Drinking water production by ultrafiltration membrane
combined with sand filtration pretreatment
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1-Introduction

The membrane filtration technology has the particularity to be an absolute cut-off filtration that removes all
particles bigger than the membrane pore size. The pore size of 0.01xm and the molecular-weight exclusion
limit of 100,000 Dalton allow the ultrafiltration membrane to remove all particulate and colloidal matter. Thus
the UF filtrate is free of turbidity and microorganisms like bacteria, virus, or Cryptosporidium. The weak
point of the membrane technology is the fouling. However, by the control of filtration parameters like the
feeding flux or the backwashing cycle, it is possible to avoid a serious clogging of the membrane.

2- Materials and method

From March 1994 to December 1996, an ultrafiltration membrane pilot plant (see Figure 1 and Table 1) was
installed in Nagahama water purification plant (Nagahama City) and was run with the Lake Biwa water. The
raw water was taken 4 m under the lake surface and 700 m distant from the shore. From February 1995, a
medium-rate up-flow sand filter (SF) was installed before the UF membrane as a pretreatment. The membranc
characteristics are given in Table 1.
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Table 1: Characteristics of UF membrane module

Nal Raw Material of UF membrane Cellulose derivatives
Micro Water Pore size of UF membrane 10 nm
Sepeen Molecular-weight exclusion limit 100,000 Dalton
4 Inner / Outer diameter of a hollow fiber{0.93 mm /1.67 mm
Length of a hollow fiber 1.30m

Number of hollow fibers by module 2060
Total filtration surface area by module |7.2 m®
Initial permeability at 20°C 2.610°m.h " kPa'
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Fig. 1 : Schematic diagram of the UF pilot plant
3- Water quality Table 2 : Water quality (average)

The Lake Biwa water was characterized by a stable S Withomt Sand filtration
quality over the year, and was usually suitable to retreatment ; rctreqm;em
produce drinking water by ultrafiltration process. The 1594 3-1995.1 19};5 ,):19% 12
average raw water turbidity was 2.3 mg/L as Standard = o
Kaolin, TOC was less than 2 mg/L and Potassium Vs;‘; “Tatn; V}j;\; W‘Zfer ‘\&f};r
permanganate demand was 3.52 mg/L. Metallic
elements such as iron or aluminium were detected in | Lemperature("C) 18.6 15.8
low concentrations, around 0.1 mg/L. However some |Twhidity (ng/l.SK) | 226 | 0 | 192 /061 0
peak of turbidity and general water quality |Color (mg-PtL) 6.26 | 124 17.04 Lo5
degradation were observed during typhoon and windy |PH 7A4L ) 741 4755 7.24
weather (see figure 2). KMnO, consumption 3.52 ] 258 | 333 2.19
As expected, the UF filtrate turbidity didn’t increase ErrggC/L) P T B i
over 0.1 mg/L and was usually non detectable ““?{L ) . : i R I
whatever was the raw water turbidity. Further more, UVaeo my , 21 L8 23 L8
. . ) . - Total bacteria (Unit/mL)| 439 0 328 0
microorganisms such as general bacteria, E.Coli, and | (mg/L) 0.08 o lo11loo3]ool
plankton were never detected in the UF filtrate. The |ny (ng) 0 o lootl| o |ous
KMnO, demand and TOC were respectively less than | Al (mg/L) 0.08 | 0.05 10.12 ] 0.07 | 0.06
1.5 mg/L and 2.6 mg/L. (see Table 2). The |Si(mgL) 0.08 | 0.08 [1.47 11.48 [ 131
ultrafiltered water was shown to meet the Japanese |<a(mel) 9.52 1 10.03 112.65112.50112.97
Mg (mg/L) 197 | 217 | 220|224 | 224

health standard of the drinking water and for most of
the time reached the goal for comfortable water
quality.

4- Direct filtration

The UF membrane was fed with the Lake Biwa water without pretreatment and was then run in a cross flow
mode (cross flow velocity at 0.9 m/s) from April 1994 to January 1995. Until July the flux was gradually
increased from 0.035 to 0.08 m.h” and the backwashing cycle was 2700 s. Then the filtration time was fixed

—365—



at 3600s and the feeding flux at 20°C varied in a range between 0.08 and 0.11 m.h” until December (see
-figure 3). Durmg 51x momh from June to December 1994, the membrane permeability was quite stable
around 1.7X10”m.h" kPa" (see figure 4) and the transmembrane pressure was in a range between 30 and 80
kPa. However, in the middle of December, the feeding flux had to be decreased to avoid the rapid clogging of
the membrane and keep the filtration condition stable.
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4- Sand filtration pretreatment

In the second part of the study , a basic pretreatment constituted by a medium-rate up-flow sand filter was
used before the ultrafiltration membrane. This filter was run with a constant rate of 20 m.day".

4.1- Effect on water quality

The sand filter main effect was the removal of the particulate matter contained in the Lake Biwa water. Thus
the raw water turbidity was reduced by 70% (see table 2). Further more Iron and Aluminium which were
found to be the clogging material were respectively removed by 73% and 58%. The water main treatment was
realized by the ultrafiltration membrane process, thus the UF filtrate quality was not affected by the sand
filtration.

4.2~ Filtration performances improvment

The sand filtration pretreatment allows the UF process to support feeding flux (at 20°C) between 2.4 and 3
m.day”. However, the membrane fouled very rapidly when it was fed by the Lake Biwa water in such extreme
condition (see figure 5). On the other hand, the UF process could be run in dead filtration mode, which
reduced the energy cost by more than 40% For more than 6 month the membrane permeability gat 20°C)
was found stable in the range of 1.8 to 2 10°m.h".kPa” then the feeding flux (at 20°C) was 0.1 m.h" and the

backwash periodicity was 3600 s.

5- Conclusion

The UF filtrate quality was all the time better than the Japanese drinking water standard. The process could be
run in stable conditions for 6 month at 0.08 m.h” (1.92 m.day”) at 20°C. Improvement of the filtration
performances could be expected by using a basic sand filter pretreatment, however the final UF filtrate quality

18 not modified by such prefiltration.
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