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THE EVALUATION OF TIDE GAUGE PERFORMANCE

THROUGH THE VAN DE CASTEELE TEST

G-W. LENNOW

The University of Liverpool - Tidal Institute and Observatory

The rate of progress of the geophysical sciences depends upon the
ability of the numerical analyst to take full advantage of the quality of
ohservations which the instrument engineer is able to provide. Perhaps more
important in the present context, progress also depends upon the ability of
the engineer to provide data of a quality to match the available numerical
techniques. In this sense it is vital that developments in these two branches
of applied science should be compatible. In practice, experience has shown
that the two diseiplines tend to proceed independently so that at any point
in time a marked imbalance exists. In tidal science, for example, it can be
said that in the period upto the mid nineteen fifties the analyst, struggling
with manual technigues, was striving to realise the full potential of the
traditional tide gauge records. After this date the advent of the electronic
computer gave a distinet advantage to the analyst and at present it can be
seen that in many countries the analyst has learned to use his new tool to
great advantage. In his work a guestion is arising with increasing frequency
are the phenomena under investigation wholly real or do they contain signifi-
cant instrumental contributions ? In many cases the answer is far from
certain.

Inadequacies of Conventional Instrumentation

Concern over the performance of the conventional tide gauge installations
has been mounting over recent years. There are many common faults, some arising
from inadequacies in design and others from careless maintenance. The analogue
gauge which produces an ink trace upon a paper chart fixed to a rotating drum,
is particularly prone to error. Invariably a stilling-well is used to effect a
damping of surface waves. Anomalous pressure patterns may arise, due to local
Obstructions of streams, which are transmitted via the orifice to produce er-
roneous levels within the well. Periodie changes of water density in the vicinity
Will imply that the water sample contained within the well is not of comparable
density with that of the open water, particularly at high water. In.the Mersey
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estuary this condition has been shown to account for positive anomalies of
well levels of 6 cm magnitude. Again the accumulation of sediment and marine
growth at the base of the well, and especially in the orifice, can impair
operation and may sericusly change the response characteristics of the still-
ing system so as to distort the tidal oscillations. The above faults are
inherent in the choice of site and in the use of a stilling well system. Once
encountered, very little can be done to improve performance , other than to
keep the errors due to silt and organic growth to a minimum by frequent clean-
sing operations. However, many other faults occur, particularly in the ability
of the recording mechanism to sense accurately the water level present in the
well. The [ollowing list contains some common faults which arise in this con-
text :

mechanical frietion

blacklash in gearing

damaged gears

riding turns in float suspension, counterpoise suspension or
pen carriage drive

errors in chart graticule arising from manually drawn printing
blocks

errors in chart graticule arising from himidity changes

obstructions to free movement of float or counterweight

misaligned, or eccentric recording drum

float dimensions incompatible with mechanical load.

In these cases it is often possible to effect improvement if there is
available a rigorous process capable of sensing the presence of a fault and,
petter still, of diagnosing the cause. The significance of this fact was most
apparent in the U,K. where the network of tide gauges used to monitor sea
elevations, is mainly in the hands of local authorities which are responsible
for day to day maintenance. In view of this situation the Tidal Institute was
most interested in the original contribution made by Mr. Charles Van de Casteele
to the Oceanographic Section of the French National Committee of Geodesy and
Geophysics in June 1962, since published in Cahiers Oceanographiques XX, 1 {jan-
vier 1968). In the above context, the potential of the check which Mr. Van de
Casteele introduced was realised and in consequence a series of experiments was
undertaken at the Institute.

THE VAN DE CASTEELE TEST

Proke

In order to test the ability of a tide gauge to record water levels,
it is desirable to have the instrumental means to measure water levels inde-
pendently with an accuracy one order higher than the required performance of
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the gauge. This is a difficult requirement to meet if one is referring to

the disturbed surface of the open water, although instrumental developments

at present in hand may eventually make this possible, Within the well, however,
it is a simple matter to devise an electrical probe, which, if attention is
given to its operation, will achieve an accuracy better than + 2 mm.

Such probes have been in use for many years at the Tidal Institute
in the day to day maintenance of tide gauges. The basic instrument takes the
form of a surveyor's tape mounted in such a way that it can be readily run
down the well, Fixed to its extremity is a weighted barrel with an adjustable
stainless steel point at its tip. A simple electrical circuit, shown in figure 1,
iz arranged so that an ammeter records the instant of contact of point and water
surface. The ammeter records full scale deflection upon a good contact so that
an unsatisfactory contact with floating debris may be recognised and discounted.
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FPor this purpose an adjustment for battery voltage 1s incorporated. There are
of course many acceptable variations of the basic circuit depending upon com-
ponents available, Again if the point is too fine the signal will be indefinite,
showing a slow increase as the point is immersed. The danger here is in syste-
matic under-estimation of water levels. Similarly a point which is too coarse
mey depress the miniscus at the water surface on entry and raise it upon with-
drawal. The ideal seems to be a rod of approximtely 2 mm diameter. It is most
important that the facility to clamp the tape against a fiducial mark exists,
since this greatly increases the accuracy of measurement. Figure 2 illustrates
one such instrument built with minimal workshop expertise and in use at Liver-
pool. Here the detached tube near the point is a gauge used to maintain a fixed
probe lenglh.

Fractice

The operation of the test now in use in the U.K. involves a small
party which occupies a gauge site for a period of 13 hours at the time of a
spring tide. At intervals of 15 minutes throughout this period 5 soudings are
made in rapid suceession. AL each instant of contact with the water surface,
effected by an experienced tape-man, the gauge under test is read as accurately
as possible by a second member of the party. The two groups of 5 readings are
averaged, the mean sounding is translated into an elevation above datum by the
application of a constant, and the apparent gauge error at this time is noted.

From the data obtained by the exercise a simple diagram can be con-
structed in which gauge error is plotted against tidal elevation and in which
plots from the rising tide are differentiated from those of the falling tide.
This is the characteristic response curve of the gauge which is made available
for Fault diagnosis.

Diagnosis of Faults

The Van de Casteele diagram immediately gives a qualitative illustra-
tion of the performance of the gauge and indicates the magnitude of the probable
error to be expected in recorded elevations. More important, however, is the
facility which the diagram gives to indicate the type of error involved and,
possibly, to isolate the fault. The form of the diagram is most Instructive to
the maintenance engineer.

Figure 3 sets out a number of typical Van de Casteele diagrams uporn
which brief comment can be made here. It should be noted that the following
convention applies to the diagram :

G Tide gauge reading
S = Well-sounding converted to an elevation above datum
E Tidal elevation
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— shows direction of increasing megnitude
R indicates rising tide. Plots shown thus : e
F  indicates falling tide. Plots shown thus : o

This indicates a perfect gauge. If the soundings have been carried
out accurately none of the plots should show a displacement left
or right of the line in excess of 2 mm.

A common test result shows a lag in the response of the gauge to
water level movements in the well :
Possible reasons :

(a) Blacklash or friection in the mechanism.

(b) If the gauge is a remote recorder, the lag may be due to
the necessity to bulld up a differential at the well before
the remote recorder can respond.

(e¢) Where sounding is performed off-site, perhaps in another well,
this may indicate that the tide gauge well orifice is silted
or otherwise too small,

(d) Possibly the float diameter is too smll,

(e) Possibly the gauge reading and sounding are not simultaneous.
The results are compatible with a procedure in which the gauge
is always read before the sounding has been made.

Since almost all gauges show a looped diagram as above, this will
now be taken as standard and other faults will be superimposed.

The fault is systematic non-linearity.
Possible reasons @

(a) The graduations on the tide gauge chart are untrue, either due
to poor printing or to the fact that the operating conditions
are much more humid than those which obtained at the time of
printing. The spacing of the graduations on the chart is too
large.

(b) The float pulley diameter is too large. This may be due to the
fact that too long a length of wire is attached to the float
so that riding turns are always present.

(c¢) ' Possible overriding in the pen carriage movement.

(d) Errors in design, gears, pen carriage movement.
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systematic non-linearity, of opposite sign to IIT1.
Ions 3

Lations on the tide gauge chart are untrue,

ning of the graduations on the chart is too small.
The float pulley diameter is too small,

Possible overriding in the pen carriage movement.

Errors in design, gears, pen carriage movement.,

Here non-linearity is present only in the higher tidal elevations.

Possible reasons :

(a)

()
(e)

A classic case of riding turns in the float wire near to high
water.

Riding turns in the pen carriage movement.

Since the test is conducted over several hours, during which
the drum rotates and different parts of charts are used, the
above might indicate that, for approximately a 6 hour's width
of the chart, the graduations on the chart have a spacing
which is too large,

Condition (c¢) shows itself more commonly as V(ii) or V(iii).
Also a non-linearity of reverse sign is possible.

Here the diagram is vertical at higher tidal elevations but is
becoming progressively negative at lower levels.
Possible reasons :

(a) The tension is the float suspension is not constant and this

(b)
(e)

(d)

affects the level of buoyancy of the float. The condition

is most common where the float suspension is tape rather than
wire, and particularly where the counterweight is immersed at
high water.

The float suspension is tempered and contains kinks.

The counterweight is of insufficient mass, particularly if
the plots for the rising tide are more haphazard than those
for the falling tide.

The float diameter is too small, particularly if the plots for
the rising tide are more haphazard than those for the falling
tide.

As in VI but here the diagram becomes progressively positive in the
lower levels. Possibly the condition may be due to insufficient
mass in the sounding device or kinks in the souding tape. Alter-
natively a non-constant spring counterpoise to the float may be the

explanation.
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VIII(i) The gauge is unable to register maximum levels due to
(a) The counterweight falling too low so that it fouls an
obstruction.
{(b) The float or pen carriage, on rising, reaches an obstruection.
VIII(ii) The gauge is unable to register minimum levels due to
(a) Siltation of well,
{(b) The counterweight rises too high so that it fouls an

obstruction.
(c) The float or pen carriage, on falling, reaches an obstruction,

IX Irregularities occur at a fixed level.
Possible reasons

{a) The float fouls an obstruction in the well on both rising
and falling tides.
(b) - The counterweight fouls an obstruction on both rising and

falling tides.

X Plots from the rising and the falling tide are haphazardly
distributed so that no pattern emerges. Most probably this is
due to the poor quality of soundings or to unusual difficulties
in reading the gauge.

XTI The direction of rotation of the diagram is anticlockwise.
This condition is difficult to understand in terms of the gauge
mechanism, since it implies that the gauge is anticipating movements
of water in the well, Tt is most probably due to faulty sounding
equipment or procedure e.g. the sounding and the tide gauge reading
are not simultaneous. These results are compatible with a procedure
in which the pgauge is always read after the sounding has been made.

XIT Condition : successive fests give markedly different datums.
Possible reasons :

(a) Poor gauge maintenance in pen setting.
_(b)  Poor registration of charts on the drum or badly trimmed charts.
(¢) Inadequacy of pen mounting.

Note that where a condition may be explained
both (a) by faults in the gauge which occur between the float pulley and the
fleat e.g. riding turns, fleat buoyancy, counterweight etec.,

7




o
a7

d {b} by faults in the gauge which occur betwsen the flcat pulley shart and
the chart e.g. gearing, stion, pen carriage, chart graduations,
it can easily be decided whether fzults of (a) or (b) type apply by :-

1. diseonnecting the float suspension from the float,

2. determining the designed diameter of floatl pulley {often an integral
number of units),

3., seribing a mark on the fleoat pulley which can be made to register against
a fixed pointer,

to rotating the float pulley slowly and precisely through one rotation at a
time from minimum level to maximum level and back to minimum level noting
the pen reading at each rotation. The procedure should then be repeated
From maximum level Lthrough minimum and back to maximum.

Errors of type (b) are shown by inconsistencies in the successive displace-
ments of the pen, otherwise the gauge faults must be classed as of type (aj.

Stability

The wvalue of the Van de Casteele test is considerably enhanced 1T a
regular programme of tests is conducted. In the case of many of the first gene-
ration of tide gauges the susceptibility to faults i1s so marked that the per-
formance of the gauge is continually changing. It is important to be aware of
this condition if it exists. Figure 4 illustrates this point and stresses the
advantage which second generation digital gauges have when relieved of the
danger of those faults inherent in the paper chart, drum and pen carriage.

Comparative Tests

The suggestion immediately arises that the test can be used as a
basis of comparison between the efficiency of one gauge, or group of gauges,
and another. The Tidal Institute has an unusually large stilling-well at
Birkenhead, approximately one metre in diameter, over which it is possible to
mount a number of tide gauges. In recent months this has been used for the
specific purpose of comparative tests. In these, the instruments are clearly
attempting to measure the same phenomenon and, 1f a sufficiently large survey
party is available, it is possible to use the same well soundings to test the
performnece of a number of instruments. The results of one such exercise which
involved four instruments is given in Figure 5. The instruments in question
covered, as far as possible, the full range of tide gauge types at present
available :=-
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A, a digital gauge which uses a large diameter float to overcome problems
introduced by extensive gear trains and also by a simple counterpoise
system which allows the counterweight to descend into the well as the
float rises.

B. a shaft-encoder digital gauge which uses a small diameter float with a
counterpoise provided by a tensator spring. It is probable that the
latter does not provide a truly constant tension in the float tape.

C. a conventional paper chart gauge which has a performance rather better
than average for its iype. In particular there is little evidence of
frietion or backlash but the scatter of plots shows the inability te
read the paper chart with precision.

D. a less precise survey instrument which claims only an accuracy of + 1%
and which depends upon the principle of escaping gas through the open
end of a long submerged Lube as a pressurc Sensor.

Instrument D is calibrated on the assumption that sea water density
nas a constant value of 1.025. The tests in this case were accompanied by the
measurement of salinity and temperature profiles within the well. On the basis
of depth mean densities so determined it was possible to adjust the results
and their corrected form appears in the diagram marked E. In D and E there is
a large lobe extending to the left near to midtide. The explanation of this
feature seems to be associated with a temporary partial blockage in the pres-
sure sensor which was relieved by increasing the flow of gas for a time.

General Tests on Design and Engineering

When a testing programme is enlarged in scope so as to include
regular exercises at a large number of gauge installations, yet another
serviece is technically possible. It is often dAifficult for a tide gauge
manufacturer to retain an intimate knowledge ol the performance of his pro-
ducts and their ability to meet the changing requirements of the user. Agaln
in many cases he has produced an instrument in an attempt to match a set of
specifications rather imperfectly prescribed by the oceanographer. From the
user's point of view, the decision as to cholce of instrument for a particular
environment and application is difficult without detailed evidence of perform-
ance. Modern manufacturing techniques may be excused for producing an occa-
sional sub-standard instrument but rigorous tests applied uniformly to a large
aumber of operational installations can provide useful information., For example,
if the observational data obtained as the basis of the Van de Casteele test is
examined statistically, it is a routine matter to determine, say, the standard
deviation from the mean of a single elevation. When considering a group of
gauge installations it is advisable to apply a weighting system based upon tidal
range if producing statistical evidence of the performance of the group. An

illustration of one of many possibilities is given in the following table :

10
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Mean Standard Deviation weizhted according to spring range

Aze Group Manufacturer A Manufacturer B
0 - 5 years 0.914 Nil
5 - 10 years 1.947 1.158
10 - 15 years Nil 1.280 UNIT : CMS

This simple analysis suggests that either Manufacturer A has recent-
ly improved the quality of his product or alternatively that his instrument
shows a significant loss of performance with age. The products of Manufacturer
B are possibly more consistent and certainly, in the period 5 to 10 years
prior to the test, this manufacturer appears to have produced a more satisfac-
tory article.

U.K. Practice

In recent years in the U.K, advances have been made in the prescrip-
tion of specifications for the performance and maintenance of tide gauges.
This progress originally arose out of storm surge research interests which are
sponsored by the Advisory Committee for Oeeanographic and Meteorological Re-
search and administered by the Ministry of Agriculture, Fisheries and Food.
The shortcomings of the basic data were continually apparent in this work so
that the need for the establishment of a Working Party on Tide Gauges was
realised. This Working Party is now concerned with a national network of some
38 tide gauges installed at strategic locations around our coasts monitoring
tidal levels for a variety of associated purposes:- storm-tide warning, storm
surge research, tidal analysis, mean sea level studies, numerical and electronic
analogue models of seas and estuaries. The administration of this network leans
heavily upon performance diagrams of the Van de Casteele type produced regularly
in a routine program. Each mainland installation is visited at six-monthly in-
tervals by a regional survey party from the Ordnance Survey which inspects and
reports upon the equipment and its maintenance. The relationship in level bet-
ween visual tide staffs or local contact marks and the appropriate tide gauge
bench mark is checked and, at least on one occasion annually, a full Van de
Casteele test is performed. The test is also utilised in acceptance tests when
a manufacturer provides a new gauge.
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