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7.1 Main conclusions 

Public supply well fields (PSWFs) constitute a 
precious (inter)national monitoring system for 
evaluating the chemical state of groundwater, due 
to their spatial distribution throughout the country 
and the long time series available. They are 
monitored on a regular basis and they have been 
so for a long time. Therefore, such a network has 
a great potential to establish (a) the 
hydrochemical status of groundwater bodies 
(GWBs) at the depth of abstraction as shown in 
Mendizabal et al. (2011, Chapter 4); (b) the 
vulnerability of groundwater resources as shown 
in Mendizabal and Stuyfzand (2011, Chapter 5); 
and (c) pollution trends and natural background 
levels (NBLs) as illustrated in Mendizabal et al. 
(2012, Chapter 6) . However, the mixed character 
of water samples obtained from PSWFs requires 
a more laborious interpretation than samples from 
conventional observation wells, due to misleading 
effects resulting from variable pumping schemes 
during sampling and/or well field adaptation 
measures. In Mendizabal and Stuyfzand (2009, 
Chapter 2), guidelines are presented to avoid this 
problem and to better interpret the data. 

Recent intensive monitoring practices require 
sophisticated tools, capable of dealing in an 
efficient way with numerous activities, such as 
data acquisition, control, analysis and reporting. In 
Mendizabal and Stuyfzand (in prep., Chapter 3), 
such a tool is presented. 

The new international PSWF typology presented 
in Mendizabal et al. (2011, Chapter 4), which 
combines age, redox and alkalinity indices, is 
taking account of the origin of water, the 
hydrogeochemical environment and the potential 
proximity of anthropogenic (modern) pollutants. 
The age index is a good indicator of vulnerability 
towards all hazardous compounds released at the 
surface; the alkalinity index gives an indication of 
the vulnerability towards acidifying processes; and 
the redox index is a measure of the capacity of 
the aquifer to reduce undesired oxidants like NO3 
and SO4 and to eliminate specific pollutants 
through specific oxidation or reduction processes, 
such as organic micropollutants, including 
pesticides and pharmaceuticals. This information, 
together with the vulnerability maps presented in 
Mendizabal and Stuyfzand (2011, Chapter 5), 
helps to fine-tune the monitoring program to those 
parameters that are likely to be found in a specific 
water source and in a specific environment, so 
that costs are minimized and benefits maximized.  

This PSWF typology yields more homogeneous 
GWBs than the guidelines established within the 
European Water Framework Directive (2000; 
2008). They are more logically delimited for water 
quality protection purposes and for answering 
international questions on transboundary aquifers, 
and also better extrapolated in depth following the 
groundwater flow system. The underlying 
hydrochemical system analysis (HCSA), applied 
to PSWFs (Mendizabal et al., 2011, Chapter 4), 
observation wells or both, also covers the need to 
delineate GWBs with artificial recharge (AR) and 
river bank filtration (RBF), which are rapidly 
increasing in number and volume in many 
countries. A three-dimensional map of such 
groundwater bodies and hydrochemical facies on 
a European scale could serve as a means to 
summarize the quality status of European 
groundwater resources, to visualize the extent of 
GWBs, and to follow up their dynamics (growth 
and shrinking). This is not possible with single 
value maps of specific parameters.  

The usually long water quality records from 
PSWFs provide an easy way to determine NBLs 
for selected parameters and for individual 
groundwater bodies, as shown in Mendizabal et 
al. (2011, Chapter 4). The aggregation of NBLs 
according to the PSWF typology defined in 
Mendizabal et al. (2011, Chapter 4) yields 
homogeneous groups of PSWFs that deliver 
waters of the same origin and similar 
hydrogeochemical environments. As the method 
relies on the first six years of operation, the NBLs 
are not affected by well field adaptation measures 
(Mendizabal and Stuyfzand, 2009, Chapter 2), 
such as drilling new wells or abandoning polluted 
ones, which will rarely happen during the first six 
years of operation.  

7.2 Practical implications 

This research offers several tools for better 
management of drinking water resources in 
general and PSWFs in particular. New methods 
have been developed or previous ones optimized 
for the determination of: (1) the origin of the water; 
(2) the hydrological response curve; (3) the 
hydrochemical water type; (4) the intrinsic and 
specific vulnerability; (5) the redox level of mixed 
waters in a well; (6) the natural background level; 
and (7) trend bundles, at both the PSWF level and 
GWB level. Additionally, a software package is 
presented for the efficient management, control, 
analysis and presentation of water quality data in 
four dimensions (X, Y, Z, t). 
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The results of amongst others PSWF typology, 
trend analysis and natural background definition 
are presented in various maps and cross 
sections. They translate complex hydrochemical 
patterns into easily interpretable maps by showing 
for example in one picture the PSWFs, 
groundwater bodies and hydrochemical facies 
(Mendizabal et al., 2011, Chapter 4). Such maps 
aim at facilitating communication between 
researchers, water resources managers and 
policy makers, by showing what is otherwise more 
difficult to achieve with single value maps of 
specific parameters. Their combination in the 
maps presented, like those for VIP and VIPX 
(Mendizabal and Stuyfzand, 2011, Chapter 5) and 
NBLs (Mendizabal et al., 2012, Chapter 6), yields 
a better means to understand and solve complex 
groundwater resources management problems at 
different scales, ranging from a single well(field) 
or region to the national or European scale. 

On a smaller scale than presented here, similar 
maps can be used to assess the vulnerability of a 
single well for specific pollution sources. The 
HCSA also reveals hydrochemical patterns within 
the well field that can be used to design a proper 
management strategy for the individual wells and 
optimize their pumping regime to guarantee the 
best quality. In addition, the HCSA can be used to 
decide the best location and screening depth of 
new wells when more capacity is required, or to 
choose the wells to close down in order to reduce 
capacity or improve the quality of the well field. 

The methods here presented can easily be 
upscaled to develop strategic plans on the 
availability of groundwater resources and their 
protection, on a regional or national scale. A 
water-supply company can use them to optimize 
the management of its groundwater resources by 
regulating production rates of individual PSWFs 
according to their vulnerability or quality, and also 
to decide which PSWFs to expand or close down, 
in order to satisfy water demands at the lowest 
purification costs or with reduced complexity of 
purification technology, in compliance with the EU 
Water Framework Directive.  

The vulnerability indices developed in Mendizabal 
and Stuyfzand (2011, Chapter 5) are not based 
on site specific ranges of varying sets of hydro- or 
geochemical parameters, but on standard factors 
exclusively derived from the water composition. 
This makes it a robust, objective method that can 
be applied elsewhere and could therefore serve 
as a means to standardize the vulnerability 
assessment of PSWFs.  

7.3 Remaining challenges 

The research presented in this thesis can be 
further extended in various directions. On the one 
hand, zooming in from the national scale to a 
regional scale or to the catchment area of a 
specific well field of a water utility will provide new 
insights in the main hydrochemical processes 
affecting the quality of the water they deliver. On 
the other hand, many data gathered during this 
study, like on various trace elements, numerous 
organic micropollutants and the stable isotopes of 
15N and 34S, were not analyzed in this thesis and 
deserve to be analyzed elsewhere. The first step 
in this direction has already been set by 
Stuyfzand et al. (2008) regarding arsenic and by 
Stuyfzand and Mendizabal (2010) regarding most 
trace elements, with focus on the distinction 
between natural and anthropogenic sources. 
15N has been used extensively to provide 
information on the origin and transformation of 
nitrate, which may be derived from soil organic 
nitrogen, synthetic fertilizers, livestock wastes, 
sewage effluents, and atmospheric deposition. 
These sources produce in many cases nitrate with 
distinguishable 15N/14N ratios. Analogously, 34S 
can be used to determine the origin of sulfate, 
which may be derived from pyrite oxidation, 
synthetic fertilizers, livestock wastes, sewage 
effluents and atmospheric deposition. 
Quantification of the fraction of NO3 and SO4 
deriving from these natural or anthropogenic 
inputs is needed to determine the vulnerability of 
the water resources towards different polluting 
processes, and to predict their quality evolution.  

The data of some organic micropollutants, such 
as Bentazone, Carbendazim and Mecoprop, were 
used in Mendizabal and Stuyfzand (2011, Chapter 
5), but not in detail, because this thesis was 
mainly focused on inorganic chemistry. The data 
of organic micropollutants can further be used to 
present specific maps and to refine the 
vulnerability indices here presented and to further 
develop protection strategies. 

 


