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Demonstration Test of Large-scale UF Membrane
Module for Drinking Water
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This module is efficient in reducing energy consumption, with its capability of dead-end filtration and
cross-flow filtration at automatic changeover depending on turbidity. UF membrane filtration is applied
to small and medium purification plants at present. For application to medium and large purification
plants, a demonstration test was conducted with large-scale UF membrane modules. The surface water
of Lake Biwa was filtered with the module having a filter area about 2.5 times as large as
conventional ones, at flux from 1.3 to 3.0 m*/m?/d for seven months. The high turbidity test proved 100
% removal of iron, manganese and aluminum in raw water. General and coliform bacteria were not
detected. Transmembrane pressure increased with increasing flux was recovered by chemical cleaning
with sodium hypochlorite and citric acid.
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Schematic flow diagram

Type of Membrane UF Membrane

Molecular Weight Cutoff | 100 000 Da (0.01 #m)

Material Hydrophilic Polymer

Type of Module

Internal Pressure Type Hollow Fiber Ultrafiltration Membrane

Module Module Number : 2

Size : Length 1 320 mm, Diameter 450 mm
Effective Membrane Surface Area : 125 m¥module

Total Effective Membrane Surface Area : 250 m®

Type of Filtration

Dead End Filtration and Cross-flow Filtlation

Flux 1.3-3.0 m*¥m*/d

Backwash Frequency Once/45-64 min.

Recovery 84-93 %
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Fig. 2 Schematic diagram of membrane module
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TableZ  Analysis of raw water quality
Parameter Raw Water
Color degree 1
Turbidity degree | 0.9 (0.4~1.5)

pl 75 (69~8.3)

Permanganate Value | mg/L 2.1 (1.8~2.5)

Total Iron mg/l. 0.02 (<0.01~0.05)
Total Manganese mg/L | <<0.005 (<0.005~0.006)
General Bacteria N/mL | 85 (2~480)

Coliform Bacteria Positive (+)
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Tabled  Analysis of filtered water quality

Parameter Filtered Water
Color degree <1
Turbidity degree <0.1
pH 7.5 (6.9~84)
Permanganate Value | mg/L 1.7 (1.5~1.9)
Total Iron mg/L <0.01
Total Manganese mg/l. <20.005
General Bacteria N/mL 0
Coliform Bacteria Negative (—)
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Tabled  Analysis of water quality
Parameter Water "Qualitly Standal“ds of sid
Waterworks Law Raw Water Filtered Water
1 | General Bacteria 100 or Less (count/mL) 48 0
2 | Coliform Bacteria Not Detectable Pasitive () Negative (—)
3 | Cadmium 0.01 mg/l. or Less <0.001 <0.001
4 | Mercury 0.0005 mg/L or Less <0.00005 <0.00005
5 | Selenium 0.01 mg/L or Less < 0.001 <0.001
6 | Lead 0.05 mg/l. or Less < 0.001 < 0.001
7 | Arsenic 0.01 mg/l. or Less <0.001 <20.001
8 | Hexavalent Chromium 0.05 mg/L or Less <20.005 <0.005
9 | Cyanide 0.01 mg/L or Less <0.001 < 0.001
10 | Nitrate Nitrogen and Nitrite Nitrogen 10 mg/l. or Less 0.17 0.16
11 | Fluorine 0.8 mg/l. or Less 0.08 0.08
12 | Carbon Tetrachloride 0.002 mg/L or Less < 0.0002 < 0.0002
13 | 1,2-dichloroethane 0.004 mg/L or Less < 0.0004 <0.0004
14 | 1,1-dichloroethylene 0.02 mg/l. or Less <0.001 <0.001
15 | Dichloromethane 0.02 mg/l. or Less <0.001 <20.001
16 | Cis-1.2-dichloroethylene 0.04 mg/L or Less <0.001 <0.001
17 | Tetrachloroethylene 0.01 mg/L or Less <0.0005 <0.0005
18 | 1,1,2-trichloroethane 0.006 mg/L. or Less < 0.0006 < 0.0006
19 | Trichloroethylene 0.03 mg/l. or Less <0.001 <0.001
20 | Benzene 0.01 mg/L or Less <0.001 < 0.001
21 | Chloroform 0.06 mg/L or Less < 0.001 < 0.001
22 | Dibromochloromethane 0.1 mg/l. or Less < 0.001 < 0.001
23 | Bromodichloromethane 0.03 mg/l. or Less <0.001 <0.001
24 | Bromoform 0.09 mg/L or Less <0.001 <0.001
25 | Total Trihalomethane 0.1 mg/L or Less <0.001 <0.001
26 | 1,3-dichloropropene 0.002 mg/L. or Less <0.0002 <0.0002
27 | Simazine 0.003 mg/L. or Less <0.0003 <0.0003
28 | Thiuram 0.006 mg/L or Less <0.0006 < 0.0006
29 | Tiobencarb 0.02 mg/L or Less < 0.001 < 0.001
30 | Zine 1.0 mg/L. or Less <0.005 <0.005
31 | Iron 0.3 mg/l. or Less 0.01 <0.01
32 | Copper 1.0 mg/L. or Less <0.01 <0.01
33 | Sodium 200 mg/L or Less 7.8 7.8
34 | Manganese 0.05 mg/l. or Less <0.005 < 0.005
35 | Chloride Ton 200 mg/L. or Less 9.6 9.6
36 | Calcium, Magnesium Hardness 300 mg/L or Less 38.9 38.8
37 | Evaporated Residue 500 mg/l. or Less 64 G2
38 | Anionic Surface Active Agent 0.2 mg/L. or Less <0.02 <0.02
39 | 1,1,1-trichloroethane 0.3 mg/L. or Less <0.0005 <0.0005
40 | Phenolic Compounds As Phenol 0.005 mg/l. or Less <0.005 <0.005
41 | Permanganate Value 10 mg/l. or Less 2.2 1.6
42 | pH Value 5.8 or More 8.6 or Less 77 T
43 | Taste Not Abnormal Not Abnormal
44 | Odor Not Abnormal Algous None
45 | Color 3 degree or Less 1 <1
46 | Turbidity 2 degree or Less 1:3 <0.1
Vol. 47 No. 1 (2003 8) UL AR EZEs & 23



(=3 ih

Water Temperature (°C)

T [T PR
—
L=}

05 i
1/12 2L a3 41z sz el w wio 98
2002

3 RO H Ak

Fig.5 Change of flux

1204 40
|
— Corrected Transmembrane Pressure 15
oo Fhux

_gp | 30
(=]

Eg 50 258
5 - E
& &0 ; i 20y

.g g a0 - E

g £ 10

20
05
[} 00
112 211 313 412 sz &1 AL 810 95
2002
4 gl ZEEOR 3 24k

Fig.4 Change of corrected transmembrane pressure
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Tabled  Analysis of water quality

20028 /19 20028 /19
Parameter - - Raw Water - -

Raw Water | Filtered Water Raw Water | Filtered Water
Turbidity degree 120 <0.1 Dissolved Manganese mg/L < 0.005
Color degree 7 (130) <1 Dissolved Tron mg/l. 0.07
pH 7.1 7.0 Permanganate Value mg/L. 24 1.9
Total Manganese | mg/L. 0.25 <0.005 | General Bacteria N/mL | 45 000 0
Total Iron mg/L 7.2 <0.01 Coliform Bacteria Positive(+) | Negative(—)
Aluminum mg/L. 6.1 <0.01 Color : (Apparent Color)

=& 6 BELEORIFRI
Tableb Recovery of transmembrane pressure

Transmembrane Pressure (kPa, at 25 °C)
- Recovery Rate
Flux . Before Chemical After Chemical (9%)
Start of Operation . ) /0
Cleaning Cleaning
1.5 m¥m¥d 29.4 36.4 29.4 100
3.0 m*m*d 63.5 84.0 63.8 100
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Table7 Purification plants provided with large-scale UF membrane modules

Country Start of Operation | Capacity (m?/d) Raw Water | Combined Treatments

USA 2002 30 000 Surface Water | Clarification Pre-treatment

2002 15 000

USA 2003 30 000 Groundwater
FRANCE 2002 120 000 Surface Water | Pre-Q;, Settling, Sand Filtration, Cristal®
FRANCE 2001 20 400 Surface Water Remineralilzation, Prel—Oz: Powdered Activated

Carbon, Final Chlorination

FRANCE 2000 24 000 Groundwater | Final Chlorination

(3%) Cristal : Combined reactors integrating a separation by membrane and a treatment of an adsorption in liquid
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