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PREFACE

On March 8, 1989, Technical Meeting 46 of the TNO Committee on Hydrological
Research (CHO-TNO) was held on the theme: "Hydro-ecological relations in the Delta
Waters of the South-West Netherlands". The results of this meeting are published in
Proceedings and Information CHO-TNO No. 41.

On June 4, 1992, Technical Meeting 50 of CHO-TNO took place. During this meeting the
results have been presented of an evaluation of the water management of Lake
Volkerak/Zoom - a new freshwater system in the Delta. This publication contains the
papers presented at this meeting, which was organized in co-operation with Rijkswaterstaat,
Directorate Zeeland. These papers consider the key questions, whether water management
has been able to deal with the changes in Lake Volkerak/Zoom and whether the
management policy targets will be achieved.

Delft, December 1992
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How an estuary changed into a freshwater lake. (Proceedings of the technical meeting held in Roosendaal,
The Netherlands, 4 June 1992). Proceedings and Information, CHO-TNO, no. 46, 1992.

FROM SALT TIDE ..... TO FRESHWATER LAKE
Origins, structure, scheme and management

F.L.G. de Bruijckere

1 INTRODUCTION

In the night of 17 April 1987 the upper tidal reaches of the Eastern Scheldt estuary
disappeared forever, when engineers closed the last gap in the Philips Dam to create a new
freshwater lake free from ebb and flow. A whole new ecosystem was about to be
developed. But there was one question mark hanging over Lake Volkerak/Zoom. Would it
become a flourishing freshwater lake complex? To find the answers, this latest product of
the Delta project has been monitored for the last few years.

This collection of articles describes the development of Lake Volkerak/Zoom from the
creation of the lake system in 1987 up to the present day. It looks at the ecological threats
to the lakes and the measures taken - or planned for the future - to create healthy,
sustainable ecosystems.

Figure 1 The Delta area before the Delta project (left) and after 1987 (right)
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2 ORIGINS

Lake Volkerak/Zoom has its origins in the flood disaster of 1953. The destruction of life
and property was so great, and feelings in the country that this should never happen again
so unanimous, that a specially appointed committee was set up to solve the flooding
problem once for all. This committee proposed sealing off all the tidal inlets to the delta,
with the exception of two major shipping routes, the New Waterway and the Western
Scheldt. Then freshwater lakes would be created behind the dams.

Figure 1 (left) (see page 3) shows the delta area before the inlets were closed. Eleven dams
and dikes of different sizes and design have been built over the last 30 years. Figure 1
(right) shows the delta area in 1987, with the various sea defences then in place.

The original plan was to close off the Eastern Scheldt completely by a large dam with a
solid structure. But in the mid-1960s perceptions of the environment were changing and
this plan was increasingly being opposed in scientific circles, as well as by environmental
groups and fisheries interests. A compromise was reached in 1974: to build a storm surge
barrier, that leaves tidal movement largely unmodified, but can be closed during storm
surges.

The storm surge barrier has narrowed the mouth of the Eastern Scheldt, by which less
water enters and leaves the estuary with the tide. Special measures had to be taken to
ensure that this reduction would not lead to a serious reduction in tidal movement between
the high and low water levels. Partly for this reason two dams were built in the Eastern
Scheldt inland of the storm surge barrier. This reduced the area of the estuary and ensured
an adequate tidal range despite the construction of the storm surge barrier. Another reason
for constructing these dams was that as early as the 1960s the Netherlands had agreed with
Belgium to provide a shipping connection between Antwerp and Rotterdam which would
no longer be affected by tidal movements.

The Volkerak Dam (Figure 2) was already completed in 1969 as part of the scheme to
close off the Haringvliet. The Oester Dam, sealing off the upper Eastern Scheldt estuary,
was finished in 1986. In the following year, 1987, after completion of the construction of
the Philips Dam closing off the Krammer-Volkerak, an area of fresh water with a
permanent level was created, Lake Volkerak/Zoom.
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F.L.G. de Bruijckere

3 INFRASTRUCTURE

Locks have been incorporated in the dams to maintain navigation as follows:

- the Volkerak Locks in the north giving access to the Rhine and Meuse river systems;

- the Krammer Locks in the northwest giving access to the Eastern Scheldt and thence to
the Western Scheldt via the Canal through South Beveland;

- the Bergsche Diep Lock for access to Bergen op Zoom and the Eastern Scheldt;

- the Kreekrak Locks in the south for access to Antwerp Docks.

Figure 3 The salt/freshwater separation system at the Krammer Locks



Volkerak Locks

Krammer Locks



Bath Discharge canal and sluices



From salt tide ..... to freshwater lake

To compensate the loss of the freshwater lakes in the Delta area, it was decided to make
Lake Volkerak/Zoom a freshwater lake to provide water for agriculture in the adjacent
parts of West-Brabant, Zeeland and Zuid-Holland. In addition to ship locks, the Volkerak
Locks complex at the north end of the lake includes a sluice to admit water from the
Hollandsch Diep. This is necessary in dry periods, when flows in the West-Brabant rivers
and from polder drainage are very low and there is a risk that minimum lake stage will not
be maintained, or that lake salinity will exceed the permitted maximum. The main sources
of salinity in the lake are losses through the locks on the Eastern Scheldt, saline intrusion
through the sea dike, and delayed release from the old sea bed.

The Krammer Lock complex is fitted with a salt/freshwater separation system that prevents
salt water entering the freshwater lake and fresh water entering the Eastern Scheldt. The
system works on the principle that salt water is denser than fresh. When ships pass through
the locks, salt water is exchanged for fresh or vice versa (Figure 3). The Kreekrak Locks
are equipped with a similar system to prevent brackish water from Antwerp’s industrial
area from entering Lake Zoom. The Bath Discharge canal was dug across the South
Beveland isthmus, on an alignment parallel to the Scheldt-Rhine canal, to discharge excess
fresh water from the lake into the Western Scheldt. The design capacity of the drain (max.
130 m*/s) is based on an extremely wet period.

4 MORPHOMETRY

Hydromorphologically, Lake Volkerak/Zoom consists in reality of two lakes: Lake
Volkerak in the north, which is the largest of the two lakes, and the much smaller Lake
Zoom in the south. The Eendracht, a section of the Scheldt-Rhine Navigation Link between
Antwerp and Rotterdam, connects the two lakes to form a single hydraulic system. The
table below gives morphometric data for the two lakes.

Table 1 Morphometry of Lake Volkerak/Zoom

Lake Volkerak Lake Zoom

Surface area (ha)

water 4570 1580

"dry" margin 1775 220

total 6345 1800
Depth (m)

max 24 20

mean 5] 6
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Lake Volkerak/Zoom covers an area of some 8,300 ha, one quarter of which is new dry
land. These "dry" areas are former mud flats and salt marshes. Retention times of water in
the lakes vary from 2 to 4 months depending on season. Depths vary from a few
centimetres to 24 metres. The average depth of Lake Volkerak/Zoom is 5.2 metres.

5 BASIC POLICY

After designing the infrastructure, which has taken shape by the early 1970s, attention has
been shifted to water management and the ancillary structures that would be required. A
government policy document entitled Water Management in Lake Zoom after 1987
(Anonymus, 1986) reviewed the possibilities and made recommendations on lake levels and
the extent that flushing with fresh water would be needed. Following public consultations
held by the Public Works Council in 1987, the Minister defined basic policy principles on
water management of the lakes.

In summary these are:

- selective inflow directed to minimize imports of contaminants;

- target lake stage to be NAP (Normaal Amsterdams Peil, the reference level in the
Netherlands) with variations permitted between NAP +0.05 m and -0.25 m;

- an upper limit of 400 mg/l on chlorides to comply with irrigation requirements; chloride
content to be measured at the mouth of the Bath Discharge canal.

In 1987 also an agreement, covering water management and civil works on Lake

Volkerak/Zoom once impounding began, was signed between all the parties involved

(Anonymus, 1987). The blueprint for future development of the area was now ready in the

form of an integrated Krammer-Volkerak policy plan, which defined the functions of the

scheme as follows:

- primary function of navigation within defined canals;

- primary function of nature area for the shallow water areas and margins exposed at low
stage;

- primary function of water supply for irrigation;

- other functions such as commercial fishing, recreation and drainage.

Irrigation was accorded high priority in the drafting of the original policy on water
management. Krijger (1992, this volume) looks at the importance of irrigation in his
article.

6 ECOLOGICAL RISKS

It was recognized early on that damming the Krammer-Volkerak and turning the upper
Eastern Scheldt estuary into a freshwater lake entailed certain ecological risks. The inflow
of polluted river water combined with the loss of flushing by the tide would have
far-reaching effects on rates of erosion, eutrophication, and contamination with hazardous
substances.

With tidal fluctuations eliminated, there is always a strip of bank exposed to erosion by
wave attack. Banks are receding by tens of meters every year, leaving a miniature cliff line

10



From salt tide ..... to freshwater lake

at the eroding front. Of course, this hampers the establishment of a balanced community of
shoreline plants. As a result the Minister has authorized bank consolidation works to be
carried out within eight years of impoundment.

The lake is also particularly susceptible to eutrophication, as a result of its conversion to
fresh water. River water and polder drainage are high in phosphates, and this produces
excessive algal blooms. Experience of the Veluwerandmeer suggests that remedial
measures will take a long time to work, with the results only beginning to show after
several years. For more about the dangers of eutrophication on Lake Volkerak/Zoom, 1
refer you to the article by Van den Hark et al. (1992, this volume).

Another effect of impounding is increased siltation, as we know from the damming of the
Haringvliet. Pollutants in rivers tend to adhere to particles of sediment carried in
suspension. As a new sedimentation zone, the lake accumulates contaminants in its bottom
mud. Readers interested in the details of this danger to Lake Volkerak/Zoom should
consult the article by Schmidt and Termeer (1992, this volume).

74 OPERATIONAL WATER MANAGEMENT

The 1988 Water Management Plan Lake Zoom (Anonymus, 1988) defined the operational

management of the lakes in more detail. The plan aims for integrated management of all

functions of the lake. Within certain guidelines laid down by the Minister, the plan aims to:

- minimize water losses in order to reduce imports of hazardous material;

- create favourable conditions for nature area on and near banks;

- minimize the flood disaster risk;

- maintain low enough chloride levels at abstraction points in the growing season for
irrigation water;

- maintain lake stage appropriate to proper drainage and good navigable access to ports;

- operate salt/freshwater separation systems to minimize salt intrusion without impeding
shipping.

8 MEASURES

If all the ecological challenges facing Lake Volkerak/Zoom are to be met, we must ensure
that water entering the lake poses no threat. Pollution has to be tackled at source.

International agreements, such as the Rhine Action Plan or the North Sea Action Plan, help
to clean up the drainage basins of the Rhine and the Meuse. But "pollution at source"
measures alone are not enough for Lake Volkerak/Zoom. Direct intervention is necessary
as well. Measures are now being drawn up and implemented in West-Brabant catchments
specifically to protect the new lake. Readers are referred to the article of Van Qers et al.
(1992, this volume) for details. Rijkswaterstaat is also experimenting with a biofilter to
treat water from the Hollandsch Diep as it enters the lake at the Volkerak Locks. The
results are described in the article by Noordhuis et al. (1992, this volume).

Water treatment is time-consuming, however. Consequently we try to keep the lake
hydraulically insulated from its surroundings, so that water loss is minimized and influx of

11




























































































































































































































































































































































