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1. INTRODUCTION

The suspended load is made up of particles which move in suspension

with the flow at the same average velocity. It includes the suspended part

of the bed material load and the washload, the latter being made up of grain

sizes finer ~~an the bulk of the bed material. Einstein suggested that the

limiting sizes of washload and bed material load may be chosen quite arbitra­

rily as the grain diameter of which 10 percent of the bed material is finer.

The washload is supplied from the watershed through a shcet erosion

process and is usually not a function of the stream discharge, therefore it

is necessary to measure suspended load rates for numerous flood hydrographs

both during rising and falling stages and during different seasons.

To illustrate the foregoing two figures are presented.hereafter. Fig. l

shows a clear rel,ationship between the bed material discharge and the mean

velocity, however from fig. l' no definite relationship between washload and

water discharge can be established, it c~~ only be said that the general trend

is that the washload is small when the stream flow is low and conversely.
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Let us consider a cross section in a given stream (fig. 2). on the

assumption that suspend particles are carried along by the stream with the

same average velocity then for a small area where both concentration and ve­

locity may be considered as constant the sediment discharge may be expressed

as the product of the water discharge and the concentration. Since the water

discharge is the product of the area times the velocity it follows that the

sediment discharge in weight through the small area surrounding a point M

can be expressed in the forro of :

A

, ,__~'__:l>~X~)!-.- --l~aJJ

Figure 2



= cu 6. x ~y (1)

3

and by integrating through the who1e cross-section A we obtain

= SSA dudxdy (2)

Let us make a partition of the cross section A with the vertica1s·

so that to express Qs in the forro of a twofo1d iterated integra1, namely

where

=
. SD(X)

cudy
a

(3)

S
D

a

(x)
cudy is the sediment discharge in weight per unit width for

the vertical x which is denoted q.
s

50 if for a sufficient number of points in the cross section both ve10­

cities and concentration are know the sediment discharge can be calculated

by means of graphica1 integration. Actually measuring concentrations and velo­

cities at the saine time is both awkward and time consuming. Moreover in most

cases a stage-discharge rating curve is available and the point is to get

the mean concentration for several verticals without having to measure the

velocities.

Remarks The suspended sediment cannot he measured right to the bed since

the sampler nozzlecannot reach the lower 10 to 15 cm of a verti­

D
cal so the low'er limi t in the integral S cudy is a and not

a

zero. 50 there is an unmeasured part (see fig. 3) fram the bottom

to a height, a , which may or may not be a sizeab1e part of the

total 10ad.
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rr. llERTlt:1>.L DISTP.IBUTION OF SUSPENDEn SEDIMENT

General Considerations

In most rivers the fine fractions, namely, ~~e silt and clay are

usually uniformly distributed over the dept." of a stream or nearly so where­

as the coarser fractions of the suspénded sediment, which are usually sand,

exhibit the greatest variation in concentration fram the stream bed to the

'Water surface.

The foregoing can be explained by considering the Rouse equation,

namely,

c (D-v) a z·
(4)= [ y ( D-- a ) 1C

a

V V settling velocity ofs s a given particlez =
[4ku*

(5)

f andk coefficients
u. ~ : friction velocity

and which gives the concentration, c , at any level, y , in terms of

which in the concentration at an arbitrary level, a.

C
ë\

Figure 4 shows a graph of the Rouse equation for several values of

. the exponant z. It is seen that fcr low values of z the concentration

tends toward becoming uniform over the depth and that for large z "ralues

'the concentration is small near the surface and relatively high neu the

bcttom.
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In figure 5 it is Deen that the data weIl fit the fOl.ïn of the theo­

retical curves for a large range of z values in different rivers of the U.S.A.
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According te equation (5) fer a given flow at a given tirne,. z is

proportional to the settling velocit:y, vs' so that the small grains will

have small z values and he relatively uniformly distr;~utéd ever the depth

'and the coarse grains with large z values will he cenccntIated near the

bottom. Likewise, for a given particle the higher ~~e shear velocity, u* '

the 1es5er z , therefore in the upper regime a given particle may bccome

nearly uniformly distributed over the depth even though it was not the case

in the lower regime.

The two following examples enlightens the foregoing. In tig. 6 and

fig. 7, it is readily seen that changes in concentration are closely related

to changes for particles which belong to the sand range (over 0.062 mm in

diameter). The difference lies in the nature of the two stre~~s, the Missis­

sippi river is a typical large sand bed stream whereas the Rio ~rco is a
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~teep, rapid and heavily sediment-lader. stream, in the former the sand frac­

tion of the suspended load represents a large amount of the total,suspended

load however in'the latter the sand fraction plays a minor part and could

nearly he disregarded as shown in fig. 7.

In conclusion we can say that maximum deviations fram mean concentra­

tion values are found in streams where the suspended sediment consists largely

of sand. In contrast minimum deviations from mean concentration values occur

in stream where the suspended sediment consists largely of silt and clay.

Thus, the amount of the mornentary fluctuation in concentration at any depth

varies with the ratio of the concentration of sand to the total concentration.

Or putting it another way, the ratio of t~e suspended part of the bed material

load to the total suspended load. This must he kept in mind when measuring

suspended load •••.

.
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Depth Integrating Methoà

Let us reSll.'TIe equation (3), that is,

Q's
= raxr cudy

o a

( 3)

Our aim is to calculate the sediment discharge in weight per unit

width at a given vertical. Let us denote it qs' we have

= r cudy

a

(6)

Let us define the mean concentration -c at a given vertical as the

ratio of the sediment discharge per unit width to ~~e water discharge per

unit width at the same vertical so we have :

c

\D
J cudy

a=

.

(" D

JUdY

a

(7)

where
,D
JUdY

a

= q is the water discharge per unit width at the given

vertical. So we have

= cq

With the depth integrating rr.ethod the sampler runs the vertical a t a

uniform speed, that is, is lowered from the surface to the bottom of the stream

then raised fram the bottom to the surface with a so-called transit rate which
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is constant. The concentration of a sample collected in such a way represents

the mean concentration c defined by equation (6) of suspended matter at the

given vertical. See Annex 1 for the proof.

Point Integrating Method

In that method samples are taken at several points in the verticaL

If velocities for the same points are measured each concentration can be

weighted by the corresponding velocity, that is, the product, cu , is calcu­

lated for each point and the sediment discharge is obtained by integrating

over the vertical through formula 6

=
DSa cudy

The foregoing procedure is time consuming and reserved for special studies,

i.e., when concentration distribution over the vertical is needed.

To avoid measuring velocities the mean concentration in the vertical

may be obtained by taking points samples which represent equal increments of

depth and either keeping the same sa~pling time for each point s ample in that

case the samples may be composited into a single one whose concentration will

he the mean concentration over the vertical (see Annex 2 for the proof) or

recording the sampling time and using the weight of ~~e sample collected per

second to weight each sample (see Annex 2 for the proof) in that case the

mean concentration is given by the following formula :

n w.
2: l.-t.l l.

(8)c = vol.n
2: l.-t.
l l.



III. INTEGR.lI.TING SAMPLERS

~le co~~n criteria adopted for the design and construction of sus­

pended-sediment samplers are as follows :

To allow water to enter the sample bottle through the nozzle

at the same velocity as the surrounding stream velocity

To be strearnlined so that to minimize disturbance

to the flow pattern and to avoid excessive down­

stream drift

To permit sampling close to the strea...'11 bed

To be rugged and simply constructed to avoid

troubles in the field
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The necessi ':.y for the first it.em to be x'espected iE- shown in fig. 8

which depicts the relat.ior, cf sediment size ta errorfi in ::oncentratieoù with

respect to deviation of intake velocity. '!t is readily seen that :

Fine roaterial ( < 0.062 nm) are not greatly affected whcn

the intake ve:locity is different from the strealn velocity

The errors caused when intake velocities are grsater than

stream velocities aJ:e much less important than wher. the

reverse occurs.

Depth Integrating S~rnplers

Dased on a pressure equalization principle a depth-integrating sampler

collects and accumulates continuously the Ga..nple as it is lCM.:?red ta ~'1e bot­

tom of the stream and raised back to the surface wH-.h a unifl~pn transit rats,

it is not necessary that transit rates be the saïlE" in both ài~ections (see

Annex 1 for the proof) but must be t..'-le sa."rie for a gi"J'en dire.:tion.

Transit Rate

The sampler begins to collect the mixture when it enters the watE"r and

stops on leaving the water in order not to overfill the container inside the

sampler a transit rate ~ust be chosen taking into a~count the depth and the

velocity prevailing at the sampled vertical.

TWo factors are of importance to select the proper transit rate, namely,

The air in the sample container is compressed by ~~e inflowing

liquid wo that its pressure balances the external hydrostatic

head. If the speed of lowering the sampler is such that the

rate of air contraction exceeds the normal rate of liquid inflo\'l,

the actual rate of inflow will he higher than the local stream

velocity and even seme inflow may occur through the ai.r exhal1st.

It was sho"oI1Il ~l)at when the transit rate exceeds four-ter.ths

the mean velocity (0.4 ü> in the vertical the effective velocity
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of the water en~~ring the nozzle is rcèuced, this phenomenum

being due to excessive é::.ugles between t.1Le nozzle and the ap­

proaching flow.

The foregoing is illustrated in fig. 9 \l7here t.~e relation between

the ratio of the transit rate te the mean valocity and the depth of stream

is shot>."Il.
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It must be ncted that due to the pressure equalization princîple

the theoretical maximum depth is limited. to about 6 m regardless of the

size of the sample container and the practical maximum sampling deptb is

about 5 I!I.
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US De,EEll Integrating Sm~lers

OH 48 (See fig. 10)

Used for w.adable streams, that is, as a practical rule when the prod:;']..::t

of depth in meter and velocity in me~~r per second is less tl~~, unity. J.t

consists of a streamlined aluminum casting, 33 cm long, which partly encloses

the sar.:f'le container. The cont.?iner, usually a round pint glass milk bcttle,

is sealed against a gasketin the head cavity of the sampler by a hand-operated

spri~g-tensionedpull-rod assembly a.t the ·tail of the sampler. The smnple

is collected through the bltake nozzle and is discha=ged into the bottle. T.h~

di.splaced air frem tlle bottlc is ejected downstream through the air exhaust

aJ.ongsièe tlle head of the sampler. The sampler, inclucling tlle container, weight.E

2 kg. A standard stream-gaging wading rad, or other suitable handle, is threaded.

into tlle top of the sarnpler body for suspending the sampler. T'ne ir.st=UIntmt ,.. ..

can sample to with5.n 9 cm of the streambed. The sampler is calibrated wit.'I1 a ~~.., .
nozzle that has an inside diameter of 1/4 inch (6. 3 mm). However, a ï't- inch ,~

(4.8 mm) nozzle may also he used.

Figure 10 Depth integrating se diment sampler U 5 DH- 48
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DH 59 (See Fig. Il)

Designed to he suspended by a hand-held rope in streams too deep to

be waded. It 'too, only partly encloses the sampl~ container. The sëllTlpler body

is 38 crr, long, is madè of bronze in the form of n ztreamlined castipg, and

weighs about II kg. Because of its light weight, it is limited in U~~ to

streams with velocities less than about 1.S meters per second. The rope is

usua11y cotton or nylon. Note in figure Il that the tail vane €'.Y.tends below

the body of the sampler and the bOttle. This extension forces the sampler noz­

zle to orient itself into the flow before.submergence. Tne sample~ will not

traverse closer than about 10 cm of the strearnr.ed. The instr~ment is calibrated

and supplied with 1/4 inch (0.63 cm), 3/16 inch (0.48 cm), and 1/8 inch (0.32

cm) nozzles.
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FIG. Il -us DH·59 Deplh.lntegraUng
agency Commltlee. 1963)

Wl!!
Suspended·$edlment Sampler (Inter.
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o 49 Superseded by D 74

This cable suspender sampler is designed for use in streams b2yond

the range of the hand-operated equipment. An approxirnate uniform tra.nsit

rate is obtained by controlling the rate of movem2nt of the sampler by a

hand-operated ~eel. This sampler is suitable for depth integration of streams

less than 5 In in depth in which velocities preferably do not exceed 2 rn/s.

US D-49 Sa~mpler is an improved design of the D-43 Sampler. The sampler,

illustrated in Figure 12 is 61 cm long, h~ving stream-lined body and cast in

one piece, weighing about 20 kg. It has a tail vane at the back and intake

nozzle in the front. The sampler has an air exhaust tube and an arrangement

to fit 6.25 mm, 4.75 mm and 3.18 mm diameter bore nozzles. The required size

of the nozzle is selected depending upon the size and grade of sediment,

stream velocity etc., after prelllninary experiments.

The chamb2r inside the body of the sampler is fitted with a coil

sp:dng ovet" which l - pint glass (milk) bottle is placed which in turn

firmly forces the bottle tight against the sponge rubber sealing gasket, fit-­

ted into· sampler head. The auxiliary head is provided with looking device for

opening and closing the head. The sampler is provided with a free mm.-ing sus--­

pension bar attached to the body of the sampler through a pin. The detailed

design of the sampler is given in Figure 12.

The sampler is lowered to the bottom of the stream vertically down

and raised again to the surfac~ at uniform rate. Sarnpling period is so adjusted

that the container is filled to about 9/10 of its capacity in these two jour­

neys. If the container becomes completely filled, during sampling operation,

the sample is not representative and must be discarded. The maximum and mini­

mum transit rates for round-trip depth integration with 3.2", 4.8 and 6.3 mm

nozzles are shown in Figure 9.
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FIG. 12.-US D-49 Oepth-Integrallng Suspended-Sedlment Sampler (Interageney
Commltlee, 1952)
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Point Integrating Samplers

point-integrating samplers are more versatile than depth i.ntegrating

types since they not only may be used as depth-integrating sampl~rs overa

part of the whole vertical but to collect a sarnple at any desired depth as

weIl. They aze used for depth or point-integration in stre~s too deep (more

than 15 feet) or too swif-r. te sampl.e in a round-trip integration wir.hou1:

overfilling tlie bottle at the maximum allowable trarlsit rate. 'l'he intake and

exhaust passages are controlled by a valve which is operated fram the surface.

The body of the sampler contains an air chamber to equali.ze the air pressure

at tl1e sa~pling point in order to avoid the in~~sh which would otherwi~e occur

when opening ~~e intake and air exhaust below the surface.

In depth integration samplingcan start any point and continue in

either an upward or downward direction for a maximum vertical distance of

about 9 m.

Loo· To calculate the mean concentration over a vertical see Ar..ne~x 2.

Remark Due to their weight, point-integrating samplers require heavy

equipment to be operated sounding reels, bridge crances, etc •••

US p-6l Sampler

The. design of the US p-6l Sampler is illustrated âiagrammatically in

Figure 13. It is a cast Bronze Sampler, 71 cm long. It is streamlined and

has tail vanes to orient the sampler so that the intake nozzle in the head

points directly into the approaching flo\<l. The sample head is hinged to pro­

vide access to the round pint milk bottle sample container. n1e air chamber

in the body is connected to the cavity in the sampler head and head cavity

is connected through the valve to the sampler bottle; the intake and air

exhause passages are closed. When the head is closed on t.."'le body, the. sampler

container is sealed in place when the electric current is passed, tha solenoid
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, 0
turns a rotary valve through an angle of 45 and the valve is in sampling

position. The intake and air exhaust passages are open; but the connection

from the bottle to the head cavity is closed.' The resistance of t.~e solenoid

is about 24 ohIrs and minimum current of one ampere issupplied to move the

valve in sarnpling position. A current supply of 48 volt is needed for sarn­

pling up to 30.48 m dep~.

This sampler can be used for dept~-integrationas weIl as for point­

integration in the stream depths of about 46 In. The capacity of the pressure

equalising ch~~er in US p-61 Sample~ is improved. It permits sampling to a

maximum depth of about 50 m - 55 m. In streams, where è.epths are about 5.5 'll'l

and velocities are moderate, samples of suspended sediment can be collected

by depth-in~egratingmethod .i.e., the sampler valve is held open by electri­

cal mechanisrn, both during lower.ing as well as raising the sampler to the

water surface. In tlle streams where depths are greater than 5 m or are up to

9 m and velocities are high, the sampler is used as depth integrating in one

direction only i. e., frOnt the bottom of t.'1e stream to t.."1e surface.

Nozzle diameter : 4.8 mm

T
~~~~r··

Q. ZOe-

l
PlO ft

Figure 13: Point - integro ting suspended - sediment somplcr U.S.P- 61
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US p-63 Sampler

In streams which are LOO ëeep or flow too fast;- another Sampler US p-63

of larger si.ze, capacity an.;, ....·eight is used. US p-63 is a 91 kg elec.:trically

operated suspe..ded sediment sampler. It is a cast Bronze Sarnpler, 86 cm long.

It is streamlined and has tail vanes to orient the sampler sothat tll~ intake

nozzle points directly into the approaching flow (Figure 14). The valve mecha­

nism and operatio~ of the Us p-63 S~mpler is the same as that of US p-6l Sam­

pler. In th~s sampler, an adapter can he fitteù in the container-shell so tllat

a quart-sized bot.tle· can be used instead of a pint milk bottle. The maximum

depth to which sampling ca~ be done with a quart s~~ple container is about

55 m as against 36 m ~Ti t.h a pint container. There is a pressure chambcr in the

sarnplcr hody. Tne air in the pressure c~~r is at the static pressure cor­

responQing to the dep~Jl of slÙDlergence. About 48 volts of àirect current is

required. If suspension cable is longer than 3D m, a higher voltage m;;,y he

desired.

, .

Nozzle

!.~m~1r
......_-o\-~

4.8 mm

P f n r;

ee'38 CIIl

----30·48 Cllll------e

E..
Cl
CD

cv
cv

5.,
o....
cv

Elevation

,. ioure 14 :Point- i~.tegrating suspendod - sediment sampler US. p_ 63
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Neyrpic Sediment Sampling or tlTurbidisonde 80"

This is a point-integrating sampler somewhat different in its principle

since ta prevent the water-sediment mixture from entering the container a

continuous flow of compressed air is provided through a. special hollow cable

8.5 mm in diameter from a high pressure container or air compressor at the

surface. During the sampling period, the air is released from the container

by two venturi tubes at a rate controlled by the stream velocity. Likewise

the p 61 and P 63 it can be used to collect either depth or point-integrated

samp1es.

The samp1cr shown in fig. 15 and 16 weigh 93 kg and utilizes a con­

tainer with a 800 cm
3

capacity, it can be used for velocities up to 3.8 rn/sec.

The iw,trumcnt is rittcd with a standard nozzle tube of 6.35 mm in diameter.

The body of the instrument is balanced by the tail provided with stabilizing

fins.

I~holll Nt'}'I'pil

~il" 15. rul'uidisonde Ncyrl'ic .
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Special cobieUn

compressed air
in let (4)

__-Venturi tube (10)"

Hinged bead ($~own open) (2)

"....-~ampling tube (5)

Figure 16: Turbidisonde Nevrpic_ L 8 0 su~pended Joad sampler
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Delft Bottle

•
~len the suspended load is made up of sand-sized particlesor on~

is interested only in the coarse material load the Delft bottle can be ~~ed.'

The principle is completely different, instead ofcollecting a sample

of water-sediment mi~~ure the sàmpler collects the suspended load directly.

Due to a sharp velocity decrease the sand sized particles settle out inside

the sampler and the \'1ater leaves the sampler. The sampler can be let under

the surface for a long period of time so tnat to ccllect a large volume of

suspended material.

a) Modèle On

r
1

r'"
i

b) Modèle DF2

Clichés
Waterloophndi<;

I,abonto";Ulft (Delit)

Reer side
wltho~t lid

(al

Verrie.:1 $!ctll')n ot the CliS of ,ne container

....-

(bl

Fig. 17 The D,'lft borrle, (a) S,hem~l:;; ,k:=tch. (b) suspcndc~ on :.! cab!.:.- .. .. .
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IV. PRACTIC.P-..l. OBSERVATIONS ABOUT THE USE OF THE U.S. SILT SA.?o1PLERS

As te practical ways ta handle the equipment nothing better than quoting

a leading specialist GUY in "Field Methods for l-1easureIilent of Fluvial Sediment".

Transit Ra.te

Additional explanation and qualifications with respect to
the transit rate for suspended-sediment sampling include :

1. For cable-suspended samplers, t.~e instantaneous act\:i.al
transit may diffp.r considerably frorn the

cornputed rate, Rt ' if U exceeds about 1.8 mis and

if the sampler is suspended from more than 6 m aboye
the water surface. Under such conditions, the sa~pler

is dragged downstream and the indicateè depth i5 ~reater

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 18 to de­
termine the needed transit rate.

2. The allowable R
t

may be greate:::- than 0.4 U and SaI\i­

pling depth thereby increased if the sampler is cable
suspended and capable of tilting itself scmewhat i:l the
direction of vertical movement. On the other hand, where
the sa.~pler cannot tilt, where the ~elocity at the bottom
of the vertical is rnuch less thë~ U, a.~è where there

is a heavy concentration of suspended sand near the bed,
the use of a Rt value that nears this limitation may

cause Rt to approach or even exceed the actual u near

the bed and thus cause an excessive error in the intake
of sand particles. The approach-angle the~retical dcpth
limits will of course be less if either the dcwnwarè or
the upward transit rates, Rtd or R

tu
are different

fram ~.

3. ' 'The indiGated lower limit, because of air compression, is
based on the assumption of a uniform velocity distribu­
tion in the vertical. Where the velocity is considerably
greater than the mean in the upper part of the vertical ,
the lower limit can be increased somewhat. The air co~

pression lower limit can also be increased by using a
dawnward transit rate, ~d ' that is less than the indi-

cated Rt and then to compensate for the extra filling of

the bottle on the downward trip by using an equally greater
upward transit rate, ~u • For example, 6.00 m rray be s~

pled with an 1/8 inch nozzle if where ~ =0.37 is indi­

cated (for Ü = 1.52 m/s)by using 'R
td

= 0.27 and Rtu =
0.46 mis.
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4. Because of possible greater G€viatio~ from ~~e ià~al

relation of intake valocity to ntrea~ v~locity of 1.0,
the liS-inch nozzle should not be used if there ère
signi±icant qu.a.ntities of sand larger tha."1 0.25 mm in
suspension. The l/8-inch nozzle is a1so less reliable
th~l the larger nozzles where srnall roots ~~ otner
organic fibers are sl.1spendcd in the flow.

5. ln the event b"1at the sampler accommodates a quart­
sized bottle, half the indicated Rt can be useG. with
the quart-sized bottloe, the depth limit for the 1/4­
inch nozzlc, where Rt = 0.4 Ü, be COIUputeà. to S.O m.
In practice, however, the 4.6 m limitation beca~se of
àir compression should apply unless the exceptions in­
dicateG in 3 (above> can he applied.

An alinernent graph·is given in Figure 18 for which bcth transit rate

and transit ti.:ne can he detel.~ined given the depth and the mean ve~ocity of

the ver~ical, according to.the nozzle diarneter and for a round trip. l~e

example on the graph shows that a vertical 2.35 m deep flowing or 1.20 mis

requires a transit rate of 0.26 mis if a 0.48 cm nozzle is used and 0.46 mis

if a 0.63 cm nozzle is used. The total transit time for each nozzle is 11

and lB seconds respectively. Figure 19 gi',es the transit time or filling

time with respect to the mean velocity for each nozzle.
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Nozzles

Each suspended-sediment sarnpler is ~quippeà with a set·of nozzle3

that may have been calibrated specifically for the particular. sampler, but

more than likely, the given calibration was for a particular series of

samplers having similar physical characteristics. For the individually ca­

librated u~its, almost one-third of the purchase priee of the sample~ repre­

sents calibration costs. These nozzles are cut andshaped externally and

internally to insure that the velocity of '1·;ater 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 fram ~he stream velocity at the sampling

point causes error in the concentration of t~e sample, especially for the

sanà-sized particles (fig. 8). For example, a plus 10 per.cent error in sedi-.

ment concentration is likely for particles of sediment 0.45 mm i.n diameter,

when the intake velocity is 25 percent less than stream velocity (F.I.A.S.P.,

1941, p. 38-41).

Because each of the samplèr nozzles is calibrated for its Farticular

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 exceptions are the recent p-6l and p-63 series which use the same

nozzles.

The reasons for the differences between the ~ozzles of different se­

ries 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 e~;haust are different. Thus,

interchanging nozzles between sampler seriesresults generally in an incor­

rect intake velocity and thus incorrect sediment concentration and p~ticle

size distribution in the sample. Therefo!e, when a ~ozzle is damaged, be

certain to use a correct replacement nozzle~

If extra nozzles are needed for a specifie sampler or series, they:

can be obtained by writing to the F.I.A.S.P. (address canbè obtained fram

the latest inter-agency report) and including the sampler number. If exhaust

tubes on the samplers become damaged or deformed, the entire sampler should

be sent to the F.I.A.S.P. for repair and recalibration.
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Excépt for the DH-48, thrêe diff~rent size nozzles, 1/4-inch, 3/16­

inch, and i/8-inch, lnay ~ used to take samples with the depth-integrâting

s&~ple~s. The DH-48 WüS designed for use in slow wadable stIeams, and t~ere­

fore, a liB-inch nozzle ~a5 never been calibrated for this instrument. Note

that just because a nozzle may physically f~t asampler, it 1s not necessarily

"Che correct one. For example, i t is possible, bL1 t. incorrect, _Lo use the.s~:

nozzle in a D-43, a DH-48, a DH-59, or a D-49.

The reason for different size nozzles is that strea~ velocities and

depths occur which will cause the sarnple battle to overfill for a specific

transit rate when usingthe largest nozzle. More specifically, the maximum

theoretica1 sampling depths for round trip integration are about 2.4, 4.3,

and 4.6 m. for the li4-, 3/16-, and l/B-inch nozzles, respectively, and twice

these depths for one way integration when the ordina=y pint sample battle is

used. Therefore, in order to reduce the quantity of sample entering the bot­

tIc, the next smaller nozzle is used with the view ~~at the best s~nple is

obtained with the largest nozzle which can be used in a given sit\'ation. The

larger ele nozzle, the srnaller the chance of excluding large sand par.ti=les

which n,z:.y be in susf'ension. It should be pointed out that possible errors

caused by using too sma1l a nozzle are usually minor when dealing with fine

material 0.062 mm) but tend to increase in importance with increasing

",
~.- :

particle size. Also it has been found through experience.· tl'tat

the small nozzles plug with organic material, sediment, and ice particles

easier than the large ones. This means that problems with nozzles can aven

exist with streams transporting mostly fine material.

Point-integrating samplers are supplied only with a 3/l6-inch nozzle

~cause ~~~ opening through the valve mechanism is only three-sixte~nths of

an inch (4.8 ~n).

Gaskets

Of equal importance to the correct nozzle in the instrument is the

necessity to use the proper gaskef to seal the battle mouth sufficientIy. The

gasket for this purpose is usually made of a spongelike neoprene material which

de~eriorates 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 gasket occasionally. It is possible that gaskets can be misaliqned or even

lost during transportation, or while chànging bottles when taking samples.
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Tc check the gasket for adequate seal, insert abottle in the proper

position in the sampler, then while the air-exhaust port is closed with a

finger, blow through the sarrpler nozzle. If air escapes around the bcttle

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 dif­

ferent size or shaped gasket, so it is necessary to havespares of each

series o~ hand. Appropriate gaskets rnay he obtained from'the F:I.A.S.P.

BottIes

At present, rnost districts use the standard pint-sized glass rnilk bottles

for which the instruments were designed. Each bottle is partially etched to

provide a writing surface on which to record pertinent information concerning

each sample. (See fig. 20). The writing surface should accommodate rnarking with

a medium soft blue or black pencil of sufficient durability to withstand hand­

ling and yet be easily removed when the bottles are cleaned. The Ohio District

(P. W. Anttila, written commun., August 1968) uses a cornpoundcornmercially

calIed "Activated Jack Frost" to provide the writing surface on glass bottles.

It can be purchased fram McKay w~emical Company, 880 Pacific Str~et, Brooklyn,

N.Y. 11238. Hydrofluoric acid has been used for this purpose, but is less de­

sirable because it must be handled carefully and stored in a polyethylene con­

tainer. "Activated Jack Frost" can be'stored in a metal container •

Sorne districts use plain bottles and attach tags for recording purposes.

The required information can also be recorded on the bottle cap if there are

no alternatives, but this should be avoided because of the srnall 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 fram handling and freez­

ing, and rnost important redùce 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 problern of air

compressibility during depth integration could be avoided.

~ttles are usually stored and transported in wire, wooden, or fiber­

board cases holding 20 to 30 bottles each. However, in the field, it is

desirable to use a srnall bottle carrier which holds six, eight, or 10 bottles.

This elL~inates the need to handle the heavier 20- or 30-bottle cases while
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mà.:'Ci.ng il meaS'.ll€ment and provides â. near, convenient, andrelati'Jely safe

place te set the bottles. In making wading measurernents bo1:h ha.'1ds ,can be

freed ta operate the sampler if the bottlc carrier is suspended from the

should€r. \üth è strap or rope.
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v. LATERP~ DISTRIBUTION OF SUSPENDED SEDIMENT.

In the same way as for the vertical distribution of suspended. sedi­

ment and as far as the site chosen for making the measurcments fulfills

certain conditions we Cr.!,Tl say with GUY "AlI or mainly all'the concentra­

tL:m va:datior. at different verticals across the stream will be the result

of sand-sized material and finer sediments are uniformly àisposed through­

out the section unless the section is close to a tributary and mixing is

not complete."

The mean concentration for the entire cross section is denoted C

and defined as the ratio of the suspended sediment discharge to the water

discha~ge, L~at is

C =
St cudxdy
_ J A Qs,

=_..
Q

(9)

Let us assume that given a gauge height in a streëL.ïl the water discharge

is k~own, in that case if there is a means to obtain the ~ean concentration,

the suspended sediment discharge will be the product of the mean concentration

and the water discharge since from (9) we get :

= QC (10)

- \

'l'Wo methods are of current use to determine the mean concentrati.on,

namely, the E.D.1. method and the E.T.R. method. Before describing them it

is logical to give sorne informations about the "site selection". Since mea­

suring in a poor site will yield mediocr~ results whatever the method, the

number of vcrticals required to Obtain good results depends on the selected

site and so is also discussed.
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site Selection

As previously done, we draw heavily on Guy's work.

The sediment sampling techniques to 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 measure~ents. The
site must often be located at a specifie gaging station;
but sometimes, 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 maxL~ize the returns in consi­
deration of the relative costs, data üccuracy, and the
physical limitations. The periect site is rarely avail­
able, and therefore, it is necessary to recognize as many
li~~tations as possible and then to build a program that
will minimize the disadvantages and maximize ~~e advan­
tages.

As indicated, the site should be at or near a gaging
station because of the obvious relation cf sediment move­
ment to the flow of t."le 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 corre­
lation of the flow conditions between the sediment and the
distant water-measuring sites can be developed. The obvious
difficulties with inflow between the sites fram small tri­
butaries should also be avoided, if pbssible.

The normal stage-discharge relation at a gaging station
upstream from the confluence with another stream may be
disturbed at times because 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 require many additional
sediment measurements •

A sediment-measuring site downstream fram the con­
fluence of two streams may also require extra sediment
measurements. The downstream·site may be adequate for
water-discharge measurement because the lateral water
surface across the stream section is stable regardless
of the 4ifferences hetween the quantity of flow for
the two tributaries. Though the surface level of the
flow may he stable, the flow fram the two tributaries
does not readily mix, and the sediment may he moving
almost as two streams in proportion to the inflow fram
the two tributaries. As indicated in Book 3, Chapter Cl,
"Fluvial Sediment Concepts" (Guy, 1970, 0.24), the
distance downstream fram a confluence for complete

32
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mixing depends on the stream velocity, àepth, and ~x~ng

width. If the flo"" at a sediment-measuri.ng site is not
mixed, then extra samples will be required on a conti­
nuing basis because the relative flow ql.1antity and sedi.­
ment concentration from the two tributaries will change
\';ith time.

Aside fram the confluence or tributary problem, the
type of cross section fqr both flow in the channel and
on the flood plain may be important to the ease with
which data can he obtained and to the quality of the
samples. The ratio of the suspendeà to total lcad and its
variation with time can be greatly affected by the width­
dep~~ 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. ~nen a fixed-routine sam­
pling installation is uscd, a measuring section at a bend
may provide a more stable thalweg and hence a more uniforrn
adjustment coefficient with respect to time than one at a
crossover. Sites in areas of active ba~~ erosion should be
avoided, however.

.By econamic necessity, most sediment-measuring sites
are at highway bridges. These bridges are often either
constructed 50 that they restrict the flow wid~~, or t.."1ey
may be located at a section where the ch~lnel is naturally
restricted in width. Figure 21 (Culbertson, Young a.?ld
Brice, 1967) illustrated ~~a conditions at several kinds
of natural and artificially induced flow constrictions. As
expected, the sand-bed type of stream causes the most se­
rious 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
suppcrted by several midstream piers that can interfere
with the stream-flow lines and thereby reduce the effective
cross-sectional area. As indicated in figure 21, midstream
piers can catch debris and thereby seriously interfere with
effective sediment sampling.

33

Because sediment samples must be ob~ained more frequentll
during floods, it is imperative that a site be selected
where it is feasible to obtain data during times of floodin~.

That is, particular attention should be given to the ease
of access to the water-stage recorder and a usable bridge
or cable during a flood. SUch access takes on much more im­
portance when a sediment station is involved than then the
interest is' only for a water-discharge station. Also, because
of the need to collect samples frequently during floods, many
of which oceur at night, sites accessible only by poorly
maintained back roads or trails should be avoided, if possible:
Sometimes the choice of a sediment-measurinq site may be de­
termined by the availability of a suitable observer to collect
the routine samples.
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In choosing a sediment-measurement site, it should be
emphasized that samples should he 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
during the low-water wading stage and the higher stages
that require the use of a bridge or cable-way. In this con­
nection, sites should be avoided where highway or channel
realigrment 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
alignment, water surface conditions at various stages, com­
position of bed and bank material (at low flow) , and natural
or man-made features which could affect the water discharge
and (or) sediment-discharge relations. Such picc~res are
particularly useful when deciding on alternatives among sites
a.~ in later consideration of environmental changes at the
site(s).

34
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A. NATUn"L CO~l~T~ICTloN

Of CH".NNEL AT BEND
8 NATUkAI •. ,NSTRICTION OF

CHANNEL BY RI:.S:STAN! BEDROCK

c. Ca-;STRICTION OF" CHANN(L
BY "AS51VE PIERS

D. HFfCTI ..!:: CONSTRICTION OF"
CHANNEl BY LONG ~KEWED PIERS

LCONSTRICTION Of nOOD
'LAIN SY EMBANKMENTS

r. CONSTRICTfON 01' FLOW BY
ACCUMULATION OF DEBRIS

Fig.2Hlamples 01 natural and artil:c:ally inducea strcamnow constrictions cncountered at scdiment-measurement
litcs. From Culberhon, Voun!!, and Brice (1967, p. 23). .
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Number of ·Sam,i.'Jl ing Ve:r:ticals

Several factors inter~ene to select ~le nurnber of verticals:

l' ."

, .
~.
, ;

,-

percAntnge of sand-sized particles in the suspended

load (related to bed material)

Shape of the cross secticn (regular or irregular)

width etc •••

Lateral velccity distribution

A=ceptable relative standard error

quantity which. was fonnd te be closelyA useful criterion is the
D

related to ~~e variability of concentration (sand-sized particles) for dif-
1 _'

ferent sampling verticals, V being the mean velocity ~"ld D the depth

at the verticaL
l ~.

In figure 22 a nomograph is presented 'Chat indicates the number of

s~mpling ~erti=als required for a desired maximum acc~ptable relative stan­

dard error based on the percentdge of sand anà the compoimd ratio

called the index

V2 v'-
wnere' D (max) is t...~e 0 index at the vertical for which it is maximum

and is the ratio of the mean stream velocity to the mean depth.

The me~"l velocity and mean depth are available from water-discharge measurements.

r'"
1 •
l '

i
L
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fi~ 22 -Nome9raph io "ewfffll", .he numbe: of samplin9 verticals re~uired '0 obtain results wi'!lill an accep.able relo- "
live standard error bcs..d on lite percen'a!e of sand in 'he sample and the V2/D index. Besl re1ults are ob.ained whe"
V is betwun '2 and 5 fps and 0 is !Teoter than 1.5 fu•.

,-'

Illustrated J.n figure 22 i t is

çiven a percentage of sand of 100% and a

in the first example that

index of 2 for a relative

standard error of 15\ the number of

ple the percentage of sand is 12.5\

verticals is seven. In the second exac­

the v2 is 2 and the relati~Te sta'''ldard
o

error is 5\ in ~~at case the numbcr of vertica~s is t~o, notice that with

a v2 index of 3 the number of verticals is five. When the discharge of
D

sand-sized particles is of primary interest tile lOO-percent line should he

used regardless of the amount of fines in the sample.
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1he Equal Discharge Incr€ment Methoa (BDI)

'nlis method currently used by the DH11\.' fi Teams ~onsists in sa'1\pling

verticals which are located at tho= so-called centroids of equâl Qi.scharge

incremel1t, that is, the cross-section is divided into subsections 'through

which the sa@e di~charge passes. The mean concentration for theentire cross­

section is the average of the several vert,i.cals, nilnll=:ly,

t
'.

c =

n
L.c., ~

J.

n
(11)

,o.

f· 1

1-

L

If aIl samples are df the same volu.ile, they Cël.n be cornposited, t.~at is,

'l.:hey can be combineè into one con'tainer and the concentration of the composite

séUllple will be' the n:ean concentration. See Annex III for the pn')of. We qu.ote

Guy "Field Methocis for Measurement of Fluvial Sediment".

The BDI met-.hod, in which sampies are obtained at the
centroids of equal discharge increments, is usually li~ited

to streëùUS with stable channels ,~he.c(; discha.::ge ra,tings
change ve'::y little durinq a year. 'lne method requires that
the fieldman have some knowledge of t.he stream-flow distri­
bution in the cross section before së:Jnpling verticals can
he selected. If such knowledge can he obtained, ~~e EDI
met1lOd can save time and labor over t..he ETR method, espe­
cially on the large streMi~, because fewer verticals are
required.

Tc make the EDI measurement when prior flow knowledge
is.not available or applicable, it is necessary to deter­
mine first the total discharge of the stre~n in increments
across the channel. This is· done in accordance with methods
described by Carter and Davidian. (1968) and Buchanan and
Somers (1969). From a Gischarge measurement, a graph is
drawn (lf cUIll'.l1ative discharge in percent of total discharge
versus distance from the left or right bank of the station
nuxr.bers on the cableways or bridges. (see fig. 23.)' 1.
deoision is then made, or was made in the office, as to th~

number of verticals r~quired to adequately define the sus­
pended-sediment concentration across the stream. For example,
if only four verticals are needed, then a sarnple would be
taken at the stations where for a given discharge, the mid­
point of a~cumulation (centroids) of dis charge increments
of 25 percent occur, that is, at stations of cumulati.ve dis­
charges of 12, 38, 62 and 88 percent.
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Gage Flow Mea!\uremenl
heighl raIe date

0 0 3.14 2.260 4-:11-53

D D 12.36 23.400 1-22-52

D 0 22.45 89.700 . 1-29-52

llJ_

oo~..s:::~:::......!!~~-'lc:~:""'--JL-,---l.._.l...--..L--I._..L.-...--JL.__~_~J
3 4 5 6 7 8 9 10

SECTION STATION. IN HUNDREDS OF fEET

Fi,23.-Cumulaliytt pttlcenlage 01 Ihe 10101 ""aler discharge lor Ihree raIes 01 f10w wilh dislance ocross a slleam section.
ht "Qph is usttd fo csti'Tlate the localion 01 Ihe centroids.ol.equal-discharge increments. Gage heighl in leel; Ilow role in

cubic leel per second.
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. At eac.:h of the desi.red centzoid st.à.tiens, b/o or mor'e
b~ttles arc taken by the depth-integration methoè to repre­
sent two or more cross-section s~~ples. Thus, the contents
of each bottle is proportional to 25 percent of the'water
dlscharge for each repective: sarnple. If the two (or more)
s,:,ts of samples are to be analyzed only fo!:' the total con­
cCut!:'ation across the strea~, then l~oratory time'é~î be
saved ~f each bottle has nearly the same quantity of sample
so that the fou!:' bottles representing the total flO'.v· (€ach
sample) can be cornposited. See .~~ex III.

On most streams, \-lhere the EDI rnethod is used many times
~ach yeùr, a set of curves is drawn for sev~xal rates of
water dis~~arge or stages of flow. nlese can then be trans­
formed into a set of: sampling instructions which are kept
in the stage-recorder sheltcr at the site or in the field
v~'licles.

Sand-bed streê~~ characteristically shift r.aàicaliy at
single points and fraI., one side: ta the other, both ovcr a
p~riod of weeks or in a matter of hours. This not only makes
it impossible ta establish percentage-discharge eurves appli­
cable from one visit ta the next., but one cannet be certain
the discharge distrD)ution ooes net change between the water­
discharge measuremcnt and the s~~pling for the sediment ~eas­

urement. ObviousJy, for sand-b~d strearr~ a~d for new sediment­
measuring sites, the ~ain disadvan~age to the EDI method is
~~at a water-discharge measurement must precede the sediment­
discharge rneasurement. He\-lcver, in soce instances where o,=-tail
is not required, it may be possible for the fieldman to esti­
mate equal increments of flow and sarnple at their centroids
without a detailed water-discharge measurements.

40



The Equal. Transit Rate Method (ETR)

ln that meL'lod the sampled vcrticals are 'lll1iformly spaced and t.he

same transit rate is used for allverticals. The meanconcentraticn is the

41
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ratio of the total weight of sediment to the total volurne of the water­

sediment-mixture collected, in other words the s~ples ar.e composited into

a simple one whose concent~ation i5 the mean concentration for the whole

stream.. See Annex III for proof.

Here again we quote GUY:

A cross-sectional suspended-sediment sarnple obtaineà by
the ETR method .requir.es aSw~ple volume proportional to the
~nount of flow at each of several equally spaced verticals
in the cross section. This equal spacing between verticals
across the stream and an equal transit rata (ETR), bo~~ up
and do~~ in aIl verticals, yields a gross sarnpleproportional
te the total streamflow. Obviously, it is necessary to keep
the sarne size nozzle in the sarnpler for a given measurement..
This meth~J was first used by B. C. Colby in 1946 (F.I.A.S.P.,
lSG3b, p.4.l) and is used oost often in shallow and (ori
sand-bed streams where the distribution of water-discharge
in the cross section i5 not stable.

~he number of verticals required for an ETR sediment­
discharge measurement depeuds on the streamflow and sediment
çharacteristics at the time of sa~pling as weIl as on the
desired accuracy of the result. On many streams, both sta­
tistical approaches and experience are needed to deterrr~ne

the desirable nurnber of verticals. Until such experience is
9aL~ed, 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 sirnilar streams, L'le fieldman
can estimate the required minimum nurnber of verticals to
yield a desired level of accuracy. For aIl but r~e very wide
and shallow streams, twenty verticals are usually ample.

The width of the segments to be sampled or the distance
between verticals is determined by dividing the stream width
by the nurnber 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 rail­
ings. For example, if the stream width is 53 m and the minimum
number of verticals needed is la, then the width of segment
te be sarnpled is 5.3 m. To be practical, and since la verti­
cals is the minimum nurnber of verticals, the fieldman would
use a vertical spacing of 5 m. The location of his first ver­
tical would theoretically be at station 2.5 m. Then, the
second vertical woald be at 5 + 2.5 = 7.5 m and 50 on, thus
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sarnpling at th~ midpcint of flow segments 5 m ~ide.

Though the final section would he 8 m insteaè of 5 ID

the sampling ~esults will not he measu~ably affected
because the a~ount of flow in the segments near tr.e banks
i.s usually small in comparison with the midstream segments.

Because the maximum 'transit rate must not exceed 0.4 U
e.r.d because the minimum must be sufficiently fast
to keep from overfilling any of the sample bottles, it
is evident that the transit ra.te to be useà for a.ll ve!:'ti­
cals is limited ~y conèitions at the vertical containing
the largest discharge per unit of wi~ (largest prod~ct of
depth times velocity). A discharge measurement· can be made
to determine where this verticQI is located, but generally
it is estimated by sounding for depth and acquirin':J a "feel"
for the relative velocity with an empty sampler or wading
rode 1he transit rate required at the maximum discharge
vertical must then be used at all other verticals in the
cross section and is usually set to fill a bottle in a round
trip.

In slow-moving water it is sometimes tiring and awkward
to use an extremely slow transit rate, especially when using
a handline or whan wading. Under such circumstances, it may
be advisable to increase the transit ~ate and made two O~

more trips in each vertical. This generally results in a
more "natural" transit rate and provides a better averaging
of possible variations. In streams with very low velocities
in the maximun\ flow section, the sediment is generally fine
material and the sampled concentration would be unaffected
by a possible transit rate sanewhat faster than 0.4 Vm in
sorne verticals.

The ETR method has some important advantages over the
EnI method. First, it is appartent that a previous water­
discharge measurement is not required. Another advantage of
the ETR is that analysis time and effort can be saved in the
laboratory because the sample bottles are composited to give
one cross-sectional sediment concentration and (or) particle­
size gradation. On the other hand, because of the difficulty
in maintaining an equal rate of integration of each vertical
and the bottle shortage the ETR method has limited applica­
tions at most sites.

42
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V'l. OTI-ŒR MEASUREHENT DE"IlICES

Instantaneous SampIers

The principle of operation of ,'3J1 instantaneous sampler is simple. Al1

0Fen containe~, eiL~er in a verti~al or horizontal position, is lowered ta

the desired location. 111en some kind of a device releases a mechanism which

traps the sample oi the water-sediment mixture. As can be imagined, mlmerous

sdmplers base1 on such a principle have been designed aIl over the world.

Generally, thcy may have most any capacity, but usually they vary from trap­

ping about 1 to 5 liters of mixture. They are introduced into the water by

rcds (for shallow depth) or by cables or ropes.

r
1

,-

r
i
1

L.o

Le;eno C "!O;le
W WelC;~T (mess~:'\ger)

R Cover plo'e ... f~. ven!

Fig. 24 l:lSlilntanc:ous horizontal samp:cr. [.4ftl!r J"KlJSCKOfF

(/931).)

A typical horizontal sampler, discussed by JAKUSCHOFF (1932), is shawn

in Fig. 24. It consists of a pipe, two cover plates, metal weight, and a rope.

upon release of the metal weight, the cover plates enclose a sample of the

sediment-water mixture into the pipe.
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Fig. 25 Instantaneous vertical sampler. [Afte,. JAKt:SCHOFf (1931).]

In fig. 25 is shown a vertical sampler. It consists of a cylinder

and a cover plate, a metal weight and. cable. If the device is in the sam­

pling position, the metal weight called messenger is sent down the cable,

releases the cover plate which drops and encloses the sample into the

cylinder.
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Single-Stage Sampler

~lese samplers are in tact point-integrating samplers designed to get

'samples at flood stage when manual sampling would be difficult for instance

on small fast-rising st:ean1S where it is impractical to use a conventicn<1.1

depth-integrating sampler.

l,

The fJ.S. U59 was developed for automatic collection of samples without

immediate attention fram field personnel. Several of 'these units may he mounted

at one station at different stages. The sampler consists of a bottle mounted

on a rack. A stopper wi~~ two holes, one for the syphon-shaped airey.ha~st the

other for the intake tcl>e, seals the bottle. The water-sediment mixture enters

whenever the water' level rises to the elevation at which the intake nozzle is

placed. A single stage sampler is presented in fig. 26 with bath a vertical

and a horizontal intake.

r

Sampler No 10

~~
. \':74 7em," 1.0.

11
25·41""'1--.-

El
E
~

tÎI
ln

-1
VertlCol .ntolce

476mm
I.O--"'/",:

r­
l

,.
1,

l'

Horizontal .nteke
somE:ler No Z

FIgure 26: Single-stage suspended - sed.mllfnt

sO'"Jl'er v.s.u-59
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The Gluschkoff Bellows (Shown in Fig. 27)

A deflated rubber bag is brought into the measuring position. The draw

tube at the rl.!.bber bag is now held into the flow, and the robber bag begins

to fill. Just before ~e rubber bag is filled, the draw tube is turned and the

filling time recorded. Both the flcw rate and the suspended load can be deter-

mined•

CD

®
c

Le~end

+- P::sit,cn cf Nboer D:JÇ
,. Bdore scmplt! IS roilen

~}0unn9 wmpie il tollen

~4. Atter so"'lie was ~ken

l '

Fi,. 27 GluschJcofi'"s bellov.-s.
.'1ft" DEBSKI (/965).]

Pumping Samplers

These samplars consist of a pumping system with the intake located

in the stream at a preselected stage and the outlet going to a bottling or

flushing system. They are designed to obtain a continuous record of sediment

concentration by sampling at specifie time int~rvals according to the nature

of the stream. Despite the facts that the velocity in the intake is not equal

to the stream velocity and that the intake itself does not point into the

flow they can provide canplete coverage of storm events which would be other­

wise difficul t or even .impossible to obtain. The experiments carried out so

far show that only coarse particles are affected by this type of sampling.
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ORSTOM Prccedur~
(

DevelopE~ since 1966 by ORSTOM (Office de la Recherche Scientifique

et Technique ~~tre-Mer in France) in several West African countries this

procedure consists in pumping the water-sediment mixture at several stages

along a verti.cal through an intake nozzle welded te a plate fastened to a

streamlined sounding weight so that to make sure the nozzle point into t.~e

flo"'. Velocities are measured at the sampled points along the vertical and

the same ü: done at several verticals. The hand-operated pump is located

at the surface in a boat along with the containers and the usual equipment

used to perform water-discharge measurements. This procedure is interesting

to measure low concentrations in relatively deep slow-moving streams where

it is required to get several liters of water-sediment mixture at each point

to obtain a goOO accuracy and where it is likely that fine sediments are nct

mixed uniformly throughout the cross section. An interesting feature is the

relatively low cost of the equipmeI}!.

Hand-operated pump

----~_.. flow

Intake nozzle

propeller~

Sounding-weight

1
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'\photoelectric Turbidity Metern Method

This method is based on the principle that suspended solid particles

make the liquid less transparent, this effect may he used to measure concen­

tration by means of a turbidity sensor assurning that turbidity and concentra- .

tion are closely related. Though many criticisms have been ràised at the use

of such instruments it seems that good results can be obtained, prOviding

an instrument is fielà calibrated' for a particular site and it is used on a

small or medium-sized basin with relatively homogeneous rock type and a pre­

dominantly silt and clay-sized load. The fact that they allow to monitor con­

tinuously the sediment concentration largely offsets their shortcomings.
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VII • CONCLUDING REMARKS

Most of the time and as far as daily record stations are concerned

taking care ofsampling is left to observers living nea= the sampling sites.

Usually the observer collects samples at a single vertical on a regular

basis, the sythm of sampling based on the stream regime is set in advance.

The observer must be carefully instructed how to operate the available equip­

ment for different ranges of gauge heights.

When performing depth integrating sampling emphasis should be put on

the following points:

Tc sound the depth pr~or to sampling

To adapt the transit rate, Rt ' by a trial

and error procedure

Tc raise the sampler as soon as it touches the

bottom of the stream

To discard any "suspec1;." sample.

To "calibrate" samples obtained at a fixed single vertical more complete

measurernents are carried out by teams of the Hydrochernistry Branch during

routine visits.

~e main problem remains to measure sediment discharges during high

flows and floods since it is widely accepted that the major part of the annual

suspended sediment transport takes place during such events. To ascertain

whether measuring sediment transport will be difficult one may rely on the

following consideration : if at a gauging station measuring water discharges

during high flow has proved to be a difficult task it is most likely that

measuring sediment discharges will be even more difficult. Unfortunately ~s

the rating curveswitness, numerous Indonesian rivers present features which

are not conducive to easy measurernents of both water and sediment d~scharges.

It is aIl very weIl to carry out careful measurements during low and

medium flows, but one must keep in mind that fram a sediment transport point

of view high flows and floods have in most cases a more important bearing on

the yearly amount of sediment transported. So weshould caution against a

'widespread attitude consisting in doing nothing when the prevailing hydraulic
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conditions prevent from perforrning orthodox measurements. Once more we refer

to Guy

"At sorne locations stream velocities are so great,that
even 100 pounds samplers cannot penetrate the water more
than a short distance before they are dragged downstream
and out of the water in an erratic movement. Under such
conditions, it can be expected that all except the largest
particles of sediment will be thoroughly mixed with.the'
flow and therefore a sample near the surface is very worth­
while. A sample obtained by lowering an uncapped bottle is
better than no sample at all".

Even if heavy point-integrating samplers were available and to the best

of our knowledge they are not it is dubious that an observer could handle

them alone, so as one cannot expect a team from the DPMA to be always present

-during high flows the last resort is, beyond a certain stage, to take surface

samples which will be calibrated by comparison with more detailed measurements.

We recomme~d to train the observer to take surface,samples as well as depth

integrated samples and to set in advance the stage beyond and below which he

will have to use either of the two methods this can be readily done through

study of past water-discharge measurements and in accordance to the type of

sampler at his disposal.

To resume an observation made by Mr. J. Knot t, U. N. sediment specialist

we remind of the necessity to use a suspension reel which allows a sampler

to operate to its full capacity. For example, it is obvious that the reel must

allow to lower and raise the sampler at the chosen transit rate, if not it is

pointless to try and perform a depth-integrated measurement since this will

result in overfilling the sample bottles.

Last but not least we think that the notion of relative error is fre­

quently forgotten though i t is of primary importance when measuring in the

field. For example, let us assume that in a given stream sand-sized particles

represent 15 per cent of the total suspended load, surface sampling may give

rise to an error as high as 100 per cent as far as sand particles are concerned,

however, if the aim is to deterrnine the total suspended load the resulting

error will he in the region of 20 per cent which is far less serious than not

measuring at all and relying on "guesstimates" or dubious extrapolations which

are in our opinion the worst thing to do.
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Annex l

Depth Integrating Method

In that method the sampler runs the vertical at a uniform speed,

that is, it is lowered fram the surface to the bottom with a so-called tran­

sit rate which îs kept constant. The concentration of the sample cQllected

continuously during the trip represents the mean concentration at the verti·

cal which has previously been defined as :

r cudy
- 0
c = (7)r. udy

0

Let us prove i t :

,
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Let us consider the sampler as

it goes past a point M. During

a little increment of time At

a small volume, A v , of water­

sediment mixture enters the bottle.

Let us denote, a , .the nozzle area,

u , the stream velocity at and

around M, R , the transit rate and,
t

c , the concentration of suspended

sediment at and around M.
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So we have

Ci) 6 V = au 6t

The weight of sediment for a volume ~ v collected at the point Mis:

, .
! , (ii) 6.w = c6.v

During ~ t the sampler had been lowered along a depth increment .6. y

such as:

(iii) 6. y = R At
t

Combining (i) (ii) and (iii) we get:

Aw
acu Ay

= -.
Rt

Av
au 6.y

= -Rt

Integrating over the whole depth we have for the weight of sediment

collected during a single trip fram surface to bottam:

w = cudy

likewise for the volume of the sample

) ~-

v = udy

As the concentration of the sample obtained this way is the rati~n of

·the weight of sediment to the volume of the water-sediment mixture, taking

into account that both, a , and Rt ' are constant we get:

SD cudy
w 0- =v

5
D

udy
0



53

which is indeed the mean concentration for the measured part of the vertical

defined by equation (7).

Let us assume that the s~pler is raised fram the bottom to the sur­

face with a different transit rate R~, we have for the total weight of

sediment:

and for the volume

w SD
O

cudy + l
R~

o

SD cudy

i
t,: 1

v
a

= -
audy +­RI
t

o
S udy

D .

The ratio of w· to v, that is, the concentration of the sample

collected in a round trip is :

à D
SoS. cudy

a cudy+-
Rt

RI
W 0 t D- =v

S: SOa udy a udy- +-
Rt

RI
t D

but i t is obvious that

and

SD cudy
o

SO
D

udy

=

=

O·S cudy
D

oS udy
D
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50 we have

(...!. a SD cudy SD cudy+ "R' )
.!!.

Rt t 0 0= = = cv 0 0a a S udy S udy(R +""Rï )
t t o· 0

·: ...i There again we can conclude that the ratio

concentration over the vertical.

w-v is equal to the mean

l..

When it is necessary to divide the vertical into several intervals,

for instance, in case of great depths or high velocities a point-integrating

sampler can be used to perform depth integration provided that each interval

is run with the same transit rate-for a given direction.

The samples collected in such a way can be camposited and the concen­

tration of the composite sample is equal to the mean concentration.

Let us assume that the vertical is divided into n intervals we have

for the total weight of sediment W

SY2 a SYi+1 a
cudy +••• R cudy +••• R

YI t Yi t

Y =0Sn cudy

Yn-l

and for the total volume V

..
n SYIV = ~ v. =~ udy
l ~ Rt 0

a
+... -Rt

+...
a+.­
R·.t

are the weight of sediment and the volume of mixture col-·w. and v.
~ ~

lected by the sampler while running the interval i. Following the rules of

the integral calculus we can write



f '

n 50 cudyW L a
= w. = -

1
l. Rt 0

n 0
L

a S udyV = v. = -
1 l. Rt 0

and the concentration of the composite sarnple that is the ration of W to

V is indeed the mean concentration over the vertical since

55

r-
i

1.

w- =V

SD cudy
o
o .S udy,
o

= c
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Annex II

Point Integrating Method
i

In that method concentrations are measured at several points along

the vertical. A point integrating sampler is used, that is, a sampler equip­

ped with a valve to control both the opening and theclosing of the intake

nozzle through a remote control.

Tc avoid the burden of measuring both velocities and concentrations

at the same time the following procedures can be followed to determine the

mean concentration over the vertical.

Let us divide the vertical, in equal intervals at the center of which

.samples are taken and let us denote them l, 2, ••• , i, ... , n, furthermore

r -

let us ·assume that bath velocity and concentration are constant throughout

each interval this is justified as far as the depth or each interval is

small enough.

Formula 7 can be expressed as the ratio of two fini te suros

=------

L

and since

-c =

c

n
~c.u. ÂY.

1 ~ ~ ~

n

LU. Ay·
1 ~ ~

=

n
:Ec.u.

1 ~ ~

n
~u.

1 ~

we get

(7 1
)

(7" )



For the interval, i , the weight and volume of the sample collected

are respectively'

V.
l.

=

=

a T. c. U.
l. l. l.

T. bei.ng the sampling time and, a , the nozzle area
l.

Now if the samples numbered fram l to n are composited the weight

of the composite sample would be

and the volume

w

v

=

=

n
~w.

l l.

n
Lv.

l l.
=

n
L aT.c.u.

l l. l. l.

n
LaT.u.

l l. l.

If the sampling time had been kept the same for each sample, that is,

Tl = T2 = •••• Tn , for the concentration of the composite sample we y,'ould

obtain :

n n
aT L c.v. ~c.u.

W l
l. l. l l. l.

= = = c
V n n

aT .L u. LU.
l

l. l l.

which is the mean concentration over the vertical defined by formula (7").
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If the sampling time is not kept constant the samples cannot be com­

posited since they are not equally time weighted. In that case each sampling

time must be recorded, weight of sediment and volume of water-sediment mixture

are determined in the laboratory for each sample and divided by the corres­

ponding sampling time, that aInounts to compute the weight of sediment and the

volume of the mixture which would have been collected for a unit time and

the mean concentration is obtained through the following formula

n w. n
L. ~

Lc.u.
1

T· 1 ~ ~
~

c = =
n vi n
2: ~uiT.
1 ~ 1

r -
,
~- .

Since = c.u.
~ ~

and = u.
~

r­
I

r

Obviously if the samples are not equally spaced along the vertical

samples cannot be composited and formula (7 1
) must be used,· that is for

each point, both weight of sediment and volume of mixture have to be weighted

by the corresponding depth.
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Annex III

EDI and ETR Methods

The problem is to determine the mean concentration for the whole cross

~~ction which is denoted, ë , and defined as the ratio of the sediment dis­

charge to the water discharge, namely :

r~,
1

r·'

ë =
SSACUdXdY

SSudxdy
A

r
l.

(

1

l

Let us divide the cross section into subsection denoted Xl' x2 '

.1 ....._---

. .. x
n

,

1

L-
~engths of which at the surface are denoted A Xl' , b. x

2
,' ••••• A x

n
am such that

n

·L
.1

Ax. = width of the stream.
~

"
1

It is assumed that the mean concentrations c.l' c2 , ••• c n are known

and so are the water discharges ql' q2' •••~ for each sub-section.

Beth formulae (9) and (10) can be written in the fonnof finite sums.
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We have for ~~e suspended sediment discharge

n
=L. ë.q. Ax.

1 ~ ~ ~

for the water disd.a1:ye

1 •

t:

Q
n

= Lqi Ax.
1 ~

and for the mean concentration

-
C =

n
2:. ë.q. Ax.

1 ~ ~ ~

n
~q. ~x.
1 ~ ~

(9' )

l_

In the EDI method the sampled verticals are located at the centroids

of Equal Discharge Increment, t..llat is, ql = q2 = ••• = ~ = *
sc we get for C

[.
1

1
1
L-e

C =

n
..2.~ ë.
n 1 ~

Q
=

n
~ë.
1 ~

n

1 .

l
e.-:

i·

L.

that is 1 the arithmetic mean of the concentraticr.s at verticals x x
. l' 2' •..x n •

In order to save time or if particle-size analysis is needed the

samples colle~teà at the different verticals may be composited provided that

all samples are of the saIlle volume or nearly the same.
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Let us prove it.

For a given vertical, xi we have

w.
~=-

v.
~

(depth-integrating method)

"
1

~ .,-'

l '

l._

and as far as the EDI method is used-

n n w.
Lc. L --!.

1 ~ 1 v.- ~

C = =n n

r- if
v

v =n n then

r- ­
1
1

c. =

n
LW~

1 ...

V

,­
i

L

r

r

L

i
L

that is, the ratio of the weight of sediment to the volume of the composite

sample or its concentration.

In the ETR method (Equal Transit Rate) the sampled verticals are

equally spaced ~~ the transit rate is kept constant for aIl verticals. In

~.t case L~e samples collected at the different verticals may be composited

and the mean concentration, ë, is the concentration of the composite sample.

Let us prove i t.

The volume of water sediment mixture collected at a vertical, i, during

a single trip using a constant transit rate is :

f -­
["

=

o

a
- u dyR

t



Substituting in equation (9') we get

n n RtL:ë. q .6x. I:-, w. âx.1 ].]. ]. 1 a ]. ].

C' = =
n n Rt
~q. Âx. L-' v. âx.
l]. ]. 1 a ]. ].

Since by hypothesis Rt ,a, â xi are constant we get

n
L, w.

].

C
1..
n
L v.

l" '].

1
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l,

which indeed represents the concentration of the composite sample.

We based our reasoning on the sampler making a single trip but the

reasoning holds true if the sampler makes a round trip provided that during

the return trip the vertical be run with the same transit rate. Obviously,

the nozzle must be kept unchanged for all the verticals.
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