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Abstract 

In some cases the only remaining option to satisfy the increasing demand for potable water in good quality for
the growing population, is the desalination of seawater, being used more and more the membrane process reverse
osmosis. But whereas for the design and the manufacturing of the desalination units itself meanwhile are available
well known and approved technical solutions, the intake and the pre-treatment of the seawater, as well as, the
discharge of the brine have to be adapted to the specific conditions at the construction site of each plant. These
conditions can differ in a wide range, as beside the influences determining the raw water quality, also items like
the geological situation and details related with infrastructure or logistic are usually very different and have to be
considered consequently during design, construction and operation of a desalination plant. The same applies for
the aspects concerning the environment, that are becoming more and more important due to changing local
legislation, increasing public awareness, growing construction density at coastal areas and also due to findings
regarding the impact on the marine environment based on long-term operation of desalination plants. Thereby one
of the most important prerequisites for reliable long-term successful operation of reverse osmosis seawater
desalination plants is a consistent high quality pre-treatment of the feed water. One possibility to fulfil this
requirement is the use of directed drilled horizontal drains below the seabed as seawater intake and partial pre-
treatment system according to the patented Neodren technology. With these horizontal drains, that are based on an
improved horizontal directional drilling (HDD) technology and high efficient patented filtering devices, the raw
and fine screening, as well as, the conventional filtration of seawater and the dosage of different pre-treatment
agents will not be necessary. Due to extremely low filtering velocities, this is achieved without impingement and
entrainment of aquatic organism. This system, developed by Catalana de Perforacions with the first unit in
operation since 1996, can be operated in sandy and karstic seabeds as ecological and economical alternative for
conventional open seawater intake systems, and has even advantages in comparison with indirect seawater intake
systems like beach well installations. Due to the modular design there is no limitation regarding the production of
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pre-filtered water. Also based on the HDD technology have been developed systems for a controlled brine
discharge that consider the environmental conditions on site. Details of these different intake and discharge
systems and their environmental impact will be compared. 

Keywords: Seawater intake; Seawater pre-treatment; Seawater desalination; Brine discharge; Reverse osmosis;
Environmental impact 

1. Introduction 

Due to the recent and very fast evolution of
our world in terms of industrial, population, and
urbanization development, water-related problems
are recurring and even more worrisome in nearly
all the regions of the globe. Water is becoming a
scarce and non-renewable resource that must be
managed efficiently in order to protect and save
it in the long term [1]. 

This increasing world population and expand-
ing industrialization are, together with the rising
living standard, the main causes of the ever
increasing demand for potable water and for water
with high quality for industrial applications [2].
The areas affected are not only the arid regions
in the world with their chronic water deficiency,
but also in an increasing rate the urban agglom-
erations and industrial centres, specially in
the coastal areas, in which the capacity limits
of natural supplies have almost been reached —
also under consideration of the local water supply
after optimisation of the water resources manage-
ment and exhausting all possibilities of water
reuse. 

In the near future it will not be possible any-
more to satisfy the growing water demand by
conventional methods of water procurement and
processing. Therefore an increased utilization of
separation techniques for the production of potable
and industrial water from polluted and saline
waters is called for [3]. In some cases the only
remaining option to satisfy the increasing demand
for potable water in good quality for a growing
population, is the desalination of seawater, being
used more and more the membrane process
reverse osmosis. 

2. Desalination of seawater with reverse 
osmosis 

But whereas for the design and the manufac-
turing of the desalination unit itself meanwhile
are available well known and approved technical
solutions, the intake and the pre-treatment of the
seawater, as well as, the discharge of the brine
have to be adapted to the specific conditions
at the construction site of each plant. These can
differ in a wide range, as beside the influences
determining the raw water quality, also items like
the geological situation and details related with
infrastructure or logistic are usually very different
and have to be considered consequently during
design, construction and operation of a desali-
nation plant. 

This includes the systems for dosage and
handling of agents for pre-treatment, needed dur-
ing operation, and for the cleaning of membranes,
but also the treatment and discharge of the waste
water streams generated during these activities.
For the specification and evaluation of correlated
interdependencies has been developed the
scheme that summarises the main operational
areas of a desalination plant according to the
overview in Fig. 1. 

Under consideration of aspects related with
the environment, the areas “seawater intake and
pre-treatment”, as well as, “brine discharge” are
those with the biggest effects concerning general
considerations and public discussion regarding
the decision about the installation of new desalina-
tion plants. It can be deduced from the develop-
ment in the last years, that they are becoming more
and more important due to changing local legis-
lation, increasing public awareness [4], growing
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construction density at coastal areas and also due
to findings regarding the impact on the environ-
ment based on long term operation of desalination
plants [5,6]. 

3. Seawater intake 

The extraction of seawater to feed a reverse
osmosis system is always critical with regards
to limitation of suspended solids, variation of
seawater temperature, contamination by pollutants
and particularly oil, as well as, marine biological
matter, which all individual and/or together
present a great challenge for pre-treatment of
the reverse osmosis (RO) process with regards
to performance and operation cost. Many years of
experience have shown, that the pre-treatment
is the most critical area of a seawater RO desali-
nation plant, and, that long-term successful RO
plant operation is greatly influenced by the combi-
nation of pre-treatment and intake method [2,7]. 

3.1. Conventional open seawater intake systems 

The conventional method of intake is the open
intake of seawater by active or passive screens
of different kind, which are of course subject to

marine biological activity and suspended matter,
which needs to be removed or reduced by the
pre-treatment. Particularly with active screen open
intake, chlorination is widely used, which poses
an additional problem to the process due to accel-
eration of biological fouling risk in the system,
which has negative effects on operating costs
and availability of plant. Use of chemicals and
power consumption (particularly when multistage
designs of pre-treatment are used) are the main
cost factors. 

The pre-treatment of the seawater for classic
open intake methods ranges — behind the screen-
ing and sand trap — from single & double stage
multimedia filtration and combination with clar-
ification or dissolved air flotation to ultrafiltration
and it is obvious, that all such designs of pre-
treatment require a great deal of experience on
running systems to opt for the most effective but
economic design [7]. 

The construction of a classic open intake,
being this long submarine pipelines installed on
the ocean floor with up to few hundred or even
thousand m of length from the shore into the off-
shore area, or intake wells with pumps in deeper
water and pipelines installed on a jetty, or a open
conveying channel dredged between breakwater,
has a great impact on coastal and marine environ-
ment and must be carefully studied to minimise
the same. This applies also for systems, were the
water is extracted from cooling water at power
stations. 

Hence a method to reduce the direct impact of
seawater intake installations on the environment
by indirect intake systems should be preferred. 

3.2. Indirect seawater intake with beach wells 

The most well known indirect intake system is
the beach well intake, where seawater is abstracted
from the sand below the beach and below the
seabed near the shore, that is acting as a filter and
thus improving mechanical quality of seawater
and for elimination of marine biological and
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Fig. 1. Main operational area of a reverse osmosis
seawater desalination plant.



Th. Peters, D. Pintó / Desalination 221 (2008) 576–584 579

other pollution, found in open seawater intakes.
The seawater is collected in conventional wells and
pumped to the plant. Or it is collected in horizontal
wells screens that are connected to a vertical
well with an integrated pump and a pump house
on the beach, like the Ranney system [8]. 

Such design however needs to care to protect
sweet water lenses at low depths and to abstract
seawater only. Due to permeability of soil and
draw-down of water table around the well, the
distance and depth of beach wells requires a
long stretch along the beach parallel to the sea,
and this is often a problem or sometimes impos-
sible. The location of wells more inland poses a
greater risk of abstraction of sweet water and thus
posing a great impact to ground water resources
if not well designed and maintained or monitored
respectively. This must be avoided [7]. 

The advantage of a well intake in comparison
with an open seawater intake is also a more uni-
form seawater temperature, which allows for a
more efficient process design and running cost
at considerable reduced chemical consumption. 

Due to changing geological strata, beach
wells cannot be constructed everywhere and the
use of an open intake has been the only practical
way in the past and in all cases for very large
plant capacities. 

The construction of an indirect intake by beach
well has no marine environmental impact during
operation, but may disturb the environment dur-
ing construction and afterwards with installations
like pump houses or cover of collection wells on
the beach or nearby. 

Also it has to be considered, that these instal-
lations can not be installed at places, where the
access to seashore is prohibited or there are pro-
tected or recreational areas. Furthermore they may
be damaged in some areas of this world that are
threatened by natural catastrophes like hurricane,
tsunami etc., or are affected by changes in the
shoreline by erosion or wave induced transport of
sand away from the beach as consequence of
an increasing sea level, like it is happening actually

in coastal areas in the Mediterranean Sea [9]. As
consequence some installations, formerly buried
not visible in the beach, appear exposed (Fig. 2). 

3.3. Indirect seawater intake with seabed 
filtration based on buried pipes 

Usually subsurface seawater intake installa-
tions consist of a submerged slow sand media
filtration system located at the bottom of the
ocean in the near-shore surf zone, which is con-
nected to a series of intake wells located on the
shore. Thereby the ocean floor has to be excavated
to install the intake piping of the wells, being
these pipes buried at the bottom of the ocean
floor in excavation pits [8]. Sized and configured
using the same criteria as slow sand filters, these
systems are constructed using several layer like
crushed stone, gravel, replaced sand and original
sand (Fig. 3). 

The excavation of a strip with rather important
size needed for the installation of such a seabed
filter for the supply of seawater for bigger desali-
nation plants will result in a very significant impact
on the marine flora and fauna in this location
and on the surrounding environment including
the beach, as this system requires also installations
for collecting the intake water prior to transferring
it to the seawater desalination plant for further
treatment. Depending on the location, also low
dissolved oxygen concentration and high bacte-
riological contamination of the seawater in the
area near to the shore have to be considered, as
well as, the necessity to clean or change the sand
layer after few years of operation [8]. 

3.4. Indirect seawater intake with HDD-based 
Neodren technology 

The Neodren technology — explained here
in more detail because of its interesting technical
approach — is based on horizontal drains, con-
sisting of patented special porous filter pipes,
that are acting as wells. They are installed in bore
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holes, drilled with the horizontal directional drill-
ing (HDD) method in the stratum below the
seabed, few meter below the ocean floor and
several hundred meter in length. Thereby it is used
a patented special drilling aid material because
of technical and environmental reasons. 

The seawater is extracted indirectly through
the sub-seabed area, that is acting as a natural
filter (Fig. 4). 

In this way however, only seawater will be
collected without any impact on ground water
resources, not only due to the distance to the
sweet water lenses, but specially because the
seawater in the stratum surrounding the drains is
extracted with very low velocity. These extremely
low filtering velocities do not influence the marine

flora and fauna, so that there is no impingement
and entrainment of aquatic organism. 

Even during construction and installation no
negative impact on the environment is to be
expected, as the working area is limited to two
points with reduced space, one onshore behind
the beach area or further away from the coast
line for the drilling rig and peripheral machinery,
and one offshore at the end of the drains at the
seabed [2,10]. 

One aspect in the Mediterranean area is for
example the impact of seawater intake systems
on the poseidonia prairies, that are highly pro-
tected by the environmental legislation. Drains
installed in the subsoil below the seabed surface
do not affect the ecosystem. 

Fig. 2. Exposed part of an indirect seawater intake system (Photo: K. Peters, 2006).
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With these horizontal drains, that are based
on an improved HDD technology and the high
efficient filtering devices, the conventional pre-
treatment with different treatment steps like raw
and fine screening, as well as, sand filtration

of the seawater, and the dosage of different
pre-treatment agents will not be necessary. The
technological advantage compared to the clas-
sic intake method is the reduction of suspended
matter and pollutants by 90% and more, and a

Fig. 3. Cross-section of seabed intake system based on a filter bed (source: [8]).

Fig. 4. Schematic of the drains of the Neodren system (source: Catalana de Perforacions).
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more uniform temperature curve throughout the
seasons, which allows for a more effective and
cost efficient pre-treatment compared to open
intake methods. So it is possible to simplify the
pre-treatment to conventional fine filtration
like dead-end ultrafiltration without advanced
and cost intensive methods, and to reduce also
the chemical consumption significantly. Under
certain circumstances, and operating with adapted
process and module technology, desalination
is possible avoiding the use of pre-treatment
agents. Therefore the direct cost for the Neodren
system, if compared to classic open intake, has
to be evaluated always for individual locations
and considering the indirect cost as well. 

The Neodren technology, developed by
Catalana de Perforacions with the first unit in
operation since 1996, can be operated in sandy
and karstic seabeds as ecological and economical
alternative for conventional open seawater intake
systems and has even advantages in comparison
with all other indirect seawater intake systems,
like for example beach well installations. 

Actually are in operation 10 Neodren installa-
tions with a total capacity of nearly 300,000 m3/d
(status March 2007). Based on projects under
development it is expected an increase of few
hundred thousand m3/d in the next years. 

The Neodren technology also allows for larger
plant capacities due to grouping of drains and
allows for construction of intake systems at
places, where access to the beach for construction
measures is prohibited and where seawater quality
could be very bad; e.g. at port basins, dredging
areas and other permanent or seasonal problematic
seawater conditions [7]. 

Due to its positioning below the seabed the
system is not affected by dynamic action in
the sea, as consequence for example during and
after natural catastrophes like hurricane, tsunami
etc., nor affected by changes in the shoreline by
erosion. 

This system is also a valuable option for sea-
water intakes at critical locations and where the

seabed is very shallow and requires long distance
piping into the sea for open intakes and the related
great impact on environment. 

It is a convincing solution for the seawater
intake for desalination plants that can help to save
costs and does meet the most stringent environ-
mental regulations. 

4. Seawater outfall system 

The outfall system discharges the rejects
produced in the desalination plant into the sea.
Depending from the local conditions, the reject
water is discharged in the coastal area [11], dis-
charged together with cooling water [12] or
transported with submarine pipelines installed
on the ocean floor few hundred meter offshore,
where the salt concentration is reduced with
diffuser [13], if it is not diluted already before.
These diffusers should promote rapid mixing
with surrounding seawater in order to not disturb
the local ecosystem. 

In any case it is necessary the realisation of
an intensive investigation regarding the environ-
mental impact and the positioning of the intake
and outfall systems to avoid brine recirculation
into the seawater intake, based between other
on mathematical recirculation assessment and
detailed bathymetric survey. 

An alternative for seawater outfall systems is
the use of directed horizontal drilling for the first
section, installing a pipeline below the ocean
floor that is coming to the seabed surface at few
hundred meter offshore. The second section com-
prises the installation of a usual diffuser at the
end of this pipeline, or a pipeline with a number
of diffusers, connected to the first pipeline sec-
tion and placed on the ocean floor, as usual with
ballast units. 

Depending on the conditions on site, also
the inversed operation of the Neodren technol-
ogy could be used for the brine discharge, as it
has been successfully realized for backwash
water [14]. 
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5. Evaluation criteria 

As it is obvious that the intake and pre-
treatment of seawater, as well as, the discharge
of the reject water produced in a desalination
plant have to be adapted to the specific conditions
at the construction site of each plant, the elabora-
tion of evaluation criteria that help to select the
best available technology and the optimal solution
for the intake and outfall system at a plant under
discussion is mandatory. Thereby the most impor-
tant items with equal value as commercial details
are aspects related with the environment, to be
considered in the construction phase and during
the long-term operation. 

Important items regarding the environmental
impact requirements that should be considered
for different options are between other: 
• Wastewater discharge standards 
• Air pollution control requirements 
• Noise control standards 
• Land use 
• Public services and utilities 
• Aesthetics, light and glare 

In the frame of a risk assessment should be
checked and compared: 
• Design and development risk 
• Construction risk 
• Operating risk 
• Hazardous materials risk 
• Revenue risk 
• Financial risk 
• Force majeure risk 
• Insurance risk 
• Environmental risk, as mentioned above. 

6. Conclusion 

The increasing world population, the rising
living standard and the expanding industrializa-
tion are the causes of the ever growing demand
for potable water and for water with high quality
for industrial applications. The areas affected

are not only the arid regions in the world, but, in
an increasing rate, also the urban agglomerations
and industrial centres, specially in the coastal
areas, in which the capacity limits of natural
supplies have been reached in many cases. 

One possibility to resolve this problem —
with fast growing importance and in some cases
the only remaining option to satisfy the increasing
demand for potable water in good quality for
a growing population — is the desalination of
seawater. Thereby is used more and more the
membrane process reverse osmosis. But even if
in the last two decades numerous important
technological improvements helped to create a
reliable and cost effective process, the seawater
intake and pre-treatment, as well as, the brine
discharge are still areas with technological devel-
oping potential, as they have to be adapted case
by case. Thereby environmental related consid-
erations are becoming more and more important.
In consequence, more detailed investigation and
intensive risk assessment are necessary in order
to identify the suitable solution for each case. In
this regard, the innovative Neodren technology
based on HDD is one interesting option with
increasing importance.
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