
4 1  DESCRIPTION  METHOD OF OPERATING MEMBRANE
SEPARATOR  Field of the Invention The present
invention relates to a method of  operating membrane
separators for subjecting water to  be treated
(hereinafter referred to as untreated water)  5
including river water, lake water, ground water,
seawater, domestic wastewater, industrial effluent and
secondary treated water of sewage to membrane
separation and clearing it of turbidity and germs by
using a tank type membrane separator or a chamber type
10 membrane separator of water head difference system
or  suction system. Description of Related Art
Conventionally , in the process of treating  water,
such as clean water treatment, sewage treatment  15
and industrial effluent treatment, the untreated water
used to undergo separation into solid and liquid
contents in a coagulating sedimentation chamber, a
gravity sedimentation chamber or the like. However,
along with the advancement of membrane technology, the
20 membrane separation process has come to be used in
various filtering apparatuses because it is superior
in  filtering accuracy and occupies less space for
installation and it is easier to control its
operation. 2  In recent years, there has come into use
a method by  



which membrane modules are arranged in the untreated
water fed to each of the various chambers mentioned
above and the water undergoes separation into solid
and 5 liquid contents. Thus, membrane modules are
arranged  in the untreated water containing suspended
matter fed  into the chamber, the water is filtered
with these  membrane modules by a sucking action or
water head  difference, and the filtered water having
gone through 10 the membrane module is drawn out of
the chamber. Such  a process leaves suspended matter
in the liquid phase  within the chamber as solid
contents on the feeding  side of the membrane modules,
and clean filtered water  cleared of turbidity and
germs is obtained on the 15 output side of the
membrane modules. In such a membrane separator, as
suspended  matter in the untreated water sticks to the
membrane  surface along with the continuation of
filtering and  clogs its pores, its filtering
performance gradually 20 deteriorates, eventually
making the separator incapable  of filtering. To
stabilize filtering against this  clogging, it is
necessary to perform physical washing,  such as gas
cleaning by introducing air or some other  gas to the
untreated water side of the separation 25 membrane
(hereinafter referred to as air washing) and
back-pressured water washing by ejecting a backwash
medium such as filtered water or clean water from the
filtered liquid side in the direction reverse to that
3  of filtering so as to remove what has accumulated
on  



the separation membrane surface (hereinafter referred
to as backwashing), thereby peel off the suspended
matter having accumulated on the membrane surface, and
5 further discharge the peeled-off suspended matter
out  of the system. In this process, if the quantity
of  untreated water in the chamber (held-up quantity)
is  large, discharging the whole quantity of suspended
matter peeled off by the physical washing out of the
10 system will be accompanied by a large quantity of
untreated water, resulting in a drop in the ratio of
the filtered water quantity to the quantity of the
untreated water used, namely the yield of the
separator. 15 In view of this problem, there has been
proposed an operating method of a plug flow system by
which the yield is controlled by constantly feeding a
fixed quantity of untreated water into the chamber in
which membrane modules are arranged, and at the same
20 time discharging part of the untreated water out of
the  system (see Patent Document 1 for instance).
However,  by the above-described operating method of
the  conventional membrane separator disclosed in the
Patent  Document 1, if a high yield of 99% or more,
for 25 instance, is to be attained, only 1% or less of
the  untreated water in the chamber can be discharged
out of  the system and all the suspended matter peeled
off by  the physical washing or otherwise cannot be
discharged 4  out of the system with the result that
the  



concentration of the suspended matter in the chamber
will gradually rise. For this reason, in order to
accomplish stable membrane filtration, it is necessary
5 to operate at a low membrane filtration flux or to
increase the out-of-the-system discharged quantity of
untreated water containing suspended matter (to lower
the yield). Other known methods include one by which
the  10 liquid level on the untreated water side of
the filter  membrane is lowered while ejecting bubbles
from underneath the membrane module to strengthen the
effect  of air washing (see Patent Documents 2 and 3,
for  instance) and another by which ozonized air is
injected 15 in the form of bubbles into the untreated
water side of  the filter membrane (see Patent
Document 4 for  instance). The air washing methods
shown in the Patent  Documents 4 and 5 utilizing the
effect of disappearance  of bubbles on the gas-liquid
interface or the large 20 oscillation of the liquid
surface by the rupture of  bubbles are useful for
enhancing the washing effect,  but they involve a
problem of halving the washing  effect of cross flows
ensuing from the rise of bubbles  or the washing
effect of the vibration of the filter 25 membrane
accompanying the effect of excluding an  equivalent to
the volume of bubbles. Moreover, as the  lowering of
the liquid level eliminates water around  the filter
membrane, the direct contact and friction 5  between
the filter membranes caused by the vibration of  



bubbles may invite damage to or breaking of the filter
membranes. Furthermore, as the suspended matter once
peeled off the membrane surface by air washing sticks
5 again to the membrane surface when the liquid level
lowers, there is a problem that the concentrated
suspended matter cannot be completely discharged out
of  the system and the washing effect is thereby
halved. Furthermore, as the distance from the filter
10 membranes near the treated water inlet of the
membrane  module to the inlet is short and accordingly
the  pressure loss of the fluid (treated water) on the
treated water side of the filter membranes is small,
there arises an increase in the pressure difference 15
between the untreated water side and the treated water
side of the filter membranes, namely the membrane
differential pressure, with the result that the filter
membranes in the aforementioned position filter a
greater quantity of untreated water than the filter 20
membranes elsewhere, are contaminated rapidly and
deteriorate in filtering performance. In view of this
problem, there is proposed a method by which filtering
is performed while keeping part of the filter
membranes  out of being immersed in the untreated
water (see 25 Patent Document 5). However, the
operating method for  membrane separators disclosed in
the Patent Document 5,  when applied to the
conventional separators described  above, invites
drying of the filter membranes as they . 6  



are always partly exposed to the atmosphere. Moreover,
as the whole filter membranes are not used, there is a
problem that the effective membrane area is reduced.
[Patent Document 1] WO 00/30742  5 [Patent Document 2]
JP-B2-6-71540  [Patent Document 3] JP-B2-3351037
[Patent Document 4] JP-A-63-42703  [Patent Document 5]
JP-A-11-147028  Brief Summary of the Invention 10 The
present invention is intended to provide  an operating
method which makes possible stable  membrane filtering
operation while securing a high  yield by reducing the
load on the filter membranes and  performing effective
washing. 15 The present inventors, as a result of
exhaustive studies, found the operation method that
stable membrane filtering operation can be achieved
while securing a high yield by discharging waste water
in the chamber out of the system after repeating the
20 filtering step and the physical washing step twice
or  more and combining a filtering step at which
filtering  is accomplished in a state that the whole
filter  membranes are immersed and another filtering
step at  which filtering is accomplished in a state
that the 25 filter membranes are partly immersed,
thereby reducing  contamination spots in the
lengthwise direction of the  filter membrane, which
serves to enhance the effect of 7  physical washing,
and reducing the quantity of  



untreated water in the chamber, namely the held-up
quantity, thereby discharging out of the system the
suspended matter peeled off by the physical washing 5
together with the small quantity of untreated water
remaining in the chamber, and eventually succeeded in
completing the present invention. Thus, the invention
can be summarized as  follows: 10 (1) A method of
operating a membrane  separator in which a membrane
module comprising a large  number of exposed hollow
fiber membranes is installed  in an untreated water
chamber is characterized in that  the method includes
a filtering step at which untreated 15 water is
filtered by giving a differential pressure  between
the primary side (untreated water side) and the
secondary side (treated water side) of the hollow
fiber  membranes, a physical washing step of gas
washing by  ejecting a gaseous washing medium onto the
primary side 20 of the membrane module and of
back-pressured water  washing by feeding a backwashing
medium from the  secondary side of the hollow fiber
membranes and  letting it pass to the untreated water
side of the  hollow fiber membranes and a drain step
of discharging 25 waste water in the chamber out of
the system after  repeating twice or more the
filtering step and the  physical washing step. (2) The
method of operating a membrane 8  separator according
to (1) above may be characterized  



in that the filtering step further includes a
filtering  step (hereinafter referred as the filtering
step A)  comprising a substep of feeding untreated
water into 5 the chamber and of starting filtering of
the untreated  water in a state that the hollow fiber
membranes  constituting the membrane module are partly
exposed and  an ensuing substep of filtering the
untreated water in  a state that the whole hollow
fiber membranes 10 constituting the membrane module
are immersed.  (3) The method of operating a membrane
separator according to (1) or (2) above may be
characterized in that the filtering step further
includes a filtering step (hereinafter referred as the
15 filtering step B) comprising a substep of filtering
untreated water, after the completion of the physical
washing step, without feeding untreated water into the
chamber until the hollow fiber membranes constituting
the membrane module are partly exposed, and an ensuing
20 substep of feeding untreated water into the chamber
and  filtering the untreated water in a state that the
whole  hollow fiber membranes constituting the
membrane module  are immersed. (4) The method of
operating a membrane 25 separator according to any of
(1) through (3) above may  be characterized in that
the physical washing step is a  combination of a step
to be executed in a state in  which the whole hollow
fiber membranes constituting the 9  membrane module
are immersed (hereinafter referred as  



physical washing step A) and another step to be
executed in a state in which the hollow fiber
membranes  constituting the membrane module are partly
exposed 5 (hereinafter referred as physical washing
step B).  (5) The method of operating a membrane
separator according to any of (1) through (4) above
may  be characterized in that both ends of the
membrane  module are composed of a large number of
exposed hollow 10 fiber membranes fixed by adhesion,
with the hollow  fiber membranes at the top end being
open and the  hollow fiber membranes at the bottom end
being closed. (6) The method of operating a membrane
separator according to any of (1) through (5) above
may  15 be characterized in that, after the filtering
step A and the physical washing step are executed and
the  filtering step B and the physical washing step
are  repeated once or more, the waste water in the
chamber  is discharged out of the system. 20 According
to the invention, it is possible to  perform effective
physical washing while alleviating  the loads on
filter membranes and to reduce the  quantity of the
untreated water in the chamber, namely  the held-up
quantity, thereby enabling membrane 25 filtering to be
stably operated while securing a high  yield by
discharging out of the system the suspended  matter
peeled off by the physical washing together with  a
small quantity of untreated water. 10  [Best Modes for
Carrying Out the Invention] 



The present invention will be described in  detail
below with focus on some of the best modes for
carrying it out. 5 Untreated water to which the
invention is  relevant is river water, lake water,
ground water,  improunded water, secondary treated
water of sewage,  industrial effluent, sewage or the
like. Filtering raw  water of any of the kinds
mentioned above with 10 membranes in a conventional
way involves blocking of  suspended matter or any
other substance greater in  grain size than the pore
size of the membranes  contained in the raw water, and
thus, tends to invite  so-called polarization of
concentration or formation of 15 a cake layer, and at
the same time the membranes are  clogged by such the
suspended matter or the substances  or retiform
tissues in the membranes adsorb such  substances. As a
result, the filtering flow velocity  of the membranes
when filtering raw water drops to only 20 a fraction
of or a few tenths of the flow velocity when
filtering clean water, and the filtering flow velocity
progressively drops with the continuation of
filtering. In such a membrane separator, in order to
stabilize filtering, it is necessary to peel off the
25 suspended matter having accumulated on the membrane
surface by physical washing of flowing back
transmitted  water or air from the secondary to the
primary side of 11  the filter membrane, and further
to discharge the whole  quantity of the peeled-off
suspended matter out of the  



system. In this process, if the quantity of untreated
water in the chamber (held-up quantity) is large, 5
discharging the whole quantity of suspended matter
peeled off by the physical washing out of the system
will be accompanied by a large quantity of untreated
water, resulting in a drop in the ratio of the
filtered  water quantity to the quantity of the
untreated water 10 used, namely the yield of the
separator. Moreover, as  the distance from the filter
membranes near the treated  water inlet of the
membrane module to the inlet is  short and accordingly
the pressure loss of the fluid  (treated water) on the
treated water side of the filter 15 membrane is small,
there is an increase in the pressure  difference
between the untreated water side and the  treated
water side of the filter membranes, namely the
membrane differential pressure, with the result that
the filter membranes in the aforementioned position 20
filter a greater quantity of untreated water than the
filter membranes elsewhere, are contaminated rapidly
and deteriorate in filtering performance. The method
of operating membrane separators  according to the
invention is a method whereby the 25 liquid level of
untreated water in the chamber is  controlled above
the upper end face of the membrane  module disposed in
the chamber, a filtering step A  including a filtering
step at which, apart from a 12  normal filtering step
at which filtering is performed  with all the filter
membranes, the untreated water is  



fed into a chamber and suspended matter is stuck to
the  lower portions of the filter membranes
constituting the 5 membrane module by starting
filtering of untreated  water in a state in which
filter membranes constituting  the membrane module are
partly exposed, and a filtering  step B including a
filtering step at which, after the  completion of a
physical washing step, suspended matter 10 is stuck to
the lower potions of the filter membranes
constituting the membrane module by filtering
untreated  water until the filter membranes
constituting the  membrane module are partly exposed
without feeding of  untreated water into the chamber
is performed and, 15 after the filtering steps and the
physical washing step  are repeated twice or more,
concentrated suspended  matter is discharged out of
the system. Now, in a case that hollow fiber membranes
of  2 m in effective length are used as the filter 20
membranes, theoretical calculation of the pressure
losses of the hollow fiber membranes indicates that
filter membranes of about 20% in length from the
treated water inlet of the membrane module perform
filtering of about 50% of the required water to
undergo 25 filtering treatment, which means that the
former  filters a greater volume of untreated water
than what  is filtered by filter membranes in other
regions,  resulting in rapid progress of membrane
contamination 13  and deterioration in filtering
performance. By  introducing the filtering steps A and
B according to  



the invention, the filter membranes which otherwise
would be prevented from contributing to filtration by
5 the influence of the pressure losses are enabled to
be  effectively used, and it is thereby made possible
to  reduce contamination spots in the lengthwise
direction  of the filter membranes. Further, the
repetition of  the filtering steps and the physical
washing step twice 10 or more and thereby reducing the
held-up quantity of  the membrane separator, when the
suspended matter  peeled off by the physical washing
is to be discharged  out of the system, it is
discharged together with only  a small quantity of
untreated water, thereby making 15 possible stable
membrane filtering operation at a high  yield. Here,
the membrane filtering flow rate in the  state in
which the filter membranes constituting the  membrane
module are partly exposed may be controlled to 20 the
same level as, or a lower level or a higher level
than, that at the normal filtering step, but it is
preferable to control it to a level not higher than
the  membrane filtering flow rate at the normal
filtering  step. 25 It is more preferable, where the
length of  the filter membranes constituting the
membrane module  in the vertical direction being
represented by L and  the verticval length of the
filter membranes not in 14  contact with the untreated
water on the liquid surface  of the untreated water in
the chamber in the state in  



which the filter membranes are partly exposed being
represented by L', to perform filtering in the state
in 5 which the filter membranes are partly exposed at
a  membrane filtering flow rate F2 satisfying the
condition of F2 < F1 <_ (L - L') /L (L > L' , L > 0, L
> L' <_ 0)  relative to the membrane filtering F1 at
the normal  filtering step. 10 Further, where
backwashing by which a  backwash medium, which may be
filtered water, clean  water or the like, is passed
from the filtered liquid  side to the untreated water
side in the direction  reverse to that of filtering to
remove what has 15 accumulated on the separation
membrane surface is used  as the method of physical
washing, the filtered water,  clean water or the like
which has been used at the  physical washing step can
be stored in the chamber in  its whole quantity or in
part to be reused as part of 20 the untreated water.
Therefore, the operation can be  accomplished at a
higher yield than otherwise by  repeating the
filtering operation and the physical  washing step
twice or more before executing the drain  step at
which the whole quantity of the suspended 25 matter
peeled off by the physical washing is to be 15
discharged out of the system. Incidentally, in order
to enhance the washing  effect of the physical washing
step, it is preferable  to add an oxidizer, such as
sodium hypochlorite or 



5 ozone, to the backwash medium to be used for
backwashing, and further it is effective to contain
ozone or some other oxidizer in air washing of
introducing gas of air or the like as bubbles on the
untreated water side of the filter membranes. However,
10 as stated above, air washing under the conventional
conditions did not always prove sufficiently effective
on account of the constraint in respect of the
durability of filter membranes. A filter membrane
washing method according to  15 the invention, by
combining a step executed in the  state in which the
hollow fiber membranes constituting  the membrane
module are wholly immersed (hereinafter  referred to
as the physical washing step A) and a step  executed
in the state in which the hollow fiber 20 membranes
constituting the membrane module are partly  exposed
(hereinafter referred to as the physical  washing step
B), can provide the whole filter membranes  with (a) a
washing effect by a cross flow accompanying  the
rising of bubbles, (b) a washing effect by the 25
vibration of filter membranes ensuing from the effect
to exclude an equivalent of liquid to the volume of
bubbles and (c) the effect of disappearance of bubbles
on the gas-liquid interface and a washing effect by 16
substantial oscillation of the liquid surface by the
rupture of bubbles, further makes it possible to (d)
discharge completely out of the system the suspended
matter peeled off the filter membranes because the 



5 suspended matter once peeled off the membrane
surface  by the gas washing does not stick to the
membrane  surface again, and (e) to peel off the
suspended matter  from the filter membrane surface
more efficiently as  compared with the conventional
air washing method 10 because a sufficient length of
time can be secured  during which the filter membranes
of the membrane  module near the treated water inlet
remain in contact  with bubbles. The level of the
liquid surface of the  15 untreated water when the
untreated water in the  membrane module is once
lowered by filtering or  discharging at the physical
washing step B may be at  any height in the vertical
direction of the filter  membranes, but in order to
provide the five effects of 20 washing stated above to
the whole filter membranes it  is preferable to reduce
the level to the very bottom of  the filter membranes
in their vertical direction. Also, as alternative
methods for raising the liquid  surface of the
untreated water around the filter 25 membranes from
the lower part to the upper part at the  gas washing
step B, there are methods by which the  liquid surface
of the untreated water around the filter  membranes is
raised while performing backwashing and 17  another
method by which liquid surface of the untreated  water
around the filter membranes is raised while  feeding
the untreated water, but the method of raising  the
liquid surface of the untreated water around the 



5 filter membranes by backwashing is more preferable.
Incidentally, (1) backwashing is more effective when
performed always at the same time as air washing, but
(2) air washing alone may as well be performed ahead
of  the introduction of backwashing. Or, (3) air
washing 10 alone may also be performed after the
introduction of  backwashing. Further, (4) it is also
conceivable to  introduce backwashing while letting in
untreated water  and perform air washing at the same
time, or (1)  through (4) may be combined alternately.
15 Now at the steps of washing the filter  membrane,
the durations of the physical washing step A  and the
physical washing step B during the whole  washing
period may be at any ratio, but it is  preferable to
be set in the range of 1:10 to 10:1. 20 Further, when
air washing is to be performed  while raising the
liquid surface, since the absence of  water around the
filter membranes will last for only a  short period,
damage to or breaking of the filter membranes through
the direct contact and friction  25 between them and
the drying of the membranes can be  prevented.
Moreover, as the washing effect is greater  as
compared with the conventional air washing method,
the quantity of the gaseous washing medium used can be
18  reduced, and this accordingly is an advantage in
terms  of the durability and energy efficiency of the
filter  membranes and the membrane module. Or where
air washing is to be accomplished by  



5 ejecting a gaseous washing medium in a bubble form
toward the untreated water side of the filter
membranes  while raising the liquid surface of the
untreated water  of the filter membranes according to
the invention, if  gas containing at least one of
oxidizers including 10 chlorine, chlorine dioxide,
hydrogen peroxide and ozone  gas is used as the
gaseous washing medium or  backwashing with gas
containing at least one of these  oxidizers is used in
combination, the washing effect  can be further
enhanced. The duration of air washing 15 can be
appropriately determined with due consideration  given
to the restorability of the filtering pressure  and
the time utilization rate of the filtering  equipment.
The material for the filter membranes to be  20 used
according to the invention may include, though not
limited to, for instance polyolefin such as
polyethylene, polypropylene or polybutene; a fluoric
resin such as a tetrafluoroethylene-
parfluoroalkylvinylether copolymer (PFA), a 25
tetrafluoroethylen-hexafluoropropylene copolymer
(FEP),  a tetrafluoroethylene-hexafluoropropylene-
parfluoroalkylvinylether copolymer (EPE), a
tetrafluoroethylene-ethylene copolymer (ETFE), 19
polychlorotrifluoroethylene (PCTFE), an
chlorotrifluoroethylene- ethylene copolymer (ECTFE) or
polyvinylidene fluoride (PVDF); a super-engineering
plastic such as polysulfone, polyether sulfone, 



5 polyether ketone, polyether-ether ketone or
polyphenylene sulfide; a cellulose such as cellulose
acetate or ethyl cellulose; polyacrylonitrile; or
polyvinyl alcohol, each by itself or a mixture of more
than one of these. Where a powerful oxidizer such as
10 ozone is to be used in combination, a ceramic or
some  other inorganic membrane or an organic membrane
of a  fluoric resin such as a polyvinylidene fluoride
(PVDF)  membrane, a polytetrafluoroethylene (PTFE)
membrane,  ethylene-tetrafluoroethylene copolymer
(ETFE) membrane 15 or a
tetrafluoroethylene-parfluoroalkylvinylether
copolymer (PFA) membrane can be applied. Out of these
filter membranes, one ranging in pore size from the
nano-filtration (NF) film to the micro-filtration (MF)
film can be preferably used. An NF of about 100 in 20
molecular weight cut off to an MF of no more than 10
gm  in average pore size is particularly preferable.
The  filter membranes may be hollow fiber-shaped,
hollow  fiber-shaped with a wave, flat film-shaped,
pleated,  spiral, tubular or in any other desired
shape, but the 25 hollow fiber shape which allows a
greater membrane area  per unit volume is more
preferable. The membrane module for use in the
invention  is so configured that the top and bottom
ends of a 20  bundle of membranes composed of a large
number of  filter membranes are fixed by adhesion, one
or both of  the ends being open, and the sectional
shape of the  ends to be fixed by adhesion may be not
only round but 



5 also triangular, rectangular, hexagonal, oval or the
like, but a membrane module having the openings of the
membranes at the top end and a skirt-structured part
for letting gas in and gas inlet holes to let the gas
onto the external surface of the filter membranes at
10 the bottom end is preferable. The membrane module
can  be installed in either a perpendicular or
horizontal  direction relative to the ground surface,
but  perpendicular installation is particularly
preferable.  Further, where a plurality of membrane
modules are to 15 be arranged in the same chamber,
there is no particular  limitation to the positions of
arranging the membrane  modules, but arranging them in
the positions of the  tightest filling where the
held-up quantity is  minimized is preferable. The
system of filtering may 20 be either total quantity
filtering or cross flow  filtering. The method of
applying the filtering  pressure may be either suction
filtering or by water  head difference. Where hollow
fiber membranes are  used, either internal pressure
filtering or external 25 pressure filtering can be
used. As the present invention is configured as
described above, it makes possible stable membrane
filtering operation while maintaining a high yield and
21  secure discharging of a sufficient quantity of
untreated water containing suspended matter out of the
system. Regarding the invention, an example of mode  



5 of carrying out the method of operating the membrane
separator will be described in detail below with
reference to the accompanying drawings. Fig. 1A is a
schematic diagram showing a  state of operation in the
normal filtering step, by  10 using a membrane module
102 having a bundle of membranes composed of a large
number of filter  membranes 101 which are installed in
a perpendicular  direction in a chamber 103, whose
both ends are fixed  by adhesion and which have the
openings of the 15 membranes at the top end and a
skirt-structured part  for letting gas in and gas
inlet holes to let the gas  onto the external surface
of the filter membranes at  the bottom end
(hereinafter referred to as the "membrane module"), to
control the liquid surface of  20 untreated water
above the top end face of the membrane  module 102
installed in the chamber 103, and to filter  the
untreated water at all the filter membranes 101,  and
Fig. 1B is a schematic diagram showing a state of
operation of the filtering step to filter the
untreated 25 water in a state that the filter
membranes 101  constituting the above membrane module
102 are partly  exposed. At the normal filtering step
in Fig. 1A, as 22  the liquid surface of the untreated
water in the  chamber 103 is controlled above the top
end face of the  membrane module 102, filtering is
accomplished by the  whole filter membranes 101
constituting the membrane 



5 module 102. As the method of controlling the liquid
surface in the normal filtering step, either the
quantity of untreated water fed into the chamber 103
may be controlled by the use of a liquid level gauge
or  by a plug flow in which a constant quantity of 10
untreated water is fed into the chamber all the time
and part of the untreated water is discharged out of
the system at the same time. On the other hand, at the
filtering step  where untreated water is filtered in a
state in which  15 the filter membranes 101 are partly
exposed in Fig. 1B, since filtering may be performed
in a state in which  the feeding of untreated water
into the chamber 103 is  temporarily suspended or on
the way of feeding  untreated water into the chamber
103, filtering is 20 accomplished by part of the
filter membranes 101 of the  membrane module 102 while
the liquid surface of  untreated water in the chamber
103 gradually becomes  lower or higher than the top
end face of the membrane  module 102. 25 It is
preferable here to determine the  membrane filtering
flow rate at this filtering step in  the following
way. When the length L of the filter  membranes 101 =
2 m, the length L' of the filter 23  membranes 101 not
in contact with untreated water with  respect to the
liquid surface of the untreated water in  the chamber
103 at the end or start of the filtering  step in a
state in which the filter membranes 101 are 



5 partly exposed = 0.5 m, and a membrane filtering
flow  rate Fl at the normal filtering step = 5.0 m3/hr
(the  flow rate at which a single membrane module
gives 5.0 m3  per hour of filtered water), a membrane
filtering flow  rate F2 at the filtering step where
the filter 10 membranes 101 are partly exposed will
be, as follows:  F2 Fl x (L - L')/L 5.0 x ((2.0 -
0.5)/2.0)  3.75 m3/hr (a flow rate at which a single
membrane module gives  3.75 m3 per hour of filtered
water). This means in this  case so controlling the
membrane filtering flow rate as  not to exceed 3.75
m3/hr in the state in which the 15 filter membranes
101 are partly exposed. At the  filtering step in the
state in which the filter  membranes 101 are partly
exposed, in order to prevent  compression of suspended
matter having accumulated on  filter membranes 101 not
in contact with untreated 20 water and drying of the
filter membranes 101, it is  preferable to achieve
early arrival at a prescribed  liquid level and end
the filtering step in the state in  which the filter
membranes 101 are partly exposed. 24  Fig. 2 shows an
example of flow using the above membrane module to
which the operating method  according to the invention
is applied. Raw water or  untreated water 1 is fed by
a raw water feed pump 3 to 5 an immersion chamber 11
in which the membrane module is  installed, and
filtered water obtained with a suction  



pump 12 is stocked in a filtered water tank 5, which
also serves as a backwash tank. Whereas filtered water
in the filtered water tank 5 is fed by a backwash pump
10 6 to the membrane module to be backwashed at the
time  of backwashing, it is possible here to add
oxidizer in  an oxidizer tank 7 to the backwash water
on the way of  piping from the backwash pump 6 to the
membrane module  with an oxidizer feed pump 8. Air
washing to introduce 15 air into the membrane module
is accomplished by feeding  air compressed by a
compressor 9 to the untreated water  side of the
membrane module. The source of the  compressed air to
be used here for air washing may be a  blower instead
of the compressor. 20 A method of operating a membrane
separator  usually is a combination of a filtering
step to obtain  filtered water, a physical washing
step to remove  suspended matter having accumulated on
the membrane  surface and a drain step to discharge
suspended matter 25 having accumulated in the chamber
out of the system.  Now according to the present
invention, it is  preferable to perform the filtering
step A and the  physical washing steps (including
physical washing 25  steps A and B) and, after
repeating the filtering step  B and the physical
washing steps once or more, to  discharge the whole
quantity of drain water in the  chamber out of the
system. 5 Further, when the rate of concentration is
to  be caused to reach a prescribed level (the yield
is to  



be raised) by repeating the filtering steps and the
physical washing steps a plurality of times, it is
preferable to achieve the prescribed rate of 10
concentration by repeating the filtering steps and the
physical washing steps the least number of times
possible. Thus, as the chamber in which the membrane
module is to be installed in the membrane separator,
it  is preferable to use such a chamber that will
minimize 15 the held-up quantity in the part in which
the membrane  module is installed, namely the quantity
of untreated  water per unit membrane area (= the
quantity of water  remaining after the subtraction of
the volume of the  hollow fiber membranes constituting
the membrane module 20 from the capacity of membrane
module-installed part).  Next, the invention will be
described in  further detail with reference to
embodiments thereof.  [Embodiment 1] The membrane
modules used, each measuring 6  25 inches in diameter
and 2 m in membrane length, were  three bundles, 50 m2
in membrane area, of polyvinylidene  fluoride-made
hollow fiber type micro-filtration filter  membranes
of 0.1 pm in nominal pore size. The top and 26  bottom
ends of the membrane modules were fixed by  adhesion,
with the hollow fiber membranes at the top  end face
being open and the hollow fiber membranes at  the
bottom end face being closed. As the chamber in 5
which the membrane modules were to be installed
upright, a camber was used in which the chamber of the



membrane module-installed part would occupy an
installation floor space of 0.109 m2 and its effective
water depth would be 2.3 m, and for stocking the 10
backwash waste water from physical washing, a buffer
chamber of 0.25 m2 in bottom area and 0.6 m in
effective  water depth was provided on the chamber.
The held-up quantity in the membrane module- installed
part of this membrane separator, namely the  15
quantity of untreated water per unit membrane area (=
the quantity of water remaining after the subtraction
of the volume of the hollow fiber membranes
constituting the membrane module from the capacity of
membrane module-installed part) was 1.36 L/m2. 20 By
using the membrane separator, continuous  operation
was performed on river water of 1 to 3  degrees in
turbidity as untreated water. As the steps  of
operation, a untreated water feeding step, the
filtering steps and physical washing steps according
to 25 the invention, and a drain step were combined.
Regarding the set conditions for the steps of
operation, at the untreated water feeding step, the
quantity of untreated water to be fed into the chamber
27  was set to 12 m3/hr. At the filtering step, (Step
1)  when the untreated water reached a half of the
membrane  length, filtering operation was started;
then (Step 2)  in a state in which the whole membranes
were immersed, 5 filtering operation was performed for
about 26 minutes  and, (Step 3) immediately before the
physical washing  



step was performed, filtering operation was carried on
until the untreated water reached a half of the
membrane length. The filtering operation was carried
10 out with a differential membrane pressure being
applied  to the secondary side of the membrane as the
negative  pressure side. The membrane filtering flow
rates at  the respective filtering steps were 6 m3/hr
(2 m3/hr per  membrane module) at (Step 1) and (Step
3), and 12 m3/hr 15 (4 m3/hr per membrane module) at
(Step 2). The total  filtering process duration from
(Step 1) through (Step  3) was about 28 minutes.
Incidentally, the quantity of  untreated water to be
fed at (Step 2) was made equal to  the membrane
filtering flow rate. 20 After the completion of the
filtering step,  the physical washing step was
performed. At the  physical washing step, backwashing
and gas washing with  air were carried out
simultaneously. The flow rate of  backwashing was set
to 12 m3/hr (4 m3/hr per membrane 25 module) and the
flow rate of air used for gas washing,  12 Nm3/hr (4
Nm3/hr per membrane module). After the concentration
in the chamber was  increased 100 times (99.0% in
yield) by repeating the 28  filtering step and the
physical washing step five  times, the drain step to
discharge the concentrated  waste water in the chamber
was carrier out. At the  drain step to discharge the
suspended matter peeled off 5 at the physical washing
step, it was discharged by  fully opening 80A piping
conforming to JIS installed at  



the bottom of the chamber, and by keeping the valve
open for 15 seconds after a pressure type liquid level
sensor installed at the bottom of the chamber detected
10 that the water depth in the chamber came to 0 m,
the  concentrated waste water was completely
discharged out  of the chamber. Operation for about
seven months under these  operating conditions gave an
inter-membrane 15 differential pressure no more than
70 kPa, indicating  that stable operation was
possible. [Embodiment 21 The membrane module used,
measuring 3 inches  in diameter and 1 m in membrane
length, was a bundle, 20 6.8 m2 in membrane area, of
polyvinylidene fluoride-made  hollow fiber type
micro-filtration filter membranes of  0.1 pm in
nominal pore size. The top and bottom ends  of the
membrane module were fixed by adhesion, with the
hollow fiber membranes at the top end face being open
25 and the hollow fiber membranes at the bottom end
face  being closed. As the chamber in which the
membrane  modules were to be installed upright, a
chamber was  used in which the chamber of the membrane
module 4 29  installed part would occupy an
installation floor space  of 0.0134 m2 and its
effective water depth would be 1.18  m, and for
stocking the backwash waste water used at  the
physical washing, a buffer chamber of 0.049 m2 in 5
bottom area and 0.35 m in effective water depth was  



provided on the chamber. The held-up quantity in the
membrane module- installed part of this membrane
separator, namely the  quantity of untreated water per
unit membrane area (= 10 the quantity of water
remaining after the subtraction  of the volume of the
hollow fiber membranes  constituting the membrane
module from the capacity of  membrane module-installed
part) was 2.00 L/m2. By using the membrane separator,
continuous  15 operation was performed on industrial
water of 10  degrees in average turbidity and 200 to
300 degrees in  maximum turbidity as untreated water.
As the steps of  operation, a untreated water feeding
step, the  filtering steps and physical washing steps
according to 20 the invention, and a drain step were
combined.  Regarding the set conditions for the steps
of  operation, at the untreated water feeding step,
the  quantity of untreated water to be fed into the
chamber  was set to 2 m3/hr. At the filtering step,
(Step 1) 25 when the untreated water reached a half of
the membrane  length, filtering operation was started;
then (Step 2)  in a state in which the whole membranes
were immersed,  filtering operation was performed for
about 20 minutes 30  and, (Step 3) immediately before
the physical washing  step was performed, filtering
operation was carried on  until the untreated water
reached a half of the  membrane length. The filtering
operation was carried 5 out with a differential
membrane pressure being applied  



to the secondary side of the membrane as the negative
pressure side. The membrane filtering flow rates at
the respective filtering steps were 0.1 m3/hr at (Step
1) and (Step 3), and 0.17 m3/hr at (Step 2). The total
10 filtering process duration from (Step 1) through
(Step  3) was about 22.0 minutes. After the completion
of the filtering step,  the physical washing step was
performed. At the  physical washing step, backwashing
and gas washing with 15 air were carried out
simultaneously. The flow rate of  backwashing was set
to 0.28 m3/hr and the flow rate of  air used for gas
washing, 1.2 Nm3/hr. After the concentration in the
chamber was  increased 20 times (95.0% in yield) by
repeating the  20 filtering step and the physical
washing step six times, the drain step to discharge
the concentrated waste  water in the chamber was
carrier out. At the drain  step to discharge the
suspended matter peeled off at  the physical washing
step, it was discharged by fully 25 opening 50A piping
conforming to JIS installed at the  bottom of the
chamber, and by keeping the valve open  for five
seconds after a pressure type liquid level  sensor
installed at the bottom of the chamber detected 31
that the water depth in the chamber came to 0 m, the
concentrated drain was completely discharged out of
the  chamber. Operation for about three months under
these  5 operating conditions gave an inter-membrane  



differential pressure no more than 30 kPa, indicating
that stable operation was possible. [Comparative
Example 1] The membrane module and the membrane 10
separator used in Comparative Example 1 were the same
as those used in Embodiment 2. By using the membrane
separator, continuous operation was performed on
industrial water of 10 degrees in average turbidity
and  200 to 300 degrees in maximum turbidity as
untreated 15 water. As the steps of operation, a
untreated water  feeding step, the filtering steps and
physical washing  steps, and a drain step were
combined. Regarding the set conditions for the steps
of  operation, at the untreated water feeding step,
the 20 quantity of untreated water to be fed into the
chamber  was set to 2 m3/hr. At the filtering step, in
order to  achieve the same level of concentration as
in  Embodiment 2, filtering operation was performed
for  about 120 minutes in a state in which the whole
25 membranes were immersed. Incidentally, the
filtering  operation was carried out with a
differential membrane  pressure being applied to the
secondary side of the  membrane as the negative
pressure side. The membrane 32  filtering flow rate at
the filtering step was 0.17  m3/hr. After the
completion of the filtering step,  the physical
washing step was performed. At the 5 physical washing
step, backwashing and gas washing with  



air were carried out simultaneously. The flow rate of
backwashing was set to 0.28 m3/hr and the flow rate of
air used for gas washing, 1.2 Nm3/hr. After the
concentration in the chamber was 10 increased 20 times
(95.0% in yield) by carrying out the  filtering step
and the physical washing step once each,  the drain
step to discharge the concentrated waste  water in the
chamber was carrier out. At the drain  step to
discharge the suspended matter peeled off at 15 the
physical washing step, it was discharged by fully
opening 50A piping installed at the bottom of the
chamber, and by keeping the valve open for five
seconds  after a pressure type liquid level sensor
installed at  the bottom of the chamber detected that
the water depth 20 in the chamber came to 0 m, the
concentrated drain was  completely discharged out of
the chamber. When operation was carried on for about
two  weeks under these operating conditions, the
inter- membrane differential pressure surpassed 80
kPa, making 25 it impossible to give no more negative
pressure, and  stable operation was made impossible.
[Embodiment 3] In Embodiment 3, one membrane module of
the 33  same specification as in Embodiment 1 was
used. As the  chamber in which the membrane modules
were to be  installed upright, a chamber was used in
which the  chamber of the membrane module-installed
part would 5 occupy an installation floor space of
0.0283 m2 and its  



effective water depth would be 2.72 m, and for
stocking  the backwash waste water from physical
washing, a  buffer chamber of 0.126 m2 in bottom area
and 0.46 m in  effective water depth was provided on
the chamber. 10 The held-up quantity in the membrane
module- installed part of this membrane separator,
namely the  quantity of untreated water per unit
membrane area (=  the quantity of water remaining
after the subtraction  of the volume of the hollow
fiber membranes 15 constituting the membrane module
from the capacity of  membrane module-installed part)
was 1.21 L/m2. By using the membrane separator,
continuous  operation was performed on dam water of 5
degrees in  average turbidity and 300 to 500 degrees
in maximum  20 turbidity as untreated water. As the
steps of operation, a untreated water feeding step,
the  filtering steps and physical washing steps
according to  the invention, and a drain step were
combined. Regarding the set conditions for the steps
of  25 operation, at the untreated water feeding step,
the  quantity of untreated water to be fed into the
chamber  was set to 2 m3/hr. At the filtering step,
(Step 1)  when the untreated water reached a half of
the membrane 34  length, filtering operation was
started; then (Step 2)  in a state in which the whole
membranes were immersed,  filtering operation was
performed for about 15 minutes  and, (Step 3)
immediately before the physical washing .5 step was
performed, filtering operation was carried on  



until the untreated water reached a half of the
membrane length. The filtering operation was carried
out with a differential membrane pressure being
applied  to the secondary side of the membrane as the
negative 10 pressure side. The membrane filtering flow
rates at  the respecive filtering steps were 0.9 m3/hr
at (Step 1)  and (Step 3), and 1.83 m3/hr at (Step 2).
The total  filtering process duration from (Step 1)
through (Step  3) was about 17 minutes. 15 After the
completion of the filtering step,  the physical
washing step was performed. At the  physical washing
step, backwashing and gas washing with  air were
carried out simultaneously. The flow rate of
backwashing was set to 2 m3/hr and the flow rate of
air 20 used for gas washing, 4 Nm3/hr. After the
concentration in the chamber was  increased 20 times
(95.0% in yield) by repeating the  filtering step and
the physical washing step six times,  the drain step
to discharge the concentrated waste 25 water in the
chamber was carrier out. At the drain  step to
discharge the suspended matter peeled off at  the
physical washing step, it was discharged by fully
opening 50A piping installed at the bottom of the 35
chamber, and by keeping the valve open for 15 seconds
after a pressure type liquid level sensor installed at
the bottom of the chamber detected that the water
depth  in the chamber came to 0 m, the concentrated
drain was 5 completely discharged out of the chamber. 



Operation for about eight months under these
operating conditions gave an inter-membrane
differential pressure no more than 30 kPa, indicating
that stable operation was possible. 10 [Comparative
Example 2] The membrane module used, measuring 6
inches  in diameter and 2 m in membrane length, was a
bundle,  50 m2 in membrane area, of polyvinylidene
fluoride-made  hollow fiber type micro-filtration
filter membranes of 15 0.1 pm in nominal pore size.
The top and bottom ends  of the membrane module were
fixed by adhesion, with the  hollow fiber membranes at
the top end face being open  and the hollow fiber
membranes at the bottom end face  being closed. As the
chamber in which the membrane 20 modules were to be
installed upright, a chamber of  0.173 m2 in bottom
area and 3.0 m in effective water  depth was used. The
held-up quantity in the membrane module- installed
part of this membrane separator, namely the  25
quantity of untreated water per unit membrane area (=
the quantity of water remaining after the subtraction
of the volume of the hollow fiber membranes
constituting the membrane module from the capacity of
36  membrane module-installed part) was 10.0 L/m2. By
using the membrane separator, continuous  operation
was performed on dam water of 5 degrees in  average
turbidity and 300 to 500 degrees in maximum  5
turbidity as untreated water. As the steps of 



operation, an untreated water feeding step, the
filtering steps and physical washing steps, and a plug
flow step of constantly discharging part of untreated
water were combined. 10 Regarding the set conditions
for the steps of  operation, at the untreated water
feeding step, the  quantity of untreated water to be
fed into the chamber  was set to 2 m3/hr. At the
filtering step, filtering  operation was performed for
about 15 minutes in a state 15 in which the whole
membranes were immersed. The  filtering operation was
carried out with a differential  membrane pressure
being applied to the secondary side  of the membrane
as the negative pressure side. The  membrane filtering
flow rate at the filtering step was  20 1.83 m3/hr.
After the completion of the filtering step,  the
physical washing step was performed. At the  physical
washing step, backwashing and gas washing with  air
were carried out simultaneously. The flow rate of 25
backwashing was set to 2 m3/hr and the flow rate of
air  used for gas washing, 4 Nm3/hr. Part of untreated
water was constantly  discharged to raise the
concentration in the chamber to 37  about 5.9 times
(83% in yield). Operation for about four months under
these  operating conditions gave an inter-membrane
differential pressure of no more than 40 kPa, 5
indicating that stable operation was possible.  



[Embodiment 4] The membrane module and the membrane
separator used in Embodiment 4 were the same as those
used in Embodiment 1. By using the membrane separator,
10 continuous operation was performed on river water
of 5  to 10 degrees in average turbidity and 200 to
300  degrees in maximum turbidity as untreated water.
Sodium hypochlorite was added to the untreated water
to  make the concentration of residual chlorine about
0.5  15 mg/L. As the steps of operation, a untreated
water feeding step, the filtering steps and physical
washing  steps according to the invention, and a drain
step were  combined. Regarding the set conditions for
the steps of  20 operation, at the untreated water
feeding step, the  quantity of untreated water to be
fed into the chamber  was set to 13.5 m3/hr. At the
filtering step, (Step 1)  when the untreated water
reached a half of the membrane  length, filtering
operation was started; then (Step 2) 25 in a state in
which the whole membranes were immersed,  filtering
operation was performed for about 26 minutes  and,
(Step 3) immediately before the physical washing  step
was performed, filtering operation was carried on 38
until the untreated water reached a half of the
membrane length. The filtering operation was carried
out with a differential membrane pressure being
applied  to the secondary side of the membrane as the
negative 5 pressure side. The membrane filtering flow
rates at  



the respective filtering steps were 7.5 m3/hr (2.5
Nm3/hr per membrane module)at (Step 1) and (Step 3),
and  13.5 m3/hr (4.5 Nm3/hr per membrane module)at
(Step 2).  The total filtering process duration from
(Step 1) 10 through (Step 3) was about 28 minutes.
After the completion of the filtering step,  the
physical washing step was performed. At the  physical
washing step, backwashing and gas washing with  air
were carried out simultaneously. The flow rate of 15
backwashing was set to 20.25 m3/hr (6.75 Nm3/hr per
membrane module) and the flow rate of air used for gas
washing, 12 Nm3/hr (4 Nm3/hr per membrane module).
After the concentration in the chamber was  increased
20 times (95.0% in yield) by repeating the  20
filtering step and the physical washing step twice,
the drain step to discharge the concentrated waste
water in  the chamber was carrier out. At the drain
step to  discharge the suspended matter peeled off at
the  physical washing step, it was discharged by fully
25 opening 50A piping installed at the bottom of the
chamber, and by keeping the valve open for 15 seconds
after a pressure type liquid level sensor installed at
the bottom of the chamber detected that the water
depth 39  in the chamber came to 0 m, the concentrated
waste  water was completely discharged out of the
chamber. Operation for about one month under these
operating conditions gave an inter-membrane 5
differential pressure of no more than 50 kPa,  



indicating that stable operation was possible.
[Comparative Example 3] The membrane module and the
membrane  separator used in Comparative Example 4 were
the same  10 as those used in Embodiment 1. By using
the membrane separator, continuous operation was
performed on river  water of 5 to 10 degrees in
average turbidity and 200  to 300 degrees in maximum
turbidity as untreated water.  Sodium hypochlorite was
added to the untreated water to 15 make the
concentration of residual chlorine about 0.5  mg/L. As
the steps of operation, an untreated water  feeding
step, the filtering steps and physical washing  steps,
and a drain step were combined. Regarding the set
conditions for the steps of  20 operation, at the
untreated water feeding step, the  quantity of
untreated water to be fed into the chamber  was set to
13.5 m3/hr. At the filtering step, filtering
operation was performed for about 40 minutes in a
state  in which the whole membranes were immersed. The
25 filtering operation was carried out with a
differential  membrane pressure being applied to the
secondary side  of the membrane as the negative
pressure side. The  membrane filtering flow rate at
the filtering step was 40  13.5 m3/hr (4.5 Nm3/hr per
membrane module). After the completion of the
filtering step,  the physical washing step was
performed. At the  physical washing step, backwashing
and gas washing with 5 air were carried out
simultaneously. The flow rate of  



backwashing was set to 20.25 m3/hr (6.75 Nm3/hr per
membrane module) and the flow rate of air used for gas
washing, 12 Nm3/hr (4 Nm3/hr per membrane module).
After the concentration in the chamber was 10
increased 20 times (95.0% in yield) by carrying out
the  filtering step and the physical washing step once
each,  the drain step to discharge the concentrated
waste  water in the chamber was carrier out. At the
drain  step to discharge the suspended matter peeled
off at 15 the physical washing step, it was discharged
by fully  opening 50A piping installed at the bottom
of the  chamber, and by keeping the valve open for 15
seconds  after a pressure type liquid level sensor
installed at  the bottom of the chamber detected that
the water depth 20 in the chamber came to 0 m, the
concentrated waste  water was completely discharged
out of the chamber.  When operation was carried on for
about one week under these operating conditions, the
inter- membrane differential pressure surpassed 80
kPa, making  25 it impossible to give no more negative
pressure, and stable operation was made impossible.
[Industrial Applicability] 41  Suitable use is
possible in those fields where filter membranes are
applied to raw water such as  river water, lake water,
ground water, improunded  water, secondary treated
water of sewage, industrial 5 effluent, sewage or the
like or where filter membranes  are applied to
separation or concentration of  



valuables. [Brief Description of the Drawings] Fig. 1A
is a schematic diagram showing an  10 outline of a
normal filtering step. Fig. 1B is a schematic diagram
showing an  outline of the filtering step in a state
in which the  filter membranes pare partly exposed.
Fig. 2 is a flow chart showing an example of  15
treatment flow into which a washing method of a
membrane according to the invention is incorporated.
[Description of Reference Signs] 1 Raw water 3 Raw
water feed pump  20 5 Filtered water tank  6 Backwash
pump 7 Oxidizer tank 8 Oxidizer feed pump  9
Compressor 25 10 Electromagnetic valve  11 Immersion
chamber 42  12 Suction pump 101 Filter membrane  102
Membrane module  103 Chamber 5 Fl Membrane filtering
flow rate at normal filtering  step F2 Membrane
filtering flow rate in a state where  filter membranes
are partly exposed 



L Effective length of filter membranes 10 L' Length of
filter membranes not in contact with  untreated water
in a state where filter membranes are  partly exposed
43  CLAIMS  1. A method of operating a membrane
separator in  which a membrane module comprising a
large number of  exposed hollow fiber membranes is
installed in an  untreated water chamber, said method
comprising: a filtering step at which untreated water
is  filtered by giving a differential pressure between
a  primary side (untreated water side) and a secondary
side (treated water side) of said hollow fiber
membranes; a physical washing step of gas washing by
ejecting a gaseous washing medium onto the primary
side  of said membrane module and of back-pressured
water  washing by feeding a backwashing medium from
the  secondary side of the hollow fiber membranes and
letting it pass to the untreated water side of the
hollow fiber membranes; and a drain step of
discharging waste water in  the chamber out of the
system after repeating twice or  more said filtering
step and said physical washing  step. 2. The method of
operating a membrane separator  as claimed in Claim 1,
wherein said filtering step  further includes a
filtering step (filtering step A)  



comprising a substep of feeding untreated water into
the chamber and of starting filtering of the untreated
water in a state that the hollow fiber membranes
constituting said membrane module are partly exposed
44  and an ensuing substep of filtering the untreated
water  in a state that a whole of said hollow fiber
membranes  constituting said membrane module are
immersed. 3. The method of operating a membrane
separator  as claimed in Claim 1 or 2, wherein said
filtering step  further includes a filtering step
(filtering step B)  comprising a substep of filtering
untreated water,  after the completion of said
physical washing step,  without feeding untreated
water into the chamber until  the hollow fiber
membranes constituting said membrane  module are
partly exposed, and an ensuing substep of  feeding
untreated water into the chamber and filtering  the
untreated water in a state that a whole of said
hollow fiber membranes constituting said membrane
module are immersed. 4. The method of operating a
membrane separator  as claimed in any of Claims 1
through 3, wherein said  physical washing step is a
combination of a step to be  executed in a state that
the whole hollow fiber membranes constituting said
membrane module are  immersed (physical washing step
A) and another step to  be executed in a state that
the hollow fiber membranes  constituting said membrane
module are partly exposed  (physical washing step B). 



5. The method of operating a membrane separator  as
claimed in any of Claims 1 through 4, wherein both
ends of said membrane module are composed of a large
number of exposed hollow fiber membranes fixed by . 45
adhesion, with the hollow fiber membranes at a top end
being open and the hollow fiber membranes at a bottom
end being closed. 6. The method of operating a
membrane separator  as claimed in any of Claims 1
through 5, wherein, after  the filtering step A and
the physical washing step are  executed and the
filtering step B and said physical  washing step are
repeated once or more, waste water in  the chamber is
discharged out of the system. 




