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Abstract

The chemical industry requires process water in sufficient volume and various qualities to serve all of
its demands. Water source management is important to cover as well as functional, economic,
environmental and sustainable targets. This paper describes the evaluation of alternative water
sources for seawater desalination and the impact of change-over to a new feed water source for an
industrial process water plant.

After five years of operation the Integrated Membrane System (IMS) located at the DECO water
treatment plant still had operational difficulties (like: biofouling, corrosion) directly related to the feed
water source. Because of this non compliance a multi criteria evaluation of the available alternative
feed water sources was executed. Based on this evaluation the decision was made to use treated
secondary communal waste water as the new feed water source. The effluent originates from the local
communal waste water treatment plant (WWTP) in the city of Terneuzen. The water treatment plant
DECO was retrofitted in 2006 in order to make deminwater out of effluent instead of seawater. Since
the beginning of 2007 this plant is running on effluent.

Introduction

Given the scarceness of fresh (surface) water sources in the southwest of the Netherlands (Zeeuws
Vlaanderen) and the presence of large industrial waterconsumers, it is an absolutely precondition to
optimise the use of the available water. Evides, the biggest supplier of industrial water in the
Netherlands, conducted studies into the exploitability of its various water sources in the region as well
as the option of water reuse in order to secure a reliable water supply. In the mid-nineties of the last
century, the Dow Chemical Company, one of the world’'s largest chemical companies, undertook a
significant enlargement of the production capacity on her site in Terneuzen with a substantial increase
of the water demand. To overcome this increased water demand and to update the existing
technologies to fit for the future demands Dow decided to outsource their water utilities. Evides
designed, together with her customer Dow and an EPC company, a nhumber of water treatment
facilities to use different water sources to deliver the required water. The main objective of the plant
design was a reliable concept, using redundant (independent) water sources and redundant
production lines. The constructed water treatment facilities produce various kinds of water from six
different water sources (see figure 1). The so called DECO plant started operation in the year 2000.
The complete water treatment facility produces an aggregate of 750 m*h demineralised water (demin
water), 750 m*/h cooling tower supply water (cooling water) and 1.200 m*h ultra-pure water (polished
water). Evides Industriewater owns and operates these plants in a so-called DBFO concept for
industrial (process) water supply and the treatment of waste water" 2.

Part of the deminwater is produced out of seawater via an Integrated Membrane System (IMS). The
IMS takes the sea water after it went through an once through cooling system of Dow. In the cooling
system the temperature of the sea water is increased with approximately 15C. After 800 meters of
transport the seawater arrives at the DECO plant. The IMS consists of two rotating micro screens of
150 um. These screens serve mainly to remove the larger suspended particles from the feed water.
After the screens, the water is fed into a basement which stores the feed water and host eight
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submerged pumps feeding the continuous microfiltration (CMF) units. Microfiltration is used to remove
the suspended solids completely and disinfect the water.

The CMF permeate is desalinated in two water treatment lines consisting of two SWRO units and two
BWRO units. The two SWRO units are equipped with high pressure pumps and consist of 44 pressure
vessels with 6 Dow/FilmTec SW30 membranes each. The designed permeate capacity of the SWRO
is equal to 210 m*/h per unit. The SWRO is operated at a recovery rate of 50 to 55%. Anti scalant is
dosed to the feed stream of the SWRO with a concentration of 3 to 4 ppm. The SWRO permeate flows
into a reservoir; the SWRO concentrate is discharged into the Westerschelde. The second stage of
the desalination process is treatment of the SWRO permeate in two BWRO units. The two BWRO
units consist each of a two stage design, first array compiling 16 pressure vessels, second array
compiling 6 pressure vessels. The vessels in both arrays contain 6 Dow/FilmTec BW30 membranes
each. The designed permeate capacity of the BWRO is 175 m*/h per unit. The BWRO is operated at a
recovery rate of 85%. The permeate water of the BWRO has a conductivity of approximately 15
puS/cm.
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Figure 1: Overview of water flows year 2000. Figure 2: Overview of water flows year 2007.

An evaluation of four years of operational practise with the IMS was presented on the EuroMed 2006-
EDS congress in Montpellier. The advantage of the abundant availability of seawater had to compete
with all the operational disadvantages and unforeseen problems in the daily operation of the IMS. The
items, like: uncontrolled feed water intake, membrane biofouling, corrosion, some IMS modifications
and process alterations are discussed previously**. The design capacity of the IMS (3 million m®/year
of demin water) was never accomplished. New performance criteria were set, but most of the time the
IMS was not able to perform to the desired hour capacity of 300 m3/hr and the yearly product water
output was below 2 Million m®/year.

Water sources

Because of the non compliance of the IMS a team of Evides and Dow was compiled to survey
possible alterations. The first conclusion of the team was the unreliability of the sea water feed source.
Based upon the water quality as compiled in table 1, the feed water doesn’t show too many
disadvantages. However in practice the Westerschelde is a dynamic estuary with varying seasonal
water quality, both chemical and biological. Next to this the water is heavily fluctuating in suspended
solids load due to the tides and the nature of the water intake (next to a harbour dock with ships and
barges pulling in and out of the dock).

Three alternative water sources are available near the DECO plant. The seawater, with direct intake,
is compared with brackish anaerobic groundwater (two wells) and treated communal waste water
coming from the local communal waste water treatment plant (WWTP) of the city Terneuzen. The
reuse of the effluent water was already reviewed and pilot tested with an IMS with promising results in
the year 1997. The average water quality parameters of these water sources are compiled in table 1.
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Parameter Unit Seawater Groundwater Groundwater WWTP
Deco Braakman Deco Effluent
water
Temperature T 25 12 12 13.5
TDS mg/l 18,000 4,400 5,200 1,200
Suspended Solids mg/I 20 n.a. n.a. 1.8
pH - 8.1 7.8 7.8 7.6
Sodium mg/I 7,123 1,480 1,780 300
Potassium mg/I 206 30 36 35
Calcium mg/I 296 22 26 80
Magnesium mg/I 873 26 31 30
Bicarbonate mg/I 174 740 888 325
Iron mg/I 0.2 0.4 0.5 0.3
Manganese mg/l 0.012 0.04 0.05 0.5
Sulphate mg/I 1,546 185 222 100
Chloride mg/I 12,820 1,875 2,250 480
Total Phosphate mg/l 0.12 n.a. n.a. 0.5
TOC mg/I 2.2 n.a. n.a. n.a.
COD mg/l n.a. n.a. n.a. 50
Ammonium mg/I 0.22 1.2 1.4 3.5

Table 1: Overview of water qualities of different sources.

Multi criteria analysis

In order to identify the best feed water source an assessment study which covered as well as
economic, environmental and sustainable aspects was made. The assessment addressed elements,
like: independency, stability, water quality, expenditures (both capex and opex), operation and
maintenance, flexibility, references of the technology and strategy of both Evides and Dow. All these
elements had to match with the current IMS. The reviewed elements are presented in table 2.

Aspect Seawater Ground Effluent Effluent
P water (current CMF)  (new MF/ UF)

Independency - -[? + +
Stability — Quality source - + +/- +/-
Expenses capex — opex -- ++ + -
Eas_e of operation and . -+ + +
maintenance
Implgme_ntat!on time and -+ _ - +
Realization time < 2 years
Sustainability + Environment - - + ++
References - ++ + ++
Strategic match Dow + Evides + + ++ ++

Table 2: overview assessment of water sources

The investments and water prices involved are listed in table 3. The

expenditures, are based upon the following starting points:

«  Output 250 m*hr - 2 Million m*/year
» Price including existing ongoing capex of the
» Depreciation within existing contract
* Including additional piping and infrastructure

current IMS
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» Levies (water intake and brine disposal)

Seawater Ground Effluent Effluent
water (current CMF) (new MF/ UF)
Investment — capex a 3*a 4*a 7*a
Price € per m?® produced 1,3*b b 1,14*b 1,3*b

Table 3: overview expenditures and water price. Both a and b represent a not expressed € value.

The brackish anaerobic groundwater is an excellent feed source for the IMS. The feed water needs to
be extracted from an eocene or oligocene layer (200 m depth). The feed water is free of suspended
solids, quality stable, hygienically reliable and has little organic material. Biofouling will be non-existing
in this IMS application. The CMF unit will become obsolete in this application. The application will be
operators friendly and require little maintenance. The operational expenses will be a half of the
expenses of the seawater fed IMS. The source located at Braakman has less salinity and therefore
the operational expenses will be lower, however the water needs to be distributed over several
kilometres to the DECO plant. The references globally are numerous; several hundreds of these
membrane plants operate on the basis of anaerobic groundwater feed.

The remaining question is the independency and sustainability of this application because of the
subsurface underground and the fact that groundwater has a strategic value for drinking water
production purpose. Guided via the EU Water framework directive of 2000 the Dutch government will
protect, enhance and restore all bodies of groundwater, prevent the pollution and deterioration of
groundwater, and ensure a balance between extraction and recharge of groundwater. Therefore the
extraction of groundwater for industrial purposes will be regulated via strict legislation. The authorities
were not able to give confidence that sufficient extraction of anaerobic groundwater can be permitted
and at least a time consuming impact study was necessary.

The effluent of the local communal WWTP, has the capacity to deliver sufficient feed water and is in
the vicinity of the Dow Chemical Company site. The communal wastewater consists of municipal and
little industrial (pre-treated) wastewater, and storm water. The average effluent water quality is a reliable
feed source for the IMS. The average effluent water quality is guided via the discharge standards
(COD, BOD, suspended solids (SS) and nutriént removal), to surface water to the Westerschelde. The
CMF unit needs to be operated in this application, but at lower fluxes. The application will require less
corrosion maintenance. The water recovery will be 20% more and operational expenses will be a half
of the expenses of the seawater fed IMS.

The first experiments in the Netherlands with MF on effluent water for industrial purposes were
performed around 1990 on lab-scale, followed by pilot plant scale tests in the mid nineties and tests
for water reuse purposes in the chemical industries in 1997. Micro- and ultrafiltration proved to be
reliable process units for re-use and as a pre-treatment for reverse osmosis™ ®. Today the technology
has proven track record with full scale applications around the world, like: WestBasin, Eraring,
Sulaibiya and Wulpen”®. Nevertheless with all practical experience and studies made on effluent water,
membrane flux decline (fouling mechanisms) and biofouling still remain uncertainties in the effluent water
reuse application. The main issue is the levels of organics and nutrients in the secondary effluent water.

This implies that biofouling will be a part of the reuse application and it requires conditioning of the feed
water and CIP maintenance of the membranes.

Guided via the EU Water framework directive the government promotes the application of water reuse
via membrane technology. It is considered to be sustainable, providing efficient use of available water
sources (recovery) and reduce pollution from WWTP discharges and emissions of hazardous
substances to the environment. The reduction of pollution is accomplished via the integration of
biological systems with membranes (MBR).

From quality point of view brackish anaerobic groundwater was selected as most favourable feed
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water source. The stability of the groundwater in combination with a simplified IMS operation and
maintenance were highly valued. Next to this all the expenses are the lowest in comparison to the
other water sources. However because of the items independency and sustainability in relation to the
uncertainty with the legislation the decision was made to invest into the effluent water feed option.

This decision was completely in line with the strategic company policy of both Evides and Dow to
contribute to maximum sustainability and (waste) water reuse. Both companies value water resource
management, environmental care and maximum water recovery via closure of the local water loop.

Reengineering

The Waterboard Waterschap ZeeuwsVlaanderen (WZV, the owner of the WWTP) and Evides
agreed about the terms and conditions for the supply of effluent water to Evides via a supply
contract. The effluent of the WWTP, has the capacity to deliver sufficient water and is in the vicinity
of the Dow Chemical Company site. A volume of 4 Million m*/ year of effluent water is transported to
a new storage tank of 1.500 m®, located on pumping station, The Braakman, of Evides. Next to the
water intake, the transport infrastructure and the storage tank, investments are made for water
conditioning by means of a disinfection regime (see figure 3). In the buffer tank the effluent is
buffered to overcome the low hydraulic load in the night and is conditioned with chemicals to restrain
biological growth. For this purpose sodium hypochlorite and ammonium salt are dosed to the
effluent water. The effluent feed water parameters, like suspends solids (turbidity), phosphate and
EC are monitored on a continuous basis. Industrial water (of surface water origin) can be supplied
as back up in case of insufficient or off-spec effluent water.

! From the storage tank the effluent is transported
to the Dow site. The total length of the infrastructure to transport the water is 12 km. The
infrastructure was partially available; about half of the length had to be constructed.

In the DECO plant the IMS was reengineered. The CMF was not subject to changes so far. In spite of
serious operational and maintenance difficulties in the past the CMF units remained part of the IMS.
The CMF units will be operated in a different regime, but no hardware changes were made. The first
altered process units is the SWRO unit. Both SWRO units are reengineered to low pressure RO
systems. This means a new RO design (EWRO array: 28-16), low pressure pumps, membranes (Dow
Filmtec BW30-FR) and process automation. The two BWRO units remained unchanged. The
designed permeate capacity of the BWRO equals 150-175 m*/h per unit. The BWRO operates at a
recovery rate of 85%. The permeate of the BWRO has a conductivity of 10 uS/cm. This water is mixed
with demin water originating from the ion exchange process and consecutively supplied to Dow. The
concentrate of the IMS is mixed and directly discharged into the Westerschelde.
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Figure 3: process flow diagram of the retrofit IMS.

Conclusion

Dow and Evides have regular meetings to review and discuss all topics related to the industrial water
supply and the performance on the water related processes on the Dow Terneuzen site. The basis for
the DBFO contract is a reliable, independent, multi source (process) water treatment plant. The non
compliance of the IMS on sea water feed source was a main concern within the contract. Based on an
assessment study with relevant critical elements it was concluded to use effluent as a new feed water
source. Apart from the fit of the effluent source with these elements, the expenditures could be fitted
within the DBFO contract. Next to this the new water source is a direct fit with the corporate strategy.
Both Dow and Evides underline the importance of water management, maximum sustainability and
(waste) water reuse. Both companies value water resources, environmental care and maximum water
recovery via closure of the local water loop.

The Waterboard Waterschap ZeeuwsVlaanderen is the supplier of the feed water and partner is the
project. Via this water reuse project WZV is identified as a valuable project partner. WZV also values
water resources, environmental care and maximum water recovery via closure of the local water loop.
The fields of industrial water management and municipal wastewater management are thus strongly
linked, reflecting also the economic importance of industrial activity in terms of sustainability, municipal
resource management and environmental care. This partnership is established and will develop to
new ways of collaboration in the water loop in the nearby future.

The IMS reengineering, retrofits and improvements to the technical installation as well as optimisation
of the process are performed by Evides in collaboration with Kiwa Industry & Water. As a result a

reengineered IMS with design capacity of the 2,2 million m*/year of demin water is accomplished. The
IMS started its operation in March 2007 and the first process data will be presented during IWA 2007.

The pictures 1 and 2 show the retrofitted SWRO and the WWTP of WZV.
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Picture 1: Reengineering & refurbishing the SWRO. Picture 2: Overview of the WWTP DDA.
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