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PREFACE

The series of manuals on techniques describes procedures for planning 
and executing specialized work in water-resources investigations. The material 
is grouped under major subject headings called books and further subdivided 
into sections and chapters; Section C of Book 3 is on sediment and erosion 
techniques.

The unit of publication, the chapter, is limited to a narrow field of subject 
matter. This format permits flexibility in revision and publication as the need 
.arises.

in
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FIELD METHODS FOR MEASUREMENT OF FLUVIAL SEDIMENT

By Harold P. Guy and Vernon W. Norman

Abstract

This report describes field methods for the measure 
ment of fluvial sediment. The diversity of the hydro- 
logic and physical environments and data requirements 
therefrom make it desirable that the persons involved 
in sediment measurements be familiar with the basic 
sediment concepts and the equipment and techniques 
to be used for making timely and efficient sediment 
measurements.

In addition to an introduction, the report consists 
of two main sections. The section on "Sediment sampl 
ing equipment" includes a discussion of the character 
istics and limitations of commonly used samplers and 
some of the modifications' of this equipment for special 
measurements. The other section on "Sediment sampl 
ing techniques" includes a discussion of the character 
istics of measurement sites, the selection of sampling 
verticals and transit rate®, the methods of making sedi- 
ment-disdharge measurements, sampling quality con 
trol and timing, and some of the requirements for sedi 
ment-related data.

Introduction

Perspective
Knowledge of the erosion, movement, and 

deposition of sediment relative to land surface, 
streams, reservoirs and other bodies of water is 
important to those involved directly or in 
directly in the development and management of 
water and land resources. It is also becoming 
more and more apparent that such development 
and management be carried out in a manner 
that yields or conforms to a socially acceptable 
environment. The required knowledge of sedi 
ment makes necessary the measurement of sus 
pended and bed sediments for a wide range of 
hydrologic environments. The complex phenom 
ena of fluvial sedimentation make the required 
measurements and related analyses of sediment 
data relatviely expensive in comparison with 
other kinds of hydrologic data. Accordingly, the

purpose of this manual is to help standardize 
and improve the efficiency of the techniques used 
to obtain sediment data, so that more knowledge 
can be obtained for a given investment of labor 
and resource.

It is of academic interest to note that Hole- 
man (1968), on the basis of sediment data for 
several streams, has estimated that the annual 
worldwide yield of sediment to the oceans is 
about 20 billion tons (18 billion metric tons). 
If an assumed specific weight of 60 Ib per cu ft 
(pounds per cubic foot) is used, this converts 
to about 15.3 million acre-feet (1.9 million hec 
tare-meters) .

Most sediment data needs are of more prac 
tical concern. Some of the general categories 
include:
1. The evaluation of sediment yield with re 

spect to different natural environmental con 
ditions geology, soils, climate, runoff, 
topography, ground cover, and size of drain 
age area.

2. The evaluation of sediment yield with re 
spect to the different kinds of land use.

3. The time distribution of sediment concen 
tration and transport rate in streams.

4. The evaluation of erosion and deposition in 
channel systems.

5. The amount and size characteristics of sedi 
ment delivered to a body of water.

6. The characteristics of sediment deposits as 
related to particle size and flow conditions.

7. The relationships between sediment, water
quality, and biota.

The scope of these requirements indicates that 
a large variety of measurements is needed on 
streams and other bodies of water ranging down 
to very small areas as for a parcel of land 
under urban development.
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The authors have drawn heavily not only on 
the ideas from many experienced coworkers in 
the field, but on voluminous literature in an at 
tempt to assemble the required methodology, 
and where desirable, some of the background 
theory, for performing fluvial sediment meas 
urements in the field without having to refer to 
many sources in the literature. Because of this 
extensive condensation of the literature, it is 
expected that the reader may have to rely on 
additional sources given in the references and 
elsewhere to cope with the complicated prob 
lems of some measurements requiring special 
equipment and techniques.

The collection of reliable sediment data in 
an efficient manner requires a high degree of 
coordination of all activities. These activities 
vary from the collection of the sample in the 
field to the analysis in the laboratory and to 
the tabulation and publication of the data in 
suitable form.

Sediment characteristics, source, and 
transport

Sediment is f ragmental material derived pri 
marily from the physical and chemical disinte 
gration of rocks from the earth's crust. Such 
particles range in size from large boulders to 
colloidal size fragments and vary in shape from 
rounded to angular. They also vary in specific 
gravity and mineral composition, the predom 
inant mineral being quartz.

Once the sediment particles are detached, they 
may either be transported by gravity, wind, or 
water, or else by a combination of these agents. 
When the transporting agent is water, the sedi 
ments is termed "fluvial sediment", and the act 
of moving or removing the particles from their 
resting places is called erosion.

Erosion by water may be divided into sheet 
and channel erosion, but no distinct division 
separates the two. Sheet erosion occurs when 
fine-grained silts and clays are removed from a 
surface in a sheet of relatively uniform thick 
ness by raindrop, splash, and sheet flow. The 
movement of sediment particles and the energy 
of the raindrops compacts and partially seals the 
soil surface which decreases the infiltration rate 
and increases the amount of sheet flow available

to erode and transport the sediment. Thus, the 
amount of material removed by sheet erosion 
varies with such factors as surface slope, pre 
cipitation intensity and drop size, soil type, and 
vegetative cover.

Because of irregularities in the land surface, 
sheet flow does not occur continuously over large 
areas but quickly concentrates into small rills or 
channels and streams which grow in size 
as each joins another. Within these chan 
nels, the water erodes the available mate 
rial in the banks or bed of the stream until the 
stream is "loaded" with as much sediment as 
the energy of the stream will allow it to carry. 
Such channel erosion may be general or local 
along the stream but is primarily local in nature.

Thus, most of the sediment transported by a 
given stream comes from sheet erosion and from 
upstream rill or channel erosion. Sometimes 
sediment may be transported to the stream by 
wind, but this is generally a minute part of the 
total of the fluvial sediments. Aside from bank 
caving from stream erosion, many kinds of mass 
wasting or gravitational transfer of sediments 
toward and into streams take place. These may 
range from slow creep to the very rapid land 
slide. Other sediments, which may be found 
locally in sizeable quantities, may 'be derived 
from glacial melt, mining, gravel plant opera 
tions, and many types of construction activities 
by man.

Depending on the size of each sediment parti 
cle, the stream transports the sediment by main 
taining the particle in suspension with turbulent 
currents or by rolling or skipping the particle 
along the streambed. The finer sediments move 
downstream at about the same velocity as the 
water, whereas, the coarsest sediments may move 
only occasionally and remain at rest much of 
the time.

The distribution of the suspended-sediment 
sizes in the vertical direction may vary from 
stream to stream and from cross section to cross 
section within the same stream. Generally, the 
finer sediments are distributed uniformly 
throughout the vertical, and the coarser parti 
cles are concentrated near the streambed but 
with some coarse particles reaching the water 
surface at times. Thus, when sampling with the 
samplers described in this chapter, the sample
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obtained will contain a range of particle sizes 
which are in suspension in the increment of 
flow that enters the sampler. Inasmuch as the 
sampler. nozzle cannot reach the lower 0.3 to 
0.4 foot of a vertical, it is not possible to sample 
or measure the entire flow, and therefore, the 
sediment obtained by the sampler in the 
sampling zone is defined as measured sediment 
discharge. The higher concentration and coarser 
sizes of sediment passing beneath the sampler 
nozzle, in suspension and on the bed, is defined 
as unmeasured sediment discharge. This un 
measured part may or may not be a sizeable 
part of the total sediment (measured plus un 
measured) and is sometimes computed em 
pirically. Figure 1 illustrates these concepts. 
At some stream cross sections, all the sediment 
sizes being transported may be thrown into a 
fairly uniform suspension throughout the en 
tire vertical by natural or artificial turbulence. 
The measured part at these sites is represen 
tative of the entire vertical and represents total 
sediment discharge.

From this brief discussion it should be evi 
dent that the study of fluvial sediment trans 
port is complex because of the many variables 
involved. For the interested reader a more de 
tailed summary of fluvial sediment concepts 
can be found in Colby (1963) and in Guy 
(1970).

Data needs
No matter how precise the theoretical predic 

tion of sedimentation processes becomes, it is 
inevitable that man's activities will continue to 
cause changes in the many variables affecting 
sediment erosion, transportation, and deposi 
tion ; thus, there will be an increasing need for 
direct and indirect measurement of fluvial sedi 
ment movement and its characteristics. Because 
of the rapid advances in technology, it seems 
of little value to list the many specific kinds of 
sediment problems and the kinds of sediment 
data required to solve such problems. However, 
some general areas of concern may be of in 
terest.
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Sediment data is useful in coping with water 
utilization problems and goals. A knowledge of 
the amount and characteristics of sediment in 
the water resource is needed so that the sedi 
ment may be removed as economically as pos 
sible before the water is allowed to enter the 
distribution system. Many industries require 
sediment-free water in their processes. Infor 
mation on sediment movement and particle size 
characteristics are needed in the design of hy 
draulic structures such as dams, canals, and 
irrigation works. Streams and reservoirs that 
are free of sediment are highly regarded for 
recreation. Data on sediment movement and 
particle characteristics are needed to determine 
and understand how radionuclides, pesticides, 
herbicides, and many organic materials are ab 
sorbed and concentrated by sediments, thus 
causing potential health hazards in some 
streams, estuaries, and water-storage areas. 
Knowledge concerning the effect of natural and 
man made changes in drainage basins on the 
amount and characteristics of sediment yielded 
from drainage basins is useful in helping to 
predict the stream environment when future 
basin changes are made. Knowledge of present 
fluvial sediment conditions is being used to help 
establish criteria for water quality standards 
and goals.

These data needs require sediment programs 
that will yield (1) comprehensive information 
on a national network basis, (2) special in 
formation at specific problem areas for water 
management, and (3) a description and 
understanding of the relationships between 
water, sediment, and the environment (basic 
research). The reader is referred to Book 
3 Chapter Cl of this series (Guy, 1970, p. 4Y) 
for a description of the kinds of sediment rec 
ords commonly obtained at stream sites. Briefly, 
the records are of (1) the continuous or daily- 
record type, where sampling is sufficiently 
comprehensive to permit computation of daily 
loads, (2) the partial-record type, where a daily 
record is obtained for only a part of the year, 
and (3) the periodic-record type, where samples 
are taken periodically or intermittently. Usually 
a. series of "reconnaissance" measurements are 
made prior to implementing any of these three 
programs. Even after a specific program is

started, it is expected that adjustments will be 
necessary with respect to equipment, sample 
timing, or even measurement location.

Sediment Sampling Equipment

General

In the early days of fluvial sediment investi 
gations, each investigator and at least each 
agency developed methods and equipment ac 
cording to need. It soon became apparent that 
comparable results would not be obtained if the 
equipment, data collection, and analysis methods 
varied. To overcome this difficulty, an array of 
standard samplers and methods was developed 
by the Federal Inter-Agency Sedimentation 
Project (F.I.A.S.P.) of the Inter-Agency Com 
mittee on Water Resources, located first at Iowa 
City, Iowa, and since 1948 at the St. Anthony 
Falls Hydraulic Laboratory in Minneapolis, 
Minnesota. The number of reports published by 
F.I.A.S.P. since 1939 totals 36, as of October 
1966. They cover almost all aspects of measure 
ment and analysis of sediment movement in 
streams. (See Inter-Agency Eeport "Catalog" 
(F.I.A.S.P., 1966) for a complete listing of re 
ports.) The intent of this chapter is not to re 
place the Inter-Agency Project reports, but to 
condense and combine their information on mak 
ing sediment measurements. Therefore, the 
reader should refer to the F.I.A.S.P. reports for 
further background material and details on the 
standard samplers.

It is well to note that the samplers carry the 
following coded designation: 
US, United States standard sampler (After 

first use in designating a sampler in this chap 
ter, it will usually no longer be included as 
part of the designation). 

D, depth integrating. 
P, point integrating. 
H, hand held by rod or rope. For cable-and-reel

suspension the H is omitted. 
BM, bed material. 
U, single stage.
YEAR, year (last two digits) in which the 

sampler was developed. 
As indicated by the F.I.A.S.P. (1963a, p. 3), 

sediment samplers currently recommended for
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field use include three depth-integrating sus 
pended-sediment samplers, two point-integrat 
ing suspended-sediment samplers, and three 
bed-material samplers. In addition an array of 
instruments have been developed such as the sin 
gle-stage sampler and the pumping samplers 
used to obtain sediment information from flashy 
streams and where the services of an observer 
cannot be obtained.

Suspended-sediment samplers

The purpose of the suspended-sediment sam 
pler is to obtain a sample that is representative 
of the water-sediment mixture moving in the 
stream in the vicinity of the sampler. TJie 
F.I.A.S.P. committee set up several common 
criteria for the design and construction of sus 
pended-sediment samplers as follows:

1. To allow water to enter the sample bottle 
through the nozzle at the same velocity 
as the surrounding stream velocity.

2. To permit the sampler nozzle to reach a point 
as close to the stream bed as physically pos 
sible. (This varies from 3y2 to 6 inches (9 
to 15 cm) according to the sampler.)

3. To minimize disturbance to the flow pattern 
of the stream, especially at the nozzle.

4. To be adaptable to support equipment al 
ready in use for streamflow measurement.

5. To be as simple and maintenance free as 
possible.

6. To accommodate a standard one pint (473 
ml) glass milk bottle. (Exceptions are the 
US P-63 and US P-50 which hold both 
pint- and quart-sized bottles.) 

When, a suspended-sediment sampler is sub 
merged with the nozzle pointed directly into 
the flow, a part of the streamflow enters the 
sampler container through the nozzle as air is 
exhausted under the combined effect of three 
forces:

1. The dynamic positive head of the flow at 
the nozzle entrance.

2. A negative head at the end of the air-outlet 
tube.

3. A hydrostatic pressure because of the differ 
ence in elevation between the nozzle en 
trance and the air-outlet tube.

When the sample in the container reaches the 
level at the end of the nozzle, especially the 
air-outlet tube, the desired flow rates will not be 
attained and the sample will become contami 
nated by deposition from flow circulating in 
through the nozzle and out through the air- 
outlet tube.

Depth-integrating samplers

"A depth-integrating sampler is designed to 
accumulate a water-sediment sample from a 
stream vertical at such a rate that the velocity 
in the nozzle at point of intake is always as 
nearly as possible identical with the immediate 
stream velocity, while running the vertical at 
a uniform speed." (F.I.A.S.P., 1952, p. 22). The 
simple depth-integrating sampler collects and 
accumulates the sample as it is lowered to the 
bottom of the stream and raised back to the 
surface. The sampler must be moved at a uni 
form rate in a given direction but not neces 
sarily at equal rates in both directions.

The point-integrating sampler, on the other 
hand, can be operated to obtain a depth- 
integrating sample from deep or swift streams 
by holding the valve open while integrating 
the stream depth in parts. For streams less than 
30 feet deep, either the full depth can be 
sampled by integrating from the surface to the 
bottom only, or vice versa; or if the stream is 
deeper than about 30 feet (9m), the limiting 
distance through which the sampler can ade 
quately integrate in one direction, then the 
vertical can be integrated in parts.

Hand-held samplers US DH-48 and US DH-59

Where streams can be waded, or where a low 
bridge is accessible, a choice of two lightweight 
hand samplers can be used to obtain suspended- 
sediment samples.

The smallest of the two is designated "DH- 
48" (fig. 2). It consists of a streamlined alumi 
num casting, 13 inches (33 cm) long, which 
partly encloses the sample container. The con 
tainer, usually a round pint glass milk bottle, is 
sealed against a gasket in the head cavity of the 
sampler by a hand-operated spring-tensioned 
pull-rod assembly at the tail of the sampler. 
The sampler is collected through the intake 
nozzle and is discharged into the bottle. The
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displaced air from the bottle is ejected down 
stream through the air exhaust alongside the 
head of the sampler. The sampler, including the 
container, weights 4% pounds (2 kg). A stand 
ard stream-gaging wading rod, or other suit 
able handle, is threaded into the top of the 
sampler body for suspending the sampler. The 
instrument can sample to within S 1/^ inches (9 
cm) of the streambed. The sampler is calibrated 
with a nozzle that has an inside diameter of 14 
inch (6.3 mm). However, a T3g-inch (4.8-mm) 
nozzle may also be used (F.I.A.S.P., 1963b, p. 
57-60).

The other lightweight sampler, designated 
"DH-59," (fig. 3) was designed to be suspended 
by a hand-held rope in streams too deep to be 
waded. It too, only partly encloses the sample 
container. The sampler body is 15 inches (38 
cm) long, is made of bronze in the form of a 
streamlined casting, and weighs about 24 
pounds (11 kg). Because of its light weight, it 
is limited in use to streams with velocities less 
than about 5 fps (feet per second) (1.5 meters 
per second). The rope is usually cotton or nylon 
and is not included in the purchase of the sam 
pler. Note in figure 3 that the tail vane extends 
below the body of the sampler and the bottle. 
This extension forces the sampler nozzle to 
orient itself into the flow before submergence. 
The sampler will not traverse closer than about 
4 inches (10 cm) of the streambed. The instru 
ment is calibrated and supplied with i/4-inch, 
%6-inch, and y8 -inch nozzles.

Figure 2. Depth-integrating suspended-sediment wading- 
type hand sampler, US DH-48. F. S. Witzigman (written 
commun., December 1968).

Figure 3. Depth-integrating suspended-sediment hand-type 
sampler, US DH-59. F. S. Witzigman (written commun., 

December 1968).

These two lightweight hand samplers are the 
most commonly used for sediment sampling 
during normal flow in small- and perhaps inter 
mediate-sized streams. Because they are small, 
light, durable, and adaptable, they are pre 
ferred by hired observers and fieldmen on rou 
tine or on reconnaissance measurement trips. At 
most locations, a heavier sampler will be needed 
only for high flow periods. It is often desirable, 
however, to require the observer to use a heavier 
sampler installed at a fixed location. The small 
size of the hand samplers also enables the per 
son taking a sample in cold weather to warm the 
sampler readily if a problem exists with ice in 
the nozzle or air exhaust. (See p. 50 for de 
tails on cold-wTeather sampling.)

Cable-and-reel samplers US D-43 and US D-49

When streams cannot be waded, but are less 
than 15 to 18 feet deep, depth-integrating sam 
plers designated "D-43" and "D^t9" can be 
used to obtain suspended-sediment samples. See 
page 34 for more detail on sampling depth 
limits.

The D^t3 is a 50-pound sampler designed for 
sampling with a cable-and-reel suspension. It is 
the forerunner to the D^t9 and is no longer 
being manufactured, but because of its lighter 
weight many are still being used by the Water 
Eesources Division at locations where stability 
problems are slight. Its body is a bronze stream 
lined casting with a hinged head which is 
opened to receive the normal pint sampling bot 
tle. A double hinge is located at the top of the 
head so that the head is raised to expose the
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opening. Extreme care should be taken to see 
that the head does not fall and pinch a hand or 
finger when placing or removing a sample bot 
tle. The sampler is attached to the cable through 
a standard or shortened hanger bar as used in 
making current meter measurements with the 
C-type sounding weights. Similar to the DH- 
59, the tailfin of the D-43 extends below the 
body profile to force the sampler into proper 
alignment with the stream current before the 
nozzle enters the water. The overall length of 
the sampler is 20y2 inches (51 cm). It can take 
a sample within approximately 4% inches (12 
cm) above the streambed. Three nozzle sizes can 
be used: the %-inch (6.4 mm), % 6 -inch (4.8 
mm), or %-inch (3.2 mm) bore.

Through considerable use after development, 
the following undesirable characteristics were 
noted in the D-43:

1. With an increase in depth, velocity, or tur 
bulence, the stability of the instrument de 
creased.

2. The tail-vane extension acted as a pivot point 
when it touched the streambed and the sus 
pension cable became slack. The head of the 
sampler would swing sideways before the 
cable tightened for the return trip to the 
surface.

3. A safety hazard existed because the head is
hinged at the top.

With the intention of avoiding and correcting 
these characteristics, the D-49 sampler (fig. 4) 
was designed and constructed. The major 
changes from the D-43 include:

1. Greater stability was achieved by making the
instrument 3% inches longer or a total of
24 inches (61 cm), by improving the body

! streamlines, by adding about 12 pounds
(5.5 kg) to the weight (approximately 62

;... pounds (28 kg) total), and by moving the 
center of buoyancy backward, thereby 
eliminating the need for extension of the 
tail vane below the body profile.

2. The hinge and latch positions were reversed 
for improved safety. Minor changes in 
cluded simplifying the bottle gasket, using 
a preshaped stainless steel exhaust tube 
to eliminate expensive boring, and cast-

Figure 4. Depth-integrating suspended-sediment cable- 
and-reel sampler, US D-49. F. S. Witzigman (written 

commun., December 1968).

ing lugs in the bottom of the cavity to hold 
the bottle spring. These major and minor 
changes allowed sampling within 4 inches 
(10 cm) of the streambed rather than 4% 
inches (12cm) fortheD^tS.

Point-integrating samplers US P-46, US P-61, US P-63 

and US P-50

Some general characteristics of the rather 
complicated point-integrating samplers can 
best be described by direct quotation from Inter- 
Agency Report 14 (F.I.A.S.P., 1963b, p. 60) :

Point-integrating samplers are more versatile than 
the simpler depth-integrating types. They can be used 
to collect a sample that represents the mean sediment 
concentration at any selected point beneath the sur 
face of a stream except within a few inches of the bed, 
and also to sample continuously over a range in depth. 
They are used for depth-integration in streams too 
deep (or two swift) to sample in a round-trip integra 
tion. In depth integration, sampling can start at any 
depth and continue in either an upward or downward 
direction for a maximum vertical distance of about 30 
feet.

A point-integrating sampler has a % 6 inch (4.8 mm) 
nozzle that points directly into the streamflow, and an 
air exhaust that permits air to leave the sample con 
tainer as the sample enters. The intake and exhaust 
passages are controlled :by a valve. When the valve 
is in the sampling position, the sampling action is tjhe 
same as in a depth-integrating sampler. A pressure- 
equalizing chamber (diving-bell principle) is enclosed 
in the sampler body to equalize the air pressure in the 
container with the external hydrostatic head at the in 
take nozzle at all depths. The inrush, which would
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otherwise occur when the intake and air exhaust are 
opened below the surface of the stream, is thereby 
eliminated.

The US P^6 consists of a 100-pound (46-kg) 
streamlined cast bronze shell, an inner recess 
to hold a round pint milk bottle, a pressure- 
equalizing chamber, and a tapered three-posi 
tion rotary valve operated by solenoid which 
controls the sample-intake and air-exhaust 
passages. The three positions for the valve are : 
(1) intake and air exhaust closed, pressure- 
equalizing passage open, (2) intake and air ex 
haust open, equalizing passage closed, and (3) 
all passages closed. As the sampler is sub 
merged, water enters the pressure-equalization 
chamber through a permanent opening in the 
bottom of the shell, and this compresses the air 
in the chamber and sample container.

The 105-pound (48-kg) US P-61 (fig. 5) is 
similar to the P  46, but is simpler and some 
what less expensive. It can be used for depth 
integration as well as for point integration to 
stream depths of at least 180 feet (55 m) , where 
as, the P^6 is limited to 75 or 100 feet depend 
ing on the arrangement of the air exhaust in 
the sampler head. The sampler valve for the 
P-61 has two positions instead of three as in 
the P-46. When the solenoid is not energized, 
the valve is in the nonsampling position where 
by the intake and air-exhaust passages are 
closed, the air chamber in the body is connected 
to the cavity in the sampler head, and the head 
cavity is connected through the valve to the

Figure 5. Point-integrating suspended-sediment cable-and- 
reel sampler, US P-61. F. S. Witzigman (written com- 
mun., December 1968).

sample container. When the solenoid is ener 
gized, the valve is in the sampling position, 
whereby the intake and air exhaust are open and 
the connection from the sample container to the 
head cavity is closed. Figure 5 illustrates a P-61 
that has been modified to accommodate a quart- 
sized mayonnaise bottle. When the ordinary 
pint bottle is used, the cylindrical adapter 
must be inserted into the bottle cavity. The 
maximum sampling depth should be limited to 
about 120 feet when the quart-sized container 
is used.

The US P-63, a 200-pound (91-kg) electri 
cally-operated suspended-sediment sampler, is 
better adapted to very great depths and high 
velocities. The P-63 differs from the P-61 
mainly in size, weight, and in the capacity of 
the sample container that can be used. The 
P-63 is cast bronze, 34 inches (86 cm) long, 
and has the capacity for a quart-sized round 
milk bottle. An adapter is furnished so that a 
round pint-sized milk bottle can be used. The 
maximum sampling depth is about 180 feet (55 
m) with a pint sample container and 120 feet 
(37 m) with a quart container.

The 300-pound (136-kg) US P-50 is designed 
for use in extremely deep streams and high 
velocities. Because of obvious handling difficul 
ties, and the fact that its operating characteris 
tics are similar to the P-63, further discussion 
seems unnecessary.

All the point samplers are designed for sus 
pension with a steel cable having an insulated 
inner conductor core. By pressing a switch 
located at the operator's station, the operating 
current may be supplied through the cable to 
the solenoid in the sampler head by storage bat 
teries connected in series to produce 24 to 48 
volts. If the suspension cable is longer than 100 
feet (30 m), a higher voltage may be desirable.

Because of the complex nature of point inte 
grating samples, the reader may find it neces 
sary to seek additional information given in the 
inter-agency reports (F.I.A.S.P. (1952, 1963b, 
and 1966)).

Sampler nozzles, gaskets, and bottles

Nozzles. Each suspended-sediment sampler 
is equipped with a set of nozzles that may have 
been calibrated specifically for the particular
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sampler, but more than likely, the given cali 
bration was for a particular series of samplers 
having similar physical characteristics. For the 
individually calibrated units, almost one-third 
of the purchase price of the sampler represents 
calibration costs. These nozzles are cut and 
shaped externally and internally to insure that 
the velocity of water after entering the nozzle 
is within 3 to 5 percent of the immediate stream 
velocity. It has been found that a deviation in 
intake velocity from the stream velocity at the 
sampling point causes error in the concentration 
of the sample, especially for the sand-sized par 
ticles. For example, a plus 10 percent error in 
sediment concentration is likely for particles of 
sediment 0.45 mm in diameter, when the in 
take velocity is 25 percent less than stream ve 
locity (F.I.A.S.P., 1941, p. 38-41). The relation 
of sediment size to errors in concentration with 
respect to deviation of intake velocity is given 
in figure 6.

Because each of the sampler nozzles is cali 
brated for its particular sampler or series of 
samplers, it must be emphasized that a nozzle 
from one series of samplers cannot be properly 
used in another series of samplers. The only ex 
ceptions are the recent P-61 and P-63 series 
which use the same nozzles. For the D^43 and 
P-46 series, the nozzles are calibrated for each 
individual sampler and should not be inter 
changed among even their own series.

The reasons for the differences between the 
nozzles of different series are : (1) the length 
of flow paths for water and air are different, 
and it results in differences of flow resistance, 
and (2) the differential heads between the nozzle 
entrance and the air exhaust are different. Thus, 
interchanging nozzles between sampler series 
results generally in an incorrect intake velocity 
and thus incorrect sediment concentration and 
particle size distribution in the sample. There 
fore, when a nozzle is damaged, be certain to 
use a correct replacement nozzle.
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Figure 6. Error in sediment concentration for given sediment size when intake velocity is 0.25, 0.50, and 3.0 
times the stream velocity. Adapted from F.I.A.S.P. (1941, p. 40).
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If extra nozzles are needed for a specific sam 
pler or series, they can be obtained by writing 
to the F.I.A.S.P. (address can be obtained from 
the latest inter-agency report) and including 
the sampler number. If exhaust tubes on the 
samplers become damaged or deformed, the en 
tire sampler should be sent to the F.I.A.S.P. for 
repair and recalibration.

Except for the DH-48, three different size 
nozzles, ^4-inch, % 6-inch, and %-inch, may be 
used to take samples with the depth-integrating 
samplers. The DH-48 was designed for use in 
slow wadable streams, and therefore, a %-inch 
nozzle has never been calibrated for this instru 
ment. Table 1 may help determine to which in 
strument a specific nozzle belongs. Note that 
just because a nozzle may physically fit a sam 
pler, it is not necessarily the correct one. For 
example, it is possible, but incorrect, to use the 
same nozzle in a D-43, a DH-48, a DH-59, or a 
D-49.

As will be explained again later (p. 34), 
the reason for different size nozzles is that 
stream velocities and depths occur which will 
cause the sample bottle to overfill for a specific 
transit rate when using: the largest nozzle. More 
specifically, the maximum theoretical sampling 
depths for round trip integration are about 8, 
14, and 15 feet for the 14-, % 6 -, and Vs-inch 
nozzles, respectively, and twice these depths 
for one way integration when the ordinary pint 
sample bottle is used. Therefore, in order to 
reduce the quantity of sample entering the 
bottle, the next smaller nozzle is used with the 
view that the best sample is obtained with the 
largest nozzle which can be used in a given 
situation. The larger the nozzle, the smaller the 
chance of excluding large sand particles which

may be in suspension. It should be pointed out 
that possible errors caused by using too small 
a nozzle are usually minor when dealing with 
fine material (<0.062 mm) but tend to increase 
in importance with increasing particle size. See 
figure 6. Also it has been found through ex 
perience that the small nozzles plug with or 
ganic material, sediment, and ice particles easier 
than the large ones. This means that problems 
with nozzles can even exist with streams trans 
porting mostly fine material.

Point-integrating samplers are supplied only 
with a % 6-inch nozzle because the opening 
through the valve mechanism is only three- 
sixteenths of an inch.

Gaskets. Of equal importance to the correct 
nozzle in the instrument is the necessity to use 
the proper gasket to seal the bottle mouth suf 
ficiently. The gasket for this purpose is usually 
made of a spongelike neoprene material which 
deteriorates somewhat with use and time. Thus, 
to avoid leakage around the mouth of the 
sample bottle which will yield bad samples, it 
is best to check the gaskets occasionally. It is 
possible that gaskets can be misaligned or even 
lost during transportation, or while changing 
bottles when taking samples.

To check the gasket for adequate seal, insert 
a bottle in the proper position in the sampler, 
then while the air-exhaust port is closed with 
a finger, blow through the sampler nozzle. If 
air escapes around the bottle mouth, the gasket 
needs replacing, or perhaps the spring loaded 
foot holding the bottle in place is not working 
properly. Each sampler series uses a different 
size or shaped gasket, so it is necessary to have 
spares of each series on hand. Appropriate 
gaskets may be obtained from the F.I.A.S.P.

Table 1. Guide for comparing suspended-sediment sampler nozzles

Pertinent nozzle characteristics

Sampler US Exhaust end tapered Flat part of knurled collar 
Length (in.) % inch per foot; approx stamped with sampler No. 

1 inch deep
Other

DH-48__________
DH-59____--___-
D-43___________.
D-49__________._
P-46____________

P-61-.--_------_
P-63_. __________

4/8
4V6
3 7/8
3%

____ 4
__._ 4

No____    
Yes_____.-_.

Yes___--.--_
No________.

No_.__---_-
No______-_.

.--_--_. No________

._._____ No________

.__.____ No._______
________ No________

________ No________
._._____ No________

________ No flat part.
______ No flat part.

_ _ _ _ _ _ _ Flat part has no number.
_ _ _ _ _ Tailor-made for each individual

sampler. 
_ "1 Interchangeable between both

______ J sampler series .
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(Address can be obtained from the latest inter- 
agency report.)

Bottles. At present, most districts use the 
standard pint-sized glass milk bottles for which 
the instruments were designed. Each bottle is 
partially etched to provide a writing surface on 
which to record pertinent information concern 
ing each sample. (See fig. 20.) The writing sur 
face should accommodate marking with a 
medium soft blue or black pencil of sufficient 
durability to withstand handling and yet be 
easily removed when the bottles are cleaned. The 
Ohio District (P. W. Anttila, written commun., 
August 1968) uses a compound commercially 
called "Activated Jack Frost" to provide the 
writing surface on glass bottles. It can be pur 
chased from McKay Chemical Company, 880 
Pacific Street, Brooklyn, N.Y. 11238. Hydro 
fluoric acid has been used for this purpose, but 
is less desirable because it must be handled care 
fully and stored in a polyethylene container. 
"Activated Jack Frost" can be stored in a metal 
container.

Some districts use plain bottles and attach 
tags for recording purposes. The required in 
formation can also be recorded on the bottle cap 
if there are no alternatives, but this should be 
avoided because of the small writing space and 
because of the possibility of putting the cap on 
the wrong bottle.

A trial use of plastic bottles is underway 
(1968) in Alaska. These should eliminate such 
problems as etching, breakage from handling 
and freezing, and most important reduce weight 
and transport costs. The ideal plastic bottle 
should be disposable to avoid cleaning costs. The 
ideal arrangement would also involve the use 
of a collapsible bottle so that the problem of air 
compressibility (p. 34) during depth integra 
tion could be avoided.

Bottles are usually stored and transported in 
wire, wooden, or fiberboard cases holding 20 to 
30 bottles each. However, in the field, it is 
desirable to use a small bottle carrier which 
holds six, eight, or 10 bottles. This eliminates 
the need to handle the heavier 20- or 30-bottle 
cases while making a measurement and pro 
vides a neat, convenient, and relatively safe 
place to set the bottles. In making wading 
measurements both hands can be freed to oper

ate the sampler if the bottle carrier is suspended 
from the shoulder with a strap or rope.

Single-stage samplers

The single-stage sampler, US U-59, was 
tested 'by the F.I.AS.P. to meet the needs for 
an instrument that would obtain some sediment 
data on small fast-rising streams where it is 
impractical to use a conventional depth-inte 
grating sampler. As noted in the U.S.. Inter- 
Agency Eeport "Catalog" (F.I.A.S.P., 1966, 
p. 30):

The US U-59 sampler consists of a pint milk bottle 
or other sampler container, a %c-inch inside diameter 
copper tube intake. Each tube is bent to an appropriate 
shape and inserted through a stopper which fits tightly 
into the top of the container. There are two general 
types of this sampler, one with a vertical intake and 
the other with a horizontal intake. Under some condi 
tions either type could be used but the two are not 
always interchangeable.

Ordinarily, the vertical-intake sampler would 
be used to sample streams carrying mostly sedi 
ments finer than 0.062 mm. The vertical-intake 
sampler has the advantage of somewhat less 
fouling by de'bris and deposits of sediment in 
the intake nozzle than the horizontal type of 
intake. Conversely, the horizontal-intake sam 
pler should be used to sample streams carrying a 
considerable amount of sediment coarser than 
0.062 mm.

The basic sampling operation of the instru 
ment when velocities and turbulences are small 
as indicated by F.I.A.S.P. (1961, p. 17) follows 
(see fig. 7.) :

When the stream surface rises to the elevation of 
the intake nozzle, the water-sediment mixture enters; 
and as the water surface continues to rise in the 
stream, it also rises in the intake. (The general eleva 
tions and dimensions are expressed without regard to 
the inside diameter of the tube or without distinction 
between the weir and the crown of the siphon.) When 
the water-surface elevation W reaches C, flow starts 
over the weir of the siphon, primes the siphon, and 
begins to fill the sample bottle under the head AC. 
Filling continues until the sample rises to F in the 
bottle, and water is forced up the air exhaust to the 
elevation W. Actually, the momentum of flow in the 
tubes causes a momentary rise above W in the air 
exhaust. Water drains out of the inner leg of the 
intake. When the stream rises to D, air is trapped in 
the air exhaust. As long as sufficient air remains in 
the tubes, no flow can pass through to alter the original

373-5540 70-
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Surge

Figure 7. Components and dimensions of the basic single-stage suspended- 
sediment sampler, US U-59. Adapted from F.I.A.S.P. (1961, p. 16).
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sample unless a differential head that exceeds the 
height of invert is built up. (If the legs of an invert 
are not symmetrical, the inverts have different effective 
air-trap heights resisting flow into and out of the 
bottle.) For conditions without significant surge and 
velocity effects at the intake nozzle or exhaust port, 
the heights BC and DE may be small.

If, after the normal time of sampling, the depth of 
submergence over the sample bottle increases, the air 
in the bottle is compressed and a small additional 
sample enters the bottfle. This additional sample will 
enter through the tube having the smallest height of 
invert. Under variable submergence the entrance of 
water will compress the air in the bottle on rising 
stages, and some expanding air will escape on falling 
stages; thus the quantity of air in the bottle becomes 
less and less, and the water rises in the bottle.

The sampling operation just described is 
somewhat idealistic because in reality the oper 
ation is affected by the flow velocity and turbu 
lence which alters the effective pressure at the 
nozzle entrance.

The U-59 has many limitations with respect 
to good sampling objectives. It must be con 
sidered a type of point sampler because it sam 
ples a single point in the stream at whatever 
stage the intake nozzle is positioned before a 
flow event occurs. Its primary purpose is to col 
lect a sample automatically, and it is used at 
stations on flashy streams or other locations 
where extreme difficulty is encountered in try 
ing to reach a station to collect samples at appro 
priate times by the normal procedure with 
standard equipment. Besides being automatic 
it has the advantage of being inexpensive so 
that a "battery" of them can be used to obtain 
a sample at several elevations or times during 
the rising hydrograph. However, despite these 
seemingly important advantages, it should not 
be used indiscriminately to obtain samples, be 
cause of its many limitations. Other specific 
limitations, which usually affect the s'ampling 
of the sands more than the fines, are given below 
essentially as listed in the Inter-Agency reports.
1. Samples are collected at or near the stream 

surface, and therefore, in the analysis of 
the data, theoretical adjustments for verti 
cal distribution of sediment concentration 
or size are necessary.

2. Samples are usually obtained near the edge 
of the stream or near a pier or abutment, 
and therefore, theoretical adjustments for

lateral variations in sediment distribution 
are required.

3. Even though several combinations of size, 
shape, and orientation of intake and air- 
exhaust tubes are available, the installed 
system may not result in intake ratios suf 
ficiently close to unity to sample sands ac 
curately for a specific runoff event.

4.. Covers or other protection from trash, drift, 
and vandalism often create unnatural flow 
lines at the point of sampling.

5. Water from condensation may accumulate 
in the sample container prior to sampling.

6. Sometimes the sediment content of the sample 
changes during subsequent submergence.

Y. The device is not adapted to sampling on 
falling stages or on secondary rises.

8. No specific sampler design is best for all 
stream conditions.

9. The time and guge height at which a sample 
was taken may be uncertain.

In an attempt to cover a wide range of opera 
ting conditions for the U-59 samplers, four 
"standard" models were designed. The many 
specific details of these are further described in 
F.I.A.S.P. (1961).

Before a bank of the U-59 samples can be de 
signed and installed, it is necessary^ have some 
knowledge of the seasonal stage characteristics 
of the stream, in order that a desirable number 
of samples be obtained for a given storm event 
and throughout the season. The stream stage 
and flow velocity characteristics not only affects 
the design with respect to the vertical spacing 
of the samplers, but also the support necessary 
for the bank of samplers.

The user of the U-59 may find it necessary 
to use an insect repellant in the bottles or tubes 
to prevent bugs from building nests or other 
wise plugging the intake and exhaust. In freez 
ing climates, precaution must be taken to pre 
vent broken bottles by physical protection, by 
immediate removal of the bottles, or by use of 
antifreeze.

Bed-material samplers
Limitations

The samplers described in this section are 
physically limited to those capable of collect 
ing bed-material samples consisting of particles
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finer than about 30 or 40 mm in diameter. As 
noted in the description of individual samplers, 
there may also be limitations with respect to 
some very fine sediments for some of the sam 
plers. The collection and analysis of material 
larger than coarse gravel logically becomes more 
difficult and costly because other techniques are 
required to avoid handling heavy samples with 
larger and more expensive equipment. Because 
of the difficulty in measuring large sizes, little 
information regarding size distribution is avail 
able on streams having gravel, cobble, and 
boulder beds. Therefore, much of the equipment 
for measurement of large bed material is of an 
experimental nature, and standard equipment 
is not available for routine use. Several refer 
ences are available, however, on direct and indi 
rect methods of sampling and analysis of coarse 
bed materials. (Lane and Carlson, 1953; Keller- 
hals, 1967; and Wolman, 1954).

Hand-held samplers US BMH-53 and US
BMhhSO

The Federal Inter-Agency Project has devel 
oped three types of instruments for sampling 
the bed material of streams where most of the 
material is finer than medium gravel. The small 
est of the three, designated as the "US BMH- 
53" (see fig. 8) is designed to sample the bed 
of wadable streams. The instrument is 46 inches 
in total length and usually is made of corrosion 
resistant materials. The collecting end of the 
sampler is a stainless steel thin-walled cylinder 
2 inches in diameter and 8 inches long with a 
tight-fitting brass piston. The piston is held in 
position by a rod which passes through the 
handle to the opposite end. The piston creates a 
partial vacuum above the material being

Figure 8. Hand-held piston-type bed-material sampler, 
US BMH-53. - -.. ,,-.. -,.: .

sampled and thereby compensates in a reverse 
direction for some of the frictional resistance 
required to push the sampler into the bed. This 
partial vacuum also retains the sample in the 
cylinder while the sampler is being removed 
from the bed. The piston also serves to force 
the sample from the cylinder in a manner that 
results in a sample column with a minimum of 
distortion from which material at different 
depths from the surface may be visualized and 
subsamples obtained. (See F.I.A.S.P. (1963b, 
1966) for more detiled information.)

The bed material of deeper streams or lakes 
can be sampled with the US BMH-60. (See fig. 
9.) This is a hand-line sampler about 22 inches 
(56 cm) long, made of cast aluminum, has tail 
vanes, and is available in weights of 30, 35, or 
40 pounds (13.6, 15.9, or 18.2 kg). Because of 
its light weight, its use should be restricted to 
streams of moderate depths and velocities and 
whose bed material is also moderately firm and 
yet does not contain much gravel.

The sampler mechanism of the US BMH-60 
consists of a scoop or bucket driven by a cross- 
curved constant-torque motor-type spring that 
rotates the bucket from front to back. The scoop, 
when activated by release of tension on the 
hanger rod, can penetrate into the bed about 1.7 
inches (4.3 cm) and can hold approximately 175 
cc of material. The scoop is aided in penetration 
of the bed by extra weight in the sampler nose. 
To cock the bucket into an open position for 
sampling (that is, retracted into the body, the 
sampler must first be supported by the hand 
line; then the bucket can be rotated (back to 
front) with an alien wrench to an open position.

Figure 9. Hand-line spring-driven rotary-bucket 30-pound 
bed-material sampler, US BMH-60. Adapted from 
F.I.A.S.P. (1963, p 103).
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The hanger rod to which the hand line is at 
tracted is grooved so that a safety yoke can be 
placed in position to maintain tension on the 
hanger rod assembly. Caution: At no time 
should the hand or fingers be placed in the 
bucket opening, as the bucket may acci 
dentally close with sufficient force to cause 
permanent injury ! A piece of wood or a brush 
can be used to remove any material adhering in 
side the sample bucket, (See F.I.A.S.P. (1963b, 
1966) for more detailed information.)

The bucket closes when the safety yoke is 
removed and tension on the hand line is released 
as will occur when the sampler comes to rest on 
the streambed. A gasket on the closure plate 
prevents trapped material from contamination 
or being washed from the bucket.

Cable-and-reel sample: US BM-54

Except for streams with extremely high veloc 
ities, the 100-pound cable-and-reel suspended 
BM-54 sampler (fig. 10) can be used for sam 
pling bed material of streams and lakes of any 
reasonable depth. The body of the BM-54 is of 
cast steel. Its physical configuration is nearly 
identical with the cast aluminum BMH-60, 22 
inches (56 cm) long and with tail vanes. Its 
operation is also similar to the BMH-60 in 
that it takes a sample when tension on the cable 
is released as the sampler touches the bed. The 
sampling mechanism externally looks similar 
to that of the BMH-60, but its operation is 
somewhat different.

After 1956, the BM-54 units were equipped 
with a safety bar which can be rotated over the 
front or cutting edge of the bucket when cocked 
into the open position. The bar then keeps the 
bucket in the open position, even though the 
catch mechanism operated by tension on the 
cable is not engaged. These safety bars should 
be obtained from the F.I.A.S.P. for use on units 
issued before 1956. Again, please note that 
even though a safety bar is used, it is neces 
sary to keep one's hands away from the 
bucket cavity. The power of the bucket is 
demonstrated by the fact that upon release, it 
has been observed to lift the 100-pound (45 kg) 
sampler from a hard surface.

The driving force of the bucket comes not 
from a constant-torque spring, but rather from

ELEVATION

Figure 10. Elevation sketch (top) and photograph (bottom) 
of a cable-and-reel spring-driven rotary-bucket 100-pound 
bed-material sampler, US BM-54. Dimensions on sketch 
are in inches. Adapted from F.I.A.S.P. (1959, p. 29 and 
30).

a conventional coil-type spring. The tension on 
the spring is adjusted by the nut-and-bolt as 
sembly protruding from the front of the sam 
pler to obtain a bite powerful enough to obtain 
a sample from the bed of very compacted sand. 
It is suggested that the tension on the spring 
be released during extended periods of idleness 
even though the bucket is closed. Maximum ten 
sion need be used only when the streambed is 
very firm. Unlike the BMH-60, the spring and 
cable assembly rotates the bucket from the back 
to the front of the sampler. Again, the trapped 
sample is kept from washing out by a rubber 
gasket. (See F.I.A.S.P. (1963b, 1964, and 1966) 
for more complete description and details.)

In the event that core samples are needed in 
deep flowing water, a sampler has been devel 
oped and extensively used in studies of the 
Columbia River Estuary by Prych and Hubbell 
(1966). This cable-suspended sampler collects 
a 1%-inch-diameter by 6-foot-long core by a 
combination of vibration and an axial force 
derived by cables from a 250-pound streamlined 
stabilizing weight.
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Bedload samplers
At this time the reader may wish to note the 

difference between bedload and unmeasured 
load. Bedload is the sediment that moves in the 
stream at velocities less than the surrounding 
flow by sliding, rolling, or bounding on or very 
near the streambed. The size of particles moving 
as bedload is identical with samples of bed 
material in the movable part of the streambed. 
Unmeasured load is that sediment which is not 
measured with the suspended-sediment samplers 
and consists of bedload particles and particles 
in suspension in the flow below the sampling 
zone of the suspended-sediment samplers. (See 
fig. 1.)

Bedload is difficult to measure for several 
reasons. Any mechanical device placed in the 
vicinity of the bed will disturb the flow and 
hence the rate of bedload movement. Another 
reason why bedload is difficult to measure is 
that the sediment movement and the velocity of 
water close to the bed vary considerably with 
respect to both space and time; and therefore, 
if a good sample could be obtained at a given 
point, it may not be representative of the entire 
cross section for a reasonable interval of time. 
In testing one bedload sampler on the Middle 
Loup River at Dunning, Nebr., Hubbell (1964) 
found the sampling rate to range from 11 to 
112 cc per minute at one point. This variation 
in sampling rate results from the fact that the 
bed particles move intermittently at an average 
mean velocity much less than that of the water, 
a most important consideration with respect to 
bedload measurement. The bedload discharge, 
therefore, cannot be determined in the same 
manner as suspended-sediment loads through 
computation by use of suspended concentration 
and water discharge data. Thus, a bedload sam 
pler must be able to effectively trap all particles 
moving along the bed when and if they pass 
over an area of the undisturbed bed in a speci 
fied period of time.

Many investigators in several countries have 
tried numerous methods to trap and measure 
this material but have not succeeded in develop 
ing a device that is reliable, economical, and 
easy to use. (Hubbell, 1964). Attempts are still 
being made, however, to develop instruments

and methods which will measure bedload 
directly or indirectly (Lean and Crickmore, 
1966, and Hubbell, 1964, p. 39-69). Rather than 
direct measurement, bedload movement is 
usually computed by one or more of several 
different formulas. The most notable and used 
of these have been described by Colby and Hub- 
bell (1961), Einstein (1950), Chang, Simons, 
and Richardson (1965), and Meyer-Peter and 
Muller (1948). For these reasons, only one bed- 
load sampler is described in this manual.

The Arnhem or Dutch pressure-difference 
bedload sampler is the best known (Hubbell, 
1964, p. 15). This sampler consists of a 2- by 
4-inch rectangular entrance joined by a rubber 
section to a wire mesh collecting vessel with 0.2 
or 0.3 mm openings. The pressure drop to main 
tain sampling velocity is obtained by use of a 
flared section (3.5 by 5 inches) at the rear of 
the rubber connection. The 2- by 4-inch sam 
pling head is held on the bed by adjustable 
springs extending from an external tubular 
frame. A tail-fin assembly orients the sampling 
head into the flow.

Some modifications of standard 
equipment

The following describes some examples of 
modified samplers and special equipment con 
sidered valuable for use in special situations.

Suspended-sediment samplers 

Depth-integrating samplers

Several districts are using DH-48's with a 
"foot" placed near the front of the sampler body 
to prevent the nozzle from traversing too close 
to the bed. (See fig. 11.) This is especially help 
ful in sand-bed streams in dune regime where it 
is easy to gouge or dip the nozzle into the down 
stream face of a dune. The sampler modified 
with a "foot" then helps to avoid the problem of 
undue contamination of the normal stream con 
centration or particle size of samples. (J. C. 
Mundorff, written communication, May 1968.)

To permit the DH-48 to be used in situations 
where stream depths are too great or velocities 
too swift for wading, the standard wading rod is 
replaced by heavier and stronger pipe to with 
stand the greater forces. The instrument then is
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Figure 11. US DH-48 suspended-sediment sampler mod 
ified with a "foot" to prevent gouging the nozzle into 
the streambed.

used in conjunction with guides attached to a 
low bridge or other structure to steady the 
sampler when taking samples. The use of such 
guides restrict the movement of the sampler to 
a specific vertical path. (See fig. 12.) Note in 
figure 12 (upper photograph) that the guides 
are fixed in position and in figure 12 (lower 
photograph) the guide itself is movable for 
depth integration at any vertical. The movable 
guide in this case is workable only because there 
is a slot in the control structure to hold the bot 
tom of the guide against the force of the flow. 
This kind of installation makes it possible to 
sample total sediment discharge of particles up 
to about 4 mm in size including the bedload of 
particles up to about 4 mm in size because the 
nozzle of the sampler can traverse the entire 
depth of flow to the sill over which all sediment 
is transported. The use of fixed guides at other 
installations may not necessarily assure that 
total-load concentration will be obtained if the 
nozzle cannot traverse to a fixed bed and if par 
ticles larger than the inside diameter of the 
nozzle are moving.

The DH-48 was also modified into a handline 
sampler some 3 years before the DH-59 was 
constructed. (See fig. 13.) Some units having 
this modification included a pen flashlight arid 
a reflecting plate to make the sampler more easy 
to use at night. The modified DH-48 sampler 
weighs about 10 pounds and is used today at 
sites where wide slow-moving water and or very 
high bridges make the use of the 22-pound DH- 
59 tedious and tiresome. When more weight is

i ,  
 *-

^

Figure 12. US DH-48 suspended-sediment sampler rein 
forced with steel pipe for use where a stream cannot be 
waded. Upper photograph: Sampling at outlet of circular 
culvert with a fixed-position guide of J- and Y-bolts 
extending from the retaining wall. Lower photograph: 
Sampling at downstream edge of a concrete control with 
a double-rod movable guide set into a slot at the bottom.

required, a 15-pound Columbus weight is some 
times added to the hanger bar; but it is better 
to obtain a DH-59 for use when the 10-pound 
modified DH-48 drags downstream excessively 
(Mundorff, 1957).

The cable-and-reel suspended samplers 
(D-49, P-61, P-63, and so forth) have had few 
modifications. If major alterations or improve 
ments were needed, the F.I.A.S.P. generally 
constructed a new sampler or line of samplers 
to incorporate the desired requirements. For 
example, the D^t9 as mentioned before is an 
improved model of the D-43, the P-61 is the 
improved model of the P-46, and the P series 
is used where the physical limitations of the D 
series are exceeded or is used for special invest!-
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Figure 13. US DH-48 suspended-sediment sampler modi 
fied into a 10-pound handline sampler for use on very slow 
moving streams. A 15-pound sounding weight is attached 
to hanger bar. Note small flashlight mounted on tail vane 
for nighttime use.

gation studies. An exception to the general 
statement above is the P-46, whose original 
valve mechanism was changed from a spring- 
driven system to a more simple and positive 
rotary solenoid.

Single-stage samplers

As mentioned earlier, the F.I.A.S.P. designed 
four models of the U-59 in an attempt to cover 
a range of sampling conditions. However, the 
single-stage samplers were not field tested, and 
many field conditions where this type sampler 
is most wanted and needed exceed the recom 
mended velocity and surge limitations. From 
this and the fact that placement facilities vary 
considerably from location to location, a wide 
variety of samplers and sampler installations 
has resulted. (See fig. 14.) Most significant of 
all the modifications is the fact that several 
districts are using valves on the air exhausts to 
prevent circulation, despite the unfavorable re 
sults of tests on several valves as noted in 
F.I.A.S.P. (1961, p. 48 and 74). The reason ex 
pressed by those using valves is that the physical 
uncertainties such as surge and velocity existing 
at most such installations warrant the use of the 
valves, even though on occasion they may stick 
or inhibit air exhaust. The questionable results 
from installations with valves should be checked

a few times against the results from standard 
samplers.

The long tube models C and D (see 
F.I.A.S.P., 1961, p. 71) require considerable 
vertical installation space which may not always 
be available. Also, the long open tubes as well 
as short open ones may encourage nest building 
by some insects; the assembly of long tubes 
tends to catch more trash than short tubes. The 
long tubes may be more easily bent out of shape 
by the moving debris or by cattle scratching 
their hides. Hence, through the need for use of 
shorter tubes and other requirements, the valves, 
though they do not always function correctly, 
have been accepted as a necessary addition to 
the single-stage sampler.

Automatic pumping-type samplers

As noted in the Inter-Agency Eeport "Cata 
log" (F.I.A.S.P., 1966), automatic pumping 
samplers are still in the experimental stage. 
They should prove most useful at streamsites 
where cost or some physical limitation prohibits 
the use of observers or fieldmen to obtain sam 
ples manually. The most severe limitation to the 
use of pumping samplers is that they only col 
lect samples of the water-sediment mixture at 
a fixed point in the stream, and therefore, they 
are most effective in streams carrying predomi 
nantly fine sediments.

If the reader is interested in obtaining cur 
rent information on pumping samplers, he 
should contact the F.I.A.S.P., whose address 
will be found in their latest report.

! . Bed-material samplers '   a
As indicated later, the preferable amount and 

location of bed material to be collected when 
using the BMH-53 is usually the upper 1 inch 
(25 mm) of streambed material at each vertical. 
It is then necessary to expel all but the upper 
1 inch of the 8-inch column of material collected 
at each point (p. 14). When two men are 
present while sampling, the required procedure 
to obtain this 1-inch sample offers no problem; 
but for one man, this is usually an awkward and 
time-consuming process. Figure 15 shows how 
an addition to the BMH-53, consisting of an
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Figure 14. A "bank" of U-59 samplers installed on a bridge pier (left) and on a plank post (right) to obtain sediment samples 
near the water surface during the rising part of a hydrograph. Photographs by J. C. Mundorff.

aluminum lever and steel cable, is used to expel 
all but the desired amount of material from the 
cylinder and to easily eject the sample into a 
container in a carrier strapped to the observer's 
waist.

Even with the 100-pound BM-54, bed ma 
terial is sometimes difficult to sample in streams 
having extremely high velocities and depths. 
Premature slacking of tension on the cable due 
to uneven lowering, extreme turbulence, or 
roughness on the bed may trip the closing 
mechanism and result in bucket closure before 
the bottom of the sampler makes a firm contact 
with the bed. Sometimes a sounding weight can 
be attached above the BM-54 to help insure a 
steady descent to the streambed. Care should be 
exercised when using this arrangement because 
the hanger bar may be bent or broken by the 
momentum of the large weight.

None of the inter-agency samplers can sample 
only the top few layers on the surface of the 
bed. Mundorff (1957) attempted to solve this 
problem as well as the problem with the very 
swift flow by use of a sampler that collects 
particles only at or near the bed surface. As 
shown in figure 16, the Mundorff surface sam 
pler is a circular disk 2i/£ inches (6 cm) in diam 
eter and three-quarters of an inch (2 cm) deep, 
filled with white petroleum jelly. This disk can 
then be attached to sounding weights in the 
manner shown or to a rod for hand sampling. 
Upon contact with the bed, the material on the 
bed surface adheres to the jelly. After with 
drawing the sampler, the disk is removed and 
returned to the lab for particle analysis.

A summary of the more important charac 
teristics of most of the samplers mentioned thus 
far is found in table 2.

373-554 O 70-
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Table 2. Summary of important sampler statistics

Sampler type Sampler Suspension
Theoretical

Weight (Ib) Nozzle distance maximum
from bed (ft) sampling

depth (ft)

Depth integrating. __

Point integrating .__

Bed material.

.. U.S. DH-48__--__-_--__
Modified DH-48 with

foot.
Modified DH-48 with

weight and tail vane.
U.S. DH-59_        
U.S. D-43.__        
U.S. D-49-------------

-. U.S. P-46_._. ....-----_
U.S. P-61._   _       
U.S. P-63..          
U.S. U-59...     -   

._ U.S. BMH-53___. ------
U.S. BMH-60_____.____
U.S. BM-54-.----------
Surf ace sampler ____-_-_

__ Wading rod _ ____
_.---do_----------

Handline.

__.   do   ....  
__ Cable-and-reel_ __

do
do
do ______
do

__ Fixed __ _ . _ _._

__ Handline. ________
__ Cable-and-reel _ _
__ Variable..--.- ___

4^
5

10

22
50
62

100
105
200

30, 35, 40 -
100 .

Variable

0. 29
.29

.29

.33

.40

.33

.40

.35

. 50
Variable

15
15

15

15
15
15

75-120
1 120
1 120

Surface
04- 8

. 14

. 17
Surface

  Most P-61 and P-63 samplers are used to obtain a quart sample but when modified to obtain only a pint sample, the maximum sampling depth 
can be 180 ft.

Support equipment

It was intended by F.I.A.S.P. that much of 
the equipment used in stream-gaging proce 
dures, such as cranes and reels, would also be 
used as support equipment for routine handling 
of the sediment samplers. However, alterations 
to this equipment are sometimes desirable to 
make operations more effective and more effi 
cient, and above all, to improve safety and ease 
of maintenance.

Sediment investigations by their nature re 
quire that personnel collect samples under a 
wide variety of field conditions, often in bad 
weather, under conditions of cold, wind, rain, 
and darkness. The work is usually inherently 
dangerous, and under certain conditions mal 
functioning equipment can easily cause injury 
or death. Improper maintenance of equipment 
may result also in poor or untimely samples. 
Because fieldwork is expensive and often costly 
in terms of lost data, time spent in the field to 
repair faulty equipment is highly undesirable. 
For these and perhaps other reasons, it is essen 
tial that all field units be properly equipped and 
maintained for immediate use.

A simple but significant and necessary alter 
ation is usually made on the C-type hanger bar 
wihich is used to link the cable to the sampler. 
It was designed to rigidly support the current 
meter above the sounding weight. For routine

use with suspended-sediment and bed-material 
samplers, its length is reduced from the stand 
ard 12.Y inches (32 cm) to about 4 inches (10 
cm) to facilitate or eliminate the awkward and 
hazardous task of hand lifting the sampler over 
high bridge rails and to make it possible to con 
struct smaller and less expensive shelters at per 
manent installations.

Several different types of cranes have been 
constructed to effectively maneuver current me 
ters and sampling equipment for local or state 
wide conditions. These are too varied to be 
discussed here. However, as a safety measure, 
it is important to emphasize that adjustable 
metal "dog ears" can be placed on the three- 
wheel base of the type-A crane to help insure 
that when the crane is tipped against the bridge 
railing the two supporting wheels will not slip 
toward the fieldman.

Bed-material sampling with the BM-54 or the 
BMH-53 is made more simple and safe by the 
attachment to the crane of a simple bracket to 
support the sampler. (See fig. 17.) This bracket 
is often used to support other kinds of samplers 
(F.I.A.S.P., 1964, p. 6). For economy reasons 
the two-conductor cable used on the observers 
reels at fixed sampling installations is often re 
placed with %4 - or %0-inch non-conductor cable.

For permanent sampling installations used 
by many observers, the type-A reel is generally 
mounted on a platform extending out from
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Figure 15. The use of a BMH-53 bed-material sampler 
modified with lever-operated ejection system to make 
sample collection easier as a one-man operation. Upper 
photograph: Ejection of unwanted lower 6 inches of 
sample into stream. Lower photograph: Ejection of upper 
1 inch of sample into sample container. (C. D. Albert, 
written common., May 1968.)

Figure 16. Examples of two ways to mount a petroleum 
jelly bed-surface sediment-sampling disk to a sounding 
weight. (J. C. Mundorff, written commun., May 1968.)

the bridge railing. (See fig. 18.) As seen in the 
figure, the reel is mounted on the far side of the 
hole through which the sampler passes. This 
makes it easier to insert and remove the bottle 
from the sampler. The alteration is accomplish 
ed by turning the cable spool end for end in 
the reel framework so that the cable guide is 
toward the user and the reel handle is still on 
the right-hand side.

The Instrument Development Unit, Water
Kesources Division, Columbus, Ohio can supply
a modified type-A reel without the electrical
connections and (or) a 14-inch drum to increase

. the cable capacity. The large cable capacity is

. essential for installation on high bridges.
As mentioned, the equipment used in han 

dling and using all the sampling instruments, 
including power reels, boats, and trailers, is the 
same as that used in making water-discharge 
measurements. Questions concerning the sup 
port equipment should be directed to the re 
port, "Discharge Measurements at Gaging 
Stations" (Buchanan and Somers, 1969).

It should not be implied that equipment modi 
fications must be limited to those mentioned 
above. Many unusual situations and problems 
arise that require individual evaluation and 
solution in order to obtain desirable results. 
Time nor space does not permit the compila 
tion of solutions to many sediment equipment 
problems in this manual, even though such a 
comprehensive compilation would lend ideas 
and concepts which could aid in the solution to 
other problems.

Sediment Sampling Techniques

The requirements for knowledge of suspended 
sediment in streams make it necessary to obtain 
a sufficient number of depth-integrated samples 
to define the concentration on either a periodic 
or a continuous basis, depending on the nature 
of the stream and the accuracy required. At lo 
cations for which a daily or continuous con 
centration record is desired, much of the routine 
sampling is accomplished by local observers 
hired to collect samples at one or more verticals 
in the stream cross section and at one or more 
times each day. These observers usually require
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Figure 1 7. A sampler support that can be attached to a crane. This is especially useful with the BMH-53 and the BM 54 
for safe and easy removal of the sample. It can be used to stabilize all samplers while the crane is being moved. 
Adopted from F.I.A.S.P. (1964, fig. 3).

Figure 18. Type-A reel mounted for sampling suspended 
sediment. The cable spool has been reversed in the reel 
framework so that the cable guide is toward the user and 
the reel handle is on the right side.

considerable supervision if they are to accom 
plish the goal of obtaining the desired number 
and frequency of samples to define a good 
suspended-sediment concentration record.

In addition to the supervision given the ob 
server, it is necessary to maintain a periodic 
program to obtain additional samples for use 
in conjunction with the observer's samples. 
These additional samples are used to insure that 
the observer's samples can be adjusted to the 
real cross-sectional concentration. Such a pro 
gram requires that a technically trained per 
son from the field office visit the site on a 
periodic basis to make a complete sediment- 
discharge measurement. Such a measurement 
must include two or more sets of sediment 
samples to define the sediment concentration 
across the stream section, two or more bottles
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at the routine sampling vertical collected in the 
same manner as used by the observer, and a 
water-discharge measurement either from an 
established rating or from an actual current 
meter measurement. The person making such 
measurements also would be responsible for ob 
taining timely suspended- and bed-sediment 
samples suitable for quality and particle-size 
analysis.

The purpose of this section on sediment 
sampling techniques is to discuss some aspects 
of site selection, equipment selection and main 
tenance, location and number of verticals to be 
sampled, method of making sediment-discharge 
measurements, depth integration with a point 
sampler, sampler transit rates, quality control, 
timing of samples, sample quantity required, 
field inspection of samples, recording informa 
tion on the bottles, instructions for taking water 
temperatures and reading water-stage gages, 
suggestions for cold-weather sampling, observer 
relations, total sediment-discharge measure 
ments, and techniques for bed-material 
sampling. This section then deals with the de 
cisions that need to be made and the instruc 
tions necessary to obtain the quantity and qual 
ity of samples required for computation and 
compilation of the desired sediment records.

Site selection

The sediment sampling techniques to be used 
in a given situation will depend not only on the 
data needs, but also on the nature of the flow 
and other conditions at the site to be used for 
making the measurements. The site must often 
be located at a specific gaging station; but some 
times, especially for large basins that have a 
number of gaging stations, there may be some 
choice as to location. Where there is a choice 
between measurement sites, then an analysis 
should be made of the data needs and program 
objectives to maximize the returns in consider 
ation of the relative costs, data accuracy, and 
the physical limitations. The perfect site is rare 
ly available, and therefore, it is necessary to 
recognize as many limitations as possible and 
then to build a program that will minimize the 
disadvantages and maximize the advantages.

As indicated, the site shbuld be at or near 
a gaging station because of the..obvious relation 
of sediment movement to the flow of the stream. 
If the sediment-measuring site is more than a 
few hundred feet from the water-stage recorder, 
then it may be desirable to install a simple non- 
recording stage indicator at the site so that a 
correlation of the flow conditions between the 
sediment and the distant water-measuring sites 
can be developed. The obvious difficulties with 
inflow between the sites from small tributaries 
should also be avoided, if possible.

The normal stage-discharge relation at a gag 
ing station upstream from the confluence with 
another stream may be disturbed at times be 
cause of unusual water-surface slope conditions 
resulting from partial backwater effects. The 
unusual slope condition will likewise affect the 
normal movement of sediment and thereby re 
quire many additional sediment measurements.

A sediment-measuring site downstream from 
the confluence of two streams may also require 
extra sediment measurements. The downstream 
site may be adequate for water-discharge meas 
urement because the lateral water surface 
across the stream section is stable regardless of 
the differences between the quantity of flow for 
the two tributaries. Though the surface level 
of the flow may be stable, the flow from the two 
tributaries does not readily mix, and the sedi 
ment may be moving almost as two streams in 
proportion to the inflow from the two tributar 
ies. As indicated in Book 3, Chapter Cl, 
"Fluvial Sediment Concepts" (Guy, 1970, p. 
24), the distance downstream from a confluence 
for complete mixing depends on the stream 
velocity, depth, and mixing width. If the flow at 
a sediment-measuring site is not mixed, then 
extra samples will be required on a continuing 
basis because the relative flow quantity and 
sediment concentration from the two tributaries 
will change with time.

Aside from the confluence or tributary prob 
lem, the type of cross section for both flow in 
the channel and on the flood plain may be im 
portant to the ease with which data can be ob 
tained and to the quality of the samples. The 
ratio of the suspended to total load and its vari 
ation with time can be greatly affected by the
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width-depth ratio, especially for sand-bed 
streams. For sites where the data are expected 
to be correlated with channel properties and the 
landforms of the region, a normal or average 
section should be used. When a fixed-routine 
sampling installation is used, a measuring sec 
tion at a bend may provide a more stable thal- 
weg and hence a more uniform adjustment 
coefficient with respect to time than one at a 
crossover. Sites in areas of active bank erosion 
should be avoided, however.

By economic necessity, most sediment-measur 
ing sites are at highway bridges. These bridges 
are often either constructed so that they restrict 
the flow width, or they may be located at a 
section where the channel is naturally restricted 
in width. Figure 19 (Culbertson, Young and 
Brice, 1967) illustrated the conditions at several 
kinds of natural and artificially induced flow 
constrictions. As expected, the sand-bed type 
of stream causes the most serious flow problems 
with respect to scour in the vicinity of such 
constrictions. Even if the bridge abutments do 
not interfere with the natural width of the 
stream, it may be supported by several mid 
stream piers that can interfere with the stream- 
flow lines and thereby reduce the effective 
cross-sectional area. As indicated in figure 19^, 
midstream piers can catch debris and thereby 
seriously interfere with effective sediment 
sampling.

Because sediment samples must be obtained 
more frequently during floods, it is imperative 
that a site be selected where it is feasible to ob 
tain data during times of flooding. That is, 
particular attention should be given to the ease 
of access to the water-stage recorder and a usa 
ble bridge or cable during a flood. Such ac 
cess takes on much more importance when a 
sediment station is involved than when the in 
terest is only for a water-discharge station. Also, 
because of the need to collect samples frequently 
during floods, many of which occur at night, 
sites accessible only by poorly maintained back 
roads or trails should be avoided, if possible. 
Sometimes the choice of a sediment-measuring 
site may be determined by the availability of a 
suitable observer to collect the routine samples. 

In choosing a sediment-measurement site, it 
should be emphasized that samples should be 
collected at the same cross section throughout

the period of record, if possible. This is not to 
say that separate sections may not be used dur 
ing the low-water wading stage and the higher 
stages that require the use of a bridge or cable- 
way. In this connection, sites should be avoided 
where highway or channel realinement or other 
construction is anticipated during the period 
of record. It should be emphasized that good 
photographs of proposed or selected sediment- 
measuring sites are necessary to help document 
such features as channel alinement, water sur 
face conditions at various stages, composition of 
bed and bank material (at low flow), and nat 
ural or man-made features which could affect 
the water discharge and (or) sediment-dis 
charge relations. Such pictures are particularly 
useful when deciding on alternatives among 
sites and in later consideration of environmental 
changes at the site (s).

Equipment selection and maintenance
Before a fieldman departs on a sediment-data 

collection trip, he should know what specific 
information is desired in order to assemble the 
proper equipment to collect the best samples 
and related measurements. For example, if 
data are needed for total load computation, 
equipment is needed for water-discharge meas 
urement, suspended-sediment sampling, and 
bed-material sampling. If suspended-sediment 
concentration and particle-size profiles are re 
quired, point samplers and water discharge- 
measuring equipment will be needed. Some of 
the special equipment used only at one location 
may be stored at the station in the gage house, 
with the observer, or in special storage shelters 
or boxes. It is possible, however, that a sampler 
or some support equipment may be damaged or 
stolen without the observer noticing or report 
ing it. Hence, it is necessary for the fieldman 
to carry repair equipment, spare parts (includ 
ing nozzles) and perhaps even an extra sampler.

The streamflow conditions and sampling 
structures (bridge, cableway, or other) deter 
mine more specifically which sampler or sam 
plers should be used at a station. Stream depth 
determines whether hand samplers such as the 
DH-48 or the BMH-53 or cable-suspended 
samplers such as the D-49 or the P-61 should be 
used. Depths over 15 feet (4.6 meters) should 
theoretically require the use of point samplers
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A NATURAL CONSTRICTION 
OF CHANNEL AT BEND 5. NATURAL CONSTRICTION OF 

CHANNEL BY RESISTANT BEDROCK

C. CONSTRICTION OF CHANNEL 
BY MASSIVE PIERS

D. EFFECTIVE CONSTRICTION OF 
CHANNEL BY LONG SKEWED PIERS

I I I M I I I I I

E. CONSTRICTION OF FLOOD 
PLAIN BY EMBANKMENTS

. CONSTRICTION OF FLOW BY 
ACCUMULATION OF DEBRIS

Figure 19. Examples of natural and artificially induced streamflow constrictions encountered at sediment-measurement
sites. From Culbertson, Young, and Brice (1967, p. 23).
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as one-way depth-integrating samplers to avoid 
overfilling or using too fast a transit rate. See 
pages 34 to 37. Stream velocity as well as depth 
are factors in determining whether or not a 
stream can be waded. When the product of 
depth in feet and velocity in feet per second 
equals ten or greater, a stream's wadability is 
questionable. Application of this rule will vary 
considerably among individuals according to 
weight and stature and to the condition of the 
streambed.

The depth-velocity product also affects the 
action of each sampler. The larger the product, 
the heavier and more stable the sampler re 
quired to collect a good sample. At a new sta 
tion or for inexperienced persons, considerable 
trial may be necessary to determine which 
sampler is best for a given stream condition. 
For example, if a sand-bed stream is wadable, 
it would be wise to use the DH-48 modified with 
the "foot" to avoid touching the downstream 
face of a sand dune with the sampler nozzle.

Before departing on the field trip or even 
before using equipment at the site, it is desir 
able to check several items, such as nozzles, 
gaskets, and air exhausts on samplers as well 
as the other necessary equipment. One needs to 
be certain that the nozzle in the instrument 
belongs to that instrument or series. See the 
guidelines presented in table 1 to determine 
whether the nozzle is correct. The correct 
size of nozzle to use for a given situation must 
often be determined by trial. As mentioned in 
the previous section, it is best to use the largest 
nozzle that will permit depth integration with 
out over filling the sample bottle or without 
exceeding the maximum transit rate (about 0.4 
the mean stream velocity). See page 34.

If a sample bottle does not fill in the expected 
time, the nozzle or air-exhaust passages may be 
partly blocked by such things as bug nests, or 
ganic material, or ice. The flow system can be 
checked by blowing through the nozzle with a 
bottle in the sampler. It is desirable to use a 
short length of 14-inch rubber tubing to blow 
into the nozzle because of contamination by pol 
luted water and because of possible freezing to 
the lips during cold weather. If air does not cir 
culate easily, or not at all, check the nozzle first 
to see if it is clear and remove and clean if neces 
sary. If the air exhaust is closed for reasons

other than being damaged or frozen, it can gen 
erally be cleared by using a flexible piece of mul- 
tistrand wire. Suggestions for clearing ice from 
the nozzle and (or) air exhaust are given on 
page 50. In checking the flow system of a 
point sampler, always be certain the valve mech 
anism is in the sampling position.

All support equipment to the samplers such 
as cranes, waders, taglines, and current meters 
should be examined periodically, and as used, to 
insure an effective and safe working condition. 
For example, be certain that the supporting 
cable to the sampler or current meter is fastened 
securely in the connector; if worn or frayed 
places are noted, the cable should be replaced. 
Power equipment used with the heavier sam 
plers and point sampler needs a periodic opera 
tional check and battery charge. The point 
sampler should also be checked on the shore im 
mediately before use to determine, among other 
things, if the valve is opening and closing prop 
erly. Such precautions will avoid unnecessary 
exposure to traffic on the bridge and will avoid 
lost time if repairs and adjustments are 
necessary.

Maintenance of samplers and support equip 
ment will be facilitated if a file of instructions 
for assembly, operation, and maintennace of 
equipment can be accumulated in the field of 
fice. Such a file could include reports of 
F.I.A.S.P. (1958,1964,1965) as well as reports 
on support equipment from the Instrument De 
velopment Unit, Water Resources Division, 
Columbus, Ohio.

Routine suspended-sediment sampling 
methods

Number of verticals

Some of the details of equipment selection 
and maintenance previously mentioned may de 
pend on the required location and number of 
suspended-sediment sampling verticals at a 
measuring site, which in turn, may depend on 
the kind of information needed in relation to 
the physical aspects of the river. For example, 
if it is desired to determine the distribution of 
sediment concentration or particle size across 
the stream, then it is necessary to sample at sev 
eral verticals. The number of verticals for such 
a cross-sectional distribution depends on the
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accuracy being sought and on the variation of 
sediment movement across the stream.

It was noted previously (p. 5) that sus 
pended-sediment samplers are designed to ac 
cumulate a sample that is directly proportional 
to the stream velocity. The 'accumulated sample 
may be from a point in the stream section, a 
vertical line between the surface and the stream 
bed, or several such vertical lines across the en 
tire stream section. Such a sample can then be 
considered to be representative of some element 
of cross-sectional flow whether it be a few square 
feet adjacent to the point sample, a few square 
feet adjacent to both sides of a vertical line, or 
the area of the entire flow summed by several 
vertical lines. Samples of 'sediment concentra 
tion obtained by integration with the flow can 
then be used with the flow rate in the given 
cross section to compute the sediment discharge. 
For example

where Qs = sediment discharge in English short 
tons per day,

Qw = water discharge in cubic feet per 
second,

Cs = discharge-weighted mean concentra 
tion in mg/1, and

k =0.0027 (for concentration in mg/1).

A discharge-weighted mean concentration is 
different from a spatial concentration (Guy and 
Simons, 1964). A spatial concentration, while 
not routinely obtained, requires only the average 
of several point concentrations representing 
equal areas of the stream cross section. Such a 
spatial concentration is sometimes used to de 
fine the specific weight of the water-sediment 
mixture over the bed of the stream.. Depth-in 
tegrated samples cannot be used to determine 
spatial concentration; however, the reverse is 
true because point samples can be used to com 
pute the rate of sediment discharge moving 
through a cross section if the flow rate at each 
sample point in the cross section is known.

In addition to the need to determine the 
quantity of suspended sediment in transport, or 
perhaps the spatial concentration, it is also 
necessary to determine some of its other charac 
teristics, such as particle-size gradation. For

determination of the particle-size distribution, 
the suspended-sediment sample must contain 
enough sediment for the laboratory analysis (p. 
43. Also, a number of verticals must be sam 
pled to adequately represent the cross section in 
the sample. The number of sample bottles to be 
collected will depend on the kind of analysis to 
be made in the laboratory, and the location of 
the sampling verticals will depend on the con 
centration and size distribution of sediment 
moving across the stream cross section.

Streamflow and channel conditions may 
change considerably with time, and therefore, 
adjustments in any prearranged program must 
be made as necessary. This requires not only a 
check on the observers' past work, but also con 
siderable communication with the observer to 
insure that proper adjustments can be made as 
necessary to obtain the desired record. Such 
communication and checking, usually oral, may 
be useful in determining corrections needed for 
possible bias in the observers' samples. It is 
usually easy to assess the nature of the stream 
changes because nearly all sediment-measuring 
stations are located at or very near water-dis 
charge measuring stations.

Single vertical

For streams with a stable cross section and a 
rather uniform lateral suspended-sediment dis 
tribution, sampling at a single vertical usually 
will be adequate. If the sampling site is at a 
highway bridge, the sampler may be housed at 
a fixed installation extending from the bridge 
rail. When a cableway site is used, the fixed 
vertical at which the sample is to be taken is 
painted on the tram cable.

Most observers use fixed vertical installations 
from which to take their samples during almost 
all conditions of flow. After opening the box 
or sampler housing, the observer inserts a clean 
sample bottle into the sampler and as previously 
mentioned, checks to see that there are no ob 
structions in the air and exhaust tubes. The 
sampler is then lowered to the water surface so 
that the nozzle is above the water and the tail 
vane is in the water for proper upstream-down- 
stream orientation of the sampler. After ori 
entation of the sampler, depth integration is 
accomplished by lowering the sampler to the 
streambed at a constant or uniform transit rate.

373-554 O 70-
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When the bottom of the sampler touches the 
streambed, the operator immediately reverses 
the sampler direction and raises the sampler 
to clear the surface of the flow at a constant 
transit rate. The transit rate used in raising 
the sampler need not be the same as the one 
used in lowering, but in order to obtain a ve 
locity or discharge-weighted sample, both rates 
must be constant. The rates should be such that 
the bottle fills to near its optimum level (ap 
proximately 3 inches below the top or 350^100 
grams for the pint milk bottle). When a stream 
is shallow or the velocity is low, it is generally 
easier and more accurate to make the round 
trip from the surface to the bed and return 
more than once to obtain the desired quantity 
of sample.

For streams that transport heavy loads of 
sand and perhaps in some other streams, the 
observer should take at least two bottles or 
complete depth integrations as close together 
in time as possible. Each bottle constitutes a 
sample, but for the purposes of the record, 
two or more bottles are sometimes composited 
in the laboratory, or otherwise averaged, where 
by they are called a set. This set is then a sample 
in time with respect to the record. Individual 
bottle analyses that yield two or more samples 
for a given observation are useful to indicate 
the variation between bottles an obvious ad 
vantage in the event that one bottle is in error 
with respect to concentration. Every bottle or 
sample should be inspected visually immediately 
after collection by swirling the water in the 
bottle and observing the quantity of sand par 
ticles collected at the bottom. If there is an 
unsually large quantity or a difference in the 
quantity of sands between bottles, then another 
sample from the same vertical should be taken 
immediately. The sample suspected of having 
too much sand should not be discarded; but in 
stead, an explanation such as "too much sand" 
should be clearly written on the bottle. If by 
chance a bottle is overfilled, that is closer than 
iy2 inches (4 cm) from the top or if a spurt 
of water is seen coming out of the nozzle when 
the sampler is raised past the water surface, 
then the sample should be discarded. A clean 
unused bottle is to be used for each sample. Fur 
ther discussion concerning field inspection of 
samples is given on page 45.

To help avoid the problem of striking the 
nozzle into a dune or settling the sampler too 
deeply into a soft bed, it is recommended that 
a slow downward integration be used after 
which a more rapid upward integration can 
then be used. Because most of the sand is trans 
ported near the bed, it is essential that the 
sampler transit be immediately reversed after 
it has touched the bed.

Pertinent information as shown in figure 20 
must be available with each bottle for use in the 
laboratory and for compilation, of the record. 
As shown in figure 20, most districts provide 
an etched area on each bottle on which a 
medium-soft lead (blue or black) or wax pencil 
can be used. Other districts use plain bottles and 
attach tags for recording the required informa 
tion. The required information may be recorded 
on the bottle cap if there are no other alterna 
tives, but this should be avoided because of the 
small writing space and because of the possibil 
ity of putting the cap on the wrong bottle. See 
page 11 for further information concern 
ing bottles.

During high flows when the depth exceeds the 
theoretical 15-foot limit, the observer should try 
to obtain a sample even though the recom 
mended transit rate may be somewhat exceeded. 
The practical sampling depth limit can be more 
than the theoretical limit if the stream velocity 
is not too high and especially if the suspended 
sediment is mostly silt and clay. Under these 
conditions the intake velocity in the nozzle may 
be somewhat different from the stream velocity, 
and therefore a true depth integration may not 
be obtained and the resulting sample may con 
tain some error in the concentration of the sand- 
sized particles.

The best location in the cross section for a 
single-vertical sediment sample is determined 
by trial. Generally each new sediment-record 
site is carefully investigated by means of several 
detailed sediment-discharge measurements to 
determine the concentration of sediment across 
the stream at different times. The sediment- 
discharge measurement to determine the cross- 
sectional distribution of concentration can 
be made using either the equal-discharge- 
increment (EDI) method or the equal-transit- 
rate (ETE) method. Details of these methods 
are explained on pages 31 to 33.
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If water exceeds this level, 
discard sample and obtain 
another in a clean bottle

Desired range for water level

Etched writing area

If water is less than this level, 
integrate again using transit rate 
at least as fast as first time

Mark with a soft blue or black pencil

Figure 20. Diagram of sample bottle showing desired water levels and essential recorded information. 
Sometimes other information concerning type of sampler used, the section location, and stream 

conditions should also be noted.

The sample concentrations from the sediment- 
discharge measurement are plotted, and a 
vertical, or stationing point that yields a con 
centration most nearly equal to the average is 
determined. The routine sampling vertical 
should be located at or near this point, but at 
least 10 feet (3m) from any supporting pier. 
For the first several months of sampling at a 
station, the results from the fixed vertical

should be compared to frequent cross-sectional 
sampling by technical or professional field 
personnel.

The number of verticals required in the cross 
section for the sediment-discharge measure 
ment depends on the width and discharge of 
the river as well as the concentration variation 
across the width at the time of sampling. See 
page 40. Additional samples are collected at
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the single vertical, both before and after each 
cross-section sample. These samples then form 
the basis of a coefficient that may be needed to 
adjust the concentration of the fixed vertical 
samples. This adjustment coefficient, or compar 
ison of the routine single vertical with the 
cross section, is determined by computing the 
ratio of the average concentration of cross- 
section samples to the average concentration of 
single-vertical samples. This ratio can then be 
applied, if necessary, to the daily samples taken 
between sediment-discharge measurements. If 
the coefficient is consistently above or below 
unity, it may be desirable to change the posi 
tion of the fixed routine sampling installation 
to a location where the coefficient would be at or 
near unity. Generally, coefficients within five 
percent of unity are not applied unless they are 
consistently high or low for long periods of time. 
Guy (1968) illustrated methods for determining 
the quality of the coefficient and the number of 
samples needed in a sample set. (See pages 37 
to 40.) Porterfield (1970) gave further de 
tail on how coefficients are used in the compu 
tation of sediment records.

After the initial trial period, detailed sedi 
ment-discharge measurements by either the 
EDI or ETR methods are generally needed 
only during and following periods of flood flow 
or following other events that may cause chan 
nel changes. More frequent measurements are 
necessary during high water periods when a 
major change in the coefficient may occur and 
when additional samples are needed for 
particle-size analysis.

Multivertical

The distribution of sediment concentration 
and bed roughness across sand-bed streams can 
vary markedly with distance across the stream 
and with time because of changes in the bed 
form that may vary from a smooth firm surface 
to a very pronounced dune or antidune form 
(Simons and Richardson, 1966; Guy, Simons, 
and Richardson, 1966). Thus, it is often unre 
alistic to try to relate sediment concentration 
for the entire cross section to concentration at. 
a single vertical in a sand-bed stream.

A realistic "daily" sampling program for a 
wide sand-bed stream may require sampling at 
two to five or more verticals. When samples are

taken from a bridge structure, it is common 
practice to use a movable sampling crane which 
can be housed in a small shelter at the end of 
the bridge. Locations of the routine multi- 
sampling verticals can be determined in the 
same manner as already described for the single- 
vertical locations, or they may be located at the 
centroids of equal increments of the stream dis 
charge. As the stream changes with flow rate 
or with season, it may be necessary to move the 
sampling stations from time to time. For some 
streams, the ETR method should be used rou 
tinely (p. 32) if a high level of accuracy is 
required for the sediment record.

On sand-bed streams where an accurate sedi 
ment-discharge record is needed, the observer 
may be required to sample the stream several 
times each day with the specified multivertical 
sets of samples. On streams where the sampling 
effort is more limited, the observer may be in 
structed to use his discretion in the number of 
observations to be made and in the number and 
location of verticals to be sampled. Regardless 
of the intensity of the effort, the observer would 
sample verticals located at the estimated cen 
troids of equal discharge or use the ETR 
method. Each sample or bottle then, represents 
the sediment being carried by each particular 
increment of discharge across the section.

Sediment-discharge measurements
The previous discussion was concerned with 

the way in which routine suspended-sediment 
samples are obtained on a daily or more frequent 
basis. As implied, the routine samples may or 
may not yield concentrations truly representa 
tive of the mean suspended-sediment concentra 
tion for the entire cross section. A representative 
suspended-sediment concentration for the entire 
cross section is desired for the purpose of deter 
mining instantaneous concentrations and sedi 
ment discharges at monthly or intermittent 
stations, for comparing cross-sectional sus 
pended-sediment concentrations with that ob 
tained by observers at one or more verticals, and 
for computations of total sediment transport or 
bed load.

Ideally, the best procedure for sampling any 
stream for sediment concentration, as related 
to discharge, would be to collect the entire flow 
of the stream for a given period of time, evap-
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orate the water, and weigh the sediment. Ob 
viously, there are few instances where such a 
method could be employed. Instead, the sedi 
ment concentration of the flow is determined 
by obtaining depth integrated suspended-sedi 
ment samples either by the method of the cen- 
troids-of-equal-discharge increments (EDI) 
across the stream, or the method of equally 
spaced verticals across the stream and an equal- 
transit-rate (ETK) at all verticals.

The EDI method

The EDI method, in which samples are ob 
tained at the centroids of equal discharge incre 
ments, is usually limited to streams with stable 
channels where discharge ratings change very 
little during a year. The method requires that 
the fieldman have some knowledge of the stream- 
flow distribution in the cross section before sam 
pling verticals can be selected. If such knowledge 
can be obtained, the EDI method can save time

and labor over the ETE method, especially on 
the larger streams, because fewer verticals are 
required.

To make the EDI measurement when prior 
flow knowledge is not available or applicable, 
it is necessary to determine first the total dis 
charge of the stream in increments across the 
.channel. This is done in accordance with meth 
ods described by Carter and Davidian (1968) 
and Buchanan and Somers (1969). From a 
discharge measurement, a graph is drawn of 
cumulative discharge in percent of total dis 
charge versus distance from the left or right 
bank or the station numbers on the cableways 
or bridges. (See fig. 21.) A decision is then 
made, or was made in the office, as to the number 
of verticals required to adequately define the 
suspended-sediment concentration across the 
stream. For example, if only four verticals are 
needed, then a sample would be taken at the 
stations where for a given discharge, the mid-
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Figure 21. Cumulative percentage of the total water discharge for three rates of flow with distance across a stream section. 
The graph is used to estimgtethe location of the centroids-of-equal-discharge increments. Gage height in feet; flow rate in 
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point of accumulation (centroids) of discharge 
increments of 25 percent occur, that is, at sta 
tions of cumulative discharges of 12, 38, 62 and 
88 percent.

At each of the desired centroid stations, two 
or more bottles are taken by the depth-integra 
tion method to represent two or more cross- 
section samples. Thus, the contents of each 
bottle is proportional to 25 percent of the water 
discharge for each respective sample. If the two 
(or more) sets of samples are to be analyzed only 
for the total concentration across the stream, 
then laboratory time can be saved if each bottle 
has nearly the same quantity of sample so that 
the four bottles representing the total flow (each 
sample) can be composited. The EDI method 
is also discussed in "Inter-Agency Eeport 14" 
(F.I.A.S.P.,1963b,p.41).

On most streams, where the EDI method is 
used many times each year, a set of curves is 
drawn for several rates of water discharge or 
stages of flow. These can then be transformed 
into a set of sampling instructions which are 
kept in the stage-recorder shelter at the site or 
in the field vehicles.

Sand-bed streams characteristically shift rad 
ically at single points and from one side to the 
other, both over a period of weeks or in a mat 
ter of hours. This not only makes it impossible 
to establish percentage-discharge curves appli 
cable from one visit to the next, but one cannot 
be certain the discharge distribution does not 
change between the water-discharge measure 
ment and the sampling for the sediment meas 
urement. (See Guy, 1970, fig. 15.) Obviously, 
for sand-bed streams and for new sediment- 
measuring sites, the main disadvantage to the 
EDI method is that a water-discharge measure 
ment must precede the sediment-discharge 
measurement. However, in some instances where 
detail is not required, it may be possible for 
the fieldman to estimate equal increments of 
flow and sample at their centroids without a de 
tailed water-discharge measurement.

The ETR method

A cross-sectional suspended-sediment sample 
obtained by the ETK method requires a sample 
volume proportional to the amount of flow at 
each of several equally spaced verticals in the

cross section. This equal spacing between ver 
ticals across the stream and an equal transit 
rate (ETR), both up and down in all verticals, 
yields a gross sample proportional to the total 
streamflow. Obviously, it is necessary to keep 
the same size nozzle in the sampler for a given 
measurement. This method was first used by 
B. C. Colby in 1946 (F.I.A.S.P., 1963b, p. 41) 
and is used most often in shallow and (or) sand- 
bed streams where the distribution of water dis 
charge in the cross section is not stable.

The number of verticals required for an ETR 
sediment-discharge measurement depends on the 
streamflow and sediment characteristics at the 
time of sampling as well as on the desired accur 
acy of the result. On many streams, both statis 
tical approaches and experience are needed to 
determine the desirable number of verticals. 
Until such experience is gained, the number of 
verticals used should be on the high side for 
each set, even though the result may be over- 
sampling. Through general experience with sim 
ilar streams, the fieldman can estimate the re 
quired minimum number of verticals to yield a 
desired level of accuracy. For all but the very 
wide and shallow streams, twenty verticals are 
usually ample. See page 40 for more ex 
planation on determining the number of ver 
ticals to be used for the ETR method.

The width of the segments to be sampled or 
the distance between verticals is determined by 
dividing the stream width by the number of 
verticals decided upon. The stream width, of 
course, is determined from a tagline stretched 
across the stream or from station markings on 
cableways and bridge railings. For example, if 
the stream width is 174 feet and the minimum 
number of verticals needed is 10, then the width 
of segment to be sampled is 17.4 feet. To be 
practical, and since 10 verticals is the minimum 
number of verticals, the fieldman would use a 
vertical spacing of 15 feet. The location of his 
first vertical would theoretically be at station 
7.5 feet. However, again to be practical, he 
might take the first sample at 7 feet. Then, the 
second vertical would be at 7 + 15=22 feet and 
so on, thus sampling at the midpoint of flow 
segments 15 feet wide. The next to last segment 
would end at 11X15 = 165 feet leaving a final
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segment of 9 feet wide versus the initial seg 
ment of 14 feet. The last sample would then be 
taken at 165 + %=169 feet. A final section of 
9 feet versus the standard 15 feet is not ideal; 
but usually, the sampling results will not be 
measurably affected because the amount of flow 
in the segments near the banks is usually small 
in comparison with the midstream segments.

Because the maximum transit rate must not 
exceed QAVm (fig- 22), and because the mini 
mum must be sufficiently fast to keep from over 
filling any of the sample bottles, it is 
evident that the transit rate to be used for all 
verticals is limited by conditions at the vertical 
containing the largest discharge per foot of 
width (largest product of depth times velocity). 
A discharge measurement can be made to deter 
mine where this vertical is located, but gener 
ally it is estimated by sounding for depth and 
acquiring a "feel" for the relative velocity with 
an empty sampler or wading rod. The transit 
rate required at the maximum discharge verti 
cal must then be used at all other verticals in 
the; cross section and is usually set to fill a bottle 
in a round trip. At verticals containing less than 
half the flow of the maximum vertical, it is 
possible to sample two or more such verticals 
in a given bottle.

In slow-moving water it is sometimes tiring 
and awkward to use an extremely slow transit 
rate, especially when using a handline or when 
wading. Under such circumstances, it may be 
advisable to increase the transit rate and make 
two or more trips in each vertical. This gener 
ally results in a more "natural" transit rate and 
provides a better averaging of possible varia 
tions. In streams with very low velocities in the 
maximum flow section, the sediment is generally 
fine material and the sampled concentration 
would be unaffected by a possible transit rate 
somewhat faster than OAVm in some verticals.

The ETR method has some important advan- 
tags over the EDI method. First, it is apparent 
that a previous water-discharge measurement 
is not required. In fact, the method makes it 
possible to compute an approximate water-dis 
charge rate for the stream if the vertical spac 
ing, the stream depth at each vertical, the length 
of time the sampler is in the water, and the vol 
ume of sample is recorded. This is possible be

cause the water enters the sample bottles at the 
immediate stream velocity and thus, the gross 
sample volume is proportional to the integrated 
velocity in the verticals. The mean velocity of 
the flow sampled in the vertical or verticals, FOT , 
can be determined by the equation

Vm=V/Tt
An

where V= volume of the sample,  
Tt= total transit time to obtain sample^

and
A n= cross-section area of nozzle. 

If transit rates near QAVm are used, it might 
be desirable to adjust Vm for the angle at which 
the velocity of stream enters the nozzle by the 
formula ' 

Vmc =Vm cos d

, . . . 2 X depth at vertical where o=Arcsm . ...     ?     r--
of transit

The discharge of the stream is then simply 
the summation of the velocity and area product 
for each sampled segment of the stream. 
Another advantage of the ETR is that analysis 
time and effort can be saved in the laboratory 
because the sample bottles can be composited 
to give one cross-sectional sediment concentra 
tion and (or) particle-size gradation. (See Guy, 
1969) The ETR method, can often be taught 
to daily observers more easily than the EDI 
method.

Point-sampler techniques

Point samplers are used in streams where 
depth exceeds the recommended 15 feet for a 
round trip with depth integrating samplers 
and where the combination of depth and velocity 
cause the bottle to overfill at the maximum 
allowable transit rate. Sometimes the velocity is 
too high for the lighter samplers to be stable. It 
is seldom practical for local observers to use the 
point samplers.

Either the EDI or ETR sediment-discharge 
methods are applicable for the point sampler 
when it is used for depth integration. Stream 
depths as much as 30 feet can be handled with 
point samplers by integrating the depth in only 
one direction at a time. Generally, the sampler
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is first lowered to the streambed (with the in 
take closed) at which time the depth is de 
termined. This then makes it possible to estimate 
a transit rate to yield the desired sample quan 
tity. Upward integration from the bottom is 
maintained at a given transit rate immediately 
upon opening the intake nozzle.

At least two bottles should be obtained at a 
given vertical. If the first is from bottom to top, 
then the other should be taken on a descend 
ing trip because it has been shown by tests in 
the Colorado River (United States F.I.A.S.P. 
1951, p. 34) that downward integration in 
creases the intake ratio by about 4 percent and 
upward integration decreases the intake ratio 
by about 4 percent. As already mentioned, the 
upward and downward transit rates at a given 
vertical for the EDI method need not be the 
same; but for the ETE, method they must logi 
cally be identical.

Depths between 30 and 60 feet are sampled 
in four steps by using four bottles instead of 
two. The first step is accomplished by lowering 
the closed sampler to the bottom and noting 
the depth. After opening the nozzle, the sam 
pler is raised at a predetermined transit rate to 
an even foot at about ; one-half the depth, at 
which point the nozzle is immediately closed. 
The remaining trip to the surface can be made 
at any desired speed. The bottle is then removed 
and labeled. For the second step, a clean bottle 
is inserted and the sampler is again lowered, 
but only to that depth where the nozzle was 
closed on the ascending trip. At this point, the 
nozzle is again opened, and the upper part of 
the flow is sampled while ascending at the 
identical transit rate used in the lower part. The 
third and fourth steps are to sample the upper 
then the lower parts of flow in descending trips 
at a transit rate dictated by the method being 
used. For depths of over 60 feet, more steps 
must be used, as needed.

In addition to the usual information (fig. 20), 
the label on each bottle should indicate the 
segment or range of depth sampled and whether 
it was taken on a descending or ascending trip.

Point-integrating samplers are sometimes 
used to obtain sample concentration at several

points or levels in the vertical from which the 
distribution of sediment concentration in a 
vertical can be defined. A weighted sediment 
concentration can be obtained by integrating 
the concentration curves from such point sam 
ples with the velocity distribution. This method 
of computing the mean sediment concentration 
and discharge is very time consuming and ex 
pensive, and therefore, point sampling is usually 
reserved for special studies. See F.I.A.S.P. 
(1963b, p. 46-51) for detailed discussion on 
methods of point sampling.

Transit rates in suspended-sediment 

sampling

The sample obtained by passing the sampler 
throughout the full depth of a stream is quan 
titatively weighted according to the velocity 
through which it passes because suspended- 
sediment samplers take in water and sediment 
at the immediate stream velocity. If the sam 
pling vertical can represent a specific width of 
flow, the sample is considered to be discharge 
weighted because with a uniform transit rate 
each increment of velocity or discharge in the 
vertical is given the same amount of time to 
enter the sampler. Logically, then, this is the 
reason that in previous writings the point was 
made to keep the transit rate of the samplers 
constant throughout at least a single direction 
of travel.

Also, as mentioned previously, if the sampler 
were held in a stationary position in the stream, 
then the lines of flow entering the nozzle would 
make a zero angle to the nozzle. However, be 
cause a rigidly held sampler is in vertical mo 
tion during sampling, the lines of flow must 
enter at an angle greater than zero whereby 
the effective velocity of the water entering the 
nozzle is reduced. This reduction in velocity 
affects the concentration of the sample and be 
comes important when the transit rate (Ft) 
exceeds four-tenths the mean velocity (0.4 Vm ) 
in the vertical. In addition to the limit by the 
angle, the downward transit rate is also theoret 
ically limited by the rate of air compression in 
the bottle. If the air compresses at a rate faster
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than the bottle is filled on a downward trip, 
hydrostatic pressure will force an increase in 
the intake velocity, or perhaps entry of water 
through the air exhaust.

An alinement graph is given in figure 22 for 
which the average sampler transit rate and tran 
sit time from the stream surface to the bed and 
return can be determined, given the depth of 
the sampling vertical and the mean volocity of 
the flow in the vertical. The example on the 
graph shows that a vertical 7.8 feet deep flow 
ing at 4.0 fps (feet per second) requires a tran 
sit rate of 0.85 fps if a % 6 -inch nozzle is used 
and. 1.5 fps if a i/4-inch nozzle is used. The total 
transit time for each nozzle would be 11 and 18 
seconds, respectively.

When the sampler touches bottom during 
round trip integration, one-half of the time al 
lotted to filling the bottle should have passed. 
When using the EDI method for a sediment dis 
charge measurement or when sampling at a 
single vertical, if more or less than one-half the 
time has elapsed, the sampler can be raised at a 
constant but somewhat faster or slower rate 
than on the downward trip in order that the

'. 'vlC1 ' "  -'

average for the roiand trip will be the desired 
rate. This assumes that the transit rate limita 
tions with respect to approach angle at the 
nozzle and air compressibility are not exceeded. 
When water-discharge data are not available, 
the first bottle of a sediment-discharge measure 
ment in a cross section for the EDI method is 
taken by trial and error, and the transit rate at 
succeeding verticals can be adjusted according 
to the estimated conditions (depth and 
velocity).

Additional explanation and qualifications 
with respect to the transit rate for suspended- 
sediment sampling include: 
1. For cable-suspended samplers, the instanta 

neous actual transit rate, V*a, may differ 
considerably from the computed rate, V<, 
if Vm exceeds about 6 fps and if the sam 
pler is suspended from more than 20 feet 
above the water surface. Under such condi 
tions, the sampler is dragged downstream 
and the indicated depth is greater than the 
true depth. Corrections for indicated depth 
are given by Buchanan and Somers (1969, 
p. 50-56) for various angles and lengths of

sounding line used for suspension of a 
weight in deep, swift water. The corrected 
depth would then be used to enter in figure 
22 to determine the needed transit rate.

2. The allowable V* may be greater than 0.4 Vm 
and sampling depth thereby increased if 
the sampler is cable suspended and capable 
of tilting itself somewhat in the direction 
of vertical movement. On the other hand, 
where the sampler cannot tilt, where the 
velocity at the bottom of the vertical is 
much less than V , and where there is a 
heavy concentration of suspended sand 
near the bed, the use of a V* value that 
nears this limitation may cause V* to ap 
proach or even exceed the actual V near the 
bed and thus cause an excessive error in the 
intake of sand particles. The approach- 
angle theoretical depth limits will of course 
be less if either the downward or the up 
ward transit rates, V«d or Vtu are different 
from Vf.

3. The indicated lower limit, because of air 
compression, is based on the assumption of 
a uniform velocity distribution in the ver 
tical. Where the velocity is considerably 
greater than the mean in the upper part 
of the vertical, the lower limit can be in 
creased somewhat. The air compression 
lower limit can also be increased by using 
a downward transit rate, V*d, that is less 
than the indicated V* and then to compen 
sate for the extra filling of the bottle on the 
downward trip by using an equally greater 
upward transit rate, V< M . For example, 19.5 
feet may be sampled with an %-inch nozzle 
if where Vt = 1.2 is indicated (for Vm=5) 
by using Vt<z=0.9 and V<tt=1.5

4. Because of possible greater deviation from 
the ideal relation of intake velocity to 
stream velocity of 1.0, the %-inch nozzle 
should not be used if there are significant 
quantities of sand larger than 0.25 mm in 
suspension. The %-inch nozzle is also less 
reliable than the larger nozzles where 
small roots and other organic fibers are 
suspended in the flow.

5. In the event that the sampler accommodates 
a quart-sized bottle, half the indicated Vt 
can be used. With the quart-sized bottle,
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Figure 22.' Round trip (stream surface to bed and return) suspended-sediment sampler transit rate and transit time for 
1A-, %&-, and %-inch intake nozzles, given the sampling depth and mean velocity of flow. The assumed volume 
of sample is equal to 395 cc and the sampling ratio is equal to 1.0.
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the depth limit for the ^4-inch nozzle, 
where 7^0.4 Fwt, may be computed to 
be 16.4 feet. In practice, however, the 15.5- 
foot limitation because of air compression 
should apply unless the exceptions in 
dicated in 3 (above) can 'be applied. 

Sometimes, when sampling suspended sedi 
ment for a bed-load or total-load computation, 
unusual cross-section and streambed conditions 
may require a change or break in the transit 
rate used in an ETK measurement. This is de 
sirable where a small part of the section carries 
a large part of the total discharge and where 
the stream can be divided into two parts and 
analyzed as "two" streams. Two or more transit 
rates may also be desirable in a section where 
a marked change in bed-material size from one 
side to the other or where a braided stream 
occurs. However, it should be kept in mind that 
the practice of changing transit rates in the 
"middle of the stream" is not desirable unless 
it will improve the resulting data. Bottles and 
field notes should be labeled with a full ex 
planation of why and how the change was made. 
Also, if such a change in transit rates is neces 
sary, no part of the sample from the two dif 
ferent transit rates should be accumulated into 
the same bottle.

Quality control for suspended-sediment 
sampling

Suspended-sediment samples collected at a 
given time and location will vary one from an 
other depending on many factors, the most im 
portant of which is the relative amount of sand 
moving in the sampling zone. The sand trans 
port is most variable when the bed is in the 
dune regime. The fine-sediment concentration 
will not vary appreciably, in a random way, at 
a section where the flow from upstream tribu 
taries is well mixed. The fine-sediment concen 
tration is more likely to vary systematically 
with time, that is, gradually increasing or de 
creasing according to its rate of input to the 
stream system and its routing with the flow to 
the sampling site.

Most stream measuring sites include a mix 
ture of both fine and coarse sediment in the 
sampling zone. Therefore, even though the

mean concentration is relatively uniform, we 
can expect a natural concentration variation 
that will affect the quality of the mean concen 
tration computed from two or more observa 
tions of such concentration. A convenient 
method for evaluating the quality of the mean 
of a group of samples is given by Guy (1968). 
Likewise, the quality of the mean of the two 
different groups of samples used to compute 
the adjustment coefficient affects the quality of 
the coefficient. The quality of the coefficient is 
determined from a simplified computation, 
procedure and an alinement chart.

Quality of a group mean

The procedure outlined by Guy (1968) to 
determine the quality of a mean of a group 
requires only that the data be tabulated as illus 
trated below, the data converted to a base of 
100 (the percentage each observation is of the 
mean), the sum of the squared deviations from 
base 100 be determined, and these data entered 
on the alinement chart (fig. 23). The resulting 
quality of the mean for the group is at the 90- 
percent level of significance. Other levels can be 
computed by use of the factors given on the 
alinement chart.

Measured 
observa 

tions

643 
618 
593 
649 
587

.......... 3090 .

.......... 618 .

Base of 100

Observa 
tions

104 
100 
96 

105 
95

Squared 
deviations

16 
0 

16 
25 
25

82

Quality of a coefficient

As previously mentioned, two groups of data 
are involved if it is desired to compute the qual 
ity of a coefficient for adjusting the concentra 
tion of daily or routine samples. The groups, 
of course, would consist of a list of the con 
centrations of the single-vertical samples and 
the concentrations of sediment-discharge meas 
urements. Study of the following example and 
other sets of data show that when either or both 
of the groups have considerable internal varia 
tion, then the coefficient must be rather large to
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Figure 23, Alinement chart to determine the quality of the 
mean for a group of samples given the sum of squared 
deviations at the 90-percent level of significance. The 
quality of the mean for other levels is obtained by use of 
the factors shown/After Guy (1968, p. B166).

be significant. Also, it is evident that when only 
one or two samples are available for each group, 
the results of a coefficient may be questionable. 
Therefore, when making a sediment-discharge 
measurement for the purpose of defining a co 
efficient, it is desirable to obtain the samples so

that two or more mean concentrations can be 
determined for the cross section. Also, since it 
is relatively easy to obtain and analyze samples 
at the routine or daily vertical, it is desirable 
to obtain at least two bottles before the measure 
ment and at least two afterward, thus giving at 
least four concentrations at the routine sam 
pling vertical for application to study and defi 
nition of the coefficient.

The quality of the coefficient is determined 
by expansion of the methods just used to deter 
mine the quality of the mean of a single group. 
The tabulation below and the alinement graph 
(fig. 24) are sufficient to illustrate the method. 
In this example, two cross-section concentra 
tions and four single-vertical concentrations are 
used. Again, figure 24 gives the quality of the 
coefficient in terms of the 90-percent level of 
significance, and a table of factors is given to 
convert to other levels. The term "degrees of 
freedom" is defined as two less than the total 
number of samples or concentration observa 
tions in both groups.

The variation among samples for the deter 
mination of the quality of a coefficient can be 
used with figure 24 to estimate the number of 
samples or concentration determinations needed 
to yield a coefficient of a different quality. The 
results from the above example using two and 
four samples have a pooled sum of squared 
deviations Sd2 =44 and a quality of about ±6 
percent. It is expected that a given stream will 
yield a similar variation from time to time and 
therefore 2d2 will be directly proportional to 
the number of sample concentrations. On the 
basis of this example, if a coefficient quality of 
4 percent instead of 6 percent is desired, then 
it is possible to determine the number of samples

Sample groups

Cross section __________________________

Single vertical _.__._.._ ___._____.____.

Base of 100

centrations Concentrations Sum of squared 
(mg/1) deviations

I7151 720------------------- \725/ 72U 

(624 
J6061 finn_______________ __- S«rww «UU|600[ 
[570J

/ 99 
1101 
fl04 
JlOl 
1100 
I 95

1 
1 

16 
1 
0 

25

44 (total)
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needed by working backward through trial and 
error in figure 24. A line roughly parallel to 
the example line from 4 percent gives a 2d2 
of about 80 to 100 and indicates that about 
twice as many samples are needed as used in 
the example yielding the 6 percent error. 
Therefore, the combinations of numbers of 
samples for satisfactory use would be 3 and 8, 4 
and 6, and 2 and 10. These combinations would

theoretically yield Id2 of yX44=81,  

X44=73, and -|x44=88. The alinements from 
b

these 2d2 values through the respective sample 
combination show the first two (3 and 8, and 
4 and 6) to be less than the 4 percent value and 
suitable for use, whereas the third combination 
(2 and 10) would provide a quality of about 4.2 
percent and therefore is of more questionable 
use.

Number of sampling verticals needed

In the quality comparisons of the means of 
sample groups and the adjustment coefficients 
already discussed, it was assumed that com 
parative groups or coefficients would be obtained 
from similar random samples of the same kind 
of population and sampling technique. Because 
of the possible systematic variation of sediment 
concentration at different verticals across the 
stream, an important question remains as to 
the number of sampling verticals needed for a 
sediment-discharge measurement of a desired 
accuracy.

Both the EDI and ETR methods of sediment- 
discharge measurement obtain a volume of sam 
ple at each vertical weighted with the water 
discharge for that vertical. The volumetric sum 
from all verticals yields a sample volume pro 
portional to the water discharge for the stream. 
Eemember, as mentioned previously, that all or 
nearly all the concentration variation at dif 
ferent verticals across the stream will be the 
result of sand-sized material, and that finer 
sediments are uniformly dispersed throughout 
the section unless the section is close to a tribu 
tary and mixing is not complete. Measuring 
sections near such tributaries should be avoided.

Colby (1964) showed that the discharge of 
sand varies as about the third power of the mean 
velocity for constant temperature and particle- 
size distribution within a range of velocity 
from about 2 to 5 feet (0.6 to 1.5 m) per second 
and within some reasonable range of depth. 
Thus, q_ s =kiV3) in which qs is the discharge of 
sand per unit width, ki is a constant for a given 
depth, and V is the mean velocity. The sand 
discharge can be written as qs=k 2 GVD, in 
which kz is another constant, C is the mean 
concentration in the sampled vertical, and D 
is the total sampled depth. Solving for C

ki V2gives G=J--J=I- Thus, the variability of con- 
KZ U

centration for different sampling verticals 
should be closely related to the variability of
V2 V2 
jj. In order to have a jj index useful for com 

parison among all streams, the compound
. V2/D(max) . , , /TTO ,_ X 

ratio    -  is suggested, where (V'i/lJ)

(max) is the ratio from the vertical having the 
maximum V2/D, and V2/D is the ratio of the 
mean velocity squared to the mean depth of 
the whole stream. The mean velocity and mean 
depth are computed and available from water- 
discharge measurements.

Based on the V2/D index concepts of vari- 
bility, P. R. Jordan (written communication, 
1968) using data from Hubbell (1960), pre 
pared a nomograph (see fig. 25) that indicates 
the number of sampling verticals required for a 
desired maximum acceptable relative standard 
error based on the percentage of sand and the 
V2/D index. In the example illustrated by fig 
ure 25, the acceptable relative standards error is 
15 percent, the sample is 100 percent sand, the 
V2/D index is 2.0, and the required number of 
verticals is seven. Notice that if the sediment 
were 50 percent sand, the same results could be 
obtained with three verticals, or if seven verti 
cals were used with 50 percent sand, the relative 
standard error would be about 8 percent. When 
the discharge of sand-sized particles is of pri 
mary interest, the 100-percent line should be 
used regardless of the amount of fines in the 
sample.
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Figure 25. Nomograph to determine the number of sampling verticals required to obtain results within an acceptable rela 
tive standard error based on the percentage of sand in the sample and the V2/D index. Best results are obtained when 
V is between 2 and 5 fps and D is greater than 1.5 feet.

Surface and dip sampling

Circumstances are sometimes such that sur 
face or dip sampling is necessary. These may 
include (1) stream velocity too high for the 
sampler to integrate, (2) large floating and 
moving submerged debris, (3) when a regular 
sampler is not available, and (4) very shallow 
depths.

A surface sample is one taken on or near the 
surface of the water, with or without a standard 
sampler. At some locations, stream velocities 
are so great that even 100-pound samplers can 
not penetrate the water more than a short dis 
tance before they are dragged downstream and 
out of the water into an erratic movement. Un 
der such conditions, it can be expected that all 
except that largest particles of sediment will 
be thoroughly mixed with the flow and there 
fore a sample near the surface is very worth 
while. Extreme care should be used, however, 
because often such swift velocities occur during 
floods when much large debris is moving, espe 
cially on the rising part of the hydrograph. 
These debris may strike or become entangled

with the sampler and thereby damage the sam 
pler, break the sampler cable, or injure the 
fieldman. Of course, a full explanation of sam 
pling conditions should be noted on the bottle 
and in the field notes in order that special han 
dling may be given the samples in the labora 
tory and in computing the records. The amount 
of debris in the flow decreases considerably after 
the flood crest; even the velocity will decrease 
somewhat, at which time every effort should 
be made to obtain, with caution, the scheduled 
depth-integrated samples.

If, for some reason, a sampler is lost or equip 
ment is not available, a sample obtained by 
lowering an uncapped bottled tied to a rope 
into the water is better than no sample at all. 
Sometimes a bottle holder used for obtaining 
chemical quality samples can be used if other 
techniques fail.

In wadable water when no sampler is at hand, 
a "depth-integrated sample" can sometimes be 
taken by holding the bottle in one hand with 
one or two fingers of that hand 'placed in the 
bottle opening to form an enlongated hole for
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the water to enter below the fingers and another 
such hole above the fingers to allow the air to 
escape. The remaining fingers should be ex 
tended below the bottle to avoid getting the 
mouth of the bottle too close to the streambed 
and thereby collecting some particles directly 
from the streambed. The fingers in the opening 
keep the water from entering too quickly and 
thus prevent circulation of the water and sedi 
ment in the bottle if overfilled.

There are many bad features about surface 
and dip sampling that should be avoided, espe 
cially for flows with a velocity insufficient to 
mix the sands in the flow. If possible, any dip 
sampling of such moderate or low flows should 
be followed and correlated, if possible, with 
standard sampling equipment and techniques. 
Because the quality of the surface and dip sam 
ples is likely to be inferior to those obtained 
with the regular samplers, they should always 
be appropriately identified.

Timing, quantity, inspection, and labeling 

of suspended-sediment samples

Time distribution

When should suspended-sediment samples be 
taken ? How close can samples be spaced in time 
and still be meaningful ? How many extra sam 
ples are required during a flood period ? These 
are some questions that must be answered, be 
cause timing of sample observations is as impor 
tant to record computations (see Porterfield, 
1970) as is the technique for taking them. An 
swering such questions is relatively easy for the 
person who computes and assembles the records 
because he has the "history" before him and can 
easily see what is needed. The fieldman, on the 
other hand, frequently has no "record" experi 
ence and certainly cannot know what the con 
ditions will be for the remainder of the record 
in the future.

Observers should be shown typical hydro- 
graphs or recorder charts of their stations, or 
nearby stations, to help them understand the 
importance of timing their samples so that each 
sample yields maximum information. The desir 
able time distribution for samples depends on 
many factors such as the season of the year, the

runoff characteristics of the basin, the adequacy 
of coverage of previous events, and the accuracy 
of information desired or dictated by the pur 
pose for collecting the data.

For many streams, the largest concentrations 
and certainly the largest sediment loads occur 
during spring runoff; on other streams, the 
most important part of the sediment record may 
occur during the period of the summer thunder 
storms or during winter storms in the Pacific 
Northwest. The frequency of suspended-sedi 
ment sampling should be much greater during 
these periods than during the low flow periods. 
In the north and east parts of the United States 
many of the streams usually carry an average 
of YO to 90 percent of the annual sediment load 
during the spring runoff. During some parts of 
this period, hourly or even bihourly sampling 
may be required to define the sediment concen 
tration accurately. During the remainder of the 
year, the sampling frequency can be stretched 
out to daily or even weekly sampling for ade 
quate definition of concentration. Hurricane or 
thunderstorm events during the summer or fall 
require frequent samples during short periods of 
time. Streams in the midwest and west have 
long periods of low or intermittent flow and 
thus each storm event should be sampled fre 
quently, because most of the annual sediment 
transport occurs during these few events.

Most streams, during long periods of rather 
constant or gradually varying flow, have con 
centrations and quantities of sediment that vary 
slowly and may therefore be adequately sam 
pled every two or three days; or in some 
streams, one sampling a week may be adequate. 
For some streams, several samplings a day may 
occasionally be needed to define the diurnal 
fluctuation in sediment concentration. Fluctua 
tions in power generation and evaportranspira- 
tion cause such diurnal fluctuations. Sometimes, 
daily temperature changes cause snow and ice to 
melt, and thereby a considerable rise and fall in 
stage may occur each day. Diurnal fluctuations 
have also been noted in sand-bed streams when 
water-temperature changes cause a change in 
flow regime and a drastic change in bed rough 
ness (Simons and Richardson, 1965).

The temporal shape of the hydrograph is an 
indicator of how a stream should be sampled.
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Sampling twice a day may be sufficient on the 
rising stage if it takes a day or more for a 
stream to reach a peak rate of discharge. During 
the peak, samples every few hours may be 
needed. During the recession, sampling can be 
reduced gradually until normal sampling inter 
vals are sufficient.

Intermittent and ephemeral streams usually 
have hydrograph traces whereby the stage goes 
from a base flow or zero flow to the maximum 
stage in a matter of a few minutes or hours, 
and the person responsible for obtaining the 
samples frequently does not know when such 
an event is to occur. Ideally, samples should 
be obtained as follows: during the rising stage, 
sample small streams every few minutes and 
large streams every half hour or hour. After the 
peak rate of flow passes, if this can be deter 
mined, the sampling frequency may be reduced 
somewhat. During the recession, the sampling 
rate should gradually be reduced to the normal 
daily schedule as the preceding base flow is 
reached, or as the flow stops. Generally, ade 
quate coverage of such a peak is obtained if 
samples on the rising limb are four times as 
frequent as are the samples needed to define 
the recession limb. Thus, if the recession is best 
sampled on a bihourly basis, then the rising limb 
should be sampled every one-half hour. (See 
fig. 26.)

Elaborate and intensive sampling schedules 
are not required for each and all events from 
small streams that drain basins of rather uni 
form geologic and soil conditions because 
similar runoff conditions will yield similar con 
centrations of sediment for the different runoff 
events. Once a concentration pattern is estab 
lished, then samples collected once or twice 
daily may suffice even during a storm period. 
(See Porterfield (19TO) for explanation of such 
curves.)

Streams which drain, basins having a wide 
variety of soils and geologic conditions and 
receiving uneven distributions of precipitation 
cannot be adequately sampled by a rigid.pre 
determined schedule. Sediment concentration in 
the stream depends not only on the time of year 
but also on the source of the runoff in the basin. 
Thus, each storm or changing flow event should 
be covered as thoroughly as possible, in a man

ner similar to that described for intermittent 
and ephemeral streams. Figure 27 shows the 
difference in pattern of daily streamflow for 
Swatara Creek at Harper Tavern for water 
years 1956-57 and 1957-58 and illustrates the 
complicated flow pattern that may be expected 
from a complex basin.

The accuracy needed in the sediment infor 
mation also dictates how often a stream should 
be sampled. The greater tihe required accuracy 
and the more complicated the flow system, the 
more frequently will it be necessary to obtain 
samples. This, of course, with the added costs of 
laboratory analysis, greatly increases the cost of 
obtaining the desired sediment information. 
Often, however, the final cost of the record is 
less when adequately sampled than when cor 
relation and other synthetic means must be used 
to compute segments of a record because of in 
adequate sampling.

In a general way, stream-sediment stations 
may be operated or sampled on a daily, weekly, 
monthly, or on an intermittent or miscellaneous 
schedule. Only those operated on a daily basis 
are considered adequate to yield the continuous 
record. One should be mindful that each sample 
at a specific station costs about the same amount 
of money, but the amount of additional infor 
mation obtained often decreases with each suc 
ceeding sample after the first few samples are 
taken. Sometimes samples obtained on a 
monthly basis yield more information for the 
money than a daily station even though there 
is danger that too little information may be of 
no value or may even be misleading. For a given 
kind of record, the optimum number of samples 
should be a balance between the cost of collect 
ing additional samples and the cost of a less 
precise record.

Sediment quantity

Previous sections discussed the number of 
sampling verticals required at a station to ob 
tain a reliable sediment-discharge measurement 
or a sample of the cross-sectional concentration. 
The number of cross-sectional samples required 
to define the mean concentration within specific 
limits has also been discussed. The requirements 
in terms of quantity of sediment for use in the 
laboratory to determine particle-size gradation
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Figure 26. Gage height and sediment-concentration graph typical of many ephemeral streams showing desirable
sample distribution.
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Figure 27. Differences in pattern of daily streamflow, Swatara Creek at Harper Tavern, Pa., for water 
years 1956-57 and 1957-58. From Stuart, Schneider, and Crooks (1967, p. 34).

may, at times, exceed the other requirements for 
concentration. The size range and quality of 
sediment needed for the several kinds of sedi 
ment analyses in the laboratory are given in 
table 3. The desirable minimum quantity of sed 
iment for exchange capacity and mineralogi- 
cal analyses is based on the requirements for 
radioactive cesium techniques described by 
Beetem, Janzer, and Wahlberg (1962).

To estimate visually the quantity of sedi 
ment entrained in a sample or series of sample 
bottles requires considerable experience. It is 
also difficult to determine what portion of the 
total sample is sands (> 0.062 mm) because the 
proportion can be different from stream to 
stream and from time to time in the same 
stream. To aid in estimating such sediment 
quantities, it is helpful to have reference bottles 
with various known quantities and concentra 
tions in the office or laboratory for visual in 
spection. Figure 28, from Porterfield (1970), 
shows how many bottles of .sample are needed

for a given kind of analysis, amount of sand, 
and sample concentration.

Though it is possible to conduct the laboratory 
operation for particle-size analysis in a manner 
that will also give the sediment concentration, 
it is best to obtain separate samples for size 
analysis and concentration analysis. Such "spe 
cial" samples should be plainly labeled. Gen 
erally, it is desirable to instruct the observer 
to collect additional samples for particle-size 
analysis.

Field inspection

Every sample taken by a fieldman, as previ 
ously implied, should be the best possible con 
sidering the stream conditions, the available 
equipment, and his time. Also, as previously 
indicated, sampling errors frequently occur on 
sand-bed streams in the dune regime where the 
nozzle of the sampler will accidentally pick 
up sand from the downstream side of a dune. 
Therefore, each sample bottle must be inspected
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Table 3. The desired quantity of suspended sediment required for various sediment analyses

Analysis
Desirable minimum 

Size range (mm) quantity of sedi 
ment (g)

Size: 
Sieves : 

Fine _ ____________________ __________
Medium __________________________ _L.
Coarse _ _ ____________________________

VAtube: 
Smallest- __ __!____ ________

BWtube____. _--__-_-_--_--------------_-.
Exchange capacity: 

Fine __ _______ ____ _________--_-____-_.
Medium, _ ___ __ __________ ___.
Coarse _ _ ______ ____________ _.

Mineralogical : 
Fine. ___ _ ______ __ _________________ .

.-----___.__________________ 0.062- 0.5
____________________________ .25 - 2
____________________________ 1.0 -16

____________________________ .062- .5
____________________________ .062- 2
.----_-__--_-_-_____-_._____ .002- .062
____________________________ .002- .062

._______--_________-_--______-.____ . 002

._______---_-_______--______ .002- .062
____________________________ .062- 2

___________________________________ . 002
____________________________ .002- .062
._______-___________-._---__ .062- 2

0.07
. 5

20

. 05
5
i. 8
'. 5

1
2

10

1
2
5

i Double the quantities shown if both native and dispersed settling media are required.

100

50 100 200 500 1000 

SEDIMENT CONCENTRATION, IN MILLIGRAMS PER LITER

2000 5000

Figure 28. Minimum number of bottles of sample to yield sufficient sediment for size analyses. From Porterfield (1970). Data 
is based on 350 grams of sample per bottle/ a minimum of 0.2 gram of sand for sieve or visual accumulation tube analysis, 
and 0.8 gram of silt and clay for pipet analysis in -400 ml suspension. For analysis by the bottom-withdrawal tube method 
the number of bottles needed for less than 80 percent finer is five-eighths of the indicated number. Instructions: Estimate 
sediment concentration and percentage of particles finer than 0.062 mm based on knowledge of stream and (or) examina 
tion of first bottle. The number of bottles required is the value of the line to the left of the intersection of the sediment 
concentration and the percentage of particles finer than 0.062 mm. Interpolation of number of bottles may be made along 
abcissa.
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in the field immediately after removing it from 
the sampler. The cost of the field and labora 
tory work, to say nothing of the embarrassment 
of a bad record, is sufficient incentive to make 
this simple check; and if necessary, to collect 
another sample.

After the first bottle is taken, it can be 
checked by swirling the contents of the bottle, 
then holding the bottle where the sand on the 
bottom can be seen moving. A mental note is 
made of the quantity of sand contained in the 
bottle. The second and remaining bottles can 
then be examined and compared with the pre 
vious bottles. Any vertical or verticals should 
be carefully resampled where a bottle or bottles 
contain a significantly different quantity of 
medium and coarse sand than in the remainder 
of the set. If the "check" sample also contains 
a noticeably different amount of sand in com 
parison to others in the set, retain both bottles 
and note that the high or low concentration of 
sand is consistent at the vertical or verticals in 
question. If the check sample contains a smaller 
or more representative amount of sand, or if 
the quantity of sand is different from the first 
but still not "normal," it may be desirable to 
wait several minutes to take a third bottle on 
the assumption that the dune face would move 
beyond the sampling vertical.

A more subtle error in sample concentration 
may occur when a bottle is overfilled. This error 
also results in too high a concentration. The 
error caused 4>y :overfill may occur wherever the 
bottle is filled.i-p less than iy2 or 2 inches (4 or 
5 cm) from the top. Such a sample should be 
discarded and another sample obtained by use 
of an increased transit rate. If the transit rate 
or the nozzle must be changed to avoid overfill 
ing during an ETR measurement, then it is best 
to discard any previous samples and resample 
in clean bottles. The computations required to 
make use of an ETR measurement having two 
transit rates are more costly and error prone 
than the minor expense of discarded samples.

Sample labeling

Most of the information needed on sample 
bottles is indicated by figure 20. Other informa 
tion may be helpful in the laboratory and in 
records processing. Therefore, the fieldman will

need to keep the requirements for such process 
ing in mind so that other explanatory notes can 
be recorded on the sample or other inspection 
sheets. See figure 29. Such notes, some of which 
have been mentioned previously, may include:

1. Time Sometimes operations cross-zone 
boundaries, or the use of daylight time 
may cause confusion.

2. Method or location Routine vertical, EDI 
or ETR cross-section sample.

3. Stationing One location or sampling verti 
cal, or is the sample an accumulation of 
several verticals at different locations? 
Was bridge, cable, or tagline stationing 
used?

4. Unusual sample conditions Consistent sam 
pling of sand at this location, surface sam 
ple, or dip sample.

5. Variation of desired technique Change of 
transit rate, sampling vertical location, 
depth somewhat beyond capacity of instru 
ment, or transit rate may have exceeded 
0.47*.

6. Condition of stream Boils noted on water 
surface, soft dune bed, swift smooth water, 
braided stream, sand bar in cross section, 
or slush ice present.

7. Location in the vertical If point sampler is 
used for one way integration, mention 
which direction the sampler was moving, 
the depth dividing the integrated portions, 
and the total depth.

8. Gage height Inside or outside gage used. 
Note any unusual conditions that may af 
fect reading.

Sediment related data

Water temperature

Water temperature data may seem unimpor 
tant in comparison with the sediment data. 
However, it has a growing list of uses besides 
the need to help evaluate the sediment-transport 
characteristics of the stream. The temperature 
or viscosity of the flow affects sediment suspen 
sion and deposition and may affect the rough 
ness of a sand-bed stream.

In October 1967 the Geological Survey began 
to record and publish water temperature in
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Figure 29. Inspection sheet for use by fieldman to record the kinds of measurements made and the stream 
conditions during a visit to a sediment measurement site.
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degrees Celsius (0° corresponds to 32° F, and 
1° C equals to 1.8° F). Table 1 in Porterfield 
(1970) may be used for conversions.

The best or preferred method to obtain the 
correct water temperature is to submerge the 
thermometer while wading some distance out 
in the stream. The thermometer is held beneath 
the water until sufficient time (about one-half 
minute) has passed to allow the temperature 
of the thermometer to equalize with the water 
temperature. The stem or the scale of the ther 
mometer is raised out of the water and held so 
that the etched scale on the stem is at right an 
gles to the line of sight and then the tempera 
ture should be read to the nearest one-half 
degree. The bulb of the thermometer should 
always remain in the water until after the read 
ing is obtained. The reading of a wet thermom 
eter when exposed to the air may decrease 
several degrees in a matter of seconds because 
of evaporation if the air is dry or the wind is 
blowing. Be certain that the location in the 
stream where the temperature is taken is not 
affected by the inflow from a spring or 
tributary.

When it is not possible to wade out into a 
stream, the water temperature may be taken 
from a sample bottle. The thermometer should 
be inserted into a bottle from near midstream 
to let the thermometer adjust to the approxi 
mate temperature. Then, immediately after re 
moving the next bottle from the sampler, trans 
fer the thermometer from the previous bottle 
and'allow about 15 seconds for the temperature 
to stabilize. The thermometer should be read 
while the bulb of the thermometer is sub 
merged. When removing the thermometer from 
a bottle, it should be shaken slightly after lift 
ing about 2 inches from the bottom to remove 
sediment from the case of the thermometer. 
Most "fresh" waters freeze at 0° C; therefore, 
if a negative reading is obtained, an error is 
indicated. Brackish and brine waters freeze at 
temperatures somewhat less than 0°C depend 
ing on the kind and concentration of ions 
present.

Stream stage

As with temperature, stream-stage data may 
seem insignificant but in reality can be very im

portant. The data at times may be used to con 
struct missing gage-height records for periods 
of recorder failure and to verify time of 
sampling or who collected the sample. Gage 
heights may also serve to indicate whether the 
observer actually obtained a sample at the time 
and in the manner indicated by available notes.

Remember that the gage height is defined as 
the water surface elevation referred to some 
arbitrary gage datum. In order for the gage 
height to be considered correct, the observer and 
fieldman should always note which gage is read. 
The streamflow and sediment records are com 
puted on the basis of the inside or recording 
gage. The observer usually is instructed to read 
only the outside or reference gage. Because of 
differences in location and the effect of velocity 
head, it is not expected that both gages will 
read the same at a given time, though some re 
lationship may exist between them as the stage 
changes (Buchanan and Somers, 1968, and 
Carter and Dividian, 1968). The fieldman 
should record all stream-stage information on 
the inspection sheet (fig. 29).

The outside reference gage may be one of 
two general kinds. The most common of the 
kind exposed continuously to the flowing stream 
is the staff gage and the slope gage. Under 
turbulent flow conditions these exposed gages 
should be read by noting the average of several 
"high" and "low" readings that may occur 
within a period of 10 or 15 seconds. It is nec 
essary to make certain that the observer under 
stands that the scale is divided into hundredths 
of a foot and not feet, inches, and fractions 
of an inch, or that he understands the divisions 
of the metric system if that is used. The other 
general kind of outside gage is the wire-weight 
gage or the chain gage that is usually attached 
to the bridge railing. The weight from this type 
of gage is lowered so that its bottom breaks 
the water surface about half the time when 
there are water waves or ripples. For the wire- 
weight gage, the gage height is read on the scale 
of the drum at the pointer. For the chain gage, 
the reading is obtained on the scale provided.

The inside gage height is usually referenced 
by tape from a float in a stilling well to a point 
er. The stilling well is connected hydraulically 
to the flow of the stream. The inside reference
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gage should correspond to the gage height being 
recorded, but as mentioned previously, it may 
vary somewhat from the outside gage. If the 
variance between inside and outside gages is 
unusually large and the inside gage is lagging 
the actual gage height of the stream, then the 
intake should be flushed to remove any obstruc 
tion, usually caused by sediment accumulation. 

The fieldman should record the inside gage 
reading at least once each visit to the station 
to insure that the gage is working properly. 
Also, if the observer uses the outside gage, the 
fieldman should record the readings from both 
the outside and the inside gages.

Cold weather sampling

Subfreezing temperatures can cause surface 
ice, frazil ice, and anchor ice to form on or in a 
stream and create many difficulties in regard to 
suspended-sediment sampling. The surface ice 
usually forms at the edges of the stream first 
and covers the midstream part last. If it is neces 
sary to use surface ice for support to make holes 
for sampling, extreme caution should be exer 
cised because such ice can be deceivingly weak, 
especially during alternating freezing and 
warm periods. A wooden or some other low-cost 
insulating cover can be used to protect sampling 
holes drilled or chopped at a daily station from 
badly refreezing. It is recognized that the cover 
may be lost if the weather warms sufficiently for 
the ice to break up. In some situations it may be 
possible to attach the cover to the sampler cable 
so it may be removed without walking out on 
the ice. The sampler would have to be removed 
and protected from loss at the sampler shelter. 
Suspended-sediment samplers should never be 
used to break through seemingly thin ice by 
dropping the sampler more than 3 or 4 inches. 
The sampler and nozzle can be damaged by such 
forces. If the ice will not break by the sheer 
weight or very gentle drop of the sample, then 
a hole must be opened by some other means.

If the ice is too thin to safely support a per 
son's weight, it is best not to obtain a sample 
for one or even more days, because winter sam 
ples are generally low in sediment concentra 
tion, and therefore, most certainly are not worth 
taking chances of on an accident. When the

spring breakup occurs, the large slabs of float 
ing ice can easily cause damage to the sampler, 
the support equipment, or the operator. In this 
case, a surface sample (see page 41) may 
be all that can be obtained between cakes of 
floating ice. Every effort should be made to 
obtain such a surface sample because the sedi 
ment concentration can and usually does change 
considerably under such conditions.

Frazil ice is composed of the small ice crys 
tals formed at the surface in the turbulent part 
of the stream. The crystals are formed in a 
variety of shapes from slender needles to flat 
flakes. They do not freeze together because of 
the swift current but may bunch together to 
form a soft mass. This kind of ice may partly or 
completely clog the intake nozzle of the sam 
pler. Sampling may best be accomplished by 
swiftly moving the sampler through the layer 
of frazil ice and then use a normal transit rate 
to sample the relatively ice free region below. 
Often when such ice obstructs the nozzle, it will 
remove itself when the sampler is out of the 
water and the only indication that the sample 
is in error is that the quantity of water in the 
bottle is significantly smaller than would be 
expected under normal circumstances.

Anchor ice is formed on the bottom in shallow 
streams by radiation of heat during the colder 
nightime hours. Incoming radiation and the 
warmer temperatures during the day allow this 
ice to break loose from the bottom and float 
to the top to mix with the frazil ice. Sometimes 
when the nozzle contains frazil or small pieces 
of anchor ice when the sampler is brought out 
of the water, a subf reezing air temperature will 
cause the ice to freeze tight in the nozzle, If 
the ice freezes tight to the nozzle or if the sample 
bottle freezes to the sampler casing, it will be 
necessary to heat the sampler either by warm 
ing with a car heater, soaking the sampler in 
a container of warm water, or heating the nozzle 
and head with a small propane torch. Care 
must be taken with the last method because the 
rubber gaskets in the head can be damaged by 
the heat. Some of these problems can be avoided 
by the use of two samplers, so that while one 
is thawing the other can be used to sample.

If the sampler or samplers are kept beneath 
the car heater between stations or while the ob-
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server drives to his station, the first one or two 
verticals can be more easily sampled. The ob 
server should be advised and encouraged to re 
move the nozzle from the sampler and leave the 
sampler head in the open position when he 
finishes his sampling. This will allow the gasket, 
nozzle, and air vent to dry more completely and 
may avoid a frozen nozzle or head frozen shut 
on the next visit.

Aside from the problems with plugged noz 
zles, a very cold sampler may cause freezing of 
water between the sample bottle and the inside 
of the sampler. This problem can be minimized 
by removing the bottle as quickly as possible 
from the sampler after the integration is com 
plete ; otherwise, it may be necessary to heat the 
sampler as described above. It is also obvious 
that samples in glass pint bottles must be pro 
tected from freezing after the measurement and 
in transport to the laboratory. Freezing itself 
does not harm a sample for sediment analysis 
but a broken bottle will obviously result in loss 
of the sample.

Bed-material sampling

Data on the size of material making up the 
streambed are useful for study of the long range 
changes in channel conditions and for use in 
computations of unmeasured or total load. (See 
page 54.) Research studies also require infor 
mation on bed material, but the reasons for and 
the need of such information is specialized.

For materials finer than medium gravel

The selection of a suitable bed-material sam 
pler is primarily dependent on stream depth and 
velocity. When a stream can be waded, the most 
practical of the standard samplers (see page 14) 
is the BMH-53. Its use can be extended some 
what to about 4 feet in depth by the use of a 
boat.

To use the BMH-53, it is placed in a vertical 
position on the streambed with the piston ex 
tended to the open end of the cylinder. The 
cylinder is then pushed the full 8 inches into 
the bed while the piston is held at the bed sur 
face. Complete filling of the cylinder will help 
insure a minimum of disturbance of the top 1 
or 2 inches when the sampler is raised through

the flow. When coarse sand or gravel material 
is being sampled, it is often necessary to pull on 
the piston rod while pushing on the cylinder. 
By pulling on the piston, a partial vacuum is 
created above the sample which helps draw the 
sample into the cylinder and may also reduce 
some of the required cutting pressure. The sam 
pler is then withdrawn from the bed and held 
in an inclined position above the water with the 
cylinder end highest. For most purposes only 
the upper inch of material nearest the surface 
of the streambed is desired or needed in an 
analysis. This is obtained by pushing on the pis 
ton while the sampler is still inclined until only 
1 inch of material remains in the tube. (See fig. 
15.) Any excess material is removed by smooth 
ing off the end of the cylinder with a spatula or 
a straight pencil. The material left in the sam 
pler is ejected into a container (usually a paper 
or plastic carton). An experienced fieldman can 
composite samples or observations from the en 
tire cross section into just a few cartons as 
indicated by differences in flow conditions and 
differences in bed material size and composition. 
The inexperienced fieldman would do well to 
use a separate container for each vertical. Before 
storing the sampler, it should be rinsed by 
stroking the piston a few times in the stream 
to remove sediment particles from the cylinder 
and piston seal.

If the stream is too deep or swift for the 
BMH-53, then the BMH-60 or the BM-54, or 
a surface sampler must be used. The 30-pound 
BMH-60 is easiest to use when stream velocities 
are under 2 or 3 feet per second and depths are 
less than about 10 feet. To use the BMH-60, 
suspend the entire weight of the sampler by the 
hanger rod and cock the bucket in the open 
position with the alien wrench provided. The 
energy thus imparted to the spring and the 
sharp edge of the bucket make it obvious that 
one must keep his hands away from the bucket 
opening at all times. If necessary, the safety 
yoke may be fastened around the hanger bar 
while opening and cocking the bucket. After the 
safety yoke is removed and fastened to the tail, 
the sampler can then be lowered by hand or by 
cable and reel to the surface of the stream bed. 
Any jerking motions made while lowering the 
sampler that would cause the cable to slack may



52 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

release the catch and allow the bucket to close 
prematurely. This can happen if the water sur 
face is struck too hard. After the cocked sampler 
touches the streambed and tension is released on 
the line, the sampler should be lifted slowly 
from the bed so the bucket will scoop a sample 
even if the spring tension is not sufficient to 
force the bucket through the bed upon contact.

To remove the sample from the bucket, the 
sampler is positioned above a carton or con 
tainer and the bucket opened with the alien 
wrench. The sampler need not be held by the 
hanger bar during sample removal unless con 
siderable material is clinging to the flat plate 
within the bucket cavity. If removal of such 
material is required, the bucket should be 
cocked in the open position and the sample 
brushed into the container with a stick or small 
brush. When moving the sampler between verti 
cals and when storing it in the trunk, the bucket 
should be in the closed position to avoid an acci 
dental closing and to reduce the tension on the 
spring.

The 100-pound BM-54 is needed for veloci 
ties that are above 2 or 3 feet per second and 
depths that are greater than about 10 feet. The 
BM-54 action, described on page 15, is simi 
lar to the BMH-60 except that the bucket opens 
front to back. It is used only with a reel-and- 
cable suspension and is rather awkward to 
handle when removing the sample. The tech 
niques for taking a sample with the BM-54 are 
essentially the same as for the BMH-60. One 
important difference in operation involves the 
use of a safety bar on the BM-54 to hold the 
bucket in an open position instead of the safety 
yoke on the BMH-60. As noted earlier, the sam 
pler should be stored with the bucket in a 
closed position and if extended storage is antic 
ipated, the tension on the spring should be 
further reduced.

When extremely high velocities are encount 
ered and samples are unobtainable with the BM- 
54, there may be two other alternatives. Either 
an additional C-type weight can be placed on 
the hanger bar above the BM-54 or the disk- 
type surface sampler can be used. If additional 
weights are required with the BM-54, extreme 
care should be taken to avoid bending and pos

sibly breaking of the hanger bar between the 
sampler and the C-type weight.

To use the surface sampler described on page 
19, the white petroleum jelly (vaseline) 
disk is strapped onto a heavy sounding weight 
(up to 200 pounds) so that the disk is on the 
bottom side of the weight. The sampler is low 
ered to the streambed at any speed desired. Upon 
striking the bed, the sounding weight forces the 
petroleum disk against the streambed and as 
sures adherance of the streambed surface parti 
cles. After raising the sampler from the water, 
the disk is removed from the sampler and anoth 
er disk is attached for the next vertical.

The surface sampler can sometimes be used 
where the standard samplers will not collect 
a sample. When only the surface bed material 
is desired in wadable streams, the disk can also 
be attached to the bottom of a wading rod.

For materials coarser than medium gravel

Gravels in the 2 to 16 mm range can be 
analyzed by mechanical dry sieving, and in 
order to obtain a representative size, the size 
of the sample to be collected must be increased 
with particle size. Large sediment sizes 
(>16 mm) are difficult both to collect and ana 
lyze. The methods now in use in the determina 
tion of these very large sizes involve hand or 
manual collection and measurement of at least 
100 pebbles on a wadable streambed. There are 
no methods by which the size of coarse particles 
can be determined in a non-wadable stream. A 
grid pattern locating the sampling points can 
be paced, outlined by surveys, or designated by 
small floats. At the intersections of the grid pat 
tern, the "pebble" underlying the toe is retrieved 
and a measurement is made of the long, inter 
mediate, or short diameters, or all three. The 
measurements are tabulated as to size interval 
and the percentage of the total of each interval 
is then determined (Wolman, 1954).

Because the pebble-count method entails the 
measurement of the dimensions of randomly 
selected particles in the field, it is laborious and 
usually limits the number of particles counted. 
Too often, therefore, this results in an inade 
quate sample of the population.

Another method for analyzing coarse par 
ticles is being evaluated at this time and in-
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volves the use of an instrument about the size 
of a typewriter known as the Zeiss Particle Size 
Analyzer (Ritter and Helley, 1968).

For the Zeiss technique, a photograph of the 
streambed is made during low flow with a 
35-mm camera supported by a tripod about 2 
m above the streambed the height depends on 
the size of the bed material. A reference scale, 
such as a steel tape or surveyor's rod must ap 
pear near the center of the photograph.

In the laboratory (Guy, 1969), particle 
diameters are registered cumulatively or indi 
vidually on exponential or linear scales of size 
ranges. After the data are tabulated, the sizes 
registered on the counter of the particle size 
analyzer must be multiplied by the reduction 
factor of the photograph which is calculated 
from the reference scale in the photograph.

Location and number of sampling verticals

Bed-material samples are often needed in con 
junction with a water-discharge measurement 
and (or) a set of suspended-sediment samples. 
If the discharge measurement and (or) the 
suspended samples are taken first, then the bed- 
material samples should be collected at the same 
stations, but not necessarily the same number 
of stations. By taking them at the same station 
ing points, any change in bed material or radi 
cal change in discharge across the stream that 
would affect the sediment-discharge computa 
tions can be accounted for by subdividing the 
stream section at one or between two of the com 
mon verticals.

For wadable streams, it is often best to obtain 
the bed-material samples prior to the water- of 
suspended-sediment measurements to avoid ex 
cess disturbance of the bed. Also by taking the 
bed material first, radical changes across the sec 
tion in bed-material size and water discharge 
can be used as a basis for choosing desirable 
verticals for the other measurements.

The techniques used to define the quality of a 
group mean (p. 3Y) can also be used to deter 
mine the number of bed-material samples re 
quired at a cross section. The logical procedure 
is to use the results from a rather detailed 
set of 10 to 20 bed-material samples at the meas 
uring section each sample is analyzed indi 
vidually for all desired statistics such as d15,

d50 , and ^85. For example, assume that the most 
used information involves the dso statistic, and 
that there are 15 samples available with d50 of 
0.91, 0.70, 0.80, 0.64, 0.63, 0.56, 0.53, 0.50, 0.47, 
0.51, 0.43, 0.45, 0.90, 0.69, and 0:81 mm with a 
mean of 0.635 mm. If this mean were 100, then 
the d50 observations would be 143, 110, 126, 
101, 101, 88, 84, 79, 74, 80, 68, 71, 142, 109, 
and 127, respectively. The sum of the squared 
deviations from 100 for these would be 8,980, 
and based on the data in figure 23 the mean 
observed d50 (0.635) will predict the popula 
tion mean within ± about 12 percent at the 
90-percent level of significance.

To illustrate how this information can be 
used to predict the desired number of bed-ma 
terial samples in the cross section, assume that 
prediction of the d50 mean within ±20 percent 
and the 90-percent level of confidence is accepta 
ble. Then the required number of observations 
can easily be determined by projecting a line 
across the chart (fig. 23) from 20 percent that 
is parallel to the line 8,980 "deviations" and 
12-percent error. The new line would be 3,200 
"deviations" and 20-percent error and therefore 
the required number of samples would be six.

If prediction of the mean within ±20 per 
cent at the 80-percent level of confidence is ac 
ceptable, the base line is 8,980 "deviations" and 
12/0.77 or 15.6. A line parallel to this at 20/0.73 
or 27.4 percent indicates that five samples will be 
satisfactory.

The above analysis to determine the required 
number of bed-material samples then has two 
important requirements. First, that data from 
a representative detailed observation be avail 
able that will indicate the natural variability 
among the samples for the commonly used data; 
and second, that the requirements with respect 
to the future use of the data be known so that 
a reasonable allowable error may be used.

The use of a calculated number of sampling 
verticals required does not imply that one must 
ignore practical considerations when sampling 
bed material. Dead water areas behind sand 
bars or bridge piers should be avoided for both 
bed material and suspended sediment, as well as 
the water-discharge measurement. If sand bars 
or islands are located within the cross section, 
the stream should be sampled and measured as
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two or more separate streams. The verticals 
as calculated above should ordinarily be spaced 
uniformly, but when most of the discharge is 
at one side or section of the stream, it may be 
desirable to decrease the spacing between verti 
cals in that section and thus, treat the area of 
maximum discharge as a separate stream.

Most results from bed-material samples will 
not be noticeably affected, but it should be re 
membered that the sample taken with the BMH- 
53 is different from that of the BMH-60 and the 
BM-54. The cross section of the BMH-53 is 
constant-with depth so that each increment of 
sample with depth is equally represented by 
volume. The curved buckets of the BMH-60 and 
BM-54 do not sample equal volumes of material 
with depth, but rather the bottom one-half inch 
of the 2-inch-deep bucket contains only 15 per 
cent of the total sample whereas the upper one- 
half inch contains 33 percent of the sample.

Sample inspection and labeling

As samples are obtained across the stream, the 
fieldman should visually check and compare 
each sample with; the previous samples to see if 
the material varies considerably in size from one 
location to the next. If a given sample does con 
tain considerable coarser or finer material, 
another sample should be obtained about a foot 
from the original location. After two or three 
tries in the vicinity of the first sample with no 
appreciable difference, the first sample should 
be retained. Small deposits of material that is 
coarser or finer than most of the bed material 
are not considered representative of the bed- 
material size for the stream cross section.

Proper labeling of bed-material samples is 
not only necessary for future identification but 
also provides important information useful in 
the laboratory analysis and the preparation of 
records. Information desired on each bed mate 
rial carton should include:

Station name
Date
Time
Gage height
Water temperature
Stationing number
Bed form and flow conditions

Carton number of the set
Kind of sampler used
Purpose of sample or special instructions

for analysis and computations 
Initials of fieldman

Measurements for total sediment 
discharge

As noted in the previous discussions, the sedi 
ment sampling equipment is limited mostly to 
the collection of suspended-sediment and bed- 
material samples from streams. The suspended- 
sediment sampler can sample to only within a 
few tenths of a foot of the streambed. (See table 
2.) The sampled part is referred to as carrying 
the measured load and the unsampled zone as 
carrying the unmeasured load (fig. 1). The 
unmeasured load contains both unmeasured 
suspended-sediment load and the unmeasured 
bedload. (Bedload is that material transported 
in a stream by sliding, rolling, or bounding 
along the bed and very close to it, that is, within 
a few grain diameters.) Total load, then, is the 
sum of the measured and unmeasured load.

There are some sand-bed streams with sec 
tions so turbulent that nearly all sediment par 
ticles moving through the reach are in suspen 
sion. Sampling the suspended sediment in such 
sections with a standard suspended-sediment 
sampler then very nearly represents the total 
load. Several streams with turbulent reaches are 
described in Benedict and Matejka (1953). 
Further discussion concerning total-load meas 
urement can also be found in Inter-Agency Ee- 
port 14 (F.I.A.S.P., 1963b, p. 105-115). Turbu 
lence flumes or special weirs can be used to bring 
the total load into suspension. Total load can 
usually be rather accurately sampled where the 
streambed consists of an erosion resisting mater 
ial such as bedrock or a very cohesive clay. In 
such situations, the majority if not all the sedi 
ment being discharged is in suspension or the 
bed would contain a deposit of sand.

Benedict and Matejka (1953) and Gonzales, 
Scott, and Culbertson (1969) have described 
some structures used for artificial suspension of 
sediment to enable total load sampling. How 
ever, most total load sampling is usually accom-
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plished at the crest of a small weir, dam, culvert 
outlet, or other place where the sampler inte 
grates throughout the full depth of flow and 
where only the nozzle of the sampler touches the 
weir over which coarse material may be moving. 

Where such conditions or structures are not 
present, the unmeasured load must be computed 
by various formulas. The unmeasured load can 
be approximated by use of a bed-load formula 
such as Colby and Hubbell (1961), Einstein 
(1950), Chang, Simons, and Richardson (1965), 
or Meyer-Peter and Muller (1948). The Colby 
and Hubbell method (modified Einstein) deter 
mines the total load in terms of the amount 
transported for different particle-size ranges. 
Because the Colby and Hubbell technique is 
widely used, essential data required for its use 
at a particular time and location are listed:
1. Stream width, average depth, and mean 

velocity.
2. Average concentration of suspended sediment 

from depth-integrated samples.
3. Size analyses of the suspended sediment in 

cluded in the average concentration.
4. Average depth of the verticals where the 

suspended-sediment samples were collected.
5. Size analyses of the bed material.
6. Water temperature.

Reservoir trap efficiency
The efficiency with which a body of water 

will trap sediment depends mostly on its size 
with respect to the rate of inflow. Other factors 
may include the reservoir shape, its operation, 
the water quality, and the size and kind of in 
flowing sediment. Except for small detentions 
with bottom outlets, all of the sand-sized and 
much of the silt-sized particles would be ex 
pected to be trapped. An evaluation of reservoir 
trap efficiency must then involve measurements 
of the quantity and size characteristics of the 
sediment entering and leaving the reservoir 
(Mundorff, 1964 and 1966). Sometimes meas 
urements of sediment accumulation in the res 
ervoir plus the sediment output are used as a 
practical method of evaluating the input and 
sediment yield of the drainage basin.

Inflow measurements

On many reservoirs, trap efficiency cannot be 
evaluated in sufficient detail from measure 
ments of accumulation and sediment outflow. 
Therefore, it is necessary to measure the mean 
particle size and concentration of sediment in 
the flow entering such reservoirs. This then re 
quires that the inflow station be operated as a 
daily or continuous-record station for streams 
feeding into reservoirs of several thousand 
acre-feet. Trap efficiency on a storm event basis 
can be determined if several samples adequately 
define the concentration of the inflow and out 
flow hydrographs. For small detention reser 
voirs, it may be difficult or impractical to 
measure the inflow on a daily basis. If a con 
tinuous record is not possible, then the objec 
tive should be to obtain observations sufficient 
to define the conditions for several inflow 
hydrographs so that a "storm-event sediment 
rating curve" can be constructed for use in 
estimating the sediment moved by the unsam- 
pled storms (Guy, 1965).

If it is impractical to obtain sufficient data 
to define the sediment content of several storm 
events, the least data for practical analysis 
should include 10 or 15 observations per year 
so that an "instantaneous sediment rating 
curve" can be constructed (Miller, 1951). It is 
expected that the instantaneous curve will yield 
less accurate results than the storm-event curve, 
which in turn will be less accurate than the 
continuous record. Each of the rating-curve 
methods may require data for a range of con 
ditions so that adjustments can be determined 
for the effect of time of year, antecedent condi 
tions, storm intensity, and possibly the storm 
location in the basin (Colby, 1956; Jones. 
1966).

As for most new sediment stations, particle- 
size analysis should be made on several of the 
inflow observations during the first year. These 
particle-size observations then will form a base 
from which, hopefully, it will be possible to 
reduce the number of analyses required in the 
future years.
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Outflow measurements

The outflow from a reservoir is drastically 
different from the inflow because of the attenu 
ating effect of the flow through the reservoir 
or because of possible willful control in the 
release of water (Mitchell, 1962; Carter and 
Godfrey, 1960). Logically, the smaller reser 
voirs that are likely to have a fixed outlet and 
the poorest trap efficiency require the most 
thorough outflow measurement schedule. If an 
inflow-outflow relation for sediment discharge 
can be constructed, then it may be that such a 
relation will change considerably in the direc 
tion of greater sediment output (lower trap 
efficiency) as the reservoir fills with sediment.

Normally, the particle size of sediment out 
flow is expected to be finer than for the inflow, 
and therefore the concentration of outflowing 
sediment should not fluctuate as rapidly as that 
of the inflow. The normal slowly changing out 
flow concentration may not occur if the outflow 
is from the vicinity of the interface involving a 
density current.

A desirable sampling schedule for outflow 
may vary from once a week for the large reser 
voir to several observations during a storm 
event for a small reservoir. The need for outflow 
particle-size data will also depend on the scale 
of the stream "and reservoir system, the trap 
efficiency, andVliow well the inflow is defined. 
In respect to quality control, if the trap effi 
ciency of a reservoir is expected to be more than 
95 percent and if the sediment inflow can only 
be measured to the nearest 10 or 15 percent of its 
expected true value, then it is not necessary to 
measure the sediment outflow in great detail, 
unless of course, there is a need to accurately 
know the amount of sediment in the flow down 
stream of the reservoir.

Sediment accumulation

The small reservoir or detention basin can 
be used, if trap efficiency can be estimated or 
measured, to provide a measure of the average 
annual sediment yield of a drainage basin. This 
method is useful in very small basins where the 
inflow is difficult to measure and where the 
amount of water inflow and sediment concentra 
tion data are not important.

For small catchment basins or reservoirs on 
ephemeral streams (dry most of the time), the 
determination of sediment accumulation in 
volves a planetable or other detailed survey of 
the reservoir from which stage-capacity curves 
can be developed   usually 1-foot contours for 
the lower parts of the reservoirs and 2- to 5-foot 
intervals for the upper parts, depending on the 
terrain and size of the reservoir (Peterson, 
1962). The accretion of sediment can then bo 
measured either by monumented range lines in 
the reservoir or by resurvey for a new stage- 
capacity curve.

For reservoirs not dry part of the time, the 
sediment accumulation is usually measured by 
sounding on several monumented range lines 
spaced so they will provide a representative 
indication of the sediment accumulation be 
tween measurements. Methods for reservoir 
surveys are described by Heinemann (1961) 
and Porterfield and Dunnam (1964). A sum 
mary of reservoir sediment deposition surveys 
made in the United States through 1965 was 
compiled by Dendy and Champion (1969).

In order to convert the measurements of sedi 
ment volume found in reservoirs to the usual 
expression of weight of sediment yield, it is 
necessary that the sedimentation surveys of res 
ervoirs include information on the volume- 
weight of sediment. Heinemann (1964) reports 
that this was accomplished in Sebetha Lake, 
Kans., using a gamma probe and a piston sam 
pler. From his data obtained at 41 locations, he 
found that the best equation for predict 
ing volume- weight is Vw = 1.688ZMX888C + 98.8, 
where Vw is the dry unit volume- weight in 
pounds per cubic foot, D is the depth of sample 
from the top of the deposit, and C is the per 
centage of clay smaller than 2 microns.

On the basis of 1,316 reservoir deposit sam 
ples, Lara and Pemberton (1965) found the unit 
volume-weight to vary according to changes in 
reservoir operation and to the percentage of 
clay, Oj silt, M, and sand, 8. For type I (262 
observations), where sediment is always sub 
merged or nearly submerged,

For type II, (462 observations) , where moder 
ate to considerable reservoir drawdown occurs,
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For type III, (405 observations), where the 
reservoir is normally empty,

For type IV, (187 observations), where the 
deposit is essentially a continuing part of river 
bed sediments,

The standard error of estimate for the four 
equations is 12.3, 14.0, 12.4, and 11.0 pounds per 
cubic foot, respectively.

Summary
In retrospect, it must be emphasized that field 

methods for fluvial sediment measurement have 
evolved toward a system that must be coordi 
nated with other hydrologic and environmental 
measurements. With the ever-increasing re 
quirements of a thorough data acquisition sys 
tem, together with advances in technology, it 
must be expected that much evolution will con 
tinue into the future. For example, in the fore 
seeable need for increasing water-pollution-sur 
veillance studies with respect to stream quality 
standards, it is apparent that a continuous re 
cording of some indicator of sediment condi 
tions is badly needed at a very large number of 
sites. Consequently, the F.I.A.S.P. has under 
taken the development of turbidity-indicating 
recorders with a view toward recording at least 
the concentration of fine sediment moving in 
streams. The development of such automatic 
equipment is likely to enhance rather than de 
tract from the need for conventional "manual" 
observations.

The writers sincerely hope that the material 
presented herein on the equipment and tech 
niques for sampling will stimulate the develop 
ment of better equipment and techniques for the 
future while at the same time help to "stand 
ardize" and make more efficient the day-to-day 
operations. The opportunity certainly exists for 
many innovations at the field office for improv 
ing the end product or the sediment record.

Some fieldmen, for example, may like to carry 
a copy of the station stage-discharge rating 
curve on which all particle-size analyses are re 
corded showing date and kind of sample for 
each measuring site. As communications and 
river forecasting become more sophisticated, it 
may be possible to have better dialogue between 
the field office and the fieldman, who is trying 
to obtain the maximum information at many 
sampling sites, or even directly to the local ob 
servers. Such communication is especially criti 
cal during periods of flooding when timely data 
are most important.

In addition to increasing coordination of sed 
iment-data activities with other related meas 
urements, it is important to stress that adequate 
notes be obtained (including pictures) so that 
those involved in the laboratory analysis of the 
samples, those responsible for preparing the rec 
ord, and especially those responsible for inter 
preting the data can properly "read" what 
happened at the stream. Needless to say, the 
amount of new information to be obtained from 
data interpretation is seriously affected by the 
quality of the information with respect to tim 
ing and representativeness of the sediment 
measurements.

It also seems desirable in this summary to fur 
ther emphasize the need for a concerted and 
continuing effort with respect to safety in the 
measurement program. Aside from the hazards 
of highway driving, the work usually requires 
the use of heavy equipment during floods or 
other unusual natural events, often in darkness 
and under unpleasant weather conditions. Even 
though the hazards of working from highway 
bridges and cableways are mostly self-evident, 
there are many opportunities for the "unusual" 
to happen and therefore a great deal of effort 
must be expended to insure safety. Such effort, 
of course, must be increased when it is neces 
sary to accomplish the work in a limited time 
and with fewer than the desired number of 
personnel.
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