CHAPTER ONE HUNDRED THIRTY NINE

DEVELOPMENT OF A
SEDIMENT TRANSPORT MEASURING SYSTEM

Eberhard Renger >

ABSTRACT

A new method for continuously recording sediment concen -
trationg with high accuracy has been developed, 1t 18 pro-
posed to apply the method for in-situ measurements in con-
nection with investigations of tidal control and sediment
transport induced by shipping traffic.

The operating principle is as follows: at the measurement
location, sediment laden water is continuously sucked-in
by means of a pump and is forced under pressure into a
hydrocyclone ( solid bowl centrifuge ) through a delivery
pipe of varying length. Here the extracted sediment flux
(particle size ® 5 pm) ig delivered by the shortest route
to a settling tank and continuously weighed under water
(wet-weighing). Following calculation and appropriate ad-
justment to the sample discharge ( Q ) the weight increase
for selected time intervals ( 4G (At)) yields the mean
concentration for the time interval ( ¢ (At)) in weight /
unit volume ( mg/l ) (direct measurement, calibration not
required ).

Details and experiences of the 3 major development stages
will be described. A fully-automatic instrument for con-
tinuously measuring nonsteady sediment movement is now
available. The instrument may be installed above as well
as below water as desired.

1. INTRODUCTION AND PROBLEM DEFINITION

In connection with investigations of tidal control to re-
duce sedimentation and of sediment transport induced by
shipping traffic in the inner German Bight / North Sea,
it is necessary to continuously record instationary sedi-
ment transport over long periods at different measuring
stations. Owing to a lack of information concerning the
spatial distribution and temporal variation of sediment
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movement in the investigation areas, it was necessary to
develop an overall concept which was realised in practice

according to the following stages:

1. Selection and partial development of a suitable method
of continuously recording sediment concentrations and
the specification of a minimum performance

2. Preliminary experiments concerning the measurement of
the instationary nature of sediment movements at a sin-
gle point of measurement. This was necessary in order
to estimate the most appropriate measurement frequency
and measurement duration.

3, Simultaneous test recordings at various depths in the
same cross-section in order to access the importance
of vertical variations in the transport (number of in-
struments !)

4, Simultaneous test recordings at various measuring
points in & horizontal plane at the same cross-section
in order to access the importance of horizontal varia-~
tions in the transport (number of instruments !)

5. Purther development of the measuring technique in or-
der to obtaln optimal conformity with the overall ob-
jective with due consideration of the above-mentioned
experimental tests

Since each stage of the investigation depended to a large
extent upon the results of the experiments, it was neces-
sary at the outset to ensure a high degree of flexibility
in research planning and conduct. In accordance with the
latter, the following bagic principles were specified:

a) Adoption of uncomplicated and readily available instru-
ment components as building blocks

b) On-the-gspot evaluation of test results in order to en-
sure an optimal progress of the experiments

¢) Well-conceived stage planning in order to ensure over-
all optimisation of the investigation aim and solution
possibilities

In this paper, attention will be mainly confined to the
development stages of the measuring technique,
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2, SELECTION CRITERIA FOR THE MEASURING TECHNIQUE

In order to prescribe the measuring technique , a study of
existing investigations wag first carried out (1),(2),(3).
The following basic information led to constraints regard-
ing the technical problems of measurement concerned with
here:

1) Existing data concerning grain-size distributions for
suspended sediment and bed samples reveal mean frequen-
cy maxima ranging between about 50 and loo pm.

2) At the present time, existing indirect recording tech-
niques require extensive calibration by means of sam-
pling and laboratory analyses (weighing), especially
under consideration of particle dependence.

3) The determination of sediment balances {residual trans-~
port) depends predominantly upon the number of instru-
ments used.

For these reasons, the continuous partial flux analysis
with sediment weighing was selected as the most suitable
method of investigation ((4), and Pig.1).

With the aid of a pump and a suitable extraction and feed
system, a sample discharge is continuously forced under
pressure through a hydrocyclone (solid bowl centrifuge).
The separated particle stream falls within seconds by
gravity into a settling tank and is continuously weighed.
Following calculation and appropriate adjustment to the
sample discharge ( Q ), the weight increase for selected
time intervals ( AG (At)), directly yields the mean sedi-
ment concentration for the time interval ( © (At)) in
weight / unit volume (mg/1).

The development of the measuring technique and the corre~
sponding instrumentation took about 2 years. This essen ~
tially involved 3 major stages of development (see Fig.3).
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3, HYDROCYCLONES AS SOLID BOWL CENTRIFUGES

As described by TRAWINSKI in (5)
Q-AQ the hydrocyclone can be regarded
as operating as a golid bowl
centrifuge in which the casing
is not rotated, but rotation of
the suspension is produced by
its being fed into the cyclone
tangentially under pressure,
Depending on the degree of sol-
ids recovery to the underflow,
the cyclone can act either as
clarifier or as classifier. The
rejects are thickened in any
case,

overflow

Fig.2 demonstrates schematically
the working of a hydrocyclone.
The suspengi on fed into it forms
a primary vortex along the in =
gside surface of the cylindrical
and conical wall, aiming to
leave the cone apex. Ag this is
underflow  throttled, only part of the
lv*‘ stream is discharged as under -
; AQ flow, carrying the coarse parti-
cles or even all of the solids
Pig. 2 1 with it. The bulk of the liquid
* y -~ being cleaned by the residual
Hydrocyclone flow diagram fine particles with it - is
forced to leave the cyclone
through the overflow nozzle by
forming an upward-spinning secondary vortex surrounding
the core of the casing. Inside the core, a low pressure is
generated, collecting all the air that has been carried in
as bubbles or dissolved in the feed water. Even vapor will
enter this visible air core., Because of the increase in
cicumferential speed in the secondary vortex, higher cen-
trifugal forces are generated, resulting in a highly effi~
cient secondary separation. The rejected fine particles
gettle radially and join the primary vortex, from which
most of them are discharged finally through the spigot
formed by the cone apex. The separation inside a hydro -
cyclone therefore takes place as a result of two process
stages, the final cut point being determined mainly by the
acceleration of the inner secondary vortex.

4, SELECTION OF MEASUREMENT CYCLONES

The separation efficiency of hydrocyclones is mainly deter=-
mined by the cyclone geometry (diameter, length) and the
discharge. The normal measurement specifications for stand-
ard cyclones require information regarding concentrations,
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article distribution as well as discharge for the feed.
hese three design parameters must be es%1mated by theoret-~
ical or empirical methods before instrument construction
and specified for the selection of the cyclone. In respect
of this, following relationships must be considered:

1. The natural particle distribution of between O and ap-~-
proximately 500 pm, with a mean maximum of between 5o
and loo pm, lies within the optimum working range of hy-
drocyclones. The smaller number of large particles occur
very seldom and may therefore be legitimately excluded
by means of a prefilifer so as to protect the equipment
from blockage. Parts of the equipment susceptible to
blockage include the slot-shaped inlet nozzle (max d <
slot~width) and the circular underflow nozzle (d21/5
nozzle diameter), Other than this, no strict require -
ments are necessary for optimal performance of the equip-
ment.

2. The natural concentration of the sample discharge ( Q )
of between about O and 1o g/l maximum, with a predomi-
nant peak between 50 and 500 mg/l, results in an opti-
mum degree of selectivity in the separation process. The
absolute magnitude of the latter, as related to the fre-
quency of occurence, is a decisivly important factor for
the dimensioning of the sediment scale. For optimal per-
formance, the accuracy of weighing, measurement frequen-
cy, size of the settling tank and flushing frequency
must be counterbalanced.

3. The discharge ( Q ) is essentially proportional to the
diameter of the hydrocyclone. Since the size of the sep-
arated material also increases with the diameter of the
hydrocyclone the sediment stream to be weighed becomes
less representative owing to the restricted range of
particle size., The fine-grained fraction ( < ) of the
residual turbidity in the hydrocyclone overfldw increases,
and since this cannot be measured at the present time,
it must be treated as an error in instrument measurement.
Consequently, the optimisation demands a minimization of
the discharge ( Q ).

It should be noted that the sub-optimization of the hydro~
cyclone and the magnitude of the sample discharge ( Q ) as
a function of the sediment scale both play a predominant
role., Owing to the unknown sediment fluxes, further devel-
opment of the method in the hydraulics laboratory was not
undertaken., By adopting readily available instrument com -
ponents, initial tests and measurements in the field were
immediately carried out. By this means, first impressions
of actual sediment movements, as referred to in section 1,
could be obtained simultaneously.
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5. OVERALL OPTIMISATION OF THB% MEASURING SYSTEM

5.1 Components of the measuring technique

?he in~gitu measuring instrument with on~line facilities
is comprised of the following sub-units (compare with
Pig.1 , Fig.3 and Table 1 ):

a) Extraction and feed equipment with intake arrangement,

delivery pump, feed pipe, support, power supply, posi-
tioning facility

b) Hydrocyclone and disposal unit with discharge measure-~
ment, overflow pipe, inlet regulation, pressure controls

c¢) Settling tank and gediment gcale with tank adjustment,

filling equipment, flushing device, constraining fix -
tures

d) Instrument control and data recordin with underflow
regulation, tank flushing, operation monitor, data ac~
quisition, data storage, concentration computations,
in-gitu data logging

As indicated in Table 1 , the three development stages in-
volve different dimensions of the sample discharge ( Q )
and weighing apparatus. Accordingly, the instrument com=-
ponents listed under a) to d) are differently dimensioned.
A detailed technical desceription will be avoided here.

oncen tions

As described in Sections 3 to 5 , only the sediment stream
in the hydrocyclone underflow is continuously weighed at
present. All fine particles (smaller than the separation
grain diameter d, ) as well as organic material enter the
hydrocyclone ovegflow and are only occasionally monitored
by manual sampling (discontinuously) followed by labora -
tory analysis.

The sediment concentration for particles larger than ( dT )
is calculated as follows:

AG
¢ ( >dT) = ~—;———a- ( mg/1 ) (1)

mean sediment concentration for par-
ticles (> dp) in the time interval (at)

where: ¢ (> dT)

AG = weight increase in the time interval
(at)
At = +time interval for computing mean sed-

iment concentrations ( € ) (held con-
stant during a sequence of measure-
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ments, however may be arbitrarily
chosen up to the maximum filling -~
time of the settling tank )

Q = magnitude of the sample discharge

According to the particular stage of development I to III,
these measurement parameters vary. Beyond stage II, wet
weighing must take account of buoyancy forces (compare
with Pable 1).The different combinations of hydrocyclone
and weighing apparatus are shown to scale in Fig.3 .

5.3 Stage I = Trial tegts with a larse~gcale equipmen

In order to become acquainted with the handling and per ~
formance of hydrocyclones and the measuring technique as
well as the variance of the particle discharges, a full -
scale instrument was installed for trial tests (compare
with Pig.3,I ). Owing to the present inability to control
the underflow discharge of about 20 ml/s, a through-~flow
settling tank with a free surface was selected, With a
realisable settling area ( A_ ) of about 12 dm? together
with the corresponding volum&tric capacity ( Va 40 1 ) ,

a separation grain-size of about 25 pm was specified. All
finer particles were already eliminated from the measure~
ments by means of an exterior large cyclone., The large
sample discharge ( Q ) of about 12 1/9 ensured a relatively
large sediment delivery to the settling tank. Despite hy~
draulic related disturbances of the scale, measuring inter-
vals of 5 minutes were possible., The test results yielded
detailed information concerning the particle flux ( 4 > dT’

dn = 25 pm ). Data was recorded by means of a simple
printer,
Stage IT -~ Tris) tests with a mobile instrument

In order to quickly obtain information regarding the spa-
tial distribution of sediment movements over a cross-sec-~
tion, the simultaneous operation of three mobile sediment
measuring instruments was necessary (types due to stage
II, see Fig.3 ). Corresponding considerations concerning
a minimization of instruments led to a drastic reduction
of the required sample discharge ( Q ) from 12 to 0.7 1/s.
This was achieved by regulating the hydrocyclone underflow.
Following preliminary tests with filters (stage IIa ) and
apecial valves (stage IIb), hydraulic regulation of the
underflow by means of pressure control was eventually
adopted, By immersing the lower part of the hydrocyclone
beneath the free gsurface of the settling tank, the under-
flow (water) was completely choked., The sediment (:»dT )
escaped with negligible delay due to density currents
alone, By this means, the free surface-area of the set ~
tling tank could be reduced by a factor of 1o to 3 dm?
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The improved selectivity (separation grain-size 4,=7pm)
obtained with the smaller sample discharge of 0,7 1/8 con-
siderably increased the measurement range in the direction
of fine sediments, Owing to the reduced sample discharge,
however, the sediment flux in the underflow decreased by
about one-tenth, In order to maintain the same accuracy of
measurements ( resolution, measurement frequency ), it was
necessary to reduce the weighing range by the same factor
(one-tenth).

By taking advantage of the above-mentioned instrument re-
ductions, a completely submerged suspension of the weighing
container was possible., As a result, hydrodynamic disturb-
ances during weighing were eliminated. In addition, the
accuracy of measurement could be increased by a further or-
der of magnitude (see Table 1) by taking advantage of buoy-
ancy forces during weighing, The weighing was carried out
with high precision laboratory scales and a hand-held-
computer was used for data acquisition.

With this instrument configuration, which may be termed
semi-automatic, several dozen tides were monitored ( see
Fig.4 ). The measurements revealed large spatial and tem~
poral variations in sediment concentrations. Correspond -
ingly, the filling times of the settling tank to maximum
capacity also differed ( from about 0.5 to 5 hrs in the
EIDER Estuary / North Sea ). Changing of the settling-
tank, followed by underflow stabilization for the next pe-
riod of measurement, lasted on average between about 2 to
5 minutes.

5¢5 Stage III - Fully-automatic sediment concentration
measuring instrument SEDIWA

The valuable experiences gained in instrument handling,
precision and measured results during the development
stagegs I and II led to a further optimisation of the equip-
ment ( Fig,3, Stage IIT and Table 1 ). The long-term
installation of several instruments, especially on poorly
accesgible and submerged mountings, necessitated a further
minimisation of instruments, improved operating stability
and full automation (compare with Fig's 3 and 5 ).

The selection of a mini-cyclone with a discharge capacity
of 0.16 1/s reduced the separation grain-size ( d, ) to

5 pm, Due to the new reduction in the sample disgharge of
about one-fifth, a corresponding increase in the weighing
accuracy of around % 20 mg will be necessary. This can
only be justified, however, provided the hydraulic disturb-
ances for the instrument and environment are relatively
small., Owing to the fact that underflow pressure was sev-
eral tenths of a bar, the hydraulic regulation of the under-
flow had to be abandoned. The corresponding effects of oper-
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ating pressure fluctuations upon the several meters high
water column of a free~surface buoyancy tank would
adversly affect the separation process.

The necessity of including a submerged scale in a pressure-
stabilized instrument configuration required a transition
to a closed excess-pressure chamber in the hydrocyclone
underflow. By this means, a highly sensitive underwater
weighing cell ( + 15 mg ) could be developed and installed.
The weighing container, which is about the size of a beaker,
has a maximum filling capacity of approximately 200 g of
sediment (>5 pm ). Depending on the rate of sediment ac-
cumulation, the filling time is of the order of several
hours,

Emptying of t ontainer {(compare with Fig. 5 ¢ ) is
achieved by simply opening the flushing valve located at
the base of the chamber, By choking the overflow, the ex~
cess pressure of about 1 bar in the chamber falls drastic-
ally. This leads to a strong flushing jet in the cyclone
underflow which re-empties the full settling tank within
about 1 minute. Following the flushing phase, the valve is
closed again. The chamber pressure and the underflow dis-
charge immediately stabilize and the measuring procedure
resumes without delay.

Q- dq Q - @ overflow
pE—
0 feed
hydro- -
cyclone alrvent valve

air | submerged scale

:~seﬂﬁngtank

v \2Xcess - pressure
: chamber

Fig.5 : ;
a) filling -~ b)operation--- o flushing- of SEDIWA

-submersible sediment measuring system —
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Fopr fully-—automatic operation, a control unit with
data acquisition is provided. Together wiTh tIme and
welght measurements, the magnitude of the sample discharge
(in general constant ) is continuously monitored by means
of a discharge meter in the return-flow line behind the
cyclone overflow, The calculation of sediment concentra-
tions (according to Equation (1), section 5.2 ), inclu =~
ding processing of the measured data, is achieved by means
of simple software.

With this type of instrument, several series of measure -
ments lasting a number of days have already been success-
fully carried out in the absence of personnel (compare
with Pig.4 ). The continuous recording over several tides
provided valuable information for the subsequent analysis
of the wide-~ranging data relating to instationary sediment
movement.,

6, MERITS OF 3EDIWA AND CONCLUSIONS

1. Flow gampling, i.e. delivery of the total material to
be investigated (water with contents) for further
detailed examination

2. Continuous extraction, i.e., the possibility of detect-

ing special events (eg. detection of transient peaks)

3. Sediment gample collecfor, i.e. availability for subse-
quent (eg.} sediment-petrographical analysis
4. A i weigh hod, 1i.e. especially for tempo-

rally dependent analysis and evaluation (integration,
balances), the relative influence of errors becomes
increasingly less

5. Minimum time discretization, i.e., optimum suitability
to highly instationary sediment movement

6. Absolute measurement technique, i.e. recordings in
weight 7/ unit volume (avoids calibration)

7. L 2, t i.e. weighing of all particles
greater than d, = 5 pm (separation grain-size of
the hydrocyclong = cut point

8, High precision, i.e. by minimising the sample discharge
( Q@ ) and with pressure-stable isolation of the hy-
drocyclone underflow, including weighing unit as well
as weighing under buoyancy, a highly sensitive weigh-
ing cell may be employed

9, Immersed ingtallation, i.e. minimisation of support and

serving facilities

1o, On~liné measurement technique, i.e. as a consequence of

cyclonigation followed by immediate submerged weigh-
ing of sediment, complete availability of the com -
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puted concentration values only a few seconds after
sampling (also later, as desired)

11, Full auvtomation, i.e. hydraulic delivery technique, re-
duction of mechanical parts to only a flushing valve,
waterproof electrics and electronics, presence of
personnel not required
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