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Storage of surface water in The Netherlands: challenges of the future 
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Abstract. In the next decades the use of surface water lor drinking water production in The Netherlands 
wiJl grow from 400 to 800Mm3/year. Slorage of surface water is a common preliminary trestment step, 
because of the (self-)purification during the retentien time and the possibility of bridging periods with insuf
ficient surface water quantity or quality, but it also requires 11 great deal of space. Maximising the posslbili
ties of concurrent use can overcoma this disadvantage. Also environmental and financlal costs have to be 
considered. In future the need to bridge periods with insufficient water quantity or quality may increase 
due to global elirnatic change and new legislation. 

1 Introduetion 

fn The Netherlands one-third of the total annuel water con
sumption lor dornestic and industrial use of 1200Mm3 

comes from surface water. Surface water was first used 
almost 125 years ago, when the city of Rotterdam starled 
with drinking water production from the River Rhine. Alter 
World War 11 the u se of surface water as souree tor drlnking 
water production grew rapidly to 400 Mm3/year. 

The Dutch government declared In 1995 that ground
water abstraction lor drinking water has reached its ceiling 
with 800 Mm3 /year 11 ). Growth of water demand will there
fore increase the demand lor surface water. In the next 2~ 
years the abstraction of surface water will have to double to 
800Mm3/year. However. surface water is a less reliable 
souree than ground water. In the densely popuialed and 
heavily industrialised Rhine-Meuse basin high-technology 
treatment schames are essential lor drinking water produc
tion. 

Starage of surface water as a prelimin~ry step in the 
whole treatment scheme is still common. although recent 
actvances in purification technology, such as ultra- and 
hyperfiltration. permit direct use of surface water for drink
ing water production. The major advantages of starage are: 
• impravement of water quality by naturel purification pro

cesses. such as sedimentatlon. photolysls and biologica! 
degradation, at low environmental and financlal casts; 

• possibility of bridging periods of: 
• unsatisfactory surface water quality, e.g. alter pollotion 

accidents; 
• water shortage. 

Developing a new slorage facility requires a thorough know
Ied ge of the (dis)advantages of the different slorage tech
niques. This paper describes the state of the art and current 
slorage projects in The Nethertands. 

2 Storage technlques 

2.1 Main indicators 
There are three storage techniques lor surface water (Rg. 
!): 
• Underground starage or artificial grouncJ..water recharge 

by means of: 
• open infiltration; 
• deepwell injection; 

• Open starage in reservoirs. 
Two indicators are important lor all storage techniques: 
1 the retention time (t), defined as total sleirage volume 

Q 

Artificial recharge by open infiltration 

/ 

Artificial reellarge by deepwelllnjectlon 

Open reservoir 

fig. 1. Starage techniques. 

(V101) divided by the supply from the storage (0) (t = 
Vtot/0); 

2 the 'stock ratention time' (t51oc~<l. defined as total stock 
volume (V stock) divided by the supply !"tstocl< "" V stock/0). 

Natura! self-purification by physical. chemica! and biologica! 
processas depends malnly on 1:. When t decreasas pollu
tani removal will also diminish (Fig. 2). Ouality impravement 
during storage is the basis tor further puriflcation in the 
drinking water production plant. As an example. the water 
quality impravement in the biggast reservoir schema in The 
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Fig. 2. Removal of ammonia and PAHs in the Biesbosch storage 
reservoirs as lunetion of ratention time t (1981-95). 

Netherlands (annual production capacity 215 M m3 , 1: -

150 d) Is present ad in Tab te 1. 
The maximum period in which the slorage inlet can be 

closed (t,.,ockl. due to accidental poltution orwater shortage, 
is an important design criterion and depends mainly on the 
characteristics of the river or take and the catchment area. 
The River Rhine, lor instance, has a high discharge, even in 
summer, so the danger of water shortsges is negligible. A 
deterioration of its water quality due to accidental poltution 
(e.g. the Sandoz lire in 1986) is not unusual. however. 

Fortunately such a poltution cloud wilt pass the Dutch inlet 
points within 3 weeks. Lake IJssel will seldom bc polluted 
completely. but if this occurs it may take several ycars 
before the water quality is restored. 

2.2 The Dutch experience 
~oth underground storage by infiltration and open slorage 
rn reservoirs are well-known techniques in The Netherlands 
(Fig. 3). In the coaster dunes the artilicial ground-water 
recharge by surface water infdtration began 40 years ago. 
Open storage reservoirs ware commissioned between 1960 
end 1980. The negative environmental impacts of dune infil
tration led to the development of the new technique of 
deepwell injection around 1990. At present there are some 
eperationar deepwell injection systems, but their capacity is 
limited (Table 2). 

2.3 Ditterences between starage techniques 
The most obvious dillerance between open reservoir and 
underground storage is the possibility of water quality prob
lems, in particuier eutrophication, in open reservoirs. Other 
dillerences include the pretraatment and the water quality 
alter storage. 

Open storage of nutricnt-rich surface water without con
troltechniques will result in eutrophication, mass develope
ment of algae, etc. Algal blooms are known to causa serieus 
water traalment problems (objeétionable taste and odour. 
phytotoxins, clogging of filters, etc.). Eutrophication control 
techniques that have been applied successfully include 
influent dephosphatation, artificial mixing, food-web mani· 
pulation, hypolimnetic withdrawal and copper-sulphate 
treatment (2, 3). 

In The Netherlands influent dephosphatation proved to be 
an effective technique lor shallow reservoirs (4, 5). In deep 
reservoirs. on the ether hand, artilicial mixing proved to be a 
very effective and cheap technique to keep algal biomass at 
moderata levels (6-8). 

Another important dlfference between reservoir and 
underground storage concerns the pretraatment (Fig. 4). lf 
pretreetment is used lor reservoirs, it is mostry tor eutrophi
cation controL Fort artificial recharge. however, it is neces
sary to install very sophisticated pretraatment plants. A new 
Dutch decree aiming to minimise the negative effects of 
artificial recharge. requires not only nutrients but also micro
pollutants (such as heavy metals, PAHs and pesticides) to 
be removed before surface water can be infiltrated. For 
deepwell injection it is necessary to remove practically all 
turbidity to prevent welf clogging and soil pollution. 

Table1. Average quality improvements in the Biesbosch reservoirs 1991-95 

Ouality parameter Unit lnletwater Outlet water Removal(%) 

Suspended solids mg/1 14.2 3.2 77 

Turbidity FTU 11.4 2.3 80 
Colour mg/IPt 14.2 7.9 44 

DOC mg/! 4.1 3.6 12 

Ammonium mg/IN 0.26 0.05 82 
Total phosphorus mg/IP 0.27 0 .07 74 

Chlorophyfl-a 119/1 20 5.6 72 

Aluminillm 11911 794 20 97 

Iron f.tQ/1 728 15 98 

cadmium 11911 0.29 0.05 83 

Lead 11911 4.9 0.6 88 
PAH (6 of Bornelil 11911 0.080 0.007 91 
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flo. 3. Surface water slorage in The Nothorlands. 

The matn quality dillerences alter reservoir and under
ground slorage concern temperature. turbidity and hygienic. 
pamrneters. 
• Alter underground slorage the water always has a con

stani temperature of about 10"C, while the temporature 
or reservoir water varies between 0 and s•c in winter to 
20 2s·c in summer (Fig. 5). 

• In reservoirs turbidity is mainly removed by sedimenta
tion. whereas the artificial recharge pretraatment reduces 
lurbidity by filtration. The latter is more eflicient, but 
requires more energy and chemicals. generales more 
waste and is more expensive. 
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• Alter an underground passage of 20-60days the water Is 
hygienici-liiY safe (9). In open reservoirs the removal of 
enteric bacteria {Fig. 61. viruses and pathogenie protozoa 
such as Clypro$poridium and Giardia depends mainly on 
the relention time t . The classica! notion of reservoirs as 
hygienic barriers acquires a new dimeosion toda~ with 
respect to pathogenie protozoa and vrruses . 

coagulation I 
sedimentall on 

GAC liltralion 

flocfiltratlon 

(opflons/) 

Ag. 4. Pretreatmeritfacilities. 

rapid sand 
filtration 

GAC tiltration 

rapid sand 
flitralion 

Teble 2. Examples of slorage lacilities in The Netherlands 

V Omaa· t l$\Oclo: 
Location (water company)1 Mm3 Mm3}fear months months Ramarks 

In liltration 
Berkheide (DZHI 5 25 2.5 2 Use of stock may causa damage 

Meijendel !DZHI 12 48 
to dune environment 

3 2 U se of stock may causa damage 
to dune environment 

Deepwell injection 
Watervlak (P\IVN) 5 3 0 
Waalsdorp (DZHI 4 3 0 

Open reservoirs 
Andijk (WRK) 6 110 1.5 0 Reservoir level adjustment 

Biesbosch (WBB) 80 
impossible 

216 5 2 
Braakman (DElTA) 4 4 12 3 lnd ustrial and emergency supply 

Grote Rug (WBE) 3 11 36 
only 

2.5 lndustrial and emergency supply 

Loenderveen IGW) 8 31 3 
only 

0 Reservoir leveladjustment 
impossible 

1 See Appendix 1. 
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Fig. 5. Temperature of the Biesbosch reservoir schema (1994-96). 
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Fig. 6. Removal of faecal streptococci in the Biesbosch slorage 
reservoirs as function of the relention time tf1981-95). 

lnvestigations in the Biesbosch reservoirs and the 
Braakman reservoirs indicate a· remaval efficiency tor 
Cryptosporidium and Giardia ot 97-99.9"A. (Tab Ie 3). 

3 Starage projects in The Netherlands 

3. 1 Present situation 
Saveral new storage facilities are under construction (Fig. 7, 
Table 4). The followlng developments must be taken into 
account in these projects. 
• Space is sèarce in a densely populated country such as 

The Netherlands; therefore the possibility to designate 
the starage area lor concurrent use must be investlgated 
thoroughly. 

• The environmentai impact of artilicial recharge or open 
reservoirs on the surroundings must be minimised. 

• Storage as integrated part of the entire treatment scheme 
may environmentally be more sustainable than treatment 
schemes without storage. An optimum lor total pertor
manee (environmental and economie) has to be lound. 

• Global elirnatic change and/or new legislation may even 
increase the need to create new starage facilities. 

3.2 Use of space 
Most storage facilities consist of a small 'industrial' area lor 
pumping stations. pretreetment plants. etc. and a compara
tively large area lor starage as such (Table 5). In particular, 
the latter poses a problem in a densely populated country 
such as The Netherlands (>450 inhabitantslkm2 ). As space 
is scarce, it has to be allocated prudently to different kinds 
of land use, such as agriculture. nature. housing and indus
try. This is relleeled in Dutch country planning on national, 
regionat and local scales. 

The designation of starage facilities lor water supply is 
mainly a regional alf air, although munlcipal zoning plans are 
also lnvoived. To obtain the planning consents water utiiites 
must: 
• demonstrata the necessity of a new storage facility and of 

any concomitant land use restrictions; and 

Fig. 7. Surface water storage projectsin The Netherlands. 

Table 3. Average quality improvements lor hygienic parameters in the Biesbosch reser
voirs 1991-95 

Ouality parameter Unit lnletwater Outlet water Removal(%) 

Escher/chi6 co/i clu/ml 3.0 0.02 99.3 
Faecal streptococci cfu/ml 1.0 0.02 98 
Ctyptosporidium oocysts/m3 29.1" 0.34• 98.8 
Giardls cystJ;/m3 100" 0.36" 99.6 

• Average 1993-94. no correction lor recovery. 
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Tabla 4. Starage projects in The Netherlands 

V Q"'i'lll t 'tstod: 

Location (water companvt' Mm3 Mm3/year months months Status 

lnliltmtion 
PIM(WOBI 8 50 2 0.5 12.5 Mm3/a to be supplied 

in 2000 
Ruibekerveld !WOTJ 3 4 0 To be commissioned in 2001 
Berkheide (DZH) 4 3 0 Commissloning imminent 

Deepwell injection 
DIZON (WOB!WMLJNREJ 0.2 0.5 4 2 Pilot plant to investigate 

feasibifity of deepwell injection 
Leiduin (GWI 4 13 3 2.5 Design stage 

Open reservoir 
4th Biesbosch reservoir (WBBI 50 200. 5 2 Design stage 
Heei(WMLJ 20 20 12 0.5 To be commissioned in 2002 
2nd Loenderveen reservoir (GW) B 3o• 3 3 Environmentslimpact 

Assessment completed 

'See Appendix I. 
• Additional capecity of the existing reservoir schema. 

Table 5. Use ol space lor starage lacilities of surface water 

Oeepwe!l Open 
lnfiltratlon lnjection reservoirs 

Specific area requirement (ha/Mm3/year) 2()...40 -0 2-5 

Concurrent land use: 
• Nature Iconservetion or developmentl + + + 
• Land-based recreational use (walking, + + + 

bik ing. horse riding, etc.) 
• Water reereetion (angling, surfing, + +' 

sailing, etc.) 
• Extenslve agriculture + + +' 
• Other (intensive agriculture, industry, etc.) +' 

• Subjectto agreement between the water utility and user about certain restrictlons. 

• pledge to minimise negative impacts and maximise ben&
fits with regard to the surroundings. 
Exclusive use of space in open infittration areas is 

avoided by authorisation of other uses, such as nature 
and recreation. The designation of deepwell injection 
areas is no problem at all, because it requires practically 
no surface area. With open reservoirs it is advisable to 
make the reservoirs as deep as possible in order to mini
mise their surface area as well as to facilitate eutrophica· 
tion controL lf the potentlal lor concurrent use of 
infiltration or reservoir sites is properly publicised, the 
water utility may even generata support from the authori· 
ties and the pub lic. 

3.3 Impact on surroundings 
The impact of new storage facilities on the surroundings 
has to be assessed and minimised. larger facilities 
require an Environmental Impact Assessment (EIA). 
Disturbances during the construction (e.g. noise, traffic. 
etc.) and the negative impacts aftar commissioning (espe
cially ground-water fluctuations) have to be taken into 
account (10). In most cases it is imperalive to minimise 
these effects. 11 the g round-water level is k.ept as constant 
as possible, lor instance, agriculture is not impeded and 
cellars in houses are kept dry. In other projects, however. 

it may be beneficia! to raise the ground-water level lor 
wetland creation. 

3.4 Environmental sustainability 
Despita its many advantages. surface water slorage also 
entails negative environmental effects, such as consump
tion of chemieals and energy or waste product ion. Although 
the purification effiCiency of artificial recharge techniques is 
higher compared to open reservoirs, their adverse environ
mental effects are greater. In addition, recent research on 
these effects has indicated that hyperfiltratien costs twlce 
as much 'ecopoints' than artificial recharge by infiltration 
(11). 

Cost-efficiency is another important factor. Table 6 
shows that the indicative costs of artificial recharge, and in 
particuier deepwell injection, are slgnificantly higher, due 
to their pretreetment requirements (The quality of the 
water aftar storage, however, is superior to reservoir 
water.) 

3. 5 Future developments 
The possibility to bridge periods of insuftleient water quan
tity or quality wilt definitely gein importance in futura. In a 
water-rich country such as The Netherlands it seems odd to 
consider water shortages. The average flow of the Rivers 
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Tabla 6. lndicative costs ol surface water storage (US$tm3) 

Pretraatment facilities 
Storage facilities 
To1al costs 

lnfiltration 

0.43 
O.Q7 
0.50 

• Dephosphatation excluded. 

Rhine and Meuse is 2000 and 300m3/sec. respectively, but 
in dry summers the flow may drop be!ow 1000 and 
25 m~'lsec. Because of other interesis such as nature, ship
ping and agricu!ture, the amount of surface water available 
lor drinking water production may fall short of demand in a 
dry summer, especially for the River Meuse. 

Dry periods may gain importance in the future due to 
global elimalie change. The overall trend in western Europa 
is that winters will be wetter and summers drier. This will 
certainly have effects on the discharge of Rivers Rhine and 
Meuse. Recent investigations in the Rhine catchment area 
foracast a discharge increase in winter/spring of 15% to 
45% and a drop of minimum flow in summer/autumn with 
15% to 45% 02). This also implies a Jonger period of lower 
minimum discharges {Fig. 8). Global elimalie change may 
increase the evapolranspiration end waterdemand lor agri
cultural {irrigation) and dornestic purposes {lawn sprinkling, 
air conditioning, etc.). A study in south-east England pre
dicted a 4% increase of dornestic use and a 46% increase in 
agriculture { 13). 

New legislation mayalso increase the need lor additional 
storage volume. The quality standards lor drinking water 
tend to become stricter, e.g. the proposed Cryptosporidium 
standard (absent in 100m3 ). This may force water com
panies to prevent certain pollutants or pathogenie organ
isms froni entering their treatment system. This may be 
achieved by storage facilities that allow lor inlet ciosure dur
ing periods of high concentrations in the river. 

4 Concluslons · 

• Surface water is an. increasingly important souree of 
drinking water supply in The Netherlands. The use of sur
face · water will grow from 400 Mm3 lyear at present to 
800 Mm31year in the next decades. 

• Water quafity impravement by pretraatment and self
purification during starage Is an important prefiminary 

1.500 

1·000 .J..J"'a~n--r:.ro""'b+ma=r+,":pr..-t.l'tlll=y+.!ju~n+.r.::ur+.q=f-:o--+=-1-~=..-l 
Month 

Fig. 8. Present and future discharge of the Aiver Rhine at lobith 
(German-Dutch border). 

Deepwell injection 

0.57 
0,07 
0.65 

Open reservoir 

o.oo· 
0.15 
0.15 

step in drinking water production, which is environmen
tally sustainable and cost-ellicient. 

• One of the major disadvantages of storage is the use of 
space. 11 the potentlal for concurrent land use is max
imised, the construction of slorage facilities may even 
become an advantage ln a densely popuialed country 
such as The Netherlands. however. 

• The environmental sustainability and cost-effectiveness of 
surface water storage for water supply must be propageled 
by water utilites to rally support from politicians and citizens. 

• Global elirnatic change may alter the water balenee in The 
Netherlands. The increased incidence of periods with 
insufficient water quantity is likely to enhance the impar
tanee of surface water storage. 

• The present gap between surface water quality and drink
ing water standards is a strong argument lor surface 
water storage. 
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Appendix I: List of abbreviations 

DELTA Delta Utililies 
DZH Dune Water Company South-Holland 
GW Municipal Water Company Amsterdam 
NRE Regionat Utilities Eindhoven 
PWN Water Company North-Holland 
WBB Water Starage Corporation Brabantse Biesbosch 

Reservoirs versus territory 

J.A. Herreras Espino & J. deCastro Morcillo 

WBE 
WML 
WOB 
WOT 
WRK 
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Water Company Europoort 
Water Company Limburg 
Water Company East·Brabant 
Water CompenY Eest-Twente 
Water Transport Company Rhine-Kennemertend. 

Canal de /sabel 11, Santa Engracia 125, 28003 Madrid, Spain 

1 Water supply to large cities 

I. 1 Souree of water resources 
In Spain. water supply is either provided from surface or 
ground-water resources. except when the circumstances 
are extremely unfavourable - desert zones and islands -
where it is necessary to resort to sea water desalination 
plants. Although 31% of Spain's inhabitants receive ground· 
water supplies, hardly any cities or large towns depend 
exclusively or mainly on ground water. 

In climates such as Spain's, where seasons are clearly 
defined and rainfall is u neven, it is often necessary to store 
winter resources for the summer. and the water trom wet 
years for dry periods, thereby giving rise toa need for reser
voirs as the basic supply system lor large cities with surface 
resources. The con trol of resources from catchment areas 
- where water quality is greater - and conveying it con
siderable' distances to cities, is commonplace. Madrid, 
Barcelona. Bilbao. Zaragoza, etc. are well-known examples 
of cities that use this practica. 

1.2 Future needs 
The above was the case in the past, but what about the 
future? Will water resource availability have to be increased 
for cities7 11 so, how will these increases be obtained7 
Where the need for new resources is concerned, the 
answer seems clearly to be affirmative, because at least 
three raasons exist jointly or separately, to endorse this: 
(a) a need to increase supply guarantees, 
(b) an increase in the number of users. and 
(c) an increase, in many places. of,the per-capita consump-

tion. 
A justilkation should be given for these three reasons. 
Regarding the first - increased supply guarantees - the 
restrictions and problems caused by the most recent 
drought serve as a reminder that many parts of Spain · 
require greater resource availability. With respect to the 
increase in the number of users, it should be remembered 
that it is the case of large cities that is being analysed. not 
the entire country population. Although overall figures tor 
the latter are clearly tending to stabilise- and even to fall 
- this is not the case for metropoliten areas. lt is certain 
that the number of inhabitants in large urban areas will 
increase. especially along the Mediterranean coast, which 
is where water supply problems are most acute. An 
increase in per-capita consumption is an aspect which is 
closely linked to both an increase in living standards and 

wate_r-saving, so it will receive a greater in-depth analysis 
later. 

Therefore, accepting that, for the aforementioned 
reasons, it wiJl generally be necessary to increase the 
resources available, what options exist for achieving this 7 
An analysis of the role of reservoirs in the near future is thus 
in order. The procedures that can now be used to obtain 
additional resources have been termed 'The sourees of the 
future'. Alter listing these sources. the foUowing is devoted 
to describing the pros and cons involved. and an attempt is 
made to address some associated aspects which are often 
considered without the objective approach that is required. 

2 The sourees of the future 

2. I ldentificqtion 
As has al ready been seen, 'Sources of the future' is under
stood here as meaning the various procedures- in addition 
to the structtiral and management measures. and a combi
nation of these - that can be used to generata the new 
water resources which the supplies require and, specifically, 
those of the large cities. lt is more than likely that. in nearly 
all cases, a combination of several of these procedures 
must be used, depending on the local circumstances. 

However, no disagreement appears to exist with respect 
to the following list. which contains the number of proced
ures now available. The order in which they are presenled is 
in no way indicative of priority. 
• Oesalinatlon of sea water. 
• Re-use of waste water. 
• Water-saving. 
• Water markets. 
• lncrease in ground-water resources. 
• lncrease in surface resources. 

2.2 DesalimJtion 
This solution is only valid for coastal towns and. especially, 
the islands. The high cost must be considered of both 
investment - over 500 Pta/m3 - and operation, which is 
usually about 125Pta/m3 , whose basic and largely uncon
trollable component is the price of power. 

Wlth respect to this question and in order to explain why 
this type of option has notbeen frequent in the past, it must 
be remembered that in countries such es Spain, the total 
water percentage required for urban supply is saveral times 
lower than the demand lor irrigation and that, furthermore, 
the best soils and elimat es are usually found where water is 
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