
sediment discharge, the variations in total load can be expected
to change according to particle size. Ordinarily, at normal river
sections, the total load cannot be measured as a separate entity;
therefore, it is obtained by combining observations of the
suspended load and the bedload. When the total-sediment
discharge is determined from measurements of the suspended-
sediment and bedload discharges, sufficient sampling must be
performed to account for the temporal and spatial variations in
both quantities.

8.1.1 At certain kinds of unusual sections, such as outfalls,
sills and weirs, or in highly turbulent flow, all of the sediment
particles may be entrained in the water; consequently, total
load can be measured by sampling through the nappe or
through the entire depth. Such sections are often called
total-load sections. At total-load sections, spatial variations in
the total sediment discharge can be significant and are func-
tions of the lateral variations in flow properties, suspended-
sediment concentration, and bedload discharge. At total-load
sections, sampling must be carried out in accordance with the
principles of suspended-sediment sampling and replicate
samples must be collected at a sufficient number of lateral
locations to account for variations in the discharge of entrained
bedload particles.

9. Selection and Design of Sampling Apparatus

9.1 Apparatus selection depends upon the object of the
sampling program and the physical and hydraulic characteris-
tics of the site. To sample for total sediment discharge within a
straight section of open channel, use a suspended-sediment
sampler in conjunction with a bedload sampler. If initial
measurements show that nearly all of the total load is trans-
ported in suspension, routine sampling can be simplified by
eliminating bedload measurements. At an outfall, total load
may be measured by sampling through the nappe with a
depth-integrating sampler. Because these samplers are cali-
brated when fully submerged, the depth of the nappe should be
great enough to ensure the flow contacts the region down-
stream of the air exhaust port. For continuous sampling of total
load, a traveling-slot or a stationary-slot sampler may be used.

9.2 Suspended Sediment Samplers:

9.2.1 Whenever the fluid within a streamtube accelerates by
changing either its direction or speed, sediment particles tend
to migrate across the streamtube boundaries. This migration
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causes a local enrichment or depletion in the sediment concen-
tration. To avoid such changes at a sampling nozzle,
suspended-sediment samplers must operate isokinetically (or
nearly isokinetically). If the velocity at the entrance of the
sampler nozzle deviates from ambient velocity by less than
*+15 %, the error in concentration will seldom exceed =5 %.
The angle between the axis of the nozzle and the approaching
flow should not exceed 20°.

9.2.2 Two basic types of isokinetic instruments are com-
monly used to sample suspended sediment. One type (integrat-
ing) accumulates the liquid-sediment mixture by withdrawing
it during a long period of time. The other type (trap) instanta-
neously traps a volume of the mixture by simultaneously
closing off the ends of a flow-through chamber. The integrating
type collects a long filament of flow, hence, the sample
concentration is only slightly affected by short-term fluctua-
tions in the concentration within the approaching flow. For this
reason, integrating types are recommended over trap types.

9.2.3 For integrating-type samplers it is recommended that
the nozzle entrance be circular in cross section and have an
inside diameter of 4.8 mm (¥i6 in.) or larger. At the nozzle
entrance, the wall thickness should not exceed 1.6 mm (V6 in.)
and the outside edge should be gently rounded.

9.2.4 To ensure an undisturbed flow pattern, the nozzle must
extend upstream from its support which may be a tethered body
or a fixed support strut. An upstream distance of 25.4 mm (1
in.) is adequate provided the support is well streamlined and its
largest dimension lateral to the flow is not more than 40 nozzle
diameters.

9.2.5 After entering the nozzle, the sample must be
conveyed, without a change in concentration, to a container. If
the volume of the conduit is more than approximately 5 % of
the sample volume, the velocity within the conduit must be
adequate to ensure transport as a homogeneous suspension. A
velocity exceeding 17 W is recommended where W equals
settling velocity of the largest particle in suspension.

9.2.6 Integrating samplers that meet the above requirements
are fabricated commercially in the United States. The samplers,
which are listed in Table 1 (6), belong to the “US Series”
designed and sold by the Federal Interagency Sedimentation
Project. The samplers are of two types, depth-integrating and
point-integrating.

9.2.7 Depth-Integrating Samplers—US Series depth-
integrating samplers have an intake nozzle and exhaust port but
they do not have a valve; therefore, they sample the water-
sediment mixture continuously when submerged. They are
highly reliable because they do not contain moving parts;
furthermore, they are suitable for use in a sampling technique
termed “depth integration” (see 13.1.4). Depth-integrating
samplers have a maximum operating depth (see Table 1) (6).
Fig. 3 (7) shows the shape of one member of the US Series of
depth-integrators. Auxiliary equipment includes a cable-and-
reel suspension system, or for the DH-48 (8) and DH-81, a
wading-rod suspension. During the depth-integration process, a
sampler must be lowered and raised at a uniform rate so
cable-speed indicators or timing devices are used whenever
possible.
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TABLE 1 (6) Physical Characteristics of US-Series Depth-Integrating and Point-Integrating Samplers for Collecting Samples of Water-
Suspended Sediment Mixtures (after Table 3-3, National Handbook of Recommended Methods for Water-Data Acquisition)

Note 1—[Type: DI, depth-integrating; PI, point-integrating. Available nozzle size: A, 4.8 mm; B, 6.4 mm; C, 7.9 mm. Body material: AL, aluminum;
BR, bronze; PL, plastic; FL, fluoropolymer].

Distance
Maximum Between
Type of Method of Mass, Overall Available Sample Maximum Calibrated Nozzle Body
Name Suspen- Length, ) Container  Allowable . and Sam- ’ Remarks
Sampler . Nozzle Size ; Velocity, Material
sion m Size, mL Depth, m pler
m/s
Bottom,
mm
US DH-48 DI rod 20 033 A% B 473 B 27 90 AL for wading.
US DH-59 DI cable 10.2 0.42 A, B 473 B 1.5 114 BR for hand-line operation.
US DH-76 DI cable 10.9 0.47 A B 946 B 2.0 80 BR for hand-line operation.
US D-74 DI cable 28.2 0.66 A B 473 or 946 B 2.0 103 BR
us DI cable 1.4 0.66 A B 473 or 946 B 1.8 111 c light weight US D-74.
D-74AL
US DH-81 DI rod 0.8 0.3 A B C 1000 4.6 21 102 PL, FL for wading
US DH-95 DI cable 131 0.61 A B, C 1000 4.6 23 122 BR for hand-line operation
US D-95 DI cable 29.0 0.66 A B C 1000 4.6 2.0 122 BR
US D-96 DI cable 59.9 0.89 A B, C 3000 c 3.8 102 BR/AL Collapsible-bag sampler
us DI cable 36.3 0.89 A B, C 3000 c 1.8 102 BR/AL Collapsible-bag sampler
D-96-A1
US D-99 DI cable 124.7 1.00 A B, C 6000 b 4.6 241 BR Collapsible-bag sampler
US P-50 Pl cable 1356  1.12 A 473 or 946 61.0 i 3.0 140 BR
41.0
us Pl cable 475 0.71 AAAA 473 or 946 54.9 ”i 2.0 109 BR
P-61-A1 473 0or946  36.6
US P-63 Pl cable 904 0.85 A 54.9 F 2.0 150 BR
36.6
us p-72 Pl cable 17.7 071 A 473 or 946 22.0 i 1.6 109 AL
15.5

A 4.8-mm nozzle available by special order.
B Varies with nozzle and container sizes as follows:

Nozzle Size Container Size
473 mL 946 mL
A 49 m 49 m
B 2.7m 49 m

€ Varies with nozzle and container sizes as follows:

Nozzle Size Container Size
A 335 m
B 18.3 m
C 1.9 m

P Varies with nozzle and container sizes as follows:

Nozzle Size Container Size
A 23.8m
B 36.6 m
C 67.1m

E With 473-mL container.
F With 946-mL container.

9.2.8 Point-Integrating Samplers—US Series point-
integrating samplers have an intake nozzle and exhaust port
that can be opened and closed while the samplers are sub-
merged. They also contain a pressure-equalization system to
ensure that the pressure within the sample container equals the
hydrostatic pressure whenever the intake-exhaust valve is
opened. These features allow the samplers to be used for
sampling by either the depth integration or point integration
(see 13.1.3) techniques. Maximum allowable depths listed for
these samplers in Table 1 (6) apply when they are used for
point integration. When the samplers are used for depth
integration starting at the water surface, the depth limitations
given in Footnote B of Table 1 (6) specify the length of the
allowable two-way vertical sampling path for any single-
sample container; segments of an allowable path length can be
sampled throughout all or any part of the maximum allowable
depth by using multiple containers and opening and closing the

intake-exhaust valve appropriately. In addition to a suspension
and speed indicating system, the samplers also require a source
of electrical power.

10. Bedload Samplers

10.1 Both in Europe and the United States many different
kinds of bedload monitoring apparatus (9) have been devel-
oped to measure the transport of a wide variety of bed-material
particles that occur in nature. In general, each kind of apparatus
was designed to monitor a particular range of bedload sizes and
transport rates. Two broad classifications exist, direct-
measuring apparatus and indirect-measuring apparatus. Direct-
measuring apparatus collect and accumulate bedload particles
for a given period of time. Indirect-measuring apparatus
monitor some property of the bedload or some phenomena that
occurs as a result of bedload movement. In addition, bedload
discharge can be determined from measurements of the rate of
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