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VISITS TO HYDRAULIC LABORATORIES IN THE NETHERLANDS
AND ENGLAND, APRIL 1969

by

Levi A. Brown, COL, CE*
e ———

PURPOSE OF VISITS

T In order to observe, compare, and study the organization, physical facilities, and type projects
under investigation at other hydraulic laboratories performing work similar to that being done at the U. S.
Army Engineer Waterways Experiment Station, the Director requested and obtained permission from the
Chief of Engineers to visit the Delft Hydraulics Laboratory in the Netherlands and the Hydraulics Research
Station, Wallingford, England, in April 1969. Arrangements for the visits were made by correspondence to

the Directors of these laboratories.
DELFT HYDRAULICS LABORATORY

2. On 16 April 1969 at 11:00 a.m. I departed Vicksburg and by a combination of Government
car and airplane transport arrived in Amsterdam, Netherlands, at 11:00 a.m. 17 April, almost three hours
behind the scheduled arrival time. [ took an airport bus to the Hague where I was met by Mr. A. Paape,
head of the laboratory element in Delft. We had lunch at the Wilhelmina Hotel in Delft where we were
joined by Mr. J. E. Prins, Deputy Director, Delft Hydraulics Laboratory. Because of my late arrival
Mr. Paape had to leave immediately after lunch. Appendix A** describes and gives the organization of
the laboratory.

3. Mr. Prins took me to the new facilities recently constructed for the Delft Hydraulics Laboratory
on the outskirts of the campus of the Delft Technical Institute. There we toured the Rijnmond tidal model
which is a large indoor, fixed-bed tidal model of the approach to the harbor of Rotterdam (see Appendix B
and figs. 1-3). The model is constructed at a horizontal scale of 1 to 640 and a vertical scale of 1 to 64.
The model was exceptionally well equipped. The concrete portions of the model were painted yellow for
the dry land, the sea portion was painted black to accentuate the contrast in photographs taken of floating
objects used in velocity measurements. The instrumentation was modern and of exceptionally fine ap-
pearance. The parts were either chrome piated or finished as a well-made camera case might be.  The tidal
generators were of the spilling weir variety with each spilling weir section of approximately 10 ft in length
being individually programmed and controlled by paper tape instructions in control rooms. Data on water-
surface elevations, currents, and salinities were sensed by electronic instrumentation and recorded in inclosed
control rooms. The recording in general was done by continuous lines on oscillographs or rolls of paper.

4. Also included in the same building with the model of Rotterdam was a large tidal salinity flume
101.5 meters long, 0.672 meters wide and 0.50 meters deep. It was equipped with a 6- by 8-meter tidal
basin, tide generating mechanisms at both the seaward and the upstream end, a system to introduce fresh

water at the upstream end and remove it at the seaward end, and a system to maintain a constant salinity

* Director, U. S. Army Engineer Waterways Experiment Station.
** The appendices to this report consist of pamphlets and booklets given to the author at Delft and Wallingford.




Fig. 1. Rotterdam model

Fig. 2. Stage meas-
uring device, Rotter-
dam model

Fig. 3. Spilling weir
tide generator, Rotter
dam model
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in the sea. The objectives of the flume study were to determine means to improve the reproduction of sa-
linity intrusion in a distorted hydraulic model as the Rotterdam Harbor model, and to improve the capa-
bilities of carrying out tidal computations for conditions of nonhomogencous flow. Mr. Frank Herrmann,
engineer at the Waterways Experiment Station, had used this flume while doing graduate work at the Delft
Technical Institute in 1967-1969.

5. After visiting the tidal model and salinity flume, 1 accompanied Mr. Prins on a tour of the new
two million dollar wind-wave flume facility in the same compound as the Rotterdam Harbor model. The
facility has two wind-wave flumes (see Appendix C). The large flume is about 100 meters long, 8 meters
wide measured on the waterline, and 10 meters wide on the air profile. It is connected with a wave basin
10 by 25 square meters. The small wind-wave flume is about 100 meters long and 2 meters wide meas-
ured on the water. The facility is quite modern and has excellent instrumentation to program random type
waves into the flume. These waves are sustained by the wind blowing over the surface of the water. The
waves attack various model sections in the flume. The characteristics of the waves, their frequency, their
height, and their energy are measured and recorded by quite sophisticated electronic instrumentation.

6.  After leaving the wind-wave flume we went to the old Delft Hydraulics Laboratory facilities in
the center of Delft. There I met Mr. H. J. Schoemaker, the Director. After a briet discussion with
Mr. Schoemaker, I toured the facilities in the old laboratory building (figs. 4-5) with Mr. Prins; we reviewed
numerous flumes, lock-filling devices for forces on valves, a saltwater controlling lock study for which the
prototype lock has been completed within the last six months, and a small wind tunnel constructed of ply-
wood. Operations in this older facility are being phased down as the newer facilities are being constructed
near the Delft Technical Institute just outside of Delft and as increased facilities are being constructed at
the De Voorst Laboratory in the NE polder.

7. That evening I went to the home of Mr. Schoemaker for dinner. After dinner we had an exten-
sive discussion about the operation of hydraulics laboratories. 1 found we had many common problems in
funding, management, and technical investigations. The split operation of the Delft Hydraulics Laboratory
is due to the availability of large areas of land in the NE polder, and originally a plan that the Belgians
would share the cost of this new facility which they did not continue to do for very long. Mr. Schoemaker
expressed concern in the use of mathematical models in licu of hydraulic models since he felt that the engi-
neer would lose his ability to have a feel for what is happening and to properly use judgment. He pointed
out that in the selection of a model scale, which is done arbitrarily based on judgment and which will pro-
vide a model that will produce what has occurred historically that has been observed and recorded, we as-
sume that modifications that are made will produce proper changes in the model. There is the hazard that
unobserved relationships will be of importance and that the scaling will not be proper. He gave as an ex-
ample the presence of littoral currents combined with offshore waves perpendicular to the littoral currents
in a model study. of a breakwater off the coast of Israel in which he had participated. Mr. Schoemaker
noted that velocities do not add vectorially in distorted models because the scaling laws are in a quadratic
relationship.  Mr. Schoemaker noted that his models were not cheap. In fact, in his words his modcls were
lavish. The models at the British Hydraulics Research Station at Wallingford were, in Mr. Schoemaker’s
opinion, generally less expensive than those in Delft. 1 found Mr. Schoemaker to be a delightful conversa-
tionalist with great depth of knowledge and perception.

8. On 18 June I was driven from the Hague to the De Voorst Laboratory in the NE polder
(Appendix D) by Mr. J.G.H.R. Diephuis, Head of the Site Investigations Service of the Delft Hydraulies
Laboratory. While enroute to the De Voorst Laboratory, Mr. Dicphuis explamed the operations of his

Site Investigations Service organization (see Appendix A). Their engineers might be in the field for as




Fig. 4. Interior, old laboratory hall, Delft Hydraulics Laboratory

Fig. 5. Plywood wind tunnel, old laboratory hall, Delft Hydraulies Laboratory




long as one year at a time coliecting prototype data on currents, tide heights, salinity, waves, and othe

data needed for the verification of the hydrauhie model. He noted that in the area of determining the diree-
tion of a wave they still were encountering problems, that sometimes radar was of use but mostly this was
done by visual techniques. Mr. Dicphuis also noted that there was price competition in soliciting bids from
hydraulic laboratories for model studies for projects in underdeveloped countries. In several instances an
underdeveloped country has requested a proposal from several hydraulics laboratories in Europe and has se-
lected the laboratory with the lowest price to do the job.

9. At the Laboratory De Voorst I was escorted by Mr. D. Gersie, Deputy Head, for most of my
visit. The Laboratory De Voorst has over 300 acres of Jand. The original concept was that the model
studies would be done in the open air.  However, the present trend is to enclose the models in buildings
to allow for uninterrupted operation. | toured the wind-wave flume (Appendix E) which is a smailer scale
facility than the new wind-wave flume in Delft. We also viewed the high-discharge flume (Appendix E).
We visited several open-air hydraulic models.  In one of the models, the movable-bed material was of a gran-
ular plastic and Mr. Gersic said that they had had excellent results with the granular plastic material.

10. In touring the facilities at the Laboratory De Voorst, I viewed a river model with sand as a mov-
able bed. There was at the same model a drying and screening facility to provide sand of the proper grada-
tion. Another model on bed-load transport was studying the effect of different modeling material on the
roughness factor. It is planned to surface the river bottom with a particular size aggregate to minimize
scour and reduce maintenance dredging. There were two rather large models of a canal intersecting the
Rhine River. The smaller model was of a movable-bed type. The larger model of the same arca was of a
fixed-bed type and allowed man-carrying model tows to be operated within the model. Another channel
model had a granular plastic bed material as the movable bed. In a model in which the closing of caissons
was being studied, the wind had a very marked effect in spite of tarpaulins being used as windbreaks. The
operation of the model had stopped because of the wind on the day that | was present.

11. After visiting several open-air models I discussed the use of mathematical models with Mr. €. B.
Vreugdenhil, mathematician. Mr. Vreugdenhil said that they used mathematical models for preliminary in-
vestigations, for rough, quick approximations without much cost involved. In some cases, the study will
be almost entirely mathematical, as in water hammer studies for pumps, in the regulation of water levels
in polders, in drainage canals and networks, discharges into the sea affected by tides, flood waves and river
regulation. The mechanism of sediment transport is not known on a large scale; however, there are empir-
ical transport formulas that will give good comparison with models. For some of the tidal models they will
use a two-dimensional (horizontal shape) mathematical model to determine the seaward boundary of the
hydraulic model. The Laboratory De Voorst has had no experience in hurricane surge modeling since they
do not have a need for this in Holland which has no hurricanes. Mathematical modeling has been used in
some cases for wave phenomena and refraction of waves within harbors for the first estimate of what will
happen. In the area of density currents in estuaries they have used some two-layer models that are crude
approximations of the interchange of salt and fresh water. The computers available to the laboratory in-
clude a CDC 3200 with 32K of memory at the NE polder and in Delft they have access to an [BM 360-65
at the technical university.

12, On visiting the instrumentation facility at Laboratory De Voorst, I was shown a Hewlett-
Packard A-D recorder and converter that can handle up to 100 channels and take 40 readings per second
to six significant figures. For much of the recording of information in the past, they have used analog re-
corders, eight recorders at 12 channels cach, that are located in the buildings with the model. They have

found that this equipment is not cheap, but that they may increase production on the model and obtain




Fig. 6. Control and recording console, Laboratory De Voorst

Fig. 7. Six-acre model shelter under construction at Laboratory De Voorst




the results faster, hence allowing more studies to be run.

13 Later in the day we were joined by Mr. J. J. Vinje, Head of the Laboratory De Voorst. We
visited a large new model under construction that will be enclosed in a shelter six acres in area (tig. 7)
I'he model 1s to invesugate closure procedures for one of the closures at the mouth of the Rhine River
No density currents will be involved.  This study will first use a 1-to-400 fixed-bed general model and
later a 1-to-80 movable-bed model of critical areas. They estimate that the model will be i use for nine
vears. While viewing the model construction I was able to notice their model construction technique

(figs. 8-9), which consists ot shaping the hardpan clay natural ground into the rough contours of the model

driving wooden pegs with a nail on top to the exact surtace ¢levation of the model, and then filling in 1o
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Fig. 8. 1:400 model
under construction,
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Fig. 9. Model con- ;

struction, Laboratory
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an approximate 3-in.-thickness with a black-colored sand-cement mortar. The movable-bed material that

they plan to use will be granular plastic.

14, We later visited two indoor models in hangar-type shelters similar to our aircraft hangars at
Vicksburg. In these models coriolis generating devices (Appendix D) were being used to duplicate currents
caused by the coriolis effect. It was felt that the coriolis effect was significant in the models in which they
were being used: in most of their model studies, however, coriolis effect was not considered significant

15.  During the tour of the tidal models in the hangar-type shelters, 1 learned that one of the ndal
models required the coriolis devices for verification. However, they were not sure if the devices were re
quired in the second model. Since a doubt existed, the coriolis devices were purchased and installed. It
was the opinion of Mr. Vinje that the devices were not needed in the second model. However, he did not
regret having gotten them since he did plan to use them in his large six-acre model that was under con-
struction. The two tidal models had paper-tape-programmed spilling weirs for tidal gencrators. Recording
of data was by automatic electronic recording devices. In the shelter there was also a towing tank for cali-
bration of instruments.

16.  Several times during my tour of the Delft laboratories 1 asked if they had noticed any effect
of temperature on bed movement or sediment transport.  Several of their engineers were familiar with the
article by Mr. John J. Franco on “Temperature Effects on River Discharges.” These same engineers had
noted the effects on model operation in cold weather; however, they had done no specific testing to deter-
mine the precise effect of temperature.

17.  The total number of employees of the Delft Hydraulics Laboratory has been increasing at a
rate of about 10% per vear for the past several years. In 1966 they employed 339 1n 1967, 398. Their
present estimated strength is approximately 440 employees. Of these, 230 are employed in the NE polder
and 210 in Delft. In terms of area of land, there are two acres approximately in the original hvdraulics
buildings in Delft, approximately 40 acres in the new compound at the Delft Technical Institute, and 300

acres at the Laboratory De Voorst.
HYDRAULICS LABORATORY, UNIVERSITY OF LONDON

18.  On 23 April I visited the hydraulics laboratory facilities of Imperial College, University of
London, in London. During this tour I was escorted by Mr. Morris Kenn, Senior Lecturer, Hydraulics De-
partment. Professor J.R.D. Francis, Head, Hydraulics Department, was not present. The hydraulics labo-
ratory occupied approximately 10,000 sq ft of floor space within the College building. Among the types
of studies in process were: one study of the resistance of a rock tunnel using prototype data obtained on
a tunnel in Malaya; flow with wave action superimposed on a sand bed model; study of movement of sedi-
ments such as rocks and sand grains in a flume: a coriolis table approximately 25 fr in diamcter which was
under construction. Mr. Kenn considered coriolis forces to be important in the Northern Hemisphere since
they cause S-mph currents in the English Channel. Most of the small studies by Master Degree students
were being conducted in small 4-in.-wide flumes, approximately 12 ft long. An improvised wave model was
constructed using a tarpaulin lapped over conerete blocks outlining the rectangle for the harbor plus a wave
machine to generate the waves. Another study had to do with cavitation caused by air entrainment. This
study was related to the cooling water system for a nuclear submarine. A model of a dam spillway was
under construction for study of the design. A hydrology study included a series of pipes with shower heads

to sprinkle water or “rain” onto soil. The water then flowed through the soil to provide information on

time of concentration and permeability factors.




HYDRAULICS RESEARCH STATION, WALLINGFORD, ENGLAND

19, On 24 April | visited the Hydraulies Rescarch Station of the Ministry of Technology in Walling-
ford, Fngland (Appendix F). To reach Wallingford, I took an hour train trip from Paddington Station,
London, to Reading. At Reading 1 was met by a representative of the Hydraulies Research Station and
driven to the Station. The Hydralies Rescarch Station has two main functions: (a) to investigate specific
problems in the field of civil engineering hydraulics for organizations both in the United Kingdom and
overseas; and (b) to conduct research in support of this work. The topics covered include flow associated
with hydroelectric structures and with weirs: spillways, apd other control works: flood relief: the training

and control of rivers and estuaries; the development of ports and harbors; and coast erosion. Scale models

arc used extensively. The total budget of the Station is approximately one million pounds a year, or
$2,400,000. The rescarch efforts, which account for approximately one-third of the total program of the
Station, are financed by Federal funds from the Ministry of Technology. The remaining work, approxi-
mately two-thirds of the total budget, is reimbursable type studies done for other elements of the National
Government and for private firms and foreign governments.

20. At Wallingford I met Mr. R.C.H. Russell, Director of the “tation. He had visited the Water-
ways Experiment Station in Vicksburg approximately ten years ago. Among other things, we discussed
techniques for containing oil spills and the possible use of floating booms. It was Mr. Russcll’s opinion
that the booms could not be held together in waves of any magnitude. The Station at Wallingford works
quite closely, according to Mr. Russcll, with the Delft Laboratory. Just recently they had an exchange of
instrumentation personnel for a visit of approximately one week. The Station at Wallingford occupies
an area of approximately 90 acres and has a staff of 250, As with Delft, this staff included personnel to
obtain prototype data.

21.  For my detailed tour of the Station, I was turned over to Mr. Jaffrey, who had visited Vicks-
burg less than a vear ago. Mr. Jaffrey, a Section Chief, was to act as my guide. As noted by Mr. Fortson
in his visit in 1963, the bulk of the models at Wallingford are housed in one large main hall.  The hall has
overhead cranes to aid in moving equipment and in taking photographs. The general appearance of the
hall was that the maximum uatilization had been made of the available space; in fact, the models appeared
somewhat crowded. The general appearance of the equipment and of the model construction was that it
was not nearly as lavish as that of the Dutch at Delft. In fact, in the model construction, the roughness
clements seemed to be more of an improvised or expedient material and techniques, such as individual
stones or pebbles lying on the concrete, and folded metal mesh loosely placed on top of fixed-bed modcls.
The importance of doing a study quickly was emphasized on several occasions by the English engineers
who would say that they had to get the results of their study to the contractor who wanted to start
construction or to proceed with construction. The impression given me was that in some cases the results
might have been given to the contractor soonet than the engineers would have liked.

22, As at Delft, the instrumentation of the Wallingford Station was quite handsome. There appeared
to be more use of mechanical, gear-type equipment rather than clectronic equipment for programming tides
and waves. The collection of data was similar to that at Delft in that it was by electrical instruments that
sent signals to digital recording machines capable of carrying up to 100 channels and reading cach channel
up to ten times a second. These readings were printed on paper tape for later use. Much greater use was
made of pneumatic devices for tidal and wave generation than I had seen at other laboratories.  In addition
to spilling weirs for tidal generators, pneumatic tide generators were used, whereby water was sucked into

large boxes and then released in a programmed manner. Only one model, a wave model combined with a




tidal cffects, used a valve generator comparable to that used at Vicksburg. Mr. H.R.A. Dedow, Chicf of the
Instrumentation Branch, explained that they had litde confidence i the valve technique and much pre-
terred the spilling werr or pneumatic tide generator.

23, For movable-bed studies, many different types of material were being used, such as sand, granu-
lar plastic, granular coal, clinkers, and treated sawdust.  Mr. Jaffrey indicated that they were obtaining
good results with all of these materials.

24, Although the Station had done some model work outdoors in the past, the trend was toward
having al! models operated under shelters. Several larger sized models were being constructed and operated
at some distance from Wallingford. One is a model of the Humber estuary, another is a large model of
the Thames estuary. The Hydraulics Research Station at Wallingford has supervision of the technical opera-
tion of these models away from their home station. In none of the models at Wallingford were attempts
made to reproduce coriolis effects.

25.  Litde mathematical modeling was under way or under consideration. A computer had only re-
cently been installed at Wallingford. Part of the time they had used a computer at a nearby atomic energy
authority installation. At the present time the computer is used largely for calculations and data processing.
They are beginning to move slowly into the use of mathematical models for refraction of waves and flood

routing.

y CONCLUSION

)

26.  After visiting these foreign laboratories and discussing the visits with our own engineers at Vieks-
burg, | have come to the conclusion that we all have veryémany common programs and problems., There
are more similarities about our model scales and techniques than there are differences. The differences,
where they occur, are mostly due to differences in the problems being studied. . I found my trip to be well

worth the time and effort, and feel that senior engincers of the Waterways Experiment Station should make

periodic exchange visits to foreign laboratories in the future.
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Rotterdam, now acknowledged to be the largest port in the The Rijnmond tidal model
world, must in the interest of the Netherlands remain so
in the future. But to ensure this, a great deal has to be
done
There must be ample space, for example, for ocean going
vessels with their ever-increasing tonnage and greater

] i

draught. This space has already been provided for in Euro-
poort, but the opening up of the full area necessitates a
new connection with the New Waterway and the construc-
tion of harbour dams out into the North Sea. For only when
that is done will it be possible to pilot in the mammoth
ships, even the largest to be constructed, at all phases of
the tide 3 3
To determine in detail the size and form of the new harbour hEORL 228

dams and to decide on the right shipe of the definite
entrance into the Europoort harbours, the Bouwbureau
Havenmond Hoek van Holland (Construction Bureau of the ]
Rhine Mouth at the Hook of Holland) of the Government
Waterways Department ordered the building of a working 1
model through which both salt and fresh water could stream | A l
under careful control. In short, it should be possible to study %

in detal the nature of the changing currents in the New
Waterway and outside the harbour by reproducing the North
Sea tides under varying conditions

This model research will then supply the information neces-
sary for designing the shape of the harbour entrance as well AR
as deciding the construction phases for the harbour dams
which will stretch out into the sea. The main criterium
throughout the study will be ensuring the maximum coditions
to guarantee safe navigation of the largest vessels under all
circumstances

salt water production
pumping station
tide generators
central control panel

sLN

PQCTT

0 10 20 meter = =

Scales: Horizontal 1 : 640; Vertical 1 : 64
Watercirculation: 1.5 m3/sec
Salt consumption per test: 5 to 10 tons
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Delft Hydraulics
Laboratory.
Link between

Science and Practice

In the course of years the great expan
sion in the growth of the Delft Hydrau
lics Laboratory has kept pace with the
need for specialised research in the field
of hydraulics, so that now it can offer a
wide range of knowledge to all connec
ted with national and international
hydraulic works and problems

This growth, however, is an understand
able result of the technical and economic
development of the past few decades.
much of it stemming from modern ad
vances in transport facilities, energy
production, the food position, and the
living conditions of a country

These factors, it should be realised, are
to a considerable exient linked with civil
engineering works the effectiveness of
which, as well as their operational
certainty and guarantee of safety, are
determined by hydraulic considerations
Many of these factors cannot be
provided. however, without laboratory
research

Moreover, advice of an hydraulic char
acter i1s usually of direct economic in
terest, as it leads to important savings
in  construction costs or exploitation

® Delft Laboratory

® De Voorst Laboratory

® Site Investigations Service

expenses

In 1962 an extensive study was perfor
med by the Delft Hydraulics Laborator
to determine the nature and the size of
advisory work to be expected in this
field of hydraulics. This study tock into
consideration especially the undeniable
tendency to make increasing use of
scientifically justified and effective ser
vices of specialised institutions in the
preparation of projects

This naturally was largely associated
with the large hydraulic works being
carried out and planned by the Nether-
lands  Ministry of Waterways, as
research on this type of project had
been developing since the Laboratory
was established in 1927 But in recent
years this developraent revaled a sort
of explosive character in the form of
advisory work for the lower public
authorities. engineering consultants, and
industry and trade, while an increasing
proportion of the activities comprised
the preparation of projects for foreign
countries

On the basis of the forecast produced
by the studie into the dcvelopment of

this type of research. and to supplement
the activities of the Laboratory De
Voorst, a programme of new buildings
for Delft ha

to accommodation for the central ser

been drawn up |Ir

vices, the new complex will house the
Site Investigation Service, the theoretica
sections of hydrodynamics. computor
programming and data processing. and
the Instrumentation Department as we
as giving space for model investigations
to be carried out by the Branches
covering Density Currents, Maritime
structures, Pumps and Industrial Cir
cuits, and Weirs and Locks

The new building will be located on the
outskirts of the Technical University
complex in the Zuidpolder at Delft in
the area which already accommodates
the Rynmond tidal model and in which
work has started on the building of the
new wind wave tunnels

These new facilities which are being
added at the moment will, in the future
ensure the task which the Delft Hydrau
lics Laboratory fulfils as intermediary in
the afore-metioned technical and eco
nomic development




FUTURE

Delft Hydraulics Laboratory




main office building
. laboratory for pumps and industrial circuits
. halls for model investigations
models with salt and fresh water
. workshops and instrumentation laboratory
wind tunnels building
Rijnmond tidal model
H R : e 8. ship-manouvring basin of the Technical University
to maintain its leading position § iosetoaiiin $5 thekgoeary shade

in the field of hydraulics.

The Delft Hydraulics Laboratory is building a new complex
in the Zuidpolder near Delft.
This will ensure that the Netherlands
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will continue in the future
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Wind tunnels building

During the past few years a considerably deeper insight has
been obtained into the generation of wind waves. Especially
has the development of the instrumentation and control
tecbniques made available better means for observation
and characterization of waves under natural conditions and
for reproducing them in a wind-wave tunnel

This new development has provided the basis for two new
wind-wave tunnels which will in the future serve as additional
aids for the increasing intensity of the model studies for
maritime constructions

In modern research connected with the designing of water-
control works, breakwaters and drilling platforms, the models
are exposed to such a variety of simulated natural conditions
that the designer can give his proposed construction the
optimum dimensions. At the same time, all risks can be care-
fully evaluated as to their importance for maintenance, choice
of material and the safety of those building or operating the
structures

The extensive knowledge and experience the Delft Hydraulics
Laboratory has gained in this field date back to 1938, when
it first started the study of models in a tunnel with waves
generated by wind in 1956 a second and larger wind-wave
tunnel was taken into use in the De Voorst Laboratory. Until
lately, indeed, both tunnels were unique in the world of
hydraulics

The two new wind tunnels along with a few flumes for tests
with regular waves are now being housed in a new complex.
In designing those facilities, special attention was paid to
the size and technical provisions of the installation which
are greatly determined by the character of the wave motion
in nature This complex phenomenon can only be described

satisfactorily with the aid of statistical quantities, so the
reproduction of the wave motion is tuned to this by means
of wave generators whose movements are determined by
a programme containing the necessary statistical characteris-
tics. The adaptation of the details of the shape of the waves
is obtained by an air stream running over the full 100-metre
length of the tunnel.

Special provisions have also been made for study of such
problems as the relevant effects of the wave movements in
combination with currents from different directions

Basis for security and effectiveness
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Main Features of the Wind-wave Tunnels:

100 metres 100 metres
Width at water-line 8 metres 2 metres
Width in wind profile 95 metres 2 metres

2 45 metres 2.45 metres
Maximum water depth 08 metres 08 metres
Ventilators 4 x 60 kW 1 x 60kW
Wind speed 0-15 m/sec 0-15 m/sec

Water circulation of pumps: 4 x 0.2 m3/sec 4 x 0.2 m?/sec

Architect Bureau op ten Noort-Blijdenstein
Installation Advisor Bureau P. W Deerns
Main contractor Internationale Bouw Compagnie

Large Tunnel Sma!l Tunnel




NEW
WIND -WAVE
FLUMES
- AT DELFT

published by the 'Associatie van
Ingenieurs en Architekten Buro
op ten Noort-Blijdenstein' (Consulting
Engineers), Utrecht. The Netherlands

APPENDIX C




INTRODUCTION

1 Building of the wind-wave flumes
at Delft

2 Inside of the large flume as seen
from the wave-basin

The optimal design o maritime
structures is possible if reliable data the ec
ailable with regard to their model
viour under the nf ince of or
currents waves
These date 2 to be obtained fron Cons
model studies in a wind-wave flume for tt

The insight into the generation of wind
waves, and

attack on structures, has deepened

knowlegde about wave

t years that
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THE INSTALLATIONS

According to their specific ‘functions
the installations used are distinguished
as follows

a The wind-generating installation

In the return channel under the large
flume 4 axial ventilators have been
installed, each with an impeller of
1.80 m diameter, able to supply 60 m?
air per second at a static head of

50 mm water column, to attain a wind
velocity of 15 m/s or 54 km/h. Placed
outside the axis are direct current
electric motors of 45 kW capacity with
belt transmission reduced from 1 to 1.7
The number of evolutions per minute

s continuously variable between

0 and 1,500; the tolerance amounts

to * 2%. The adjustment is made

by means of transducers

A similar ventilator, driven and
controlled in the same way, is placed
in the return channel under the

small flume

Particular attention has been paid to
the distribution of the air flow over the
water surface (the air profile is greater
than the water profile), as well as to
the design of the stilling chamber
deflection vanes, diffusers, etc

The installation can be operated and

controlled from the panels in both
control rooms

b The wave-generating installation

At the end of the flumes are
programmable, servo-controlled, wave-
generating machines which can be
operated hydraulically

By means of this installation, and by
using punched or magnetic tape, natural
wave records or a filtered random
noise, it is possible to generate and
maintain any desired irregular wave
pattern with arbitrarily chosen energy
spectrum

The dimensions of the wave flaps are

8 x 1 m? and 2 x 1 m? respectively

and they are suspended in a mobile
carriage-structure. Each one is movable
by means of 2 hydraulically-activated
cylinders, one of which is attached to the
carriage and the other inside the
carriage at the top edge of each flap
The carriage travels on the sides of
the large flume and on rails along the
walls of the small flume

The power requirements of the oil
pumns for the hydraulic movement
amount to 68 kW and 23 kW respectively
Operation, cantrol signalling and
automat recording take place in both

control roon

¢ The water circulation

In the large flume and in the wave
basin a water flow can be maintained
between any pair of two arbitrarily
chosen channels from the total number
of 5 in- and outflow channels. The
maximum possible discharge amounts
to 1 m¥s corresponding to a maximun
velocity of 0.25 m/s over the full widtt
of 8 m at a water depth of 0.50 m

In the small flume a velocity of

0.30 m/s with a water depth of 0.50 m
can be maintained in a similar way
between 2 channels. In the pumping
room 5 water-lubricated centrifugal
pumps have been installed for this
purpose which have an output of

0.2 m¥/s at a lift of 8 m, two of these
pumps can pump water intg the

small flume

The in- and outflow channels have
been so dimensioned that a uniform
distribution of flow in the flumes is
ensured

7 Wave-generation instuilation.
In front the flap with hydraulic
actuator at the top edge of the
carriage; at the back the hydraulic
actuator for moving the carriage.
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Auxiliary installations

Pumping-room

General service crane providing
transport facilities between the
construction hall and the model
section




SOME FURTHER DATA

had t et the | ] te Delft Hydraulics Laboratory 0
t ation with tt Associatie van
Ingenieurs en Architekten Buro
yrizontal plane and op ten Noort-Blijdenstein® |
v i ¢ )

10 Aerial view of the new site of the
Delft Hydraulics Laboratory
(foto KLM Aerocarto NV)
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MAP OF DELFT
1 Laboratory

2 Station

3 Tram-stop

Laboratorium DELFT
Raam 61, Delft
telefoon (01730) 24080

Delft

Hydraulics
Laboratory

Laboratorium DE VOORST
Repelweg, Noordoostpoider
telefoon (05274) 1241




DESCRIFPTION AND LAYOUT OF THE '"De VOORST'" LABORATORY

WINDFLUME BUILDING

WINDFLUME. Purpose of this windflume 1s to have a special facility in
which to study models of any hydraulic structure opposed to wind and
wind-waves. The main effective dimensions are: length 100 m, width 4 m,
height 2 m, maximum water-depth 0.8 m, maximum wind-velocity 29 m/s
(50 knots), power of the blower 285 kW and maximum water-circulation
(opposite to wind-direction only) 3 m3/s. Preparations are well underway
to install a programmed wave-actuator, tc meet the latest requirements
of offshore engineering.

The test running now is to determine forces exerted on cylindrical
piles opposed to breaking waves. The scale is 1:40; waves with a signi-

ficant wave-height of 6.65 m are being reproduced.

HIGH-DISCHARCE FLUME. Models to be subjected to high velocities are
built in the ilest-section of this flume. Maximum discharge amounts
to some 10 m3/s. Effective dimensions are: length 100 m, width 3 m
and maximum depth 2.80 m.

At this moment tests are carried out to determine the erodibility
of marine gravel dumped to form a slightly-sloping bed. This gravel is
applied in the Europoort-project where deep parts of the sea-bed are
locally heightened by dumping large quantities of it. This 1s a full-
scale model; the prototype gravel with a mean size of 1.6 cm 1s also

applied 1n these tests.

SMALL-DISCHARGE FLUME. This smaller glass-walled flume is used to study
various hydraulic structures not requiring high discharges nor high
velocities., The closed-circuit system involves the use of clean water,
an advantage compared with the high-discharge flume in which ordinary
surface water is used.

The model buitt in, is a section of a slulce-calsson placed on a
temporary "sill" protected with stones. The scale is 1:30. Sluice~
caissons of this type will be applied to close the Northern gap in the
Brouwershavense Gat. Tidal currents will be allowed to pass through the
caissons and would erode the sill and sea-bed if not protected. Tests

have to give directives for the dimensions of the bed protections,

APPENDIX E
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FLUME FOR SEDIMENT STUDIES. This small flume 1s generally

fundamental studies on bed-load transportation., Main dimensions

length 30 m, width 0.50 m, maximum depth 0,70 m,

0.12 1'13/25.

A fundamental study is now going on to determine

local constriction of the flume (0.35

level, under non-steady conditions of

maximum

the

used

b

aiscn

effec

4

Y

+

m) on the behaviour of the

flow. Bed-materia!

bakelite, mean grainsize 1.7 mm. The non-steady state is

one; conditions are altered daily,




TIDAL-MODEL HALLS

TIDAL MODEL OF '"BROUWERSHAVENSE GAT" (M 886). Purpose of this model,

1 o A £ .
built in a hall of 43 x 110 m, is to study the sequence of closing
the two final gaps in the dam across the Brouwershavense Gat and
determine the flow pattern and maximum current velocities during 4

several stages of the closure, The horizontal-scale is 1:300 and the

depth-s

The electronic center containing both the program and recording

1n the hall which covers the tidal model of the "Ouster-

w
-
o

schelde" (M 822), the last closure in the Dutch Delta plan.

At present this model lays idle since both tidal models use the
same program and recording unit as well as the same water supply
system,

At this moment, the following stage in the model has been
attained: the Southern gap 1s closed (method of gradual closurej

concrete cubes have been dumped to fill the whole gap) and in the

p—

Northern gap all sluice caissons have been placed (method of caisson
closure) but their gates are still opened, allowing tidal currents
to pass through. The model is operated automatically; the

program containc A number ~{ successive tidal curves including a

severe storm surge.




OFFSHORE TEST BASIN

The basin 1s specially designed to study offshore problems. Its main
effective dimensions are 25 x 25 m2, maxinum water—-depth: 1 m, It is
provided with 7 flap-type wave generators which can be made to act
separately. Currents can be introduced into three directions: either
perpendicular to the wave direction, or in the wave direction (either
along with or against the wave). With maximum waterlevel, tidal currents
with a velocity of 0.5 m/s can be realized.

Tests now being carried out concern a dam built up of concrete
cubes (as part of the Delta-works), of which the stability is determined
under the combined action of waves and appreciable difference of water—

level at both sides of the dam.

NAVIGATION IN CANALS

M 782. A straight stretch of canal, housed in a hall of 200 m length,
applied to study all hydraulic problems encountered by one or more

ships sailing through the canal. Already studied in this model: beha~
viour of several types of ships when sailing at a certain distance from
the canal-banks (inland cargo vessels, ordinary tows, and push-tows),
manceuvres with a combination of one or more types (meeting and passing),

and several studies concerning ship waves, translatory waves, and stabi-—

lity of the canal-banks. The scale is 1:25,




OPEN AIR MODELS

1. COASTAL INLET "CANAL DE VRIDI" AT ABIDJAN, IVORY COAST (M 914). This
model is to study means of providing sufficient depth in the entrance
on behalf of shipping visiting Abidjan-harbour. Due to littoral transport
caused by waves only, large quantities of sand are deposited in front of
the o-rbour-mouth., Deepening the entrance will decrease the tidal currents
and tuerefore the depth, an unfavourable condition for shipping. In the
model, tidal currents (steady ebb- or steady flood-current), waves, and

1

littor:s]! transvort are reproduced. The scales are: horizontal 1:150,

depth 1:.,0.

2., RIVER RHINE AT THE BIFURCATION NEAR PANNERDEN (M 932). Ac a bend correction |

in the river Waal (one of the downstream branches) will affect hydraulic

and mo~phological conditions at the bifurcation, a mcdel of this bifurcation
will be built to study and solve the problems encountered. Only the part

upstream of the bifurcation has been built first, in order to calivrate

this separately, thus collecting valuable routine and enabling an economical
design for the two branches to be built this summer. The model is supplied
with specially-graded sand (that is, any desired particle-size distribution
can be arranged) prepared and selected in the nearby sieve-centre. The

scales are: horizontal 1:100, depth 1:40.
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HY DR AULKS
RESEARCH STATION

WALLINGFORD

MINISTRY OF TECHNOLOGY




THE SCOPE OF THE WORK

L £ nction of the Hydraulics Research Station 1s to study the behaviour of water Howing
¢ lp('“ < h.ll”l('l j (8} 'H(ll(h‘n\ .I“ll. m P.lr[ll Ul.lr, lhl‘ h‘\'dr.lllllf }‘r\‘b](‘”]\ ('Il('l‘l”l((’r\'\q mn fl\']] ('H!__'HK cr-
ing Itcovers the natural course of water after precipitation on the carth’s surface, through drainage
into streams and down rivers to the sea. It includes the investigation of problems associated with
hydroclectric schemes and fow control seructures such as weirs and spillways, the traming and
kl"l“’“l l‘t-“\'('r\ .l“\l estuaries, (hl' LlL'\ k'll\i‘lnc“‘ of i‘t‘r(\ .I|‘\l h.lf[“‘\ll’\ .l“\{ l[ll' pr cventon l"'l\),l\(

erosion. It does not caver pumps, turbines, fow i pipes under pressure or oil-hvdraulics, all of

which are the concern of mechanical engineers and are studied by a sister orgamzauon, the
National Engmeering Laboratory at East Kilbride, Glasgow. Other orgamizations working in

m‘ly]ll\-uum_ﬂ ficlds arc Iisted on p- 21

Despite recent advances in fuid mechanics, it is seldom possible to make full theoretcal analyses
¥

hydraulic projects, and so scale models are commonly

of How conditions in civil engineering
used to obtain baste information for the design of proposed works. Most of the Station’s investiga-
Umited Kimgdom and

ons are made into specific engineering problems, related both o tl
overseas, and many (though not all) are carried out with the aid of models. These specific mvestiga-

tions are undertaken on repayment mainly for consulting engineers, engineenng, contractors,
industrial concerns, port and harbour trusts and other public bodies mcluding Government

departments. A proportion of the Station's effort s also devoted to the st

dy of hydraulic processes

encountered m s daily work. These relate to all .

of open-channel low

example, unsteady How in channels and culverts, the transport of sediment in

nooring of ships under adverse wave conditions

a4y
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RESEARCH FACILITIES

The main experimental hall

Wave basins




Flumes, channels and tanks

These are an indispensable facility for the research worker in hydraulics and are provided in
i 1

he Station. The Humes, two of which can be ulted, range m length from 12 ft (3:0 m

ft (12 cand in width from 2 ft (06 m) to 12 ft (3:6 m). Four channels are provided

Vit whinery, one being totally enclosed and fitted with an extractor fan so that

-5 can be tested in the face of random wind-generated waves

1 be simulated and struc
nt-meter raung tank 1s available for the calibration of current meters




OUTLINE OF THE WORK

Collection and appiaisal of data

The collection and appraisal of field data 15 an essential pre

Organizations for whom mvestigations are carried out can
: g

themselves; the Station does, however, mantain a survey team that colle
information when this 1s required

Structures

Hydraulic structures necessary to direct and contral the low of water vary in d

to the nature of the project for which they required. Asitis

cither the low characteristics or the forces imposed on the struct

practice to study designs by making measurements on scale m

of considerable accuracy can be made. Structures such as spill

sluices are frequently tested at the Station

Probiem of flooding

In the lower reaches of nivers, where gradients are nor

greater than in the upper reaches. The various ways by which flooding can be re

s and constructing

g channels, by improving weirs and bric

mng, v nng

trarghte

embankments and flood-reliet channels —provide the Station with further model investigations

In such models both the river channel and the lood plains bordering it are reproduced




Allied to the work on improving river channels is the study of how flood levels are affected by
embankments carrying roads across flood }\].un\. Openings are prov 1ded m these embankments to
But these

allow flood water to pass so that the embankment does not cause addinonal Hoodng
tll‘“tl Jf\llk') are ('.\PL'H\X\'C to [‘r“\'i\l‘.‘. }‘Jr[]\ lllufl‘\ k‘nr A% l\!k H]n)‘]l'll) motor Iu,l\i\_ 1S {h\l\'l-'[u

necessary to minimize their number and place them where they will be most effecuve

be accuratel)

tructures can

model, of Broken Scar Weir, Ri







Sediment transport







Estuaries

Many of the Station’s major investigations relate to estuaries in which shoaling, the movement
of sediment and the mstability of low-water channels have presented senous problems of naviga-
tion or dredgifg. Such investigations are normally made with the aid of large-sc ale models
cquipped with servo-controlled mechanisms for reproducing tides through full neap to spring
cvcles. In some models salinity-density currents and off-shore udal currents are also reproduced
The Station’s Survey Section often gives help with estuary investigations:; working trom specially
equipped boats, a team can collect information on currents, silt movements and salinities, and can
carry out experiments using radioactive tracers. Some of these l\xuMum are so complex that 1t 1s
not always possible to arrive at quantitative conc lusions. But valuable quahtative and comparative
tesults may be obtained, particularly by workers with extensive experience in this field

11, A problem frequently investigated at the Station s that of prevenring power
! quenti) ¢ i ¢
f Dubli Harl

| ar vack of 4o sites were antomatically recorded

rsuch an pivestiga

ng recirculated. In this estuary »

n at several different depth







Wave disturbance problems and the sea coast

On the coast, the Station is confronted with two main types of investigation, those dealing solely with wave motion and
the forces imposed by waves, and those concerned with transport of sand and shingle. In the first group are studies of the
performance of sea walls and breakwaters under wave action, the design of harbours (to determine their effc

N protecting shipping from wave action circumstances, the behaviour of 1 |
1 ond group are studies of coas rosion tormazion of sand-bars and the she I Much
t the work in both groups is carried out on a repayment bass, but that conce sea defence
studies undertake the guidance of an interdepartmental committee) as part o
I Research has been conducted into the design of gre . th blem of erosion downdnift of t L 1
ot measuring the lictoral drift of sand and shingle. A knowledge of the quantity of htt t t

assessment of the value of groynes and the Station has developed Auorescent tracers for this purpose
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SERVICE SECTIONS

One of the advantages enjc 1
The Electrical and

SCIVICe sections
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Investigations of specific problems.
Advice and information

A charge is normally made for mvestigating specific problems, the charge being dependent on
amount of staff time and other costs tvalved. Advice 1s however given free of charge where
is practicable. The Station 15 always willing to provide an estimate of the cost of nvestigating

problem and w supply details of the contractual conditions under which the work

normally be carried out

Library, which cont m extensive collection of hydraulic literature, 18 available
|
t ted

n is one of a number of Research Stations of the Ministry of

ver a wide range of subjects in science and engineerin
Director of Hydraulics Rescarch who is responsible both for its
Iministration. There s a Steering Commuttee, of which the Director 1s a
r of specialist advisory commiteees The total statt of the Station numbers
gaged directly on research are mostly avil engineers others are

. mechanical engineering, electrical engineering and geography

Co-operation with other organizations

The Station works i close co-operation with Government departments

the same field. Amor yese are the Minstry of Land and Natural Reso

Acriculture, Fisheries and Food; the Ministry of Overseas Development

and Local Government: the Natural Environment Rescarch Cou

wid the Ministry of Diefence. I also enjovs goad relations with researe

allied ficlds, and with them avords wastetul duplication of etfort. These org tons mclude the
Jurd Mechanics Division of the National Engincering Laboratory (see p the Bnosh Hydro
mechanics Research Association (whose work lies between that of the Staton and tl
National Engineering Laboratory), the Water llunon  Research Laborator

Conservancy (which keeps lengths of coastline under observanion and

from the botanical pomt ot view), and the National Institute of Ocean

in the seas rather than the coasts
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Public transport to the

' Hydraulics Research Station

| ¥

i
Rail
The nearest railway station is at Cholsey, which is about 3 mule R i
Station. Cholsey 1s on the main line from Paddington Station i Lor ! sa
to change at Reading. Buses from Cholsey station pass the Statton Y
it is normally possible to provide visitors with « theial ransport from Cholse
London-Crowmarsh—-Oxford Coach Service
The 2-hourly South Midland coach service between London (Victoria Coa | ind Ox
ford, via Maidenhead, Henley and Crowmarsh, passes the mamn gate of the Hye Rescarcl
Station. It is normally necessary to reserve tickets in advance on these coaches ]
Local Bus Services

1
the hourly bus service between Reading and Oxford also s the mam gate of the Hydraw
Rescarch Station. This service is run jomtly by Oxford City Motor Services and the Than
Valley Traction Co. There are also irregular services to and from Abmgdon, Dideot and Henl
o le]
! Fee
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