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Abstract

:

This manuscript presents the advances of a pilot testing, located in Spain, using ultrafiltration (UF) membranes to supply drinking water. These results could be extended to the islands of the Macaronesia area, for instance, Azores, Madeira, Canaries, and Cape Verde. The UF project targeted by the pilot activity is a refurbishment of an existing installation. The existing installation is located at a higher altitude, thus drinking water could be supplied to most of the island without further pumping, reducing the carbon footprint, ecological footprint, and energy consumption. The raw water is soft surface water (mainly of rainwater origin) coming from a dam. On the islands of Macaronesia, water is a scarce resource in high demand. Therefore, this is a technically and economically viable business opportunity with a promising future for isolated water treatment systems to produce drinking water on islands. The Macaronesia area is formed by volcanic islands with a small surface in the Atlantic Ocean, so usually there is not enough space for conventional technology and only a compact UF can be used. The raw water quality is not satisfactory and the municipality receives many complaints from end users, thus a potable water plant with UF membranes is in high demand to supply drinking water of good quality. Membrane processes can be categorized into various, related methods, three of which include the following: pore size, molecular weight cut-off, and operating pressure. Regarding the obtained results, the UF system successfully produced excellent filtrate quality with turbidity readings on average less than 0.03 NTU; furthermore, membrane instantaneous flux of 90 Lmh at 14 °C is achievable with long-term stability under various feed water conditions, peak operations are available at 105 Lmh without a large impact on the filtration performance of the modules, and CIP is only to be performed if the TMP increase reaches the terminal point.
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1. Introduction


This paper shows the results of a new project concerning a pilot testing, located in Spain, using ultrafiltration (UF) membranes to supply potable water. It could be extended to the islands of the Macaronesia area (Azores, Madeira, Canaries, and Cape Verde). The UF project targeted by the pilot activity is a refurbishment of an existing installation. The existing installation is located at a higher altitude, thus drinking water could be supplied to most of the island without further pumping, reducing the carbon footprint, ecological footprint, and energy consumption [1,2,3,4].



The raw water is soft surface water (mainly of rainwater origin) coming from a dam, located 8 km away from the drinking water facility. The raw water reaches the facility via an 8 km long gravitational tunnel across a mountain [5,6,7,8,9]. After the raw water intake, carbonate slurry is dosed to increase the alkalinity and hardness. Based on the explanation of local operators, coagulation is very difficult with the raw water. Because of the chemical characteristics of the water, it has a low tendency for the formation of flocs [10,11,12,13,14]. The next treatment step is a lamella clarifier. Originally, the facility was designed and operated with two lamella clarifiers. However, owing to the high slope of the site location, one of the clarifiers collapsed because of the unstable foundation. Currently, the system runs with only clarifier, which doubles the filtration velocity and appears to be the major root of all operational troubles. As the facility is surrounded by houses, there is no space for conventional technology, and only a compact UF can be used [15,16,17,18].



The water quality is not satisfactory and the municipality receives many complaints from end users. After the clarifier, the water is further treated in sand filters. The plan is to place the UF technology on the current location of the existing sand filters. This document summarizes the findings of this pilot study program [19,20,21]. Regarding the filtration spectrum, filtration is defined as the separation of two or more components from a fluid stream. In conventional usage, it usually refers to the separation of solid, insoluble particles from liquid or gaseous streams. Membrane filtration extends this application further to include the separation of dissolved solids in liquid streams, hence membrane processes in water treatment are commonly used to remove various materials, ranging from salts to microorganisms. The most commonly employed membrane processes and the filtration ranges in which they operate are presented in Figure 1 below [22,23,24,25].



Membrane processes can be categorized into various, related methods, three of which include the following: pore size, molecular weight cut-off, and operating pressure. As the pore size becomes smaller or the molecular weight cut-off decreases, the pressure applied to the membrane for the separation of water from other material generally increases. The water treatment objectives will determine the basis on which a process is selected [26,27,28,29].



The pilot activity was performed with different raw water scenarios, which were artificially created by the local operator team. The dates of the different scenarios are presented in Table 1.



Bentonite is used as a non-adsorbent source of turbidity. The performance of bentonite was tested in raw water/bentonite and it acts as a coagulation aid for water treatment.



The objectives of this pilot study were as follows:




	
To determine the effectiveness of the ultrafiltration system to treat raw feed water at the drinking water treatment plant.



	
To demonstrate that the ultrafiltration system produces a high-quality filtrate, which has a turbidity <0.1 NTU.



	
To define operational flux and in situ cleaning protocols.



	
To define operating parameters for a full-scale ultrafiltration system, including chemical dosing, membrane flux, and recovery.









2. Materials and Methods


Feed water is pumped to the membrane modules at a feed pressure in the range between 2 bars and a maximum feed pressure of 3 bar. Particulate matter, including Virus, Giardia cysts, and Cryptosporidium oocysts, remain on the outside of the membrane fibre, while permeate enters through to the inside (lumen) of the hollow fibres and exits the top port of the membrane module. The filtration cycle continues for 30 min (in this application), after which the particulate/suspended solids are removed from the module during the backwash cycle. In the backwash cycle, the feed to the module stops and permeate from the backwash tank is directed into the hollow fibres for 45 s. After the concentrated solution is sent to drain, feed water fills the module, air bubbles scour the membranes for 30 s, and then the module is drained again. The overall backwash cycle requires approximately 2.8 min [30,31,32,33,34,35,36,37,38,39].



In this application, NO sodium hypochlorite was added to the backwash water (filtrate).



Total maintenance cleans (TMCs) were not performed during this pilot study. Because the raw water organics are low, it was decided to implement only chemical cleaning (CIP) instead of regular and frequent TMC [40,41,42,43,44,45].



CIP cleaning is normally performed when the trans-membrane pressure (TMP) approaches the maximum of 2 bars. CIP cleaning is similar to TMC, except the soak period is longer and the chlorine concentration is higher. The typical duration for CIP cleaning is 4–6 h.



For this pilot study, CIP cleaning was not required because of a TMP issue, but it was performed once to keep the membrane in clean condition between the different phases.



The membrane characteristics are as follows.




	
Type: HFU2020-AN (cross-flow filtration).



	
Membrane Material: PVDF (polyvinylidene fluoride)



	
Nominal Pore Size: μm 0.01



	
Outer Membrane Surface Area: m² (ft²) 72 (775)



	
Operating Temperature Range: °C (°F) 0–40 (32–104)



	
pH Range During Filtration: 1–10



	
pH Range During Cleaning: 0–12








The pump characteristics and operation parameters are as follows.




	
Maximum Feed Water/Filtrate Flow: m³/h (gpm) 12 (53)



	
Maximum Backwash Flow: m³/h (gpm) 13.5 (59)



	
Maximum Air Flow: Nm³/h (scfm) 9.0 (5.3)



	
Maximum Inlet Pressure: bar 3



	
Maximum Backwash Pressure: bar 3



	
Normal Operating Transmembrane Pressure: bar 0–2



	
Diameter: mm (in) 216 (8.5)



	
Length: mm (ft) 2160 (7.087)



	
Weight:



	
Full of Water: kg (lbs) 92 (203)



	
After Draining: kg (lbs) 49 (108)



	
Casing: uPVC



	
Cap: uPVC



	
Potting: epoxy resin



	
O-ring: EPDM








This module is used in vertical position, mainly for saving space in the installation. The performance of the module is the same when used in a horizontal or vertical position, but, for a huge installation, it is more suitable to use it in a vertical position.



Throughout the course of this pilot study, data logger data were gathered along with field data. The data logger data consisted of date, time, raw water temperature, feed flowrate, feed pressure, filtrate pressure, and calculated trans-membrane pressure, as well as permeate turbidity. The data were collected every minute and, from the data, instantaneous flux and the temperature-corrected permeability were calculated and graphed.



The main characteristic of the PVDF material of these UF modules is the resistance of the membrane, in addition to the fouling effect produced by its pore size.



In terms of permeation and rejection, in order to obtain high-performing membranes with better antifouling resistance, it is crucial to make the correct selection of nanocomposite materials according to their properties, for instance, composition, surface charge, size, type of material, surface area, material loading, hydrophilic/hydrophobic nature, and so on [46,47,48].




3. Results


The raw water analysis before pilot testing is presented in Table 2 and that during pilot testing is presented in the Table 3.



The operational and laboratory results began being recorded in March 2018 and operations were completed in June 2018. During this time period, three separate phases were examined. The first was the demonstration phase, where the pilot unit was operated with low filtration flux in order to gain operational insights into the suitability of the raw water for fouling.



In phase 2 of the operation, the full-scale plant design was simulated with moderate operational flux under various raw water conditions (the raw water quality was artificially adjusted).



Owing to the low feed water turbidities, it was decided to increase the operational flux in phase 3 in order examine the performance of the UF modules.



In this pilot study, the HFU2008-N test module was used. The test module uses the same membrane fibers as the larger HFU2020-N module, which is recommended for the full-scale plant. The test module is a similar height (2.0 m) to HFU2020-N (2.1 m), but the membrane surface area is lower. The test module has a surface area of 11.5 m2 while HFU2020-N has a surface area of 72 m2. Because the height of the fibers is similar and the membrane chemistry is the same, the pilot test results accurately reflect how the HFU2020-N module will perform in the full-scale plant.



3.1. Phase 1 (Demonstration Phase)


During the demonstration phase, from 8 March to 23 April 2018, all operating parameters were well within the design guidelines. The pilot unit operated in filtration mode for 30 min and then backwashed for 45 s. For the BW, no chlorine was used.



In summary, during the first two months of the pilot study, the HFU pilot unit operated with the following parameters:




	○

	
Instantaneous flux rate of 45–50 L/m2h.




	○

	
Average feed temperature of 13 °C.




	○

	
Operating trans-membrane pressure (TMP) of 0.42 to 0.5 bar.




	○

	
Average permeate turbidity of <0.03 NTU (peaks during the BW procedure due to the presence of bubbles in the measuring cells).




	○

	
Temperature-corrected permeability (20 °C) ranging from 90 to 95 L/(hm2bar) (in the 45–50 L/m2h range).









The graphs demonstrating the performance trends noted above are attached for further clarification in Appendix A: Performance Graphs Phase 1 (operational graphs are only available from 18 April).



The operating guidelines state that the TMP should range from 0.14 bar to 1.4 bar and CIP cleaning should be performed before 2 bar is reached.



In the appendix figures, there are some sudden changes in TMP caused by changes in the feed water quality. From Figure A6 (in Appendix B), it is evident that, from 31 March to 1 June 2018, a stable TMP of less than 0.28 bar was observed. It should be noted that maintenance cleans were not included in the pilot study or in the full-scale design. From Figure 2, it is evident that the operation with this low flux value is very stable. Throughout the pilot test, the unit faced difficulties in flow control and required manual inputs. The flowrate was manually checked and adjusted accordingly, which resulted in slight variation in the flow curves. The backwash flowrate was manually checked and the throttle valve was adjusted in order to reach the design set-point, which was 1.1× filtration flux. Figure A2, in Appendix A, presents the flow and temperature variation in phase 1, which was in the range between 12 and 14 °C. In Figure A3, Figure A4 and Figure A5, it is evident that the permeate quality is excellent. The turbidity readings are consistently at 0.02 NTU, except where the BW procedure occurred. Disturbance of the turbidity measurement occurred during the BW procedure. During the BW procedure, the turbidity measuring cell was disturbed by the presence of small bubbles, which resulted in short turbidity peaks. The regularly occurring turbidity peaks are thus not related to the deterioation in permeate quality, but only to this disturbance of the measurement. The graphs in Figure A3, Figure A4 and Figure A5 provide evidence that turbidity peaks (marked with red cells) only occurred during the BW procedure. The typical turbidity reading during the filtration period is presented in Figure 2.




3.2. Phase 2—Operation at 90 L/m2h + Simulating Turbidity Peaks by Bentonite Dosing


During the demonstration phase, the average feed turbidities were less than 4 NTU. Because the maximum feed turbidity in the full-scale plant is likely to have peaks up to 10 NTU, phase 1 was designed to simulate 6–10 NTU peaks by bentonite dosing.



Before this artificial peak simulation, the unit was operated at a design point with 90 L/m2h instantaneous flux and at a recovery of 93.5%.



Therefore, the feed water particulate was concentrated 20 times.



Concentration Factor = 1/(1-recovery) = 1/(1 − 0.935) = 15



With a feed turbidity of 2 NTU at the end of the filtration cycle (30 min), the likely turbidity would be 2 × 15 = 30 NTU. With a feed turbidity of 10 NTU at 93.5% recovery, the concentrated feedwater would have a turbidity of 10 × 15 = 150 NTU.



The concentration is also visually observable in the reject stream, as shown in Figure 3 and Figure 4.



Summary of operation at 90 L/m2h:




	○

	
Instantaneous flux rate of 90 L/m2h.




	○

	
Average feed temperature of 14 °C.




	○

	
Operating trans-membrane pressure (TMP) of 0.7 to 0.8 bar.




	○

	
Average permeate turbidity of <0.03 NTU (peaks during the BW procedure due to the presence of bubbles in the measuring cells).




	○

	
Temperature-corrected permeability (20 °C) ranging from 131 to 150 L/m2hbar at 90 L/m2h.









The graphs demonstrating the performance trends noted above are attached for further clarification in Appendix B: Performance Graphs Phase 2.



From Appendix B Figure A6, it is evident that the operation with 90 L/m2h in the temperature range of 13–15 °C is very stable. This operational regime can be maintained without chemical cleaning. There is more information in Figure A7, Figure A8, Figure A9, Figure A10, Figure A11, Figure A12 and Figure A13.



By the beginning of May 2018, bentonite dosing was applied. From Figure 4, it is remarkable that the system reacts with the increase in TMP. Nevertheless, this increase in TMP was easily kept under control with the increase in BW time. The BW time was increased from 45 s to 60 s and the air scouring was increased from 30 s to 50 s. This impacted the overall recovery, reducing it from 93.5% to 92.4%. This intensification of the BW procedure resulted in a much better de-concentration, and thus contributed greatly to the stabilization of the operation at 90 L/m2h, without implementing any chemical cleans.



Summary of the operation with bentonite:




	○

	
Instantaneous flux rate of 90–95 L/m2h (because of some technical issues, the feed flow control was not fully stable).




	○

	
Average feed temperature of 14 °C.




	○

	
Operating trans-membrane pressure (TMP) of 1 to 0.5 bar.




	○

	
Average permeate turbidity of <0.03 NTU (peaks during the BW procedure due to the presence of bubbles in the measuring cells).




	○

	
Temperature-corrected permeability (20 °C) ranging from 105 to 220 L/m2hbar at 90 L/m2h.










3.3. Phase 3—Operation at 105 L/m2h


In the final phase of the pilot, the unit was operated at 1200 L/h, which corresponds to an instantaneous flux of 105 L/m2h. This rather short test period demonstrated that the operation is stable even in the case of 105 L/m2h flux.



Summary of the operation with bentonite:




	○

	
Instantaneous flux rate of 105 L/m2h.




	○

	
Average feed temperature increased to 17 °C.




	○

	
Operating trans-membrane pressure (TMP) of 1 to 0.5 bar.




	○

	
Average permeate turbidity of <0.03 NTU (peaks during the BW procedure due to the presence of bubbles in the measuring cells).




	○

	
Temperature-corrected permeability (20 °C) ranging from 103 to 153 L/m2hbar at 105 L/m2h.









No chemical cleaning was necessary to maintain the operational conditions. The TMP was stabilised at 1.05 bar.




3.4. Cleaning Results


Regarding cleaning dangers, we have to take special precautions when handling chemicals during chemical cleaning. Safety gear such as safety glasses and protective gloves should be worn. If chemicals come into direct contact with your skin or your clothes, you should treat the affected area appropriately based on the SDS. Moreover, we cannot mix sodium hypochlorite with acid. Such a mixture generates toxic chlorine gas. Finally, we have to stop the operation whenever any anomaly occurs with the equipment; orange signs indicate an anomaly [45,46].



Otherwise, you may damage the modules or negatively affect the membrane performance. The only cleaning performed on the HFU pilot unit was a short CIP with sodium hypochlorite (850 ppm, 3 h) followed by a short acid-CIP (4200 ppm citric acid, 3 h). These cleanings were performed at the end of the demonstration phase in order to start effective testing on the design flux with clean membranes. As in the further period of the piloting the trans-membrane pressure did not rise above an acceptable level and therefore CIP cleaning was not required [47,48].



CIP cleaning is to be considered in the full-scale design as a consolidated and secure design approach. However, CIP is only to be performed if the increase in TMP reaches the terminal point.





4. Conclusions and Future Lines


This paper presents the results of a new project about a pilot testing, where a UF system was used to successfully produce excellent filtrate quality with turbidity readings on average less than 0.03 NTU.



Moreover, membrane instantaneous flux of 90 L/m2h at 14 °C was achievable with long-term stability under various feed water conditions.



The pilot unit was operated with low filtration flux in order to gain operational insights into the suitability of the raw water for fouling. Moreover, peak operations are available at 105 L/m2h without a large impact on the filtration performance of the modules.



CIP cleaning was considered in the full-scale design as a consolidated and secure design approach, but CIP is only to be performed if the increase in TMP reaches the terminal point.
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Appendix A


Performance Graphs Phase 1.
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Figure A1. Flow and TMP. 






Figure A1. Flow and TMP.
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Figure A2. Flow and temperature. 






Figure A2. Flow and temperature.
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Figure A3. Flow and permeate turbidity (low resolution). 






Figure A3. Flow and permeate turbidity (low resolution).
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Figure A4. Flow and permeate turbidity (medium resolution). 






Figure A4. Flow and permeate turbidity (medium resolution).
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Figure A5. Flow and permeate turbidity (high resolution). 






Figure A5. Flow and permeate turbidity (high resolution).
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Appendix B


Performance Graphs Phase 2.
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Figure A6. Flow and TMP. 






Figure A6. Flow and TMP.



[image: Water 15 01031 g0a6]







[image: Water 15 01031 g0a7 550] 





Figure A7. Flow and temperature. 






Figure A7. Flow and temperature.
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Figure A8. Flow and permeate turbidity. 






Figure A8. Flow and permeate turbidity.
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Figure A9. Flow and TMP with bentonite dosing. 






Figure A9. Flow and TMP with bentonite dosing.
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Figure A10. Flow and TMP—the impact of bentonite dosing. 






Figure A10. Flow and TMP—the impact of bentonite dosing.
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Appendix C


Performance Graphs Phase 3.
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Figure A11. Flow and TMP at 105 L/m2h. 






Figure A11. Flow and TMP at 105 L/m2h.
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Figure A12. Flow and temperature at 105 l/m2h. 






Figure A12. Flow and temperature at 105 l/m2h.
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Figure A13. Flow and permeate turbidity at 105 L/m2h. 






Figure A13. Flow and permeate turbidity at 105 L/m2h.
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Figure 1. Membrane processes and filtration ranges. 
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Figure 2. Typical turbidity reading during the filtration period. 
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Figure 3. Feed, permeate, and reject water. 
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Figure 4. Reject water after 30 min sedimentation. 
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Table 1. Different scenarios of the operations and periods.






Table 1. Different scenarios of the operations and periods.





	Scenario
	Date





	untreated raw water
	From 6 March 2018



	re-mineralized water with chlorine and adding 0.5 mg/L of Fe
	From 20 March 2018



	re-mineralized water with chlorine and adding 1 mg/L of Fe
	From 26 March 2018



	re-mineralized water pre-chlorination and 10 mg/L PAX
	From 3 April 2018



	re-mineralized water pre-chlorination and PAX 30 mg/L
	From 9 April 2018



	re-mineralized water pre-chlorination and PAX 50 mg/L
	From 17 April 2018



	re-mineralized water pre-chlorination and PAX 10 mg/L and 0.5 mg/L of iron
	From 27 April 2018



	re-mineralized water pre-chlorination and adding bentonite until 3.5 NTU
	From 3 May 2018



	re-mineralized water pre-chlorination and adding bentonite until 7 NTU
	From 8 May 2018



	re-mineralized water pre-chlorination and adding bentonite until 10 NTU
	From 10 May 2018



	re-mineralized water pre-chlorination and adding bentonite 10 NTU + 10 mg/L de PAX + 0.5 mg/L Fe
	14 May 2018 to 21 May 2018



	normal operational regime with re-mineralized raw water
	After 1 May 2018
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Table 2. Raw water analysis before pilot testing.
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Parameter

	
Unit

	
Data




	
Min.

	
Avg.

	
Max.






	
Total suspended solids (TSS)

	
mg/L

	
n/a

	
2

	
5




	
Turbidity

	
NTU

	

	
4

	
10




	
pH

	
-

	
5.8

	
n/a

	
7.3




	
Temperature

	
°C

	
8

	
14

	
25
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Table 3. Raw water analysis measured during the pilot testing.






Table 3. Raw water analysis measured during the pilot testing.





	
Parameter

	
Unit

	
Data




	
Min.

	
Avg.

	
Max.






	
Colour

	
degree

	
0

	
11.3

	
38




	
Free chlorine

	
mg/L

	
0

	
0.7

	
1.5




	
Turbidity

	
NTU

	
0.2

	
5.1

	
50.1




	
Total iron (Fe)

	
mg/L

	
0

	
0.47

	
3




	
Aluminium (Al)

	
mg/L

	
0.016

	
0.52

	
1.9




	
Alkalinity (as CaCO3)

	
mEq/L

	
0.3

	
1.8

	
3.0




	
Conductivity

	
μS/cm

	
21.6

	
57.9

	
78.6




	
Oxidability

	
Mg O2/L

	
0.5

	
1.2

	
2.4




	
Total manganese (Mn)

	
mg/L

	
0.0007

	
0.023

	
0.181




	
Hardness (as CaCO3)

	
mEq/L

	
0.2

	
2.0

	
6.2




	
pH

	
-

	
5.4

	
7

	
7.7




	
Coliforms

	
CFU/mL

	
0

	
0.1

	
1

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
1:23 LOW: Temp. FEED "C

18 7] 1800
16 7] 1600 .,
1 1400 : : Py Wh L
- - \"'\u...v‘* )
— — .
12 7] £ 120 ]
_ Z —
Q
7 T \%
] al —
1 1000 1 .A;‘
I L
m v
_ g —
8] S '
] " — 4
] ] +
£ 600 ]
— — ¢ ] L ] * #
. — . L P N AL ™ WA AT S ST T L
— — mw . ¢ W. ' ons MMM ‘
= . "o T .
N N ot . ) .
_ — *
2] 200 7]
| ] ¢ * )
0] 071 aeeessst st HEEEMM 00 E M0 MM 4000 000 S 0 RH H D HHH IS 4 Heseee Jpppry
N B I B R N R N N N N N
13:00:13 1:00:4 13:00:15 1:00:16 130017 1:00:18 13:00:1% 1:00:20 1300241 10022 130023 1:00:24 13:00:25
(GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) ({GMT+01:00) ({GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00)

208.04.17. 2018.04.18. 2018.04.18. 2018.0413. 2018.04.19. 2018.04.20. 2018.04.20. 208.04.21. 208.04.21. 280422 80422 208.04.23. 2018.04.23.





media/file30.png





media/file18.png
26 LOWY: FEED FLOW IR

1

2000 2
TW _ 1.8 ] . . . . .
— — TMP increase and subsequent TMP Sudden TMP increase based Stabilised operation with reduced
51 15— stabilisation after PAX+Fe dosing on bentonite dosage (3.5 NTU) recovery (93.5%—>92.4%)
_ '
140 — 14 7]
_ T v o
] * e !
1000 ' ‘
_] N
m
_ ]
‘
600 06 7
_ _ ¢
40 04
_] ] $ ,
00 7] 02 i R ¢
— ’ N 0 LD T e T * * . . . ¢ 0 ) ¥ ¥
_] ‘_ ’ 4 + ¢ ot ¢ . e + I ' ' '
H ‘e 4 ‘ ‘ * ‘ . ¥ v e Y X . ! o 4 0 RIS 4 e + ¥ A A
D lop 0 oo oot op 3000 4000 op & o0 o000 09 0/00 ouod op 00, o000 0p 0 00 000p 458 o0 HHop 44 00 00bp opab 00 & [} I DWW AR 0 e § 40 el 0 b 40 W
1.00.38 13.00:39 1:0040 13.00:41 1.0042 13:00:43 10044 13:00:45 1:00:46 13.00:47 1:00:48 13:00:49 1.00:50
(GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT=+01:00) (GMT=+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT=01:00) (GMT=01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00)
2018.04.30. 2018.04.30. 2018.05.01. 2018.05.01. 2018.05.02 18.05.02 2018.05.03. 2018.05.03. 20180504, 20180504, 2018.05.05. 2018.05.05. 2018.05.06.





media/file21.jpg





media/file26.png
1:23 LOWY: FEED FLOWY IMh

2000 0.1
] y ] "
_ — 1
_ — . ,
1800 0.09 [ . [ . [
_ . — ¢ ¢ ’
— # — 4 L
_ _ . ¢ M + LN e 4 t o 4 e @
_ _ * ¢
1600 008 . ‘ R O ¢ ‘. .
L2 ¥
:'0 * * : L Y * L * .. ¢ '
— ¢ ._ ¢ & ‘ . 'y *
40 7, 007 7 . + N ) ()
- . I

=
¥ =

* L ] .
1000 e DB
— 3 — *
¢ 45— .
] ; ] * *
00 S 1M
— - 2 3
_| — ¢
600 e ¢ ) ’
L i
— & —
s _
e N
*
— *
£y
— o
T
m B "
0775 o000 oo tote dhFa [0 4400 G400 4000 S0bU 0 0000 0000 00 & 08 0000 G000 HHEE 00 & 00 000 S48 SH00 00 & B0 S0be HEbe Sorb 00[ 00 G000 obt G000 SOV B0 B0 H000 0000 8 6 00 SHEE HIOE 00 & 0 G000 G000 00 & 0 HHHE H0H HH0S

101:38
(GMT=01:00)
2018.05.30.

B
130138

(GMT-+01:00)

2018.05.30.

]
10140
(GMT-+01:00)
2018.05.31.

N
130141

GNT=0100)
0180531

]
10142
(GMT+01:00)
2018.06.01.

Bl
130143
(GMT+01:00)
2018.06.01.

|

]
1.01:44
(GMT-+01:00)
201806.02

]
1301:45
(GMT+01:00)
2018.06.02.

]
1.01:46
(GMT-+01:00)
2018.06.03.

]
130147

(GHT-01:00)
20180603,

|

HEEE
10148

(GMT+01:00)

2018.06.04.

]
130149
(GMT+01:00)
2018.06.04.

|

1.01:50
(GMT+01:00)
2018.06.05.





media/file27.jpg
Target of
Soparation

Membrane

" Pesticide, Organic Material

Trihalomethanes

Nat, Cl-lons.

RO
(Roverse Osmosis) '

Colifory T

Vinig Cryptosporidium

-
G2+, M2+, 5042- ons Bactor

UF

(Utra Fiation] v
ﬁi (Micro-Filration) i

(Nano-Fitration)





media/file3.jpg





media/file22.png
1:23 LOW: FEED FLOW I'h

}

2000 2
1800 ] 18 7]
— — . M o vy ? e e T o] 4 4
1600~ 16— ST S L S . ’ g
] ] .. ¥ ¥ e "
— [ ] —
_* '_. AP S ¢ ¢ ¢
1400 14 — .
—_ —_— L] )
1200 — . 127

LY —
_] E _]
1000 — = 17
3 _] ol
3 ]
DTt )
80 = 08—
600 05 ‘ s
— — + ;
— — *
400 04 ]
— — + ‘ + +
200 0267 . ¢ MY S 'l e ¢ ’ ¢
I+ L ¢ . ¥
] . _ . * * * * L ] * N * * L] L ] * + 3 * ‘ . L ]
] AL et st S A o”’ .3»0 LAY et 40? ee ot . * o !
0 75 00 000t o0 dav (00 Sovg Sovt ogob soed o0 Sobp 0000 o0 0 oo (0000 So0g o108 0o £ ot Soee Beog 0008 oo § 40 0ive Dove pped see[oe Bead 0ped aoed 200 00 00bt 000t oped o0 0 o0 Bore ool 0o § 4o Bove 0ove o0 § oo Boee bend eged
1:01:38 13:01:39 1:01:40 13014 1:01:42 13:.01:43 1:01:44 13:01:45 1:01:46 13:01:47 1:01:48 13:01:43 1:01:50
GMT-01:00) (GMT-01:00) (GMT-01:00) GMT-01:00) (GMT-01:00) (GMT-01:00) (GMT-01:00) (GMT-01:00) (GMT-01:00) (GMT-01:00) (GMT-0100) (GMT-01:00) GMT-01:00)
2018.05.30. 2018.05.30. 2018.05.31. 2018.05.31. 2018.06.01. 2018.06.01. 2018.06.02. 2018.06.02. 2018.06.03. 2018.06.03. 2018.06.04. 2018.06.04. 2018.06.05.





media/file19.jpg
|
E
| 1
2 [ —"
:E Jndu—
i % P k,-;,*.-».}-,‘ ”
k| | N B
El |
i ey e
|
i ]|
[ aaa R aRR ARR AR ARRE AR P OAR NEARARERRAREEES RAREL





media/file7.jpg
L
| 2 &L S weig
&
\
v . ¥
|
RN s






media/file28.png
Target of
Separation

Membrane

a» Pesticide, Organic Material ‘
Trihalomethanes - coliform n
Virus _—
P P Cryptosporidium
Ca2+, Mg2+, SO42- lons Bacteri

e

(Reverse Osmosis)

UF

H (Ultra-Filtration MF
NF E (Micro-Filtration) i

(Nano-Filtration)





media/file10.png
1:1 LOW: FEED FLOW I/h

] | ] ] | ] ] ] ]
o — b — Disturbance of turbidity measurement occurred during BW procedure. During the BW procedure the
E E turbidity measuring cell was disturbed by presence of small bubbles, that created short turbidity peaks.
1600 016 ]
] ] It was not related to permeate quality but only to this disturbance of the measurement. This graph
100 01t gives evidence that turbidity peaks (marked with red cells) were occurring only during BW procedure.
20— = 01 ] 7\
e B - / \
— ¢ a] — ¢
—_ Jua] —
1000 5 017 3 f‘. / \ /\ /\
— s t % ’
. o) . * . W 0% ‘
800 ’g’. - ? \ A K3 3
— — L 1] " ’
= — N4 \ \:. ] \ ;c: /
600_] 006 ] - -
S N U R Y S i ) S W A -
], 004 '
17 _ ¢ ¢ ¢ L ¢ . L
_ _ ¢ ¢ .
200: 0% WW‘.“ :‘ » {‘" 4 % ; ¢ ’ . w .0 8 .af‘ * % ' v g
— ¢ } *
> S ‘&W‘?_ W Nt Y VYA A G WY PR AR TR,
0" 0] -— -— - T - S -
-~y et
17:40:00 18:00:00 18:20:00 18:40:00 19:00:00 19:20:00 19:40:00 20:00:00 202000 20:40:00 21:00:00 212000 21:40:00
(GHT0100) (GHT=0100) (GHT-0100 (GHT0100) (GHT=0100) (GHT0100) (GHT=0100) (GHT=01.00) (GHT0100) (GHT+0100) (GHT-0100) (GHT+0100) (GHT+0100)
2180419 2180419, 2180419 2180419 2180419, 2180419 2180419, 2180419, 2180419 2180419, 2180419 2180419, 2180419





media/file33.jpg





media/file32.png





media/file14.png
=
=

1:52 LOW: FEED FLOWY Ik

1800 |A1aﬁ f /
1600 J—\ 2 / ’
Lo N [ .IJJ AN )})\ \ qu/* \Lﬁ___))’""w M m - AN \
¥ o SR AR =
¢ ] ¢ ¢ ¢ ¢ ¢ t
1200 e ' AR A A ol o . '
_ W
_ EE _] - ¢ ’
100_ s \WMM’ A k"'l rgh
— TRy s 3
S '
0 % 3.0
800 o §
] A v '
_ — +
— # —
600 b ]
:.."" _]
400 4]
] - '
200 2]
L]
' _

X — AL YT LR Y RN Y AN T RN L RN YT RN Y ITNYY RIS TR RN NINNT T RNYY 7Y NN

eyt ettty rr

B2, e B2, 180426, 180427, 80428, 18042, 80430, 180501. 80502 18.05.03. 805,04,





media/file11.jpg
[P —————

)






media/file6.png
1:23 LOWW: FEED FLOWY Ik

1800 ] 09 7] “
1600 ] 08 7] “ '
1400 07 “
_ ] L}
1200 En.s—
~ g \
] g ~
1000 ] 2 05 7]
- § “
] =z
— 2 —
800 ] 8 04T "
= ]
50 03 7] “ i |
| _ ' I
el T T
" 02~ I T TT G RL 1] ] T ’
200 7 01 7] . ! | fl _ |
Ll IIIII\hIIIlIH ORI
0 0 QLI
R eyttt
130013 100:14 130015 1:00:16 130017 1:00:18 130019 10020 130021 1002 1302 10024 130025
(GMT-01:00) (GMT-01:00) (GMT=01:00) (GMT=01:00) (GMT-01:00) (GMT-01:00) (GMT-01:00) GMT-01:00) (GMT-01:00) (GMT-01:00) (GMT=01:00) (GMT-01:00) (GMT-01:00)
0180417, 20180418, 20180418, 20180419 20180419, 20180420, 20180420 0180421 0180421, 018042 01802 018423, 0180423,





media/file15.jpg
e ————

T T T T T T LT T T





nav.xhtml


  water-15-01031


  
    		
      water-15-01031
    


  




  





media/file16.png
1:52 LOW: FEED FLOWY Ik

2000 0.1
— — .:
— — . . .4 . .
' The pilot unit was out service during the red marked periods ‘|
1800 7] w7 ¢ \ ! " “
] [ ] * ‘ + | * ¢
1 e ¢ N Y . + *
w0, 008 . !
— _ ¥
] ¢ '“Hu'o \ ‘
_ - e ‘
1400 00 ¢ X ¢ % ‘ﬁ,_.’“'.
] — ) ‘ LR X RN
— L ] ¢ + ts + ¢ ‘ ot .}{; '..:‘ o o '
- L ' i ¢ ' eof ot $ + I ﬁ o4 ot
1200 7] g 006 7] + ' Yo ! —~ ¢ v ' ' ,’0 ¢
l ‘ E : ! ) ] * + ?:“ :.'
— e ¢ O — e . o.u‘
1000 _’é’ ¥ ‘l o ' ¢ ‘h’.
- S 4 — ¢ T vt
I ¢ % ] . ‘ \®
— 3 — + + +
I Mo 04— ¢ !:
= ¥ LN X}
- - L '
— & — L
60 ] 00 ] ¢
]
o
m_]
T LAAL I EY Y L EE LT I XN YIARRIYTENIIYTENITIENIYTIINY! IXIXYITERIIIENMIEEYIYENYY! 1 _EXXXX . .4A%)
BEREERE BN e rrrrp eyt rrp 1]
0180423, 2180424, 2018.04.25. 2018.04.26. 080427 20180428, 2180429, 2018.04.30 2018.05.01 2018.05.02 2018.05.03. 2018.05.04. 2018.05.06.






media/file2.png
1:23 LOWY: FEED FLOWY IVh

1800 03 .i'
_ _| : ot
1600 — 08 [N
] ] R 1
1400 07
_ _ }*
— — 4
1200 06
o
— _D —
— il —
_ E _
1000 — = 057
=
— O —
| J |
— [ag] —
&}
800 7 ~ 047
600 03 7
400 — 02 7]
20 017
- 0 R R A TR "'.,:..9! 8 M0 ey by g 0 Lt By e 0ty Wy W e ey @ KT T I T R T X
ey rrrrprrrerrp eyl L] |
130013 1:00:4 130015 1:00:16 130017 1.00:18 130019 10020 130021 1002 13:00:23 1.00:24 130025
(GMT+01:00) (GMT+01:00) (GMT=01:00) (GMT+01:00) (GMT=01:00) (GMT=01:00) (GMT+01:00) (GMT=01:00) (GMT=01:00) (GMT+01:00) (GMT=01:00) (GMT+01:00) (GMT+01:00)
2018.04.17. 2018.04.18. 2018.04.18. 2018.04.19. 2018.04.19. 2018.04.20. 2018.04.20. 20180421, 20180421, 20180422 20180422 2180423, 20180423,





media/file20.png
204 LOW: FEED FLOWY Ik

1

1800 ] 18
1600 16 7] . .

_ _ Impact of bentonite dosing

] ] L]

] ] L]
b 14 The long-term stabilisation of the

_ 1 ¢ ~

] N " . . | @ / \ operation with bentonite dosing
1200__] 127 ¢ Y T

o

= . 4 ' * | M s

— = — . * * L X T Fgyiieg,
1000~ g = & c\& o "_"_\f T A 8 P p

— 3 — ri ﬂ, * Y o v wr ‘e

] ) ] o $

— o — ¢ ¢
800 - 087 6:

- %

600 05

_;l % NN e
40_] 47 . A
200 7 02

— ¢ * 4 e ! ‘\ Ry

— t ¢+ o+ o+ !

0] 0 veam o 4 S e 4 s ; $ ¢ ¢ ome ot oo ‘e 20 days duration
eyttt
2018.04.18. 2018.04.22. 2018.04.26. 2018.04.30. 2018.05.03. 2018.05.07. 2018.05.11. 2018.05.15. 2018.05.13. 2018.05.23.






media/file23.jpg





media/file5.jpg
i 1]
L el |
; 1 1l






media/file24.png
1:23 LOWY: FEED FLOWY IMh

1800 18
:wmwwumww wm s .WMW
+
1600 15 T . ¢ ! . ¢! .
— — ‘. ¥ L . ¥ .
:. ¢ + ) . ¢ * ¢ [ ¢ e ! ¢
1400 ] 14 7 .
— — * L]

=
|
_ C
i

6§
_ i —
1000 E 1
o
g —_
9 p—
800 n 87
| ol _ 3
600 6 . L
400 4
200 2]

L ¢ | @ ’

— + [
] +
0 775 0000 0abe 000 00 [b0 G000 G000 G000 G000 00 G000 S000 00 & 00 [0000 SI00 FHPE 40 6 06 G000 G000 00 0 & B0 G000 F000 000 SE00[ 00 SE00 gobt S000 FORE B0 000 S00h 0000 04 & 00 G000 HI00 00 & 0 G000 S000 0 & 00 SH00 SO0 S04

eyt
1.01:38 130139 1.01:40 13:01:41 10142 130143 1014 130145 1.01:46 130147 1.01:48 130149 1.01:50

(GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00) (GMT+01:00)

2018.05.30. 2018.05.30. 0180531, 0180531, 2018.06.01. 2018.06.01. 2018.06.02. 2018.06.02 2018.06.03. 2018.06.03. 2018.06.04. 2018.06.04. 2018.06.05.






media/file29.jpg
LANGE®






media/file1.jpg





media/file31.jpg





media/file25.jpg
I
AARRRNRARANRRR AN AR AR RN R RN AR





media/file12.png
=

1:52 LOWY: FEED FLOWY Ith

Stabilised operation at 90 L/m?h

1800 18
_ ] (inst.)
1600 16 ]
1400 14 ]
_ _ el
— * — L] * + [
— ¢ N ¢ TN N eo o 0 ‘e * e °.’
1200 12 7] ’ ! il ‘ ) ', r
| m e
_ | S ¢ ’ 2
— * = — e
L]
1000 ] avi- N b R e SN WO e 4 'iL
il ] . LY .
I - ‘
N —
2

=
-t
=
[=r]
||

-

=]
Ll
ch

= & |

{

.".'ii

-y

=
|||’|| Ll *|
L

] L]
¢ 02 7] L b *
— ¢ * * y * ') 0 T et * R . R R * ]
LA 0 * * ¢ . * ot .o + " * + *
s sammmmpm"' ¢ *lee t e t e, et ¢ e + + ¢ ‘amme | o Y e ‘e Y, e e - —
0 # I g g0 aant tygnndruetstosndtonedtogontoguod gommme possd tengdsn 08 s000diun ol ¢ 00 punmyy

280423, 2018.04.24. 2080425, 2018.04.26. 2018.04.27. 2018.04.28. 2013.04.29. 2018.04.30. 2018.05.01. 20806502 2018.05.03. 2018.05.04. 2018.05.05.





media/file9.jpg
Distrbance ofubidty messrenent ocured during BW procedar,Duing e BN procedue the
ity messaring ol i b prsence o smll bbbl htrsed short ity pesks.
111w ot e o permeste quality bt nly o i distubunce ofthe messremen. T gaph

e v tht i ek ke it e el were i il i B procedue

T LTI TTLITTLT






media/file0.png





media/file8.png
1:23 LOWY: FEED FLOWY Ifh

— - ¢ ’ ¢ I ' e

] B * ‘ ¢ * )

— — @ + 5 + . . ‘
1800 00 + 0 ‘ K N

| | ¢ . + + i i

] ] + + +

¢ v b + +

] ] ¢ ¢ ' o [ [ ‘4 o '
1600 008 e ) X X ¢ ' v

_ _ " , v , ¢ ¢ N ‘o K

. - . e . + ¢

+ +

1400 07 ' ' ' ¢ ! ‘

— — ' ¢ i '

+ ¢

_ ] . ' v ' ' ! "o ¢ ot
-Im - % Om - " * L L] L] L] +

_ S ' ' y '

_ o ] ' ' \

_ i — LT

T + +

1000 2 05~ ¢ ' ¢ ' ¢ ¢ . Al

_ — ¢ H ' ’ + + .

— % — ’ . o '

- — )

m D M ' ' . N

— - 1 ) v ¥

_ _ 4
600 003
400 002
200 001 7]

0 0]
130013 1:00:14 13005 1:00:18 130017 1:00:18 130018 1.00:20 13001 1.00:22 130023 1.00:4 13005
(GMT+01:00 (GMT+01:00) (GMT+01:00 (GMT+01:00) (GMT+01:00 (GMT+01:00) (GMT+01:00 (GMT+01:00) (GMT+01:00) (GMT+01:00 (GMT+01:00) (GMT+01:00 (GMT+01:00

180417, 2180418, 2180418, 2180475, 2180419, 180420, 180420, 180421, 180421, 180422 A1804.22. 180423, 180423,





media/file34.png
15 U0
U\
300

" 900






media/file17.jpg
[V —

[ ——-—

[—————






