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The paper analyses the extrapolation of the results obtained in a pilot plant to a full-scale seawater desalination
plant. A technological system was implemented in the pre-treatment line of Las Palmas III seawater reverse
osmosis (RO) desalination plant with a capacity of 36,000 m>/d. This system is aimed to control membrane
fouling. It consists in the non-dosing of sodium hypochlorite or another biocide to seawater in order to minimize
RO membrane biofouling. The pH regulation at 6.5 controls the scaling and the 12.5 ppm dosage of FeCl; as a

coagulant maximizes the coagulation efficiency of colloidal particles and controls the fouling process.

1. Introduction

The seawater desalination plant “Las Palmas III” (LP3) has been a
worldwide reference since its construction and inauguration at the end
of 1989 and the start of 1990. The latest advances and state-of-the art
technology of the time in the field of reverse osmosis (RO) seawater
desalination were incorporated in the project. At that moment, it was
one of the most modern and largest plants of its type in the world, and
was responsible for supplying potable water to around 500,000 people
in the town of Santa Brigida and Las Palmas de GC, the capital city of
Gran Canaria (Spain) [1-3,5,6].

The LP3 full scale plant collects the seawater for desalination using
an ‘open intake’ type system, and since it was first put into service
began to suffer a series of technical problems which over the years took
on a critical status. The worst problems included accelerated membrane
fouling, persistent bad smells, a rapid increase of pressure loss in the
modules and a rapid decrease in water product quantity and quality,
etc. Consequently, the membranes had to be cleaned each 15 or 20 days
with serious consequences for plant production and operating costs
[2-6]. Granted the opportunity to participate in the search for solutions
to these problems, a research project was accepted and funded by
EMALSA which obtained highly satisfactory results. The recommenda-
tions that were made and implemented have resulted in the LP3 full
scale plant being able to operate with almost no need for the applica-
tion of chemical products and under very stable conditions. This re-
search work served as the basis for the doctoral thesis of A. Mufoz
Elguera.

Though the design capacity of the LP3 full scale plant was
36,000 m3/d, at the start of the research study in 1997 it was only
producing an average of 29,000 m®/d, using a traditional pre-treatment
system and operating conditions characterised by use of the following

[1]:

® Open intake collection system, through a chamber situated in the
cooling water sedimentation basin of the UNELCO thermal power
plant; comprising 7 pump houses with an average delivery of
80,000 m>/d or 3300 m®/h seawater (each pump delivers around
550 m>/h, at a pressure of 1.75kg/cm?).

e Chemical pre-treatment system, comprising application of the fol-
lowing:

-

. Sodium hypochlorite (NaClO): shock dosing during the first 2h
directly in the collection chamber (1001/h, 50 ppm of NaClO),
followed by continuous application in the seawater pressure line
(1001/h, 50 ppm of NaClO). This oxidising biocide was used to
control RO stack membrane biofouling (viruses, bacteria, fungi,
moulds, etc.), the presence of algae and molluscs in the seawater
and to avoid clogging of the screens through which the seawater
passes on its way to each collection chamber.

Sulphuric acid (H,SO,4): to enhance the biocidic action of the
NaClO, to regulate the process water pH at 7.1, and to strengthen
the action of the sodium hexametaphosphate as scale inhibitor. A
dosage of 351/h was applied of pure sulphuric acid (20 ppm to the
process water).

=

ii.

* Correspondence to: A. Mufoz Elguera, Calle Sagasta, 94-2°-206/35008, Las Palmas de Gran Canaria, Spain.
** Correspondence to: S.0. Pérez Béez, Department of Process Engineering, Universidad de Las Palmas de Gran Canaria, Campus de Tafira Baja, 35017, Las Palmas de Gran Canaria,

Spain.

E-mail addresses: aldo.munoz@ulpgc.es (A. Mufioz Elguera), sebastianovidio.perez@ulpgc.es (S.0. Pérez Béez).

https://doi.org/10.1016/j.desal.2018.02.028

Received 30 June 2017; Received in revised form 8 February 2018; Accepted 26 February 2018

0011-9164/ © 2018 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/00119164
https://www.elsevier.com/locate/desal
https://doi.org/10.1016/j.desal.2018.02.028
https://doi.org/10.1016/j.desal.2018.02.028
mailto:aldo.munoz@ulpgc.es
mailto:sebastianovidio.perez@ulpgc.es
https://doi.org/10.1016/j.desal.2018.02.028
http://crossmark.crossref.org/dialog/?doi=10.1016/j.desal.2018.02.028&domain=pdf

A. Murioz Elguera, S.O. Pérez Bdez

iii. Iron chloride (FeCls): coagulant applied proportionally to the raw
water flow rate using two dosing pumps for approximately 151/h of
pure (FeCls) (around 6 ppm in the process water), to control RO
stack membrane fouling.

Sodium metabisulphite (NaHSOs3): applied to fully eliminate re-
sidual chlorine from the NaClO, (applied to control membrane
biofouling). Application of NaHSO3; was made to the filtrate of the
candle filters and just before the safety filters, as the active poly-
amide layer of the membranes used in LP3 full scale plant was
highly sensitive to the oxidising action of the NaClO and any re-
sidual chlorine that might be present in the water entering into
contact with them. The NaHSO3; was applied as a 20% w/w solution
using two dosing pumps proportional to the concentration of re-
sidual chlorine present in the water at a rate of approximately 151/
h (about 15 ppm in the process water).

. Sodium hexametaphosphate: applied just before the safety filters, as
a 25% solution, proportionally to the raw water flow rate and at
approximately 301/h (about 6 ppm in the process water). This
chemical reagent was used to prevent the precipitation of any dis-
solved salts that might be present in the water entering into contact
with the membranes when saturation concentrations were ex-
ceeded: mainly carbonates, sulphates and/or fluorides of alkaline-
earth metals (Ca, Mg, Ba, Mn, etc.); iron, silica, etc. [5,9,11].

As is well known, sand filters do not retain soluble oils (unlike an-
thracite and activated carbon filters). Filtration of suspended par-
ticles is limited to around 10 to 20 um, and even at the end of the
filter run (clogged filter) the filters are unable to retain particles
below 5um. Such circumstances meant it was necessary to use a
second filtering stage to remove the particles (as microfloccules and
dispersed particles) that could not be removed by the gravity filters,
comprising a booster pump room, precoat filters and safety filters.

iv.

Vi.

2. Aims of the research project

As described above, the main aims of the research project were
firstly to undertake a detailed study of the accelerated and drastic
fouling process suffered by the RO membranes of the stacks of the LP3
full scale plant which uses open intake type collection [1-4,6], and
secondly to determine the most appropriate technological procedure
that would allow to minimize the fouling process, reduce the chemical
cleanings to levels recommended by the membrane manufacturers (a
maximum of 1 or 2 chemical cleanings per year) and resolve the
technical problems of LP3 full scale plant [2-8].

At the same time, and with a view to attaining the main aim of the
project as described above, the following partial aims were defined
which were sequentially attained:

1. To identify, prioritise and study the main causes of the technical
problems affecting operation of the LP3 full scale plant
[9-12,14-17]

. To formulate and test, at pilot plant level, the technological proce-
dures that would allow an adequate control of the main causes of the
technical problems [2,3,6,13]

3. To extrapolate to the LP3 full scale plant the most important results

obtained in tests at pilot plant level

. Experimental procedure

The following actions summarized in Table 1 were carried out to
identify, prioritise and study the main causes of the technical problems
of accelerated fouling of the LP3 membranes.

3.1. Membrane autopsies

These were performed to identify the types of matter which were
causing membrane fouling [4]:
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Table 1
Chronology of the evolution of pretreatment carried out.

Year Actions

1990-1997 Dosage of all chemical products summarized in Fig. 1.

1997-1998 Optimization of the different chemical dosages in the LP3 full scale
plant

1999 Pilot level research (elimination of chemical products)

2000 Extrapolation to the LP3 full scale plant (elimination of chemical

products)

e A total of 47% was comprised of material of organic nature (the
amount of the sample lost or burnt when heated to a temperature of
up to 550 °C).

e A total of 50% was comprised of material of inorganic nature con-
sisting principally of: 30% silica (SiO,), 1.4% iron oxide (Fe,Os),
0.8% calcium oxide (Ca0O), 1.3% magnesium oxide (MgO), 2.7%
magnesium carbonate (MgCOs3), 1.3% aluminium oxide (Al,O3),
6.4% carbon dioxide (CO5), 2.1% sulphur trioxide (SO3), and 0.3%
phosphorus pentoxide (P50s).

The microbiological analysis of the material deposited on the
membrane surface, in the feed channel spacer and the internal spacer
which carries the permeate water, gave the following results:

e Viable bacteria (non-enteric): Staphylococcus, Arthrobacter, sul-
phate reducers, etc.

e Fungi: Genus Aspergillus, and other unusual unidentifiable fungi

e Various humic acids were also identified in the raw seawater

3.2. Optimization of the different chemical dosages

The original schematic flow diagram of the LP3 seawater reverse
osmosis desalination plant is shown in Fig. 1. From 1997 to 1998 var-
ious studies were carried out to optimize the pre-treatment line che-
mical product applications, and their effect on RO membrane perfor-
mance was evaluated. The most significant were:

e Sodium hypochlorite (NaClO): both in the seawater collection
chamber (shock dosage, initially 50 ppm), and in the pressure line to
the pre-treatment section (initially 50 ppm); dosages which were
ultimately eliminated in the pre-treatment line

e Sodium metabisulphite (NaHSOs): initially applied as a 20% w/w
solution (200 kg for each 10001 of water), and finally eliminated
after removing the NaClO dosage in the pre-treatment line

e The dosages were also optimised of the iron chloride (FeCls), sul-
phuric acid (H,SOy,), etc.

3.3. Pilot level research study

Taking as reference the results of the partial questions previously
investigated and related to the technical problems affecting LP3 plant
operation [2,3,6], the basis of the research study was established and
tested using two pilot plants made available for this purpose. This ba-
sically comprised of:

e Control of scaling through the application of H,SO, to regulate the
seawater feeding the RO membranes at an appropriate pH value,
instead of using as scale inhibitor the hexametaphosphate employed
in LP3 full scale plant.

e Control of fouling through optimization of the coagulation-floccu-
lation process and the plant's filter units.

e Control of biofouling testing two hypotheses based on preliminary
studies [2,3,6]:

i. Continuous application of sodium hypochlorite (0.5 ppm) to the
seawater, without its neutralisation by applying sodium
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metabisulphite, thereby allowing continuous contact of biocide
and membrane (which necessarily requires a high tolerance to
this biocide). These tests were performed with the Toyobo test
plant, equipped with cellulose triacetate membranes with hollow

fibre configuration [2,3].

ii. No application of sodium hypochlorite (or any other biocide) to
the seawater in the pre-treatment stage. This was tested at the
“EMALSA” pilot plant built to replicate the LP3 full scale plant
and using polyamide membranes with a spiral configuration,
highly sensitive to oxidising biocides (NaClO, Ca(ClO);, Os,
H-0,, etc.). This entails a novel technological procedure, with a
daring and radical modification of the traditional “philosophy”
employed in RO desalination plant operation based on the ap-
plication of NaClO and its subsequent neutralisation through the
application of NaHSO3; prior to feeding the seawater to the

membranes.

&

: J & Storage
<

tank

Fig. 1. Schematic flow diagram of LP3 full scale plant (1990-1997).

As mentioned, in view of the results obtained in the preliminary
studies [1,2] carried out at LP3 full scale plant, the basis of the research
study was determined [3], tested at two pilot plants made available for
the purpose and the results were presented at the EDS Congress in
Barcelona (Spain) in 2012.

3.4. Extrapolation of results obtained at pilot plant level to the LP3 full scale
plant

When EMALSA deemed the results obtained in the pilot plant re-
search studies to be satisfactory and reliable, it was decided to extra-
polate these results to the LP3 full scale plant.

3.4.1. Extrapolation results
Taking as reference all the preliminary research studies (membrane
autopsies, chemical dosage optimization, etc.), a protocol was designed
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to undertake a further research study using the “EMALSA” pilot plant
(designed to replicate the LP3 full scale plant). The most notable results
to be extrapolated were as follows:

e Elimination of the both the shock and continuous application in the
pre-treatment line of sodium hypochlorite (NaClO).

Elimination of sodium metabisulphite (NaHSO,4) from the pre-
treatment line due to the elimination of the application in that line
of NaClO.

Application of sulphuric acid (H,SO,) to regulate at around 6.5 the
pH of the pre-treated seawater, used to feed the RO membrane
modules, and thereby eliminate application of sodium hexameta-
phosphate as scale inhibitor.

Application of the coagulant (FeCl3), at an optimum dosage of
12.5 ppm, to the raw seawater which then needs to be very effi-
ciently flocculated and filtered.

Optimization of the efficiency and time in service of each filtering
unit (sand, precoat and safety), and evaluation of their respective
operation.

Identification of water sampling points along the pre-treatment line
and physical, chemical and microbiological analyses to allow an
overall evaluation in quantitative terms of pre-treatment efficiency
and operation.

Definition of the operating parameters to quantitatively evaluate the
efficiency of each pilot plant pre-treatment processing unit and
operation.

Elaboration of the formats for data collection (parameters, analyses,
etc.) required to evaluate the results of the tests.

3.4.2. Procedure for extrapolation of the pilot plant results to the LP3 full
scale plant

Though EMALSA considered the results obtained in the pilot plant
research studies to be satisfactory and reliable, and after deciding to
extrapolate them to the LP3 full scale plant, it was realised that the
heavy contamination of the facilities at the full scale plant would be
problematic. To ensure results in the extrapolation process at the LP3
full scale plant as satisfactory as the pilot plant results, a protocol was
designed which comprised the following preliminary actions:

3.4.2.1. Thorough and complete disinfection of the whole plant. Based on
the certainty that the technical problems, particularly the biofouling,
which were affecting the LP3 full scale plant membranes, were caused
by high levels of seawater microbiological contamination, the first
obvious step was to thoroughly disinfect all the units of the pre-
treatment section. This task was carried out as follows:

1. Plant operation was ceased, as per the procedure described in the
operations manual. All the pre-treatment units were maintained
with maximum possible water level (homogenisation tank, settling
chambers, sand filter basins and filtrate water tank).

. A commercial product was added to each filtration basin to act as
biodispersant and surfactant at the dosages recommended by the
corresponding supplier. The mixture was then subjected to air-stir-
ring for a similar time to that of a normal cleaning (about 5 min), to
detach all the organic matter stuck to the basins, sand and delivery
lines. Finally, the solution was completely discharged (water and
chemical products) from the 6 sand filters to the filtrate tank.

. Two seawater pumps were started and the same chemical products
(biodispersant and surfactant) added to the sand filters were used in
the collection chamber at the dosages recommended by the sup-
pliers. All the corresponding valves were then closed to isolate the
stacks to ensure the water and chemical products circulated only
through the delivery lines and exit through the reject line of the
turbopumps. Two filtrate water pumps were then started. When
water was observed exiting through the reject channel outlet (when
necessary foam inhibitor was added), the filtrate water pumps were
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stopped, the discharge valves of the turbopumps closed and, finally,
the two seawater pumps were stopped. Once all the pre-treatment
section, supply lines and turbopumps had been filled with the
cleaning solution, the whole system was maintained like this for a
suitable time to soften and detach all the adhered organic matter.

. The reject discharge valves of the turbopumps were opened and the
two seawater pumps were started as well as the two filtrate water
pumps (applying foam inhibitor at the general reject outlet and
wherever necessary). A specially selected biocide based on qua-
ternary ammonium, at the dosage recommended by the supplier,
was then applied as well as a high dosage of hypochlorite (such that
there were around 6 ppm of residual chlorine at the general reject
outlet of the plant) from the seawater collection chamber to the start
of the 800 mm plant pipe. The purpose here was to undertake an in-
depth disinfection of the whole pre-treatment section and the supply
lines as well as the turbopumps.

. Finally, an exhaustive rinsing was carried out with seawater of all
the disinfected line. The biocide was then neutralised with a strong
reducing reagent, as is metabisulphite, which must be applied (at
the dosage established in the chemical laboratory) at the general
reject outlet of the plant.

3.4.2.2. Chemical cleaning of the six membrane stacks of the plant. The
chemical cleaning which gave the best results of those tested at the full
scale plant was then used, consisting of the following general steps:

1. The stack was taken out of service and a rinsing was performed with
permeate water to eliminate the brine from the interior of the
membrane modules of the first and/or second stage.

. An acid cleaning was performed with a metabisulphite solution
(100 kg in 25 m® of permeate water), with emphasis on the need to
alternate periods of steeping and recirculation. The chemical
cleaning was concluded when the parameters used of the chemical
cleaning solution ([Ca™?] and [Mg*z]) to measure the evolution of
membrane cleaning remained constant (generally after 10-12 h).

. A new rinsing was then made of the stack with permeate water for
some 20 or 30 min (pump flow rate of 240 m®/h) until the acid
cleaning solution was eliminated.

. An alkaline cleaning was then performed with an Ultrasil P-10
(detergent) solution (75kg in 25 m?> of permeate water), also with
alternate periods of steeping and recirculation. The chemical
cleaning was concluded when the parameter used of the chemical
cleaning solution (turbidity) to measure the evolution of membrane
cleaning remained constant (generally after 6-10 h).

. A third rinsing was performed of the membrane modules for
40-60 min before the stack was put into service again.

3.4.2.3. Appropriate conditioning of the filter units. As one of the
premises (on which the new technological procedure which was
being extrapolated to the full scale plant was based) was the need to
optimize the coagulation and flocculation processes, as well as the
processes of the filter unit operations to ensure maximum removal of
both colloidal particles and microorganisms, the following
considerations were given to the filter units:

e Sand filters required a suitable thickness of each layer of filtering
material, especially the LP3 filters which had only gravel and sand
(at the time the anthracite layer described in the operating manual
was absent). It was therefore necessary to confirm that the sand
layer had a minimum thickness of 1 m, as with high filtering rates
(the rate at which the water passes through the filter bed) the level
of efficiency decreases considerably with the thickness of the bed.

The filter cartridges, both the precoat and safety filters, must be in
perfect condition. That is, they must not be compacted or irrever-
sibly clogged, and certainly not broken (as was observed in some
cases on first inspection). If possible, given the lack of space for new
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units), attempts were made to augment the filter surface area (or the
number of filter cartridges) inside each of these filter units.

3.4.2.4. Adjustment of chemical dosages in the pre-treatment section. It
should be recalled that the new technological process being
extrapolated to the LP3 full scale plant only retained the following
applications:

o Of sulphuric acid (H»SO,), to regulate the pH of the seawater fed to
the membrane modules at an approximate value of 6.5, with a view
to controlling the precipitation processes of inorganic salts, in the
form of microcrystalline solids, deposited on the active layer of the
membranes (scaling) and causing inefficient membrane operation
(decrease in flow rate and permeate water quality).

Of iron chloride (FeCls), at an optimum dosage of 12.5 ppm (pre-
viously determined in the laboratory using jar tests, and satisfacto-
rily evaluated in the tests performed with the LP3 pilot plant). The
function of this chemical reagent is to act as coagulant in the coa-
gulation of both the colloidal particles and the microorganisms of
colloidal nature with positive surface charges which will subse-
quently take part in the complementary flocculation process and be
separated from the water in the filtration process.

4. Experimental results

To quantitatively evaluate the effects of the new extrapolated
technological procedure (basically in the pre-treatment sections of the
full scale plant) on the quality of the seawater to be fed to the LP3
membrane stacks, stack “F” was chosen to obtain the necessary ex-
perimental data to analyse the following:

e The physical, chemical and microbiological parameters associated
with the evolution of the quality of the seawater in the collection
chamber, comparing them with the quality of the water leaving the
pre-treatment section and which is processed in the LP3 membrane
stacks.

e The operating parameters of the membrane stacks and their evolu-
tion over time to determine whether the new technological proce-
dure extrapolated to the pre-treatment section resolved the problem
of accelerated fouling of the LP3 membranes.

4.1. Evaluation of the performance of the pre-treatment sections after
extrapolation

The analysis of the evolution of the seawater quality parameters,
from its collection and passage through each of the pre-treatment sec-
tion processes to its exit as effluent from the safety filter, allowed
evaluation of the effects of the extrapolation. The water quality para-
meters which were considered useful for this purpose are as follows:

e Physical parameters: temperature, turbidity and the silt density
index (SDI)

e Chemical parameters: pH, electrical conductivity and total organic
carbon (TOC).

e Microbiological: total and fecal coliforms, spp Bacillus, total count
and MPN

All the experimental and analytical data obtained in the tests in this
extrapolation process can be seen in Figs. 2, 3, 4 and 5.

4.2. Evaluation of stack “F” operation after the extrapolation process

To quantitatively evaluate the effects of the new technological
procedure extrapolated to the pre-treatment section on the new op-
eration of the membrane modules of the LP3 full scale plant, stack “F”
was chosen to obtain the necessary data. This analysis was centred on
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four basic aspects:

e Determination of the initial operating conditions of the stacks

e Evolution of the physical, chemical and microbiological quality of
the seawater as it passes through the stack membrane modules

o Pilot plant stack operating parameters

e Evolution of the performance of the stack membranes

4.2.1. Initial operating conditions of the “F” stack

To evaluate the effects of the new technological procedure on the
operation of the LP3 stack “F” membranes, there was a clear need to
establish:

o The initial quality of the pre-treatment seawater outflow
o The intial operating conditions of the stack

This information would serve as reference to evaluate the evolution
over time of the new operating parameters of the modules and the new
performance of the stack “F” membranes. They were as follows:

4.2.1.1. Characteristics of the seawater fed to the membrane modules of the
stack. The most important initial characteristics of the water leaving
the safety filters of the pre-treatment section and which is fed to the LP3
stacks, and in particular stack “F”, were:

e Temperature around 22 °C and pH around 6.5

o Turbidity ranging between 0.18 and 0.22 NTU

® Variable SDI around 1.5 units

® Electrical conductivity, around 55,000 uS/cm.

e Average sand filter service of 8-10h

® Average precoat filter service of 2-3 h
Microbiological proliferation was initially uncontrolled (subse-
quently controlled), even when the operating requirements estab-
lished in the pilot plant tests were being employed (disinfection with
KMnO, of the sand and precoat filters).

4.2.1.2. Initial operating conditions of the stack “F” modules. The initial
operating conditions of the membrane modules were as follows:

e Flow rate of the appropriately pre-treated feedwater of around
620 m>®/h

e Feedwater (or operating) pressure of around 62 bar

o First stage pressure loss of around AP = 1.6 bar

e Second stage pressure loss of around AP = 2.2 bar

e Permeate or product flow rate of around 265 m®/h

® Average conversion rate in the modules of around 43%

o First stage permeate water electrical conductivity of around 730 uS/
cm

e Second stage product water electrical conductivity of around
2000 pS/cm

e Stack product water electrical conductivity of around 1100 pS/cm

4.2.2. Evolution of the water quality parameters

As is evident, the quality of the stack feedwater will be a determi-
nant factor with respect to the correct or otherwise operation of the
membrane modules. We therefore analysed the evolution over time of
the feedwater quality parameters during its passage through stack “F”,
considering it would enable a better understanding of the evolution of
the operaing parameters of this stack and the performance of the
membranes. The most important quality parameters that were analysed
for this purpose were as follows:

e Chemical parameters: pH, electrical conductivity and TOC
e Microbiological: total and fecal coliforms, spp Bacillus, total count
and MPN.
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Fig. 2. Plant/Stack feedwater temperature and electrical conductivity (estimated values) during the study period may-august 2000.

The chemical and microbiological parameters allowed a quantita-
tive appreciation of the effects of the new technological procedure ex-
trapolated to the pre-treatment section, amnd in reference principally
to the stack feedwater and reject water. The most important and re-
levant test data referring to stack “F” of the LP3 full scale plant are
shown in Figs. 6, 7, 8, 9 and 10.

4.2.3. Evolution of stack operating parameters

While the analysis of the evolution of the operating parameters of
each section of the LP3 full scale plant was important, those corre-
sponding specifically to stack operation allowed us to quantitatively
evaluate the effects of the new technological procedure extrapolated to
the pre-treatment section of the LP3 full scale plant on control of the
accelerated fouling process of the membranes. The most important
operating parameters in this respect were as follows:

o Flow rates: of feedwater to the plant (Qg), of feedwater to the stack
(Qp), of permeate or product water of the 1st stage (Qp1), of the 2nd
stage (Qp2), of the mix or total (Qpy), and of reject brine (Qg)

® Pressure: stack operating pressure — 1st stage (Pyy.1), 2nd stage (Pin.
»), differential pressure of precoat filter (APpc), of safety filter
(APgs), differential pressure of the 1st stage of the stack (AP1), and
the 2nd stage (AP2)

4.2.4. Evolution of the performance of the membranes
The performance of the membranes basically involved an analysis of
the evolution over time of the “quantity” or flow rate of the permeate
water produced and its “quality” (expressed as the amount of total
dissolved solids (TDS) or indirectly through electrical conductivity).
In this particular case, the performance of the LP3 “F” stack

membrane modules was used to determine the extent of the effect of the
new technology implemented in the pre-treatment sections, as the
problem of RO membrane fouling and clogging depends primarily on
feedwater quality and this quality is a direct consequence of the ade-
quacy, efficiency and effectiveness of its conditioning (or pre-treat-
ment).

The most important data, analysed over time, of the operating
parameters of stack “F”, as well as the quantity and quality of the
permeate water produced by the membrane modules under the studied
operating conditions, can be seen in Figs. 11, 12, 13, 14 and 15.

5. Conclusions

After a full, exhaustive and objective analysis of all the test results
analytically obtained in the LP3 full scale plant laboratory, and of the
operating parameters at pilot plant level and very similarly with stack
“F” as a valid representative of the other LP3 stacks, various conclusions
can be drawn with respect to the primary aim of this extrapolation stage
of examining the effects of a new technological procedure for the
control of biofouling, fouling and scaling of RO membranes. These
contributions not only benefit the company EMALSA in its running of
the LP3 full scale plant, but can also contribute to benefitting RO sea-
water desalination in terms of significant reductions in investment and
operating costs. The following conclusions with respect to RO tech-
nology and its impact on the environment are consequently made:

5.1. Scientific/technological contributions to RO seawater desalination
technology

o The definitive suspension of the application of sodium hypochlorite
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Fig. 3. Plant/Stack feedwater pH during the study period may-august 2000.
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Fig. 4. Plant/Stack feedwater turbidity during the study period may-august 2000.

(NaClO) or any other biocide to the seawater fed to RO membrane
modules, while appropriately controlling microbiological prolifera-
tions in the process water and drastically minimizing the RO
membrane biofouling process. Also the organic fouling control
hinders this possible proliferation of microorganisms

Control of the pH of the seawater fed to the RO membrane modules
at around 6.5, enabling an appropriate control of the membrane
scaling process.

Implementation of an optimum dosage of coagulant of around
12.5ppm of ppm de FeCl; (iron chloride), even when not com-
plemented with an appropriate point of application, determination
of optimum gradient or optimum pH (which normally enable max-
imum efficiency of the coagulation processes). It was possible to
maximize removal of colloidal particles and even of microorganisms
present in the process water, significantly improving the quality of
the seawater fed to the membranes and confirming an appropriate
control of the fouling process.

These conclusions are fully supported by the test results obtained in

the research study undertaken at the LP3 full scale plant.

5.2. Economic-type contributions to RO seawater desalination technology

o The definitive suspension of the application of sodium hypochlorite

(NaClO) or any other biocide, as well as of the application of sodium
metabisulphite (NaHSO,) and the scale inhibitor sodium hexame-
taphosphate to the seawater fed to RO membrane modules, re-
present an important reduction in terms of:

i.

Investment costs: due to the reduction in the number of dosage
application systems (pumps, tanks), chemical product storage de-
posits, control elements, chemical product delivery lines, etc.

. Operating costs: product applications (year 1997, 8,624,726.40 kg/

year at a total cost of 2,938,933.55 euros), electrical consumption of
the chemical product dispensers, cost of chemical cleanings (che-
mical products, electrical energy, permeate used, production fall of
6000 m>/d for each stack cleaning, labour, etc.). In the specific case
of EMALSA, these represented in 2001, when operating with the
new pre-treatment process, savings of approximately 3 million
Euros/year.

Previously, chemical cleanings of each stack were required each 15
or 20 days (more than 200 chemical cleanings/year). After the suc-
cessful extrapolation of the new technological procedure, only 1 or 2
chemical cleanings each year are required, with a consequent longer
useful membrane life and a significant reduction in the need for
their replacement (15% annually, according to the manufacturers).
Due to the stable and continuous operation over time of the mem-
brane stacks, a significant increase in mean monthly production can
be obtained. In the specific case of EMALSA and the LP3 full scale
plant, before extrapolation of the new technological procedure
production was around 29,000 m?3/d (1997), compared to a design
capacity of 36,000m>/d, and increased to around 39,000 m®/d
(2001).
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Fig. 5. Plant/Stack feedwater SDI during the study period may-august 2000.
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5.3. Contributions to environmental protection and conservation ‘traditional operation’ of desalination plants of thousands of tonnes
of chemical products (biocides, scale inhibitors, detergents, foam

® A significant and important reduction in the typical direct and inhibitors, various acid and alkaline products, etc.). The consequent
constant dumping in the sea or other bodies of water in the form of contamination inexorably and often irreversibly affects the various
‘reject water’ or highly concentrated brine in the so-called ecosystems present there, as well as any soils that may be in contact
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with them.

e The specific elimination of the application of sodium hypochlorite
(NaClO) or any other similar biocide to the raw water subsequently
subjected to the desalination process in the RO membrane modules
fully prevented the possibility of the formation of so-called triha-
lomethanes, considered dangerous carcinogenic compounds. These
compounds are formed through chemical reactions between the
chlorine and a series of organic compounds (principally humic and
tannic acids, as well as other compounds, which constitute the ‘or-
ganic’ colour of water) which are generally present in surface water
bodies (sea/ocean/river/lake water).

e Solution to the worldwide problem of the scarcity of potable water:
the contributions of this work (significant reduction in the use of
chemical products, excellent control of biofouling, fouling and
scaling) simplify the use of RO seawater desalination technology,
with lower investment and operating costs and stable operation over
time. Consequently, RO technology can be a more economically
viable and competitive alternative to other desalination technolo-
gies (of river/lake, etc., water), enabling a definitive resolution of
the problems of potable water scarcity in many regions of the world,
including the Canary Archipelago and other arid areas in Africa, the
Middle East, Arabian countries, etc.
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