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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

Suspended-sediment samplers are used to collect a representative sample of the water-sediment mixture of
rivers and streams. Ideally, the sampler should be able to collect samples that represent the mean
concentration of suspended sediment or define the horizontal and vertical variation of suspended-sediment
concentration so that the mean concentration can be determined. Samplers have gradually evolved from

thod
coll
coll

pumping samplers, single-stage samplers, point-integrating samplers and depth-integrating”samg

sanf
and

€ that collect an Instanfaneous sample at one point In a stream or river 1o streamlined sa
bct time and/or depth-integrated samples. There are a number of different types of samplers-2
bcting suspended sediment, including open containers, vertical and horizontal cylinders; bottl

plers have also been adapted to enable the collection of clean (uncontaminated), samples of
organic compounds that are commonly associated with suspended sediment in streams and ri

mplers that
vailable for
b samplers,
lers. Some
trace metal
ers.
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Hydrometry — Functional requirements and characteristics of
suspended-sediment samplers
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Scope

Technical Specification specifies the functional requirements and characteristics ofthe“differ
bended-sediment samplers.

E The units of measurement used in this Technical Specification are Sl units.

Normative references

following referenced documents are indispensable for the ‘application of this document.
rences, only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

772, Hydrometric determinations — Vocabulary and symbols

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 772 and the following ap
Kinetic

ke velocity of the suspended-sediment sampler equals the ambient stream velocity

Requirements. of samplers

rder that the-samples taken by a sampler are truly representative of the sediment concen
am at a point.of sampling, the ideal sampler should fulfil the following technical requirements.

The sampler shall be streamlined to reduce drag and to minimize disturbances to normal sedir

The velocity of inflow in the mouth of the sampler, nozzle or sampling tube shall be isokinetic

ent types of

For dated
referenced

=

y.

tration of a

nent flow.

or as close

as possible 10 the velocCity of the current of water at the sampling point, Irrespective or what

his velocity

may be or irrespective of what the depth of submergence at this point may be. This aspect is most

important if large sampling errors are to be avoided.

The mouth/intake of the sampler shall always face into the current at the sampling point.

The mouth/intake of the sampler shall be outside the zone of the disturbances of the flow set up by the
body of the sampler and its operating gear, and the flow lines shall be disturbed as little as possible,

especially near the mouth.
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e) Filling arrangements shall be smooth so that there is no sudden inrush of water-sediment mixture; the air
escaping from the sampler shall not hinder the entry of the sample; this necessitates a separate port for
air exhaust.

f)  The sampler shall be able to collect samples at the desired depth without the samples being disturbed or
contaminated by the water-sediment mixture at other points while the sampler is being raised or lowered.

g) It shall be possible to take a sample exactly when and where it is required, in particular when sampling
close to the streambed.

h) The sampler shall be portable, yet sufficiently heavy to minimize deflection of the supporting cable from

the ver

i) The s{
mainte

i) There

tical due to current drag.

mpler shall be simple in design and robust in construction and shall require minimum- car
hance and operation.

movable-type container within the sampler shall be easily removed, readily capped or sealed

easily fransported to a laboratory without loss of contents. Alternatively, if the container forms part of

sample

k) The vg
and siz

[) Depth-
current

NOTE I
A-v-t
i=k-v,
h=i-t

where
A is
v s
v s
t is
Vo is

r, it shall be installed so as to secure complete drainage of the contents.

lume of the sample collected by the sampler shall be sufficient for . determining the concentra
e distribution of the sediment. The minimum sample size is generally,0,5 I.

ntegrating samplers should be lowered or raised at a uniform/and slow speed, a fraction of
velocity (for example, between 1/15 and 2/5 — see Note).

Depth integration (with uniform vertical motion — see Figure 1):
=V, assuming v = v,

where k = vy/v

he area of the mouth or tube;

he current velocity;

he velocity in the mouth/intake (nozzle) of the sampler;
he maximum.ddration of sampling;

he sample.volume to be taken;

he uniform rate for sampler movement;

and
the

tion

the

(1
)
@)

k is the transit rate ratio;

h  is the maximum vertical distance for sampling.

From Equations (1), (2) and (3):

h=kl
A

(4)

For example, with 4 = 28,3 mm?2 (® 6 mm), k=1/10 and ¥ =0,5 |, the maximum depth of sampling is 1,76 m. If the flow
depth is greater, sampling should be done with two or more sections in the vertical.
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A area of the mouth or tube

v [current velocity

vy [velocity in the mouth/intake (nozzle) of the sampler
¢t  |maximum duration of sampling

V  |sample volume to be taken

i |uniform rate for sampler movement

h  Jmaximum vertical distance for sampling

Figure 1 — Schematic diagram of a suspended-sediment sampler
and the factors affecting sample volume

5 |Characteristics of suspended-sediment samplers

Sing¢e the sampling conditions encountered in streams vary widely, a single sampler for all thg
canhot be recommended. Factors such as availability, cost and specific requirements of the sa
inflyence the chaoice-of the sampler to a great extent. The different types of samplers include open
vertical and hofizontal cylinders, bottle samplers, pumping samplers, single-stage samplers, poin

conditions
mpling also
containers,
-integrating

sanjplers and. depth-integrating samplers. All of these types of samplers can collect a representative sample

in rivers\with swift currents and a non-uniform distribution of sediment concentration. For general U

hot be used
se in rivers

of tT/e water-Sediment mixture in a river or stream under the right conditions, but many of them can

and| stfeams, point-integrating and depth-integrating samplers are recommended. The use of trade

, product or

firm names in this document is for descriptive purposes only and does not imply endorsement.

6 Types of samplers

6.1 Open containers

This type of sampler consists of an ordinary pail, can or open bottle. The sample is collected by

holding the

container under the surface of the water or by lowering it to the water surface with a rope or cable. The filled

container can be sealed for transport and subsequent analysis or the sample can be transferred i
container that can be sealed.

© I1SO 2006 — All rights reserved
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The limitation of these samplers is that they can only collect a sample at the water surface. Representative
samples will be collected only if the water-sediment mixture is thoroughly mixed and free of silt and sand.

6.2 Vertical and horizontal cylinders

These samplers (see Figure 2) are typically made of steel, brass or plastic. They are made in various
diameters and lengths. The cylinder is lowered to the desired sampling point with the valves at each end of
the cylinder in the open position. The sample is collected by closing the valves and retrieving the cylinder. The
valves are actuated by an electrical impulse or by sending a weight down the suspension cable to trip
spring-loaded valves. The sample is typically transferred to another container so the cylinder can be reused.

These samplers, particularly the vertical cylinders, offer considerable resistance to flow and are only stable at
very low velocities. Vertical cylinders cannot sample close to the streambed. Horizontal samplers can:sample
near the stieambed.

Figure 2 — Kemmerer sampler

6.3 Bottle samplers

There are many different variations of bottle samplers. They generally consist of a weighted container to hold
a 0,51to 2 | sample bottle. The sampler is lowered to the desired depth by a rope or cable and then the cap is
removed from the bottle to collect the sample. Some models have the capability of both opening and closing
the bottle cap so the sample is sealed and no intermixing of the sample with the water-sediment mixture in the
river occurs while the sampler is being retrieved.

These samplers offer considerable resistance to flow and are only stable at very low velocities. Samples

cannot typically be collected close to the streambed. The potential for intermixing of the sample and water-
sediment mixture in the river is high for those samplers that cannot be sealed at the sampling point.

4 © I1SO 2006 — All rights reserved
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6.4 Pumping samplers

6.4.1 General
There are two types of pumping samplers used for collecting suspended-sediment samples: those with a fixed

orifice that are operated in automatic mode and those with a moveable orifice that are deployed from a boat,
walkway or bridge.

6.4.2 Fixed-orifice samplers

locgted at or near the stream bank. The samplers are powered with line power or battenes and gamples are
punmped from the stream to sample containers. The first phase of sampling is back flushing to prime the pump
and| flush accumulated sediment from the orifice line. Sampling frequency is controlled on the basis of both
timg and stage so that samples can be collected at one interval during low flow and\more frequently during
high flow.

The fixed-orifice samplers are an effective method of collecting samples whén)personnel are not gvailable for
collecting manual samples. However, the samples only represent the suspended-sediment concentration at
one| point in one vertical of the stream and a correction factor is required to determine the mean suspended-
sedjment concentration. Samples also are subject to evaporation,until they are sealed and removed for
analysis.

Figure 3 — Diagram of a fixed-orifice pumping sampler

6.43 Moveable-orifice samplers

These /are usually used to collect large-volume samples for analyses of suspended sedimeni and other
congtituents. A pump on a boat or other platform above the water surface is used to create a vacyum to raise
the Water-sediment mixture 10 a sample conainer on the boat or work prattorm. An orifice fine 15 fowered to the
desired sampling depth to obtain the sample. The orifice also can be lowered during sampling to collect a
depth-integrated sample. A submersible pump can also be lowered on a cable, and then the sample is
pumped to containers on the platform or vessel (Figure 4). Some units are equipped with a velocity sensor to
automatically adjust the pump speed to collect an isokinetic sample. Alternatively, it is possible to measure the
velocity at the point of sampling by current meter and then manually adjust the rate of pumping to match the
velocity of sampling with the stream velocity.

These samplers are good for collecting large-volume samples, but the combination of the orifice line and the
weight to hold the orifice in place offer much resistance to flow. The vacuum pump versions of these samplers
are limited to collecting samples to a depth of about 7 m because of the efficiency of vacuum pumps.

© I1SO 2006 — All rights reserved 5
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6.5 Single-stage samplers
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e samplers are an inexpensive and effective means of collecting sediment samples on intermiftent
streams and at remote locations. The sampling unit consists of a/bottle with an intake tube ang
e (Figure 5). The orifice and inverts of the tubes are positionéd)to collect a representative san
metres below the water surface; re-circulation within the.béttle is prevented by the air lock
veen the inverts of the intake and exhaust tubes. Several units may be mounted at diffe
positions om a vertical support to collect samples as the water level rises during a runoff event. After the p
bottles are removed and sealed for transport and subsequent analysis.

| an
hple
that
rent
eak

plers can only collect near-surface samples daring rising stages. Samplers are generally located
feam bank for ease of servicing and to avoid heavy debris. Sample concentrations will only
ve of the mean concentration of the sediment in the stream if the water-sediment mixture is

be
ery

tres

Figure 5 — Schematic diagram of a typical single-stage sediment sampler
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6.6 Point-integrating samplers

There are a number of different models and sizes of point-integrating sediment samplers. They generally
consist of a bronze or aluminium, streamlined body with tail vanes for stability in high currents (Figure 6). They
are raised and lowered in the river with a reel and cable assembly. Water enters through a nozzle at the nose
of the sampler body, and the sample is collected in a bottle or other container within the sampler. Some
samplers have interchangeable nozzles that are used depending on the flow velocity and river depth. The
containers, which are usually 0,51 or 1| glass or plastic bottles, are removed from the sampler and sealed for
shipment and analysis. The sampler includes an opening and closing mechanism that allows samples to be
collected at any depth after equalizing the pressure inside the sampler with the pressure at the depth of
sampling to ensure isokinetic sampling.

Figure 6 — US P-6@‘1 suspended-sediment sampler developed by the Federal Interagency
\% Sedimentation Project in the United States

Q‘b

These sampler&o are used for collecting depth-integrated samples.

— | For de@ up to 5 m, the sampler can be lowered and raised with the valve open.

— Eé%!epths greater than 5 m, the sampler can be lowered and raised at different increments gf depth and

<l
<dITTPICS Larl UU \JUIIIUIIIUU I.U UULGIII da TITCart SUSpPtTl IUUU DUUIIIIUIIL UUIIUUIILIGI.IUII IUI l.l LA~ VGI uua -

For example, with a depth of 10 m, a point sampler can be used to collect 2 samples. Lowering and raising the
sampler with the valve open to a depth of 5 m would collect the first sample; lowering the sampler to 5 m with
the valve closed and then lowering and raising it between 5 m and 10 m with the valve open would collect the
second sample.

© I1SO 2006 — All rights reserved 7
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6.7 Depth-integrating samplers

Depth-integrating samplers are very similar to point-integrating samplers. They have streamlined bodies with a
nozzle at the nose and tail vanes for stability. They do not have a valve for opening and closing the nozzle.
These samplers include those that are attached to a wading rod, those that are raised and lowered by hand
with a rope, and those that are raised and lowered by a reel and cable assembly. There are two types of
depth-integrating samplers: those that contain rigid containers and those that contain a plastic or
fluoropolymer bag. The samplers that contain rigid containers are limited to a sampling depth of 5 m in order
to maintain isokinetic sampling and avoid overfilling of the containers.

A newer type of depth-integrating sampler has a plastic or fluoropolymer bag instead of a bottle for the
samples. All the air is evacuated from the bag before the sampler is lowered in the river so the dﬁw of
sampling i not restricted by the compression of air in the container. The US D-96 (Figure 7).sampler
developed py the Federal Interagency Sedimentation Project in the United States can be used f llegting
depth-integfated samples to a depth of 15 m to 30 m depending on the size of nozzle used. W the sampler
is retrieved| either the sample is transferred from the bag to another container or the bag is sag d and plgced
in another gontainer for shipment to the laboratory. 2o}

Figurg 7 ,ﬁ?s D-96 bag sampler developed by the Federal Interagency Sedimentation Project

)

The depth-integrating and point-integrating samplers are the only samplers that will collect a representative
sample of the water-sediment mixture in deep, swift rivers.

6.8 Clean samplers

Variations of depth-integrating sediment samplers are special samplers for collecting water-sediment mixtures
for chemical analyses. These samplers are very similar to the suspended-sediment samplers, except they are
equipped with fluoropolymer and plastic components so the samples will not be in contact with any metal. The
DH-95 sampler (Figure 8) uses 1 | fluoropolymer or plastic bottles with nozzles that are integral with the bottle
caps.

8 © I1SO 2006 — All rights reserved
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