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Title of Invention
WATER TREATMENT DEVICE AND ESTIMATION METHOD
Field of Invention
[0001] The present invention relates to a water treatment device and an estimation method.
Background Art
[0002] Conventionally, a water treatment device that filters raw water using a hollow fiber
membrane module has been known. In the water treatment device, raw water is supplied into the
hollow fiber membrane module so as to permeate through a hollow fiber membrane, thereby
discharging treated water from which a suspended component has been removed to the outside of
the hollow fiber membrane module. When filtration is performed for a certain period of time,
suspended components will be deposited on the hollow fiber membrane. As a result, permeation
resistance of the hollow fiber membrane increases, and an membrane differential pressure, which is
a difference between a pressure on a primary side (inner side) and a pressure on a secondary side
(outer side) of the hollow fiber membrane module, increases. Therefore, in the water treatment
device, it is a common practice to measure pressures on the primary side and the secondary side of
the hollow fiber membrane module, and to use a measurement result as a performance index of the
hollow fiber membrane module.
[0003] For example, Patent Literature 1 recites a fresh water generation system in which water to be
treated is filtered by a separation membrane module having a hollow fiber membrane. In this fresh
water generation system, pressures at a primary side inlet, a secondary side outlet, and a primary
side outlet of the separation membrane module are measured at a step of supplying water to be
treated, the time of starting a filtration step, and the time of starting a backwashing step. Based on
measurement results of these pressures, resistances of an upper part and a lower part of the
separation membrane module and the hollow fiber membrane are calculated. Then, based on an
amount of change of the calculated resistance from an initial value or from a resistance calculated in
the past, a clogged area of the separation membrane module is specified.
[0004] However, in the technique disclosed in Patent Literature 1, since the pressure on the primary
side and the pressure on the secondary side of the separation membrane module are measured only
once at the step of supplying water to be treated, the time of starting the filtration step, and the time
of starting the backwashing step, respectively, it is not possible to appropriately estimate
abnormality of an internal state of the hollow fiber membrane module or of a peripheral device of
the hollow fiber membrane module, a time required from a start to an end of each step, an effect of
physical washing or chemical washing of the hollow fiber membrane module, or a future increase in
an membrane differential pressure.
Citation List

Patent Literature
[0005] Patent Literature 1: Japanese Patent No. 6607319
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[0006] An object of the present invention is to provide a water treatment device and an estimation
method enabling appropriate grasp of a state or abnormality of a hollow fiber membrane module or
a peripheral device of the hollow fiber membrane module, a time required for each step, a washing
effect of the hollow fiber membrane module, or a future increase in an membrane differential
pressure.

[0007] A water treatment device according to one aspect of the present invention is a water
treatment device for filtering raw water using a hollow fiber membrane module, the water treatment
device including: a measurement unit configured to repeat measurement of pressures on a primary
side and a secondary side of the hollow fiber membrane module every minute time of three seconds
or less in one or more of a water filling step, a backwashing step, a pressure relieving step, a
bubbling step, and a draining step; and an estimation unit configured to estimate (1) abnormality of
an internal state of the hollow fiber membrane module or of a peripheral device of the hollow fiber
membrane module, (2) a time required from a start to an end of the one or more steps, (3) an effect
of physical washing or chemical washing of the hollow fiber membrane module, or (4) a future
increase in an membrane differential pressure of the hollow fiber membrane module, based on a
temporal transition of a measurement result of at least one pressure of the primary side and the
secondary side pressures, or when the one or more steps are performed a plurality of times, based
on a difference in the temporal transition between the plurality of times of the step.

[0008] An estimation method according to another aspect of the present invention is an estimation
method in a water treatment device for filtering raw water using a hollow fiber membrane module,
in which a computer of the water treatment device repeats measurement of pressures on a primary
side and a secondary side of the hollow fiber membrane module every minute time of three seconds
or less in one or more of a water filling step, a backwashing step, a pressure relieving step, a
bubbling step, and a draining step, and estimates (1) abnormality of an internal state of the hollow
fiber membrane module or of a peripheral device of the hollow fiber membrane module, (2) a time
required from a start to an end of the one or more steps, (3) an effect of physical washing or
chemical washing of the hollow fiber membrane module, or (4) a future increase in an membrane
differential pressure of the hollow fiber membrane module, based on a temporal transition of a
measurement result of at least one pressure of the primary side and the secondary side pressures, or
when the one or more steps are performed a plurality of times, based on a difference in the temporal
transition between the plurality of times of the step.

[0009] According to the present invention, it is possible to provide a water treatment device and an
estimation method enabling appropriate grasp of a state or abnormality of a hollow fiber membrane
module or a peripheral device of the hollow fiber membrane module, a time required for each step,
a washing effect of the hollow fiber membrane module, or a future increase in an membrane
differential pressure.

Brief Description of Drawings

[0010] FIG. 1 is a diagram schematically showing a configuration of a water treatment device.

FIG. 2 is a diagram schematically showing a configuration of a control device.



FIG. 3 is a diagram showing an on/off state of a raw water pump and an open/shut state of
a valve in each step of a filtration process.

FIG. 4 is a flowchart showing an example of estimation processing performed by an
estimation unit.

FIG. 5 is a flowchart showing another example of the estimation processing performed by
the estimation unit.

FIG. 6 is a diagram showing an example of pressure logging data at the time of a first
water filling step.

FIG. 7 is a diagram showing an example of pressure logging data at the time of a draining
step.

FIG. 8 is a diagram showing a first example of the pressure logging data on a primary side
at the time of a backwashing step.

FIG. 9 is a diagram showing a second example of the pressure logging data on the primary
side at the time of the backwashing step.

FIG. 10 is a diagram showing a third example of the pressure logging data on the primary
side at the time of the backwashing step.

FIG. 11 is a diagram showing an example of the pressure logging data at the time of the
backwashing step.

FIG. 12 is a diagram showing a fourth example of the pressure logging data on the primary
side at the time of the backwashing step.

FIG. 13 is a diagram showing a first example of pressure logging data on a secondary side
at the time of the backwashing step.

FIG. 14 is a diagram showing an example of the pressure logging data at the time of the
backwashing step when clogging of a hollow fiber membrane is not in progress.

FIG. 15 is a diagram showing an example of the pressure logging data at the time of the
backwashing step when the clogging of the hollow fiber membrane is in progress.

FIG. 16 is a diagram showing an example of the pressure logging data at the time of a
second water filling step and an air diffuser bubbling step.

FIG. 17 is a diagram showing an example of the pressure logging data at the time of a third
water filling step and a water conduit bubbling step.

FIG. 18 is a diagram schematically showing a modified configuration of the water
treatment device.

FIG. 19 is a diagram showing an on/off state of the raw water pump and an open/shut state
of the valve in a chemical solution immersion step.
Detailed Description
[0011] In the following, embodiments will be described in detail with reference to the drawings.
[0012] (First Embodiment)

First, a configuration of a water treatment device 1 according to a first embodiment will be

described with reference to FIG. 1. As shown in FIG. 1, the water treatment device 1 mainly
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include a hollow fiber membrane module 10, a raw water supply unit 20, a bubbling air supply unit
30, and a backwashing air supply unit 40.

[0013] The hollow fiber membrane module 10 includes a hollow fiber membrane bundle having a
plurality of hollow fiber membranes 11 whose upper ends are fixed to a fixing member 13, a
housing 12, a water conduit 14 extending vertically inside the hollow fiber membrane bundle, and
an air diffuser 15. The hollow fiber membrane bundle, the fixing member 13, and the air diffuser
15 are accommodated in the housing 12. A space in the housing 12 is partitioned into a raw water
space S1 and a treated water space S2 by the fixing member 13. The hollow fiber membrane 11,
the water conduit 14, and the air diffuser 15 are accommodated in the raw water space S1.

[0014] As shown in FIG. 1, an outlet 12A for treated water is provided in an upper portion of the
housing 12 so as to face the treated water space S2. An air vent 12B is provided on a side portion
(a portion above the center in a length direction) of the housing 12 so as to face the raw water space
S1. An air supply port 12C and a drain port 12D are provided in a lower portion of the housing 12
so as to face the raw water space S1. A ratio of an inner diameter of the housing 12 to inner
diameters of the pipe connection ports (the outlet 12A, the air vent 12B, the air supply port 12C,
and the drain port 12D) is 1.3 or more and 12 or less, preferably 2.5 or more and 12 or less, and
more preferably 3.0 or more and 6.0 or less. The inner diameter of the housing 12 here is an inner
diameter in a cross section in a direction orthogonal to the longitudinal direction of the housing 12.
[0015] The water conduit 14 is used to supply raw water and air to the raw water space S1. As
shown in FIG. 1, the water conduit 14 has an upper end portion fixed to the fixing member 13 to
have an end surface closed, and a lower end portion protruding downward from the lower portion of
the housing 12. A raw water inlet 14A and an air inlet 14B are provided in the lower end portion.
In the water conduit 14, a large number of holes 14C are formed for ejecting at least one of raw
water and air from an inside of the water conduit 14 toward the raw water space S1.

[0016] The air diffuser 15 is used to diffuse air to the raw water space S1. The air diffuser 15 has
a disk shape expanding in a radial direction of the hollow fiber membrane bundle, and is disposed
below a lower end of the hollow fiber membrane 11. The air diffuser 15 has a plurality of vent
holes (not shown) formed at intervals in the radial direction. Air supplied from the air supply port
12C into the housing 12 is diffused toward the hollow fiber membrane bundle through the vent
holes of the air diffuser 15.

[0017] As shown in FIG. 1, an upstream end of the treated water pipe 50 is connected to the outlet
12A of the housing 12. A downstream end of the treated water pipe 50 is connected to an inlet of a
treated water tank (not shown). In the treated water pipe 50, a treated water valve 51 (open-shut
valve) and a flow meter 52 installed on a downstream side of the valve are installed. The treated
water pipe 50 has an inner diameter smaller than the inner diameter of the housing 12.

[0018] An upstream end of a drain pipe 53 is connected to the drain port 12D of the housing 12, and
a drain valve 54 (open-shut valve) is installed in the drain pipe 53. The drain pipe 53 has an inner
diameter smaller than the inner diameter of the housing 12.

[0019] An air vent pipe 55 has one end connected to the air vent 12B of the housing 12. The air

4



vent pipe 55 has the other end branching into two. Specifically, the air vent pipe 55 includes a first
branch part 55A, a second branch part 55B, and a connection part 55C. The connection part 55C
has one end portion connected to the air vent 12B, and has the other end portion connected to the
first branch part 55A and the second branch part 55B. The first branch part 55A is opened to the
atmosphere, and the second branch part 55B is connected to a part of the drain pipe 53 on a
downstream side of the drain valve 54. An air vent valve 56 (open-shut valve) is installed in the
connection part 55C. The air vent pipe 55 has an inner diameter smaller than the inner diameter of
the housing 12.

[0020] As shown in FIG. 1, the treated water pipe 50 and the drain pipe 53 are connected to each
other by a pressure relieving pipe 57. The pressure relieving pipe 57 has one end connected to a
part of the treated water pipe 50 on an upstream side of the treated water valve 51, and the other end
of the pressure relieving pipe 57 is connected to a part of the drain pipe 53 on a downstream side of
a connection part of the air vent pipe 55. The pressure relieving pipe 57 has a pressure relieving
valve (open-shut valve) 58. The pressure relieving pipe 57 has an inner diameter smaller than the
inner diameter of the housing 12.

[0021] The raw water supply unit 20 includes a raw water pipe 21, and a raw water pump 22 and a
raw water valve 23 installed at the raw water pipe 21. The raw water pipe 21 has an upstream end
connected to an outlet of a raw water tank (not illustrated) and a downstream end connected to the
raw water inlet 14A of the water conduit 14. The raw water pipe 21 has an inner diameter smaller
than the inner diameter of the housing 12. The raw water valve 23 is an open-shut valve, and is
installed in the raw water pipe 21 on a downstream side of the raw water pump 22.

[0022] The bubbling air supply unit 30 includes an air pipe 31, a first air valve 32, a second air
valve 33, and a flow meter 34. The air pipe 31 has a downstream end branched, one of the branch
parts being connected to the air supply port 12C of the housing 12, and the other of the branch parts
being connected to the air inlet 14B of the water conduit 14. The air pipe 31 has an inner diameter
smaller than the inner diameter of the housing 12. The first air valve 32 and the second air valve
33 are open-shut valves, the first air valve 32 is installed at one branch part of the air pipe 31, and
the second air valve 33 is installed at the other branch part. The air pipe 31 has an upstream end
connected to an air compressor 43.

[0023] The backwashing air supply unit 40 includes an air pipe 41 and an air valve 42 (open-shut
valve) installed in the air pipe 41. The air pipe 41 has an upstream end connected to the air
compressor 43, and a downstream end connected to a part of the treated water pipe 50 on an
upstream side of a connection part of the pressure relieving pipe 57. The air pipe 41 has an inner
diameter smaller than the inner diameter of the housing 12.

[0024] A primary side pressure sensor 61 repeatedly measures a pressure on a primary side of the
hollow fiber membrane module 10 at intervals of three seconds or less under the control of a
measurement control unit 73 to be described later. A secondary side pressure sensor 62 repeatedly
measures a pressure on a secondary side of the hollow fiber membrane module 10 at intervals of
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[0025] As illustrated in FIG. 1, the primary side pressure sensor 61 is installed at the raw water pipe
21. The primary side pressure sensor 61 may be installed at a part between the raw water valve 23
and the raw water inlet 14A, or may be installed at a part of the water conduit 14, the part extending
from the housing 12, or at a position facing the raw water space S1 in the housing 12.

[0026] The secondary side pressure sensor 62 is installed at the treated water pipe 50. The
secondary side pressure sensor 62 may be installed at a connection part between the treated water
pipe 50 and the air pipe 41. The primary side pressure sensor 61 and the secondary side pressure
sensor 62 in the present embodiment repeatedly perform pressure measurement at intervals of 0.1
seconds or less, and obtained measurement data is transmitted to a control device 70 and stored
therein. In other words, each measurement data is stored as pressure logging data.

[0027] Note that an air vent pressure sensor (not illustrated) may be provided in addition to the
primary side pressure sensor 61 and the secondary side pressure sensor 62. The air vent pressure
sensor is installed at the connection part 55C of the air vent pipe 55. The air vent pressure sensor
performs pressure measurement at intervals of 0.1 seconds or more and three seconds or less, and
obtained measurement data is transmitted to the control device 70 and stored therein. In other
words, each measurement data is stored as logging data. However, as the number of pressure
sensors increases, there occur problems that analysis takes more time and effort, and that cost
increases. Therefore, it is desirable to omit the air vent pressure sensor and perform data analysis
using data from the primary side pressure sensor 61 and the secondary side pressure sensor 62.
[0028] The water treatment device 1 further includes the control device 70. The control device 70
controls driving of the raw water pump 22 and the air compressor 43, and controls opening/shutting
operation of each valve. The control device 70 is configured by, for example, a personal computer
(computer). As indicated by a solid line in FIG. 2, the control device 70 includes a storage unit 71,
a control unit 72, a measurement control unit 73, an estimation unit 74, and a notification unit 75.
[0029] The storage unit 71 is configured by a storage device such as a hard disk drive (HDD) or a
solid state drive (SSD). The storage unit 71 stores sequence information defining an execution
order of steps (a water filling step, a filtration step, a backwashing step, an air diffuser bubbling step
(a bubbling step), a pressure relieving step, a water conduit bubbling step (a bubbling step), a
draining step, and the like) configuring a process (hereinafter, filtration process) of filtering raw
water using the hollow fiber membrane module 10. In addition, the storage unit 71 stores step
information defining contents of driving control of a peripheral device and opening/shutting control
of a valve performed in each step and a time (hereinafter, set time) for performing each step.

[0030] The control unit 72 is configured by a microcomputer including a CPU, a RAM, a ROM,
and the like. The control unit 72 controls execution of the filtration process. Specifically, the
control unit 72 sequentially executes each step configuring the filtration process according to the
sequence information stored in the storage unit 71. When starting the execution of each step, the
control unit 72 performs the driving control of the peripheral device and the opening/shutting
control of the valve corresponding to a step to be executed according to the step information stored
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[0031] The measurement control unit 73 is configured by a microcomputer including a CPU, a
RAM, a ROM, and the like. In each step sequentially executed in the filtration process, the
measurement control unit 73 causes the primary side pressure sensor 61 to repeat measurement of
the primary side pressure and causes the secondary side pressure sensor 62 to repeat measurement
of the secondary side pressure every minute time of three seconds or less. The minute time is
preferably three seconds or less, more preferably one second or less, most preferably 0.1 seconds,
and is 0.001 seconds or more.

[0032] The measurement control unit 73 sequentially stores the pressure logging data indicating the
measured pressure on the primary side and pressure on the secondary side in the storage unit 71.

In the filtration step, the measurement control unit 73 , on a minute basis (e.g., ten minutes), may
cause the primary side pressure sensor 61 to measure the primary side pressure and may cause the
secondary side pressure sensor 62 to measure the secondary side pressure. In other words, the
measurement control unit 73, the primary side pressure sensor 61, and the secondary side pressure
sensor 62 configure a measurement unit 60 that repeatedly measures the primary side pressure and
the secondary side pressure every minute time of three seconds or less in the respective steps
sequentially executed in the filtration process.

[0033] The estimation unit 74 is configured by a microcomputer including a CPU, a RAM, a ROM,
and the like. The estimation unit 74 estimates abnormality of an internal state of the hollow fiber
membrane module 10 or of the peripheral device of the hollow fiber membrane module 10 based on
a temporal transition of a measurement result of at least one of the pressure on the primary side and
the pressure on the secondary side indicated by the pressure logging data stored in the storage unit
71. The estimation unit 74 outputs information indicating various estimation results. Details of
the estimation by the estimation unit 74 will be described later.

[0034] The notification unit 75 is configured by a microcomputer including a CPU, a RAM, a
ROM, and the like, and a display device such as a liquid crystal display. The notification unit 75
notifies various estimation results indicated by output information of the estimation unit 74.

[0035] Specifically, the microcomputer causes the display device to display a message indicating
results of various estimations indicated by the output information of the estimation unit 74, so that
the notification unit 75 notifies the results of various estimations obtained by the estimation unit 74.
[0036] Alternatively, the notification unit 75 may be configured by a microcomputer including a
CPU, a RAM, a ROM, and the like, and a communication device that transmits an electronic mail to
an information processing device owned by an administrator of the water treatment device 1. In
this case, the microcomputer causes the communication device to transmit an electronic mail
including the output information of the estimation unit 74 to the information processing device
owned by the administrator of the water treatment device 1, so that the notification unit 75 notifies
the results of various estimations obtained by the estimation unit 74.

[0037] Alternatively, the notification unit 75 may be configured by a microcomputer including a
CPU, a RAM, a ROM, and the like, and a voice output device such as a speaker. In this case, the
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the estimation unit 74, so that the notification unit 75 notifies the results of various estimations
obtained by the estimation unit 74.

[0038] Alternatively, the notification unit 75 may be configured by combining a microcomputer
including a CPU, a RAM, a ROM, and the like, and two or more devices among the display device,
the communication device, and the voice output device.

[0039] Alternatively, two or more of the control unit 72, the measurement control unit 73, the
estimation unit 74, and the notification unit 75 may be configured by the same microcomputer, or
each of the control unit 72, the measurement control unit 73, the estimation unit 74, and the
notification unit 75 may be configured by a separate microcomputer.

[0040] Note that timing at which the notification unit 75 notifies the results of various estimations
obtained by the estimation unit 74 is not particularly limited. The notification unit 75 may notify
an estimation result every time the estimation unit 74 performs estimation, or may collectively
notify estimation results for a predetermined number of times of estimations every time the
estimation unit 74 performs estimation the predetermined number of times.

[0041] [Filtration Process]

Next, the filtration process will be described with reference to FIG. 3. FIG. 3 is a diagram
showing a relationship between an on/off state of the raw water pump 22 and an open/shut state of a
valve in each step executed in the filtration process. A circle in FIG. 3 indicates the on state of the
raw water pump 22 or the open state of the valve, and a blank indicates the off state of the raw
water pump 22 or the shut state of the valve. In the present embodiment, as shown in FIG. 3, the
control unit 72 executes each step in the filtration process according to the sequence information
stored in the storage unit 71 in the order of a first water filling step, the filtration step, a
backwashing preparation step, the backwashing step, an air venting step, a second water filling step
(before the air diffuser bubbling), the air diffuser bubbling step, a third water filling step (before the
water conduit bubbling), the water conduit bubbling step, the draining step, and the pressure
relieving step. The steps performed in the filtration process and the execution order thereof are not
limited thereto.

[0042] First, in the first water filling step, the raw water pump 22 is operated, and the raw water
valve 23 and the air vent valve 56 are opened. As a result, raw water is supplied into the water
conduit 14 through the raw water pipe 21, and the raw water is supplied to the raw water space S1
through the holes 14C.

[0043] When the first water filling step ends, the processing proceeds to the filtration step. In the
filtration step, the air vent valve 56 is shut and the treated water valve 51 is opened. The raw
water permeates through a membrane wall from an outer surface toward an inner surface of the
hollow fiber membrane 11, and flows into the treated water space S2 through a hollow portion of
the membrane. Thereafter, the treated water flows out of the housing 12 through the outlet 12A,
and is collected in a treated water tank (not shown) through the treated water pipe 50.

[0044] Although in the filtration step, an interval of the pressure measurement may be three seconds

or less, it is not limited thereto, and may be longer than three seconds.



[0045] After the filtration step, physical washing is performed to remove a suspended component
deposited on the outer surface of the hollow fiber membrane 11 during filtration. The physical
washing includes the backwashing preparation step (the pressure relieving step), the backwashing
step, the air venting step, the second water filling step, the air diffuser bubbling step, the third water
filling step, the water conduit bubbling step, the draining step, and the pressure relieving step.
[0046] First, in the backwashing preparation step (the pressure relieving step), the raw water pump
22 is switched from on to off.

[0047] Next, in the backwashing step, the raw water valve 23 and the treated water valve 51 are
shut, and the air valve 42 and the drain valve 54 are opened. Specifically, a pressure of
pressurized air by the air compressor 43 is instantaneously applied to the treated water on the
secondary side of the hollow fiber membrane module 10 simultaneously with the opening of the air
valve 42. As aresult, the treated water on the secondary side of the hollow fiber membrane
module 10 is pressurized by air (medium) pressurized to a predetermined pressure, and the treated
water permeates through the membrane wall from the inner surface toward the outer surface of the
hollow fiber membrane 11. This brings suspended components deposited on the outer surface of
the hollow fiber membrane 11 to be easily peeled off. At this time, since the primary side pressure
sensor 61 and the secondary side pressure sensor 62 measure the pressure at intervals of three
seconds or less, it is also possible to detect a pressure in a state immediately after the hollow fiber
membrane 11 is pressurized from the inner surface and before the suspended components on a
membrane surface are brought to be easily peeled off. The predetermined pressure is preferably
30 kPa to 500 kPa, more preferably 50 kPa to 300 kPa, and most preferably 50 kPa to 200 kPa.
[0048] Next, in the air venting step (pressure relieving step), the air valve 42 and the drain valve 54
are shut, and the pressure relieving valve 58 is opened. As a result, air remaining on the secondary
side of the hollow fiber membrane module 10 is discharged through the pressure relieving pipe 57.
[0049] Next, in the second water filling step, the raw water pump 22 is operated, and the raw water
valve 23 and the air vent valve 56 are opened similarly to the first water filling step.

[0050] Next, in the air diffuser bubbling step, the raw water pump 22 is switched from on to off, the
raw water valve 23 is shut, and the first air valve 32 is opened. Note that the air vent valve 56 is
kept open. As aresult, air is supplied from the air supply port 12C into the housing 12, and the air
is diffused toward the hollow fiber membrane bundle by the air diffuser 15. As a result, the
hollow fiber membrane bundle fluctuates due to air bubbles, and the suspended components
deposited on the membrane surface are peeled off.

[0051] Although also in the air diffuser bubbling step, an interval of the pressure measurement may
be three seconds or less, it is not limited thereto, and may be longer than three seconds.

[0052] Next, in the third water filling step, the raw water pump 22 is operated, and the raw water
valve 23 and the air vent valve 56 are opened similarly to the first and second water filling steps.
As aresult, the raw water in the raw water space S1 reduced in the air diffuser bubbling step is
replenished.

[0053] Next, in the water conduit bubbling step, the raw water pump 22 is switched from on to off,
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the raw water valve 23 is shut, and the second air valve 33 is opened. As a result, pressurized air
by the air compressor 43 is supplied from the air inlet 14B into the water conduit 14, and is supplied
to the raw water space S1 through the hole 14C. Thus, the hollow fiber membrane bundle is
washed by bubbling.

[0054] Although also in the water conduit bubbling step, an interval of the pressure measurement
may be three seconds or less, it is not limited thereto, and may be longer than three seconds.

[0055] Next in the draining step, the air vent valve 56 is shut and the drain valve 54 is opened.

Note that the second air valve 33 is kept open. As a result, the raw water in the raw water space

S1 is pushed by the air and discharged from the drain port 12D to the outside of the housing 12.
[0056] Finally, in the pressure relieving step, the second air valve 33 is shut while the drain valve 54
remains open. This causes the air in the housing 12 (the raw water space S1) to be relieved.

After the hollow fiber membrane module 10 is physically washed by the filtration process described
above, the processing returns to the first water filling step, and the filtration process is resumed.
[0057] [Estimation Processing]

Next, description will be made of processing in which the estimation unit 74 performs
various estimations based on the pressure logging data stored in the storage unit 71 (hereafter,
referred to as estimation processing). The estimation unit 74 performs the estimation processing
illustrated in FIG. 4 at arbitrary timing, for example.

[0058] First, in Step S41, the estimation unit 74 chronologically refers to the logging data of any
one of the pressure on the primary side and the pressure on the secondary side stored in the storage
unit 71 during a certain step. Then, the estimation unit 74 extracts change information indicating
an event that specifies a change in pressure in the step based on a temporal transition of the referred
pressure logging data. Details of extraction of the change information will be described later.
[0059] Next, in Step S42, the estimation unit 74 performs various estimations based on the change
information extracted in Step S41. This will be described later in detail.

[0060] Next, in Step S43, the estimation unit 74 outputs information indicating a result of the
estimation obtained in Step S42. This will be described later in detail.

[0061] Alternatively, as illustrated in FIG. 5, the estimation unit 74 may perform the estimation
processing by comparing the pressure logging data in two steps.

[0062] Specifically, in Step S51, similarly to Step S41, the estimation unit 74 chronologically refers
to the logging data of any one of the pressure on the primary side and the pressure on the secondary
side stored in the storage unit 71 during a certain past step (hereinafter, referred to as first step) and
extracts change information (hereinafter, referred to as first change information) indicating an event
that specifies a change in pressure in the first step. Details of extraction of the first change
information will be described later.

[0063] Next, in Step S52, similarly to Step S51, the estimation unit 74 chronologically refers to the
logging data of the any one of the pressures stored in the storage unit 71 during a second step
performed after the first step and extracts change information (hereafter, referred to as second

change information) indicating an event specifying a change in pressure in the second step. Here,
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the second step and the first step are steps of the same kind (e.g., the first water filling step). In
other words, since the same kind of step is repeated, the step performed first is set as the first step,
and the step performed later is set as the second step. Details of extraction of the second change
information will be described later.

[0064] Next, in Step S53, the estimation unit 74 acquires a difference between the second change
information extracted in Step S52 and the first change information extracted in Step S51.  This
will be described later in detail.

[0065] Next, in Step S54, the estimation unit 74 performs various estimations based on the
difference acquired in Step S53. This will be described later in detail.

[0066] Next, in Step S55, the estimation unit 74 outputs information indicating a result of the
estimation obtained in Step S54. This will be described later in detail.

[0067] Next, estimation processing in which the estimation unit 74 performs various estimations
based on the pressure logging data stored in the storage unit 71 will be detailed.

[0068] [Estimation Based on Pressure Logging Data during Water Filling Step]

First, estimation processing performed by the estimation unit 74 at the time of the first
water filling step based on the pressure logging data stored in the storage unit 71 will be detailed.
[0069] [Estimation of Time Required for First Water Filling Step]

FIG. 6 is a diagram showing an example of pressure logging data at the time of the first
water filling step. In FIG. 6, a horizontal axis represents an elapsed time (seconds) from a start of
the first water filling step, and a vertical axis represents a pressure on the primary side (KPa)
measured by the primary side pressure sensor 61. For example, as indicated by a polygonal line
G61, in the first water filling step, when raw water is supplied to the raw water space S1 of the
housing 12, the pressure on the primary side gradually increases due to a hydraulic head pressure.
Thereafter, when the raw water space S1 of the housing 12 is full of water and the raw water flows
out to the air vent pipe 55 (elapsed time t61), since the inner diameter of the air vent pipe 55 is
sufficiently smaller than the inner diameter of the housing 12, pipeline resistance is generated, and
the pressure on the primary side rapidly increases.

[0070] On the other hand, when suspended components are accumulated on the surface of the
hollow fiber membranes 11, an effective capacity of the raw water space S1 inside the hollow fiber
membrane module 10 decreases. In this case, for example, as indicated by a polygonal line G62, a
time is shortened which is required until the pressure on the primary side rapidly increases (elapsed
time t62) after the start of the first water filling step due to the raw water space S1 of the housing 12
being full of water.

[0071] Therefore, based on the pressure logging data stored in the storage unit 71 at the time of the
first water filling step, the estimation unit 74 estimates a time required for the first water filling step
from a time from the start of the first water filling step (“0” in FIG. 6) until an inflection point (e.g.,
the time points t61 and t62 in the drawing) of the change in the pressure on the primary side is
reached.

[0072] Specifically, the estimation unit 74 performs the estimation processing shown in FIG. 4 at an
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end of the filtration process. In Step S41, the estimation unit 74 chronologically refers to the
logging data of the pressure on the primary side stored in the storage unit 71 during the first water
filling step of the filtration process. Then, the estimation unit 74 extracts, as the change
information, a time from the start time point of the first water filling step (“0” in FIG. 6) to a time
point (e.g., the time point t61 in FIG. 6) at which the inflection point of the change in the pressure
on the primary side is reached.

[0073] Here, in order to detect a time point at which the pressure on the primary side reaches the
inflection point, the estimation unit 74 executes the following. For example, with respect to each
of referred logging data, the estimation unit 74 performs processing of subtracting, from the logging
data, one-preceding logging data. Then, the estimation unit 74 detects a time point (e.g., the time
point t61 in the same drawing) at which the result of the subtraction becomes larger than a
predetermined value as a time point at which the pressure on the primary side reaches the inflection
point.

[0074] However, the method by which the estimation unit 74 detects a time point at which the
pressure on the primary side reaches the inflection point in Step S41 is not limited thereto. For
example, the estimation unit 74 may chronologically calculate a ratio of a current pressure on the
primary side to a pressure on the primary side measured immediately before. Then, the estimation
unit 74 may detect a time point at which the calculated ratio becomes equal to or more than a
predetermined ratio as a time point at which the pressure on the primary side reaches the inflection
point of the change in the pressure on the primary side.

[0075] The estimation unit 74 extracts, as the change information, a time (e.g., t61) from the start
time point (“0” in FIG. 6) of the first water filling step to the detected time point (e.g., the time
point t61 in the same drawing).

[0076] In Step S42, the estimation unit 74 estimates the time (e.g., t61) extracted as the change
information in Step S41 as the time required for the first water filling step. In Step S43, the
estimation unit 74 outputs information indicating the time required for the first water filling step
estimated in Step S42 as the information indicating a result of the estimation.

[0077] [Estimation of Amount of Suspended Components Accumulated on Surface of Hollow Fiber
Membrane 11]

In the above, the description has been made of the example of performing the estimation
processing shown in FIG. 4 by the estimation unit 74 based on the pressure logging data stored in
the storage unit 71 during the first water filling step. The present invention is not, however,
limited thereto, and the estimation unit 74 may estimate an amount of suspended components
accumulated on the surface of the hollow fiber membrane 11 by performing the estimation
processing shown in FIG. 5 based on the pressure logging data stored in the storage unit 71 at a
plurality of times of the first water filling step.

[0078] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step

S51, the estimation unit 74 refers to the pressure logging data stored in the storage unit 71 during
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the first water filling step of a past filtration process. The past filtration process is, for example, a
filtration process that is first performed immediately after installation of the water treatment device
1 or after maintenance of the same. Then, the estimation unit 74 extracts a time (e.g., t61 in FIG.
6) required to the inflection point of the change in the pressure on the primary side from the start of
the first water filling step as the first change information in a manner similar to Step S41 described
in [Estimation of Time Required for First Water Filling Step] above.

[0079] In Step S52, the estimation unit 74 refers to the pressure logging data stored in the storage
unit 71 during the first water filling step in the current filtration process. Then, the estimation unit
74 extracts a time required to reach the inflection point of the change in the pressure on the primary
side from the start of the first water filling step as the second change information in a manner
similar to Step S51.

[0080] In Step S53, the estimation unit 74 subtracts the time (e.g., to61) extracted as the first change
information in Step S51 from the time (e.g., t62) extracted as the second change information in Step
S52. The estimation unit 74 acquires the subtraction result (e.g., t62 — t61) as a difference between
the first change information extracted in Step S51 and the second change information extracted in
Step S52.

[0081] In Step S54, the estimation unit 74 estimates the amount of the suspended components
accumulated on the surface of the hollow fiber membrane 11 based on the difference acquired in
Step S53.

[0082] In other words, the smaller the difference acquired in Step S53, the smaller state the
effective capacity of the raw water space S1 inside the hollow fiber membrane module 10, so that it
is presumed that the amount of the suspended components accumulated on the surface of the hollow
fiber membrane 11 is large state. Therefore, when the difference acquired in Step S53 is larger
than a predetermined positive first threshold value, the estimation unit 74 estimates that the amount
of the suspended components accumulated on the surface of the hollow fiber membrane 11 is very
small state. When the difference acquired in Step S53 is a positive value and is equal to or smaller
than the first threshold value, the estimation unit 74 estimates that the amount of the suspended
components accumulated on the surface of the hollow fiber membrane 11 is small state. When the
difference acquired in Step S53 is a negative value and is larger than a predetermined negative
second threshold value, the estimation unit 74 estimates that the amount of the suspended
components accumulated on the surface of the hollow fiber membrane 11 is large state. When the
difference acquired in Step S53 is equal to or smaller than the second threshold value, the
estimation unit 74 estimates that the amount of the suspended components accumulated on the
surface of the hollow fiber membrane 11 is very large state.

[0083] In Step S55, the estimation unit 74 outputs, as the information indicating a result of the
estimation, information indicating that the amount of the suspended components accumulated on
the surface of the hollow fiber membrane 11 estimated in Step S54 is very large state, large state,
small state, or very small state.

[0084] Thus, it is possible to grasp how much suspended component is accumulated on the surface
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of the hollow fiber membrane 11 without disassembling the hollow fiber membrane module 10.
Therefore, when it is estimated that suspended components are accumulated on the surface of the
hollow fiber membrane 11 is large state, a filtration capacity of the hollow fiber membrane 11 can
be restored at an early stage by rapidly enhancing physical washing of the hollow fiber membrane
11 or the like.

[0085] The physical washing is enhanced by operation of the control device 70 by a user and/or
automatic operation by the control unit 72. The physical washing is enhanced by, for example,
increasing a flow rate or a pressure of air supplied to the hollow fiber membrane module 10 in the
air diffuser bubbling step or the water conduit bubbling step, or by repeating the steps from the
backwashing step to the draining step continuously a plurality of times. In addition, the physical
washing may be enhanced by combining two or more of these methods, or the physical washing
may be enhanced by other methods without being limited to these methods.

[0086] Further, for example, based on an experimental value or the like, a suspended component
prediction table may be stored in advance in the storage unit 71, the table in which a time from the
start of the first water filling step until the inside of the hollow fiber membrane module 10 becomes
full of water and an amount of the suspended components accumulated on the surface of the hollow
fiber membrane 11 at this time are associated with each other. In this case, the estimation unit 74
may execute the estimation processing illustrated in FIG. 4.

[0087] In Step S42 of the estimation processing, the estimation unit 74 may acquire the amount of
the suspended components associated, in the suspended component prediction table, with the time
from the start of the first water filling step to the inflection point of the change in the pressure on the
primary side, the time being extracted as the change information in Step S41. Then, the estimation
unit 74 may estimate whether or not the amount of the suspended components is larger than a
predetermined amount to estimate whether or not the amount of the suspended components
accumulated on the surface of the hollow fiber membrane 11 is large state. In this case, in Step
S43, the estimation unit 74 may output, as information indicating a result of the estimation, not only
the information estimated in Step S42 and indicating whether or not suspended components
accumulated on the surface of the hollow fiber membrane 11 is a large state, but also the
information acquired in Step S42 and indicating the amount of suspended components.

[0088] In the above, the description has been made of the example in which the estimation unit 74
estimates an amount of the suspended components accumulated on the surface of the hollow fiber
membrane 11 based on the logging data of the primary side pressure in the plurality of times of the
first water filling step. The present invention is not, however, limited thereto. The estimation
unit 74 may estimate an amount of the suspended components accumulated on the surface of the
hollow fiber membrane 11 based on the logging data of the primary side pressure in one first water
filling step.

[0089] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing shown in FIG. 4, and in Step S41, based on the logging data of

the primary side pressure in one first water filling step, extracts the time from the start of the first
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water filling step until the inflection point of the change in the primary side pressure is reached as
the change information. Then, in Step S42, the estimation unit 74 subtracts, from the time
extracted in Step S41, the time from the start of the first water filling step until the inflection point
of the change in the pressure on the primary side is reached, the time being determined in advance
based on the experimental value or the like. Then, similarly to Step S53, the estimation unit 74
uses the result of the subtraction as a difference between the first change information and the second
change information to estimate an amount of the suspended components accumulated on the surface
of the hollow fiber membrane 11.

[0090] [Estimation of Future Increase in Membrane Differential Pressure (1)]

In the above, the description has been made of the example in which the estimation unit 74
estimates a time required for the first water filling step or an amount of the suspended components
accumulated on the surface of the hollow fiber membrane 11. The present invention is not,
however, limited thereto, and the estimation unit 74 may estimate a future increase in an membrane
differential pressure of the hollow fiber membrane module 10.

[0091] For example, it is presumed that the larger an accumulation amount of the suspended
components in the hollow fiber membrane module 10 and the smaller the effective capacity of the
raw water space S1 in the hollow fiber membrane module 10, the larger a deposition amount of the
suspended components in the hollow fiber membrane 11, i.e., it is presumed that the membrane
differential pressure of the hollow fiber membrane module 10 will increase in the future.
Therefore, the estimation unit 74 may refer to the pressure logging data (FIG. 6) stored in the
storage unit 71 during the plurality of times of the first water filling step, and estimate a future
increase in the membrane differential pressure of the hollow fiber membrane module 10 based on a
difference, between the plurality of times of the first water filling step, in the time (0 (sec) to t61 in
FIG. 6) from the start of the first water filling step until the inflection point of the change in the
pressure on the primary side is reached.

[0092] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step
S51, the estimation unit 74 extracts a time from a start of a past first water filling step until the
inflection point of the change in the pressure on the primary side is reached as the first change
information. In Step S52, the estimation unit 74 extracts a time from the start of the current first
water filling step until the inflection point of the change in the pressure on the primary side is
reached as the second change information.

[0093] In Step S53, the estimation unit 74 subtracts the time extracted as the first change
information from the time extracted as the second change information. When the result of the
subtraction is a negative value, it is presumed that since the time of the first water filling step is
shortened, the accumulation amount of the suspended components inside the hollow fiber
membrane module 10 increases, and the effective capacity of the raw water space S1 inside the
hollow fiber membrane module 10 decreases. Accordingly, in this case, the estimation unit 74

estimates in Step S54 that the membrane differential pressure of the hollow fiber membrane module
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10 will increase in the future. In Step S55, the estimation unit 74 outputs information indicating
that the membrane differential pressure of the hollow fiber membrane module 10 will increase in
the future.
[0094] On the other hand, when the result of the subtraction in Step S53 is a value of 0 or more, the
estimation unit 74 estimates in Step S54 that the membrane differential pressure of the hollow fiber
membrane module 10 does not tend to increase. In this case, in Step S55, the estimation unit 74
outputs information indicating that the membrane differential pressure of the hollow fiber
membrane module 10 does not tend to increase in the future.
[0095] In the present configuration, in the first water filling step, the pressure on the primary side of
the hollow fiber membrane module 10 when the inside of the hollow fiber membrane module 10 is
full of the raw water is intermittently measured. Accordingly, in the present configuration, a
transition of the pressure on the primary side of the hollow fiber membrane module 10 according to
an accumulation amount of the suspended components inside the hollow fiber membrane module 10
can be measured.
[0096] Moreover, in the present configuration, in each of the plurality of times of the first water
filling step, the pressure on the primary side of the hollow fiber membrane module 10 is measured
at an interval of three seconds or less shorter than a normal measurement interval of the membrane
differential pressure in the filtration step. Therefore, it is possible to grasp a detailed temporal
transition of the pressure on the primary side of the hollow fiber membrane module 10 in each first
water filling step that ends within several minutes.
[0097] Accordingly, from a difference in the detailed temporal transition between the plurality of
times of the first water filling step, it is possible to grasp the change in the accumulation amount of
the suspended components inside the hollow fiber membrane module 10 according to a change in
the pressure on the primary side of the hollow fiber membrane module 10.
[0098] Specifically, by a difference, between the plurality of times of the first water filling step, in a
time from the start time point O (seconds) (FIG. 6) of the first water filling step to the time points
t61 and t62 (FIG. 6) at which the inflection point of the change in the pressure on the primary side
is reached, it is possible to grasp a change in the accumulation amount of the suspended
components in the hollow fiber membrane module 10 and in the effective capacity of the same.
Therefore, when a situation is grasped where the accumulation amount of the suspended
components in the hollow fiber membrane module 10 is increased and the effective capacity of the
raw water space S1 in the hollow fiber membrane module 10 is decreased, it is possible to
appropriately estimate the situation where the deposition amount of the suspended components in
the hollow fiber membrane 11 has increased, i.e., the situation where the membrane differential
pressure will increase in the future.
[0099] [Estimation Based on Pressure Logging Data during Draining Step]

Next, estimation processing performed by the estimation unit 74 based on the pressure
logging data stored in the storage unit 71 during the draining step will be detailed.
[0100] [Estimation of Time Required for Draining Step]
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FIG. 7 is a diagram showing an example of pressure logging data at the time of the
draining step. In FIG. 7, a horizontal axis represents an elapsed time from a start of the draining
step, and a vertical axis represents the pressure on the primary side measured by the primary side
pressure sensor 61. For example, as shown in FIG. 7, in the draining step, when drain water in the
raw water space S1 of the housing 12 is discharged by a pressure of air supplied via the second air
valve 33, the pressure on the primary side gradually decreases. Thereafter, when the discharge of
the drain water in the raw water space S1 ends (an elapsed time t71), the pressure on the primary
side stabilizes at a predetermined drainage end pressure around 0 KPa indicating the end of the
discharge of the drain water because of the open system. In the draining step, as described above,
the drain water may be discharged by the pressure of air, or the drain water may be discharged using
the hydraulic head pressure without supplying air.

[0101] As described above, when suspended components are accumulated on the surface of the
hollow fiber membrane 11, the effective capacity of the raw water space S1 inside the hollow fiber
membrane module 10 decreases. Therefore, the larger the amount of the suspended components
accumulated on the surface of the hollow fiber membrane 11, the shorter a time required from the
start of the draining step until the drainage of the drain water in the raw water space S1 ends and the
pressure on the primary side stabilizes at the drainage end pressure.

[0102] Therefore, based on the pressure logging data stored in the storage unit 71 at the time of the
draining step, the estimation unit 74 estimates a time required for the draining step from the time
from the start of the draining step (a time point t70 in FIG. 7) until the pressure on the primary side
stabilizes (the time point t71 in the same drawing).

[0103] Specifically, the estimation unit 74 performs the estimation processing shown in FIG. 4 at an
end of the filtration process. In Step S41, the estimation unit 74 chronologically refers to the
logging data of the pressure on the primary side stored in the storage unit 71 during the draining
step of the filtration process. Then, the estimation unit 74 extracts, as the change information, a
time from the start time point of the draining step (“0” in FIG. 7) to the time point at which the
pressure on the primary side stabilizes (e.g., the time point t71 in the same drawing).

[0104] Here, in order to detect a time point at which the pressure on the primary side stabilizes, the
estimation unit 74 executes the following. For example, with respect to each of referred logging
data, the estimation unit 74 performs processing of subtracting, from the logging data, one-
preceding logging data. Then, the estimation unit 74 detects a time point at which the result of the
subtraction becomes smaller than the predetermined value a predetermined number of times in
succession (e.g., the time point t71 in the same drawing) as a time point at which the pressure on the
primary side has stabilized.

[0105] However, the method by which the estimation unit 74 detects a time point at which the
pressure on the primary side stabilizes in Step S41 is not limited thereto. For example, the
estimation unit 74 may chronologically calculate a ratio of a current pressure on the primary side to
a pressure on the primary side measured immediately before. Then, as a time point at which the
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the calculated ratio becomes equal to or less than the predetermined ratio a predetermined number
of times in succession.

[0106] The estimation unit 74 extracts, as the change information, a time (e.g., t71) from the start
time point (“0” in FIG. 7) of the draining step to the detected time point (e.g., the time point t71 in
the same drawing).

[0107] In Step S42, the estimation unit 74 estimates the time (e.g., t71) extracted as the change
information in Step S41 as the time required for the draining step. Then, in Step S43, the
estimation unit 74 outputs information indicating the time required for the draining step estimated in
Step S42 as information indicating a result of the estimation.

[0108] [Estimation of Amount of Suspended Components Accumulated on Surface of Hollow Fiber
Membrane 11]

In the above, the description has been made of the execution of the estimation processing
shown in FIG. 4 by the estimation unit 74 based on the pressure logging data stored in the storage
unit 71 during the draining step. The present invention is not, however, limited thereto, and the
estimation unit 74 may estimate an amount of suspended components accumulated on the surface of
the hollow fiber membrane 11 by performing the estimation processing shown in FIG. 5 based on
the pressure logging data stored in the storage unit 71 at a plurality of times of the draining step.
[0109] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step
S51, the estimation unit 74 refers to the pressure logging data stored in the storage unit 71 during
the draining step of the past filtration process. The past filtration process is, for example, a
filtration process that is first performed immediately after installation of the water treatment device
1 or after maintenance of the same. Then, the estimation unit 74 extracts a time required from the
start of the draining step until the pressure on the primary side stabilizes (e.g., t71 in FIG. 7) as the
first change information in a similar manner to Step S41 described above.

[0110] In Step S52, the estimation unit 74 refers to the pressure logging data stored in the storage
unit 71 during the draining step in the current filtration process. Then, the estimation unit 74
extracts a time required from the start of the draining step until the pressure on the primary side
stabilizes as the second change information in a similar manner to Step S51 described above.
[0111] In Step S53, the estimation unit 74 subtracts the time extracted as the first change
information in Step S51 from the time extracted as the second change information in Step S52.
The estimation unit 74 acquires the subtraction result as a difference between the first change
information extracted in Step S51 and the second change information extracted in Step S52.
[0112] In Step S54, the estimation unit 74 estimates the amount of the suspended components
accumulated on the surface of the hollow fiber membrane 11 based on the difference acquired in
Step S53.

[0113] In other words, it is estimated that the smaller the difference calculated in Step S53, the
larger state the amount of the suspended components accumulated on the surface of the hollow fiber

membrane 11. Therefore, when the difference acquired in Step S53 is larger than a predetermined
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positive third threshold value, the estimation unit 74 estimates that the amount of the suspended
components accumulated on the surface of the hollow fiber membrane 11 is very small state.

When the difference acquired in Step S53 is a positive value and is equal to or smaller than the third
threshold value, the estimation unit 74 estimates that the amount of the suspended components
accumulated on the surface of the hollow fiber membrane 11 is small state. When the difference
acquired in Step S53 is a negative value and is larger than a predetermined negative fourth threshold
value, the estimation unit 74 estimates that the amount of the suspended components accumulated
on the surface of the hollow fiber membrane 11 is large state. When the difference acquired in
Step S53 is equal to or smaller than the fourth threshold value, the estimation unit 74 estimates that
the amount of the suspended components accumulated on the surface of the hollow fiber membrane
11 is very large state.

[0114] In Step S55, the estimation unit 74 outputs, as the information indicating a result of the
estimation, information indicating that the amount of the suspended components accumulated on
the surface of the hollow fiber membrane 11 estimated in Step S54 is very large state, large state,
small state, or very small state.

[0115] Thus, it is possible to grasp how much suspended component is accumulated on the surface
of the hollow fiber membrane 11 without disassembling the hollow fiber membrane module 10.
Therefore, when it is estimated that the amount of suspended components accumulated on the
surface of the hollow fiber membrane 11 is large state, a filtration capacity of the hollow fiber
membrane 11 can be restored at an early stage by rapidly enhancing physical washing of the hollow
fiber membrane 11 or the like.

[0116] Note that in the above, the description has been made of the example in which the estimation
unit 74 estimates an amount of the suspended components accumulated on the surface of the hollow
fiber membrane 11 based on the logging data of the primary side pressure in the plurality of times
of the draining step. The present invention is not, however, limited thereto. The estimation unit
74 may estimate an amount of the suspended components accumulated on the surface of the hollow
fiber membrane 11 based on the logging data of the primary side pressure in one draining step.
[0117] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing shown in FIG. 4, and in Step S41, based on the logging data of
the primary side pressure in one draining step, extracts the time from the start of the draining step
until the pressure on the primary side stabilizes as the change information. Then, in Step S42, the
estimation unit 74 subtracts, from the time extracted in Step S41 as the change information, the time
from the start of the draining step until the pressure on the primary side stabilizes, which is
determined in advance based on the experimental value or the like. Then, similarly to Step S53,
the estimation unit 74 uses the result of the subtraction as a difference between the first change
information and the second change information to estimate an amount of the suspended components
accumulated on the surface of the hollow fiber membrane 11.

[0118] [Estimation of Future Increase in Membrane Differential Pressure (2)]

In the above, the description has been made of the example in which the estimation unit 74
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estimates a time required for the draining step or an amount of the suspended components
accumulated on the surface of the hollow fiber membrane 11. The present invention is not,
however, limited thereto, and the estimation unit 74 may estimate a future increase in an membrane
differential pressure of the hollow fiber membrane module 10.

[0119] For example, it is presumed that the larger an accumulation amount of the suspended
components in the hollow fiber membrane module 10 and the smaller the effective capacity of the
raw water space S1 in the hollow fiber membrane module 10, the larger a deposition amount of the
suspended components in the hollow fiber membrane 11, i.e., it is presumed that the membrane
differential pressure of the hollow fiber membrane module 10 will increase in the future.

Therefore, the estimation unit 74 may refer to the pressure logging data (FIG. 7) stored in the
storage unit 71 during the plurality of times of the draining step, and estimate a future increase in
the membrane differential pressure of the hollow fiber membrane module 10 based on a difference,
between the plurality of times of the draining step, in the time (t70 to t71 in FIG. 7) from the start of
the draining step until the pressure on the primary side becomes constant.

[0120] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step
S51, the estimation unit 74 extracts a time from a start of a past draining step until the pressure on
the primary side stabilizes as the first change information. In Step S52, the estimation unit 74
extracts a time from a start of a current draining step until the pressure on the primary side stabilizes
as the second change information.

[0121] In Step S53, the estimation unit 74 subtracts the time extracted as the first change
information from the time extracted as the second change information. When a result of the
subtraction is a negative value, it is presumed that since the time of the draining step is shortened,
the accumulation amount of the suspended components inside the hollow fiber membrane module
10 increases, and the effective capacity of the raw water space S1 inside the hollow fiber membrane
module 10 decreases. Accordingly, in this case, the estimation unit 74 estimates in Step S54 that
the membrane differential pressure of the hollow fiber membrane module 10 will increase in the
future. In Step S55, the estimation unit 74 outputs information indicating that the membrane
differential pressure of the hollow fiber membrane module 10 will increase in the future.

[0122] On the other hand, when the result of the subtraction in Step S53 is a value of 0 or more, the
estimation unit 74 estimates in Step S54 that the membrane differential pressure of the hollow fiber
membrane module 10 does not tend to increase. In this case, in Step S55, the estimation unit 74
outputs information indicating that the membrane differential pressure of the hollow fiber
membrane module 10 does not tend to increase in the future.

[0123] In the present configuration, in the draining step, the pressure on the primary side of the
hollow fiber membrane module 10 when the drain water inside the hollow fiber membrane module
10 is discharged is intermittently measured. Therefore, in the present configuration, a transition of
the pressure on the primary side of the hollow fiber membrane module 10 according to the

accumulation amount of the suspended components inside the hollow fiber membrane module 10
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can be measured.

[0124] Moreover, in the present configuration, in each of the plurality of times of the draining step,
the pressure on the primary side of the hollow fiber membrane module 10 is measured at an interval
of three seconds or less shorter than the normal measurement interval of the membrane differential
pressure in the filtration step. Therefore, a detailed temporal transition of the pressure on the
primary side of the hollow fiber membrane module 10 in each draining step that ends within several
minutes can be grasped.

[0125] Accordingly, from a difference in the detailed temporal transition between the plurality of
times of the draining step, it is possible to grasp a change in the accumulation amount of the
suspended components inside the hollow fiber membrane module 10 according to a change in the
pressure on the primary side of the hollow fiber membrane module 10.

[0126] Specifically, by a difference, between the plurality of times of the draining step, in the time
t70 to t71 (FIG. 7), the time being from the start time point t70 (FIG. 7) of the draining step to the
time point t71 (FIG. 7) at which the pressure on the primary side becomes constant, it is possible to
grasp a change in the accumulation amount of the suspended components in the hollow fiber
membrane module 10 and a change in the effective capacity. Therefore, when a situation is
grasped where the accumulation amount of the suspended components in the hollow fiber
membrane module 10 is increased and the effective capacity of the raw water space S1 in the
hollow fiber membrane module 10 is decreased, it is possible to appropriately estimate the situation
where the deposition amount of the suspended components in the hollow fiber membrane 11 has
increased, i.e., the situation where the membrane differential pressure will increase in the future.
[0127] [Estimation Based on Pressure Logging Data during Backwashing Step]

Next, estimation processing performed by the estimation unit 74 based on the pressure
logging data stored in the storage unit 71 during the backwashing step will be detailed.
[0128] [Estimation of Time Required for Backwashing Step (1)]

FIG. 8 is a diagram showing a first example of pressure logging data on a primary side at
the time of the backwashing step. In FIG. 8, a horizontal axis represents time, and a vertical axis
represents the pressure on the primary side of the hollow fiber membrane module 10. As shown in
FIG. 8, the primary side pressure instantaneously increases after a start of the backwashing step to
reach a maximum pressure, and then decreases to become constant. The instantaneous increase in
the pressure on the primary side, as can be found from the fact that the pressure is rapidly reduced
thereafter, is presumed to be caused by the fact that a large amount of pressurized treated water
starts to permeate through the hollow fiber membrane 11. Then, the primary side pressure rapidly
decreases as the raw water is discharged to the drain pipe 53, and then the primary side pressure
gradually decreases. At this time, it is presumed that the primary side pressure gradually decreases
due to the gradual decrease in the amount of water in the raw water space S1. Then, it is presumed
that the pressure on the primary side becomes constant when all the treated water in the raw water
space S1 has been discharged from the housing 12.

[0129] Therefore, the estimation unit 74 estimates a time required for the backwashing step based
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on the pressure logging data on the primary side stored in the storage unit 71.

[0130] Specifically, the estimation unit 74 performs the estimation processing shown in FIG. 4 at an
end of the filtration process. In Step S41, the estimation unit 74 chronologically refers to the
logging data of the pressure on the primary side stored in the storage unit 71 during the
backwashing step of the filtration process. Then, the estimation unit 74 extracts, as the change
information, a time from the start of the backwashing step (a time point t80 in FIG. 8) to a time
when the pressure on the primary side becomes constant (a time point t81 in the same drawing).
[0131] Here, in order to detect a time point at which the pressure on the primary side becomes
constant, the estimation unit 74 executes the following. For example, with respect to each of
referred logging data, the estimation unit 74 performs processing of subtracting, from the logging
data, one-preceding logging data. Then, the estimation unit 74 detects a time point (e.g., the time
point t81 in FIG. 8) at which the result of the subtraction becomes smaller than the predetermined
value the predetermined number of times in succession as a time point at which the pressure on the
primary side has become constant.

[0132] However, the method by which the estimation unit 74 detects the time point at which the
pressure on the primary side becomes constant in Step S41 is not limited thereto. For example, the
estimation unit 74 may chronologically calculate a ratio of a current pressure on the primary side to
a pressure on the primary side measured immediately before. Then, as a time point at which the
pressure on the primary side has become constant, the estimation unit 74 may detect a time point at
which the calculated ratio becomes equal to or less than the predetermined ratio the predetermined
number of times in succession.

[0133] The estimation unit 74 extracts, as the change information, a time (e.g., t81 — t80) from the
start time point (the time point t80 in FIG. 8) of the backwashing step to the detected time point
(e.g., the time point t81 in the same drawing).

[0134] In Step S42, the estimation unit 74 estimates, as the time required for the backwashing step,
the time (e.g., t81- t80) extracted as the change information in Step S41. In Step S43, the
estimation unit 74 outputs information indicating the time required for the backwashing step
estimated in Step S42 as information indicating a result of the estimation.

[0135] [Estimation of Time Required for Backwashing Step (2)]

In the backwashing step, also when the secondary side pressure sensor 62 measures the
pressure on the secondary side of the hollow fiber membrane module 10 at intervals of three
seconds or less, the pressure logging data similar to that in FIG. 6 is obtained. Therefore, the
estimation unit 74 may perform the estimation processing shown in FIG. 4 at the end of the
filtration process to estimate a time required for the backwashing step based on the logging data
indicating the secondary side pressure.

[0136] The present configuration can be realized, for example, as follows. In Step S41, the
estimation unit 74 detects a time point at which the pressure on the secondary side becomes
constant in a manner similar to the above case of detecting a time point at which the pressure on the

primary side becomes constant. Then, the estimation unit 74 extracts a time from the start time
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point of the backwashing step to the detected time point as the change information. In Step S42,
the estimation unit 74 estimates the time extracted as the change information in Step S41 as the time
required for the backwashing step.

[0137] [Estimation of Time Required for Backwashing Step (3)]

In the backwashing step, treated liquid on the secondary side may be pressurized using
liquid instead of air. In this case, the primary side pressure of the hollow fiber membrane module
10 in the backwashing step changes over time as shown in FIG. 9.  Specifically, the pressure on
the primary side increases after the start of backwashing, and substantially becomes constant after a
time point t91 at which time has elapsed from a start time point t90 of the backwashing step.
Therefore, the estimation unit 74 may perform the estimation processing shown in FIG. 4 at the end
of the filtration process, and in Step S41, may extract time from the start time point t90 of the
backwashing step until the pressure on the primary side becomes constant (the time point t91 in the
same drawing) as the change information. Then, in Step S42, the estimation unit 74 may estimate,
as the change information in Step S41, the time extracted as the time required for the backwashing
step.

[0138] [Estimation of Time Required for Backwashing Step (4)]

In the above, the description has been made of the example of estimating a time required
for the backwashing step by the estimation unit 74 based on a time from the start of the
backwashing step until the pressure on the primary side or the secondary side becomes constant .
However, the estimation unit 74 may estimate a time required for the backwashing step based on a
time from the start of the backwashing step until the pressure on the primary side reaches a
maximum pressure.
[0139] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 4 at the end of the filtration process. In Step
S41, the estimation unit 74 extracts a time from the start time point t80 (FIG. 8) of the backwashing
step of the filtration process to a time point t82 (FIG. 8) at which the pressure on the primary side
becomes the maximum pressure as the change information. In Step S42, the estimation unit 74
estimates, as the time required for the backwashing step, the time extracted as the change
information in Step S41.
[0140] This estimation method can be suitably used in a case where the suspended components
deposited on the membrane surface are, for example, based on inorganic components and having
good peelability. Specifically, in a case of a suspended component having good peelability, since
the suspended components peel off from the membrane surface at the same time as backwashing
water starts to permeate through the hollow fiber membrane 11, it can be presumed that the
backwashing is actually ended when the primary side pressure reaches the time point t82 at which
the primary side pressure shows a maximum value.
[0141] [Estimation of Time Required for Backwashing Step (5)]

In addition, also in a case where the treated liquid on the secondary side is pressurized

using liquid instead of air, a step time can be estimated in the same manner as described above.
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FIG. 10 is a graph showing a temporal transition of the pressure on the primary side when the
treated water is circulated in advance by a pump before the backwashing is started, and the
secondary side of the hollow fiber membranes 11 is pressurized at once at the same time as the start
of the backwashing step. In FIG. 10, a horizontal axis represents time, and a vertical axis
represents the pressure on the primary side of the hollow fiber membrane module 10. As shown in
FIG. 10, also in this case, the primary side pressure instantaneously increases to the maximum
pressure after a lapse of a predetermined time after the start of the backwashing (time point t102).
Then, thereafter, the primary side pressure gradually decreases and becomes constant at a constant
pressure (time point t101).

[0142] Therefore, the estimation unit 74 may perform the estimation processing shown in FIG. 4 at
the end of the filtration process, and in Step S41, may extract, as the change information, a time
from the start time point t100 (FIG. 10) of the backwashing step of the filtration process until the
time point t102 (FIG. 10) at which the pressure on the primary side reaches the maximum pressure.
In Step S42, the estimation unit 74 may estimate the time extracted as the change information in
Step S41 as the time required for the backwashing step.

[0143] [Estimation of Blockage Degree of Hollow Fiber Membrane 11 (1)]

In the above, the description has been made of the example in which the estimation unit 74
estimates a time required for the backwashing step. The present invention is not, however, limited
thereto, and the estimation unit 74 may estimate a blockage degree of the hollow fiber membrane
11.

[0144] FIG. 11 is a diagram showing an example of pressure logging data at the time of the
backwashing step. In FIG. 11, a horizontal axis represents an elapsed time (seconds) from the start
of the backwashing step, and a vertical axis represents a pressure on the primary side (primary
pressure) (KPa) and a pressure on the secondary side (secondary pressure).

[0145] As shown in FIG. 11, the pressure on the primary side instantaneously increases immediately
after the start of the backwashing step (elapsed time t111), and then the treated water on the
secondary side is pushed out to the primary side at a constant pressure. At this time, the larger the
blockage degree of the hollow fiber membrane 11, the slower a speed at which the treated water is
pushed out to the primary side and the longer a time required to finish the pushing out of the treated
water on the secondary side. In other words, the time becomes long from the start point (elapsed
time 0) of the backwashing step until the pressure on the primary side stabilizes at a predetermined
pressure (hereinafter, referred to as end pressure) around 0 KPa indicating the end of the pushing
out of the treated water on the secondary side (elapsed time t112).

[0146] Therefore, the estimation unit 74 may estimate the blockage degree of the hollow fiber
membrane 11 based on the time from the start of the backwashing step until the pressure on the
primary side stabilizes at the end pressure.

[0147] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step

S51, the estimation unit 74 chronologically refers to the logging data of the pressure on the primary
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side stored in the storage unit 71 during the backwashing step of the past filtration process. The
past filtration process is, for example, a filtration process that is first performed immediately after
installation of the water treatment device 1 or after maintenance of the same. Then, the estimation
unit 74 extracts the time from the start of the backwashing step until the pressure on the primary
side stabilizes at the end pressure as the first change information.

[0148] Here, in order to detect a time point at which the pressure on the primary side stabilizes at
the end pressure, the estimation unit 74 executes the following. For example, with respect to each
pressure on the primary side indicated by each logging data referred to, the estimation unit 74
calculates a difference between each pressure on the primary side and the end pressure. Then, the
estimation unit 74 detects a time point at which the difference becomes smaller than a
predetermined value a predetermined number of times in succession as a time point at which the
pressure on the primary side has stabilized at the end pressure.

[0149] Note that the method by which the estimation unit 74 detects a time point at which the
pressure on the primary side stabilizes at the end pressure in Step S51 is not limited thereto. For
example, the estimation unit 74 may chronologically calculate a ratio of the end pressure to the
pressure on the primary side. Then, as a time point at which the pressure on the primary side has
stabilized at the end pressure, the estimation unit 74 may detect a time point at which the calculated
ratio becomes equal to or less than the predetermined ratio the predetermined number of times in
succession.

[0150] The estimation unit 74 extracts a time from the start time point of the backwashing step in
the past filtration process to the detected time point as the first change information.

[0151] In Step S52, the estimation unit 74 refers to the logging data of the pressure on the primary
side stored in the storage unit 71 during the backwashing step of the current filtration process.
Then, similarly to Step S51, the estimation unit 74 extracts a time from the start of the backwashing
step until the pressure on the primary side stabilizes at the end pressure as the second change
information.

[0152] In Step S53, the estimation unit 74 subtracts the time extracted as the first change
information in Step S51 from the time extracted as the second change information in Step S52.

The estimation unit 74 acquires the subtraction result as a difference between the first change
information extracted in Step S51 and the second change information extracted in Step S52.

[0153] In Step S54, the estimation unit 74 estimates a blockage degree of the hollow fiber
membrane 11 based on the difference acquired in Step S53.  Specifically, it is presumed that the
larger the difference acquired in Step S53, the larger state the blockage degree of the hollow fiber
membrane 11.

[0154] Therefore, when the difference acquired in Step S53 is larger than a predetermined positive
fifth threshold value, the estimation unit 74 estimates that the blockage degree of the hollow fiber
membrane 11 is very large state. When the difference acquired in Step S53 is a positive value and
is equal to or smaller than the fifth threshold value, the estimation unit 74 estimates that the

blockage degree of the hollow fiber membrane 11 is large state. When the difference acquired in
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Step S53 is a negative value and larger than a predetermined negative sixth threshold value, the
estimation unit 74 estimates that the blockage degree of the hollow fiber membrane 11 is small
state. When the difference acquired in Step S53 is equal to or smaller than the sixth threshold
value, the estimation unit 74 estimates that the blockage degree of the hollow fiber membrane 11 is
extremely small state.

[0155] In Step S55, the estimation unit 74 outputs, as the information indicating a result of the
estimation, information indicating that the blockage degree of the hollow fiber membrane 11
estimated in Step S54 is very large state, large state, small state, or very small state.

[0156] In this case, the blockage degree of the hollow fiber membranes 11 can be grasped without
disassembling the hollow fiber membrane module 10. Therefore, when it is estimated that the
blockage degree of the hollow fiber membrane 11 is large state, the time required for the
backwashing step can be shortened at an early stage by chemical washing or replacing the hollow
fiber membranes 11 with a chemical solution, thereby restoring the filtration capacity of the hollow
fiber membrane 11.

[0157] Specifically, the chemical washing means that the hollow fiber membrane module 10 is
cleaned with a chemical solution by immersing or circulating, in the hollow fiber membrane module
10, a chemical solution such as acids such as sulfuric acid, hydrochloric acid, nitric acid, oxalic
acid, and citric acid, alkalis such as caustic soda, sodium hydrogen carbonate, and sodium
carbonate, oxidants such as hypochlorous acid, ozone, chloramine, and peracetic acid, and a
chemical solution such as organic drugs, chelating agents, enzyme agents, and surfactants, or the
like by operation of the control device 70 by a user and/or automatic operation by the control unit
72. These chemical solutions may be used singly, or two or more thereof may be used one by one
in order, or may be used in combination.

[0158] [Estimation of Blockage Degree of Hollow Fiber Membrane 11 (2)]

Note that in the above, the description has been made of the example in which the
estimation unit 74 estimates a blockage degree of the hollow fiber membrane 11 based on the
logging data of the primary side pressure in the plurality of times of the backwashing step. The
present invention is, however, not limited thereto, and the estimation unit 74 may estimate a
blockage degree of the hollow fiber membrane 11 based on the logging data of the primary side
pressure in one backwashing step.

[0159] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing shown in FIG. 4, and in Step S41, based on the logging data of
the primary side pressure in one backwashing step, extracts the time from the start of the
backwashing step until the pressure on the primary side stabilizes at the end pressure as the change
information. Then, in Step S42, the estimation unit 74 subtracts, from the time extracted in Step
S41 as the change information, the time from the start of the backwashing step until the pressure on
the primary side stabilizes at the end pressure, which is determined in advance based on the
experimental value or the like. Then, similarly to Step S53 described in the above [Estimation of

Blockage Degree of Hollow Fiber Membrane 11 (1)], the estimation unit 74 uses a result of the
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subtraction as a difference between the first change information and the second change information
to estimate a blockage degree of the hollow fiber membrane 11.

[0160] [Estimation of Effect of Physical Washing or Future Increase in Membrane Differential
Pressure (1)]

Also in the above, the description has been made of the example in which the estimation
unit 74 estimates a blockage degree of the hollow fiber membrane 11. The present invention is
not, however, limited thereto, and the estimation unit 74 may estimate an effect of the physical
washing or a future increase in an membrane differential pressure of the hollow fiber membrane
module 10.

[0161] For example, in each of the plurality of times of the backwashing step, the primary side
pressure sensor 61 repeatedly measures a pressure on the primary side of the hollow fiber
membrane module 10 at intervals of three seconds or less. As a result, pressure logging data (FIG.
12) is obtained which shows a temporal change in the primary side pressure of the hollow fiber
membrane module 10 in each of the plurality of times of the backwashing step.

[0162] Note that as described above, when the pressure on the primary side of the hollow fiber
membrane module 10 is repeatedly measured at intervals of three seconds or less by the air vent
pressure sensor, the estimation unit 74 may use data indicating an average value of the pressure on
the primary side indicated by the logging data received from each of the primary side pressure
sensor 61 and the air vent pressure sensor as pressure logging data indicating the pressure on the
primary side of the hollow fiber membrane module 10.

[0163] In FIG. 12, a horizontal axis represents time, and a vertical axis represents the pressure on
the primary side of the hollow fiber membrane module 10. A plot group G121 in FIG. 12 shows a
temporal change in the pressure on the primary side of the hollow fiber membrane module 10
during the backwashing step immediately before the most recent backwashing step. A plot group
G122 in FIG. 12 shows a temporal change in the pressure on the primary side of the hollow fiber
membrane module 10 during the most recent backwashing step.

[0164] As shown in FIG. 12, in a situation where the backwashing step is started, and after the
pressure on the primary side instantaneously increases immediately after the treated water on the
secondary side is pushed out to the primary side, as clogging of the hollow fiber membrane 11
progresses and permeation resistance of the hollow fiber membrane 11 is increased, the speed at
which the treated water is pushed out to the primary side becomes slower, and a time required to
finish the pushing out of the treated water on the secondary side becomes longer.

[0165] Therefore, the estimation unit 74 may refer to the pressure logging data stored in the storage
unit 71 in each of the plurality of times of the backwashing step, and estimate an effect of the
physical washing or a future increase in the membrane differential pressure of the hollow fiber
membrane module 10 based on a difference, between the plurality of times of the backwashing step,
in a time from the start of the backwashing step until the pressure on the primary side stabilizes at
the end pressure.

[0166] The present configuration can be realized, for example, as follows. The estimation unit 74
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performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step
S51, the estimation unit 74 refers to the logging data of the pressure on the primary side stored in
the storage unit 71 during the backwashing step in the past filtration process. The past filtration
process may be, for example, the last filtration process or a filtration process that is first performed
immediately after installation of the water treatment device 1 or after maintenance of the same.
Then, similarly to the above, the estimation unit 74 extracts a time (e.g., t121 in FIG. 12) from the
start of the backwashing step until the pressure on the primary side stabilizes at the end pressure as
the first change information.

[0167] In Step S52, the estimation unit 74 refers to the logging data of the pressure on the primary
side stored in the storage unit 71 during the backwashing step of the current filtration process.
Then, similarly to Step S51, the estimation unit 74 extracts a time (e.g., t122 in FIG. 12) from the
start of the backwashing step until the pressure on the primary side stabilizes at the end pressure as
the second change information.

[0168] In Step S53, the estimation unit 74 subtracts the time (e.g., t121) extracted as the first change
information in Step S51 from the time (e.g., t122) extracted as the second change information in
Step S52. The estimation unit 74 acquires the subtraction result (e.g., t122 — t121) as a difference
between the first change information extracted in Step S51 and the second change information
extracted in Step S52.

[0169] In Step S54, the estimation unit 74 estimates an effect of the physical washing or a future
increase in the membrane differential pressure of the hollow fiber membrane module 10 based on
the difference acquired in Step S53. Specifically, when the difference acquired in Step S53 is a
positive value, it is presumed that clogging of the hollow fiber membrane 11 has progressed and the
permeation resistance of the hollow fiber membrane 11 has increased. Accordingly, in this case,
the estimation unit 74 estimates that the effect of the physical washing is insufficient or the
membrane differential pressure will increase in the future. On the other hand, when the difference
acquired in Step S53 is a negative value, it is presumed that the clogging of the hollow fiber
membranes 11 has been eliminated and the permeation resistance of the hollow fiber membrane 11
has decreased. Accordingly, in this case, the estimation unit 74 estimates that the effect of the
physical washing is sufficient or the membrane differential pressure does not tend to increase.
[0170] In Step S55, the estimation unit 74 outputs, as the information indicating a result of the
estimation, information indicating whether the effect of the physical washing is insufficient or
sufficient, the information indicating that the membrane differential pressure will increase in the
future, or the information indicating that the membrane differential pressure does not tend to
increase, all the information being estimated in Step S54.

[0171] In the example of FIG. 12, the time t122 from a start point of the most recent backwashing
step until the pressure on the primary side stabilizes at the end pressure is longer than the time t121
from a start point of the backwashing step immediately before the most recent backwashing step
until the pressure on the primary side stabilizes at the end pressure. Therefore, the estimation unit

74 estimates that the effect of the physical washing is insufficient or the membrane differential
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pressure will increase in the future.

[0172] In the above, the description has been made of the example of the estimation performed by
the estimation unit 74 based on a time from the start of the backwashing step until the pressure on
the primary side stabilizes at the end pressure. The present invention is not, however, limited
thereto, and the estimation unit 74 may perform various kinds of estimations based on a pressure
(peak) at a reaching point of the pressure on the primary side that has instantaneously increased
immediately after the start of the backwashing step.

[0173] [Estimation of Magnitude of Pipeline Resistance]

For example, as shown in FIG. 11, immediately after the start of the backwashing step,
when a part of the raw water on the primary side of the raw water space S1 is discharged from the
drain port 12D to the outside of the system, because the drain port 12D has an inner diameter
smaller than the inner diameter of the housing 12, pipeline resistance is generated. Due to this
management resistance, the pressure on the primary side measured by the primary side pressure
sensor 61 instantaneously increases (the elapsed time t111). In addition, the more serious the
contamination in the drain pipe 53 connected to the drain port 12D, the higher the pipeline
resistance when the drain water on the primary side is drained, so that the pressure on the primary
side increases.

[0174] Therefore, the estimation unit 74 may estimate a magnitude of the pipeline resistance of the
drain pipe 53 (FIG. 1) based on the peak of the pressure on the primary side that has instantaneously
increased immediately after the start of the backwashing step.

[0175] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step
S51, the estimation unit 74 refers to the logging data of the pressure on the primary side stored in
the storage unit 71 during the backwashing step in the past filtration process. The past filtration
process is, for example, a filtration process that is first performed immediately after installation of
the water treatment device 1 or after maintenance of the same. Then, the estimation unit 74
extracts a peak value (e.g., P121 in FIG. 12) of the pressure on the primary side, which has
instantaneously increased immediately after the start of the backwashing step, as the first change
information.

[0176] In Step S52, the estimation unit 74 refers to the logging data of the pressure on the primary
side stored in the storage unit 71 during the backwashing step of the current filtration process.
Then, the estimation unit 74 extracts a peak value (e.g., P122 in FIG. 12) of the pressure on the
primary side that has instantaneously increased immediately after the start of the backwashing step
as the second change information in the same manner as in Step S51.

[0177] In Step S53, the estimation unit 74 subtracts the peak value (e.g., P121) of the pressure on
the primary side extracted as the first change information in Step S51 from the peak value (e.g.,
P122) of the pressure on the primary side extracted as the second change information in Step S52.
The estimation unit 74 acquires the subtraction result (e.g., P122 — P121) as a difference between

the first change information extracted in Step S51 and the second change information extracted in
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Step S52.

[0178] In Step S54, the estimation unit 74 estimates a magnitude of the pipeline resistance of the
drain pipe 53 (FIG. 1) based on the difference acquired in Step S53. Specifically, it is presumed
that the larger the difference acquired in Step S53, the more serious the contamination in the drain
pipe 53 and the higher the pipeline resistance of the drain pipe 53 when the drain water on the
primary side is drained.

[0179] Therefore, when the difference acquired in Step S53 is larger than a predetermined positive
seventh threshold value, the estimation unit 74 estimates that the pipeline resistance of the drain
pipe 53 is very high state. When the difference acquired in Step S53 is a positive value and is
equal to or smaller than the seventh threshold value, the estimation unit 74 estimates that the
pipeline resistance of the drain pipe 53 is high state. When the difference acquired in Step S53 is a
negative value and is larger than a predetermined negative eighth threshold value, the estimation
unit 74 estimates that the pipeline resistance of the drain pipe 53 is low state. When the difference
acquired in Step S53 is equal to or smaller than the eighth threshold value, the estimation unit 74
estimates that the pipeline resistance of the drain pipe 53 is extremely low state.

[0180] In Step S55, the estimation unit 74 outputs, as the information indicating a result of the
estimation, information indicating that the pipeline resistance of the drain pipe 53 is very high state,
high state, low information, or very low state, the information being estimated in Step S54.

[0181] In this case, how much the drain pipe 53 is contaminated can be grasped by grasping how
high the pipeline resistance of the drain pipe 53 (FIG. 1) as a primary side drain pipeline is without
disassembling the hollow fiber membrane module 10. Therefore, when it is estimated that the
pipeline resistance of the drain pipe 53 is high state, the drain pipe 53 can be quickly washed to
suppress accumulation of the drain water inside the hollow fiber membrane module 10 during the
backwashing step. As a result, the washing capability of the hollow fiber membrane 11 by the
backwashing step can be quickly restored.

[0182] Note that in the above, the description has been made of the example in which the estimation
unit 74 estimates a magnitude of the pipeline resistance of the drain pipe 53 based on the logging
data of the primary side pressure in the plurality of times of the backwashing step. The present
invention is not, however, limited thereto, and the estimation unit 74 may estimate a magnitude of
the pipeline resistance of the drain pipe 53 based on the logging data of the primary side pressure in
one backwashing step.

[0183] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing shown in FIG. 4, and in Step S41, based on the logging data of
the primary side pressure in one backwashing step, extracts the peak value of the pressure on the
primary side that has instantaneously increased immediately after the start of the backwashing step
as the change information. Then, in Step S42, the estimation unit 74 subtracts, from the peak
value extracted in Step S41 as the change information, the peak value of the pressure on the primary
side that has instantaneously increased immediately after the start of the backwashing step, the peak

value being determined in advance based on the experimental value or the like. Similarly to Step
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S53, the estimation unit 74 uses the result of the subtraction as a difference between the first change
information and the second change information to estimate a magnitude of the pipeline resistance of
the drain pipe 53.

[0184] [Estimation of Effect of Physical Washing or Future Increase in Membrane Differential
Pressure (2)]

Also in the above, the description has been made of the example in which the estimation
unit 74 estimates a magnitude of the pipeline resistance of the drain pipe 53. The present
invention is not, however, limited thereto, and the estimation unit 74 may estimate an effect of the
physical washing or a future increase in an membrane differential pressure of the hollow fiber
membrane module 10.

[0185] As shown in FIG. 12, immediately after the backwashing step is started and the treated water
on the secondary side is pushed out to the primary side, since the inner diameter of the drain pipe 53
is smaller than the inner diameter of the housing 12, the pressure on the primary side
instantaneously increases due to pipeline resistance generated when the raw water on the primary
side flows into the drain pipe 53. At this time, the speed at which the treated water on the
secondary side is pushed out to the primary side increases and the peak of the pressure on the
primary side increases as clogging of the hollow fiber membranes 11 decreases and the permeation
resistance of the hollow fiber membranes 11 decreases.

[0186] Therefore, the estimation unit 74 may refer to the pressure logging data stored in the storage
unit 71 in each of the plurality of times of the backwashing step, and estimate an effect of the
physical washing or a future increase in the membrane differential pressure of the hollow fiber
membrane module 10 based on a difference, between the plurality of times of the backwashing step,
in the peak of the pressure on the primary side that has instantaneously increases immediately after
the start of the backwashing step.

[0187] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step
S51, the estimation unit 74 refers to the logging data of the pressure on the primary side stored in
the storage unit 71 during the backwashing step in the past filtration process. The past filtration
process may be, for example, the last filtration process or a filtration process that is first performed
immediately after installation of the water treatment device 1 or after maintenance of the same.
Then, the estimation unit 74 extracts a peak value (e.g., P121 in FIG. 12) of the pressure on the
primary side, which is immediately after the start of the backwashing step in the past filtration
process, as the first change information.

[0188] In Step S52, the estimation unit 74 refers to the pressure logging data stored in the storage
unit 71 during the backwashing step in the current filtration process. Then, the estimation unit 74
extracts the peak value (e.g., P122 in FIG. 12) of the pressure on the primary side immediately after
the start of the backwashing step as the second change information in the same manner as in Step
S51.

[0189] In Step S53, the estimation unit 74 subtracts the peak value (e.g., P121 in FIG. 12) of the
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pressure on the primary side extracted as the first change information in Step S51 from the peak
value (e.g., P122 in FIG. 12) of the pressure on the primary side extracted as the second change
information in Step S52. The estimation unit 74 acquires the subtraction result (e.g., P122 — P121)
as a difference between the first change information extracted in Step S51 and the second change
information extracted in Step S52.
[0190] In Step S54, the estimation unit 74 estimates an effect of the physical washing or a future
increase in the membrane differential pressure of the hollow fiber membrane module 10 based on
the difference acquired in Step S53. Specifically, when the difference acquired in Step S53 is a
negative value, it is presumed that the clogging of the hollow fiber membrane 11 has progressed and
the permeation resistance of the hollow fiber membrane 11 has increased. Accordingly, in this
case, the estimation unit 74 estimates that the effect of the physical washing is insufficient or the
membrane differential pressure will increase in the future. On the other hand, when the difference
acquired in step S53 is a positive value, it is presumed that the clogging of hollow fiber membrane
11 is eliminated and the permeation resistance of the hollow fiber membrane 11 is reduced.
Accordingly, in this case, the estimation unit 74 estimates that the effect of the physical washing is
sufficient or the membrane differential pressure does not tend to increase.
[0191] In Step S55, the estimation unit 74 outputs, as the information indicating a result of the
estimation, information indicating whether the effect of the physical washing is insufficient or
sufficient, the information indicating that the membrane differential pressure will increase in the
future, or the information indicating that the membrane differential pressure does not tend to
increase, all the information being estimated in Step S54.
[0192] In the example of FIG. 12, the peak value P122 of the pressure on the primary side
immediately after the start of the most recent backwashing step is smaller than the peak value P121
of the pressure on the primary side immediately after the start of the backwashing step immediately
before the most recent backwashing step. Therefore, the estimation unit 74 estimates that the
effect of the physical washing is insufficient or the membrane differential pressure will increase in
the future.
[0193] [Estimation Based on Pressure Logging Data on Secondary Side during Backwashing Step]

In the above, the description has been made of the example in which the estimation unit 74
performs various estimations based on the pressure logging data on the primary side stored in the
storage unit 71 during the backwashing step. The present invention is not, however, limited
thereto, and the estimation unit 74 may perform various estimations based on the pressure logging
data on the secondary side stored in the storage unit 71 during the backwashing step.
[0194] [Estimation of Effect of Physical Washing or Future Increase in Membrane Differential
Pressure (3)]

For example, in each of the plurality of times of the backwashing step, the secondary side
pressure sensor 62 repeatedly measures a pressure on the secondary side of the hollow fiber
membrane module 10 at intervals of three seconds or less. As a result, pressure logging data (FIG.

13) showing a temporal change in the secondary side pressure of the hollow fiber membrane
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module 10 in each of the plurality of times of the backwashing step is obtained. In FIG. 13, a
horizontal axis represents time, and a vertical axis represents the pressure on the secondary side of
the hollow fiber membrane module 10. A plot group G131 in FIG. 13 shows a temporal change in
the pressure on the secondary side of the hollow fiber membrane module 10 during the
backwashing step immediately before the most recent backwashing step. A plot group G132 in
FIG. 13 shows a temporal change in the pressure on the secondary side of the hollow fiber
membrane module 10 during the most recent backwashing step.

[0195] As shown in FIG. 13, in the backwashing step, when the pushing of the treated water on the
secondary side out to the primary side is completed, the secondary side becomes filled state with
pressurized air, and the pressure on the secondary side stabilizes at a pressure of air (an example of
a medium) (hereinafter, referred to as air pressure). Here, as the clogging of the hollow fiber
membranes 11 progresses and the permeation resistance of the hollow fiber membranes 11
increases, the time required for all the treated water on the secondary side to be pushed out to the
primary side increases. Therefore, the time from the start of the backwashing step until the
pressure on the secondary side stabilizes at the air pressure becomes longer as the clogging of the
hollow fiber membranes 11 progresses and the permeation resistance of the hollow fiber membranes
11 increases.

[0196] Note that stabilization of a pressure represents, for example, that an increasing pressure
reaches an inflection point at which a slope of the increase of the pressure is reduced, that a
decreasing pressure reaches an inflection point at which a slope of the decrease of the pressure is
increased, or that an increasing or decreasing pressure becomes fluctuating state within a
predetermined allowable range continuously for a predetermined time or more.

[0197] Therefore, the estimation unit 74 may refer to the secondary side pressure logging data
stored in the storage unit 71 in each of the plurality of times of the backwashing step, and estimate
an effect of the physical washing or a future increase in the membrane differential pressure of the
hollow fiber membrane module 10 based on a difference, between the plurality of times of the
backwashing step, in a time from the start of the backwashing step until the pressure on the
secondary side stabilizes at the air pressure.

[0198] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step
S51, the estimation unit 74 refers to the pressure logging data on the secondary side stored in the
storage unit 71 during the backwashing step in the past filtration process. The past filtration
process may be, for example, the last filtration process or a filtration process that is first performed
immediately after installation of the water treatment device 1 or after maintenance of the same.
Then, the estimation unit 74 extracts a time (e.g., t131 in FIG. 13) from the start of the backwashing
step in the past filtration process until the pressure on the secondary side stabilizes at the air
pressure as the first change information.

[0199] Here, in order to detect a time point at which the pressure on the secondary side stabilizes at

the air pressure, the estimation unit 74 executes the following. For example, with respect to each
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pressure on the secondary side indicated by each logging data referred to, the estimation unit 74
calculates a difference between each pressure on the secondary side and the air pressure. Then, the
estimation unit 74 detects a time point at which the difference becomes smaller than the
predetermined value the predetermined number of times in succession as a time point at which the
pressure on the secondary side stabilizes at the air pressure.

[0200] However, the method by which the estimation unit 74 detects a time point at which the
pressure on the secondary side stabilizes at the air pressure in Step S51 is not limited thereto. For
example, the estimation unit 74 may chronologically calculate a ratio of the air pressure to the
pressure on the secondary side. Then, as a time point at which the pressure on the secondary side
has stabilized at the air pressure, the estimation unit 74 may detect a time point at which the
calculated ratio becomes equal to or less than the predetermined ratio the predetermined number of
times in succession.

[0201] The estimation unit 74 extracts a time from the start time point of the backwashing step in
the past filtration process to the detected time point as the first change information.

[0202] In Step S52, the estimation unit 74 refers to the pressure logging data on the secondary side
stored in the storage unit 71 during the backwashing step in the current filtration process. Then,
similarly to Step S51, the estimation unit 74 extracts a time (e.g., t132 in FIG. 13) from the start of
the backwashing step until the pressure on the secondary side stabilizes at the air pressure as the
second change information.

[0203] In Step S53, the estimation unit 74 subtracts the time (e.g., t131) extracted as the first change
information in Step S51 from the time (e.g., t132) extracted as the second change information in
Step S52. The estimation unit 74 acquires the subtraction result (e.g., t132 — t131) as a difference
between the first change information extracted in Step S51 and the second change information
extracted in Step S52.

[0204] In Step S54, the estimation unit 74 estimates an effect of the physical washing or a future
increase in the membrane differential pressure of the hollow fiber membrane module 10 based on
the difference acquired in Step S53. Specifically, when the difference acquired in Step S53 is a
positive value, it is presumed that clogging of the hollow fiber membrane 11 has progressed and the
permeation resistance of the hollow fiber membrane 11 has increased. Accordingly, in this case,
the estimation unit 74 estimates that the effect of the physical washing is insufficient or the
membrane differential pressure will increase in the future. On the other hand, when the difference
acquired in Step S53 is a negative value, it is presumed that the clogging of the hollow fiber
membranes 11 has been eliminated and the permeation resistance of the hollow fiber membrane 11
has decreased. Accordingly, in this case, the estimation unit 74 estimates that the effect of the
physical washing is sufficient or the membrane differential pressure does not tend to increase.
[0205] In Step S55, the estimation unit 74 outputs, as the information indicating a result of the
estimation, information indicating whether the effect of the physical washing is insufficient or
sufficient, the information indicating that the membrane differential pressure will increase in the

future, or the information indicating that the membrane differential pressure does not tend to
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increase, all the information being estimated in Step S54.

[0206] In the example of FIG. 13, the time t132 from the start point of the most recent backwashing
step until the pressure on the secondary side stabilizes at the air pressure is longer than the time t131
from the start point of the backwashing step immediately before the most recent backwashing step
until the pressure on the secondary side stabilizes at the air pressure. Therefore, the estimation
unit 74 estimates that the effect of the physical washing is insufficient or the membrane differential
pressure will increase in the future.

[0207] [Estimation of Effect of Physical Washing or Future Increase in Membrane Differential
Pressure (4)]

In the above, the description has been made of the example in which the estimation unit 74
estimates an effect of the physical washing or a future increase in the membrane differential
pressure of the hollow fiber membrane module 10 based on a difference, between the plurality of
times of the backwashing step, in a time from the start of the backwashing step until the pressure on
the secondary side stabilizes at the air pressure. The method of estimating an effect of the physical
washing or a future increase in an membrane differential pressure of the hollow fiber membrane
module 10 by the estimation unit 74 is not, however, limited thereto.

[0208] For example, as shown in FIG. 13, immediately after the start of the backwashing step, the
treated water on the secondary side is rapidly pushed by the pressurized air and flows into the
primary side. At this time, the permeation of the treated water in the hollow fiber membrane 11
enters a rate-determining step, so that a degree of pressurization of the treated water by air becomes
larger than a degree of permeation of the treated water to the primary side. Therefore, the pressure
on the secondary side increases immediately after the start of the backwashing step. Then, a part
of the suspended components deposited on the surface of hollow fiber membranes 11 is peeled off
state or is brought to be easily peeled off state by the force of pushing the treated water to the
primary side, so that the pressure on the secondary side is instantaneously reduced or maintained.
Thereafter, the pressure on the secondary side is increased again by pressurization with air. In this
way, the pressure on the secondary side instantaneously increases immediately after the start of the
backwashing step. A pressure (peak) at a reaching point on the secondary side at the time of the
increase increases as the clogging of the hollow fiber membranes 11 progresses and the permeation
resistance of the hollow fiber membranes 11 increases.

[0209] Therefore, the estimation unit 74 may refer to the pressure logging data on the secondary
side stored in the storage unit 71 in each of the plurality of times of the backwashing step, and
estimate an effect of the physical washing or a future increase in the membrane differential pressure
of the hollow fiber membrane module 10 based on a difference, between the plurality of times of
the backwashing step, in a peak of the pressure on the secondary side that has instantaneously
increased immediately after the start of the backwashing step.

[0210] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step

S51, the estimation unit 74 refers to the pressure logging data on the secondary side stored in the
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storage unit 71 during the backwashing step in the past filtration process. The past filtration
process may be, for example, the last filtration process or a filtration process that is first performed
immediately after installation of the water treatment device 1 or after maintenance of the same.
Then, the estimation unit 74 extracts, as the first change information, a peak value (e.g., P131 in
FIG. 13) of the pressure on the secondary side that has instantaneously increased immediately after
the start of the backwashing step in the past filtration process.

[0211] In Step S52, the estimation unit 74 refers to the pressure logging data on the secondary side
stored in the storage unit 71 during the backwashing step in the current filtration process. Then,
the estimation unit 74 extracts the peak value ( e.g., P132 in FIG. 13) of the pressure on the
secondary side that has instantaneously increased immediately after the start of the backwashing
step as the second change information in the same manner as in Step S51.

[0212] In Step S53, the estimation unit 74 subtracts the peak value (e.g., P131 in FIG. 13) of the
pressure on the secondary side extracted as the first change information in Step S51 from the peak
value (e.g., P132 in FIG. 13) of the pressure on the secondary side extracted as the second change
information in Step S52. The estimation unit 74 acquires the subtraction result (e.g., P132 — P131)
as a difference between the first change information extracted in Step S51 and the second change
information extracted in Step S52.

[0213] In Step S54, the estimation unit 74 estimates an effect of the physical washing or a future
increase in the membrane differential pressure of the hollow fiber membrane module 10 based on
the difference acquired in Step S53. Specifically, when the difference acquired in Step S53 is a
positive value, it is presumed that clogging of the hollow fiber membrane 11 has progressed and the
permeation resistance of the hollow fiber membrane 11 has increased. Accordingly, in this case,
the estimation unit 74 estimates that the effect of the physical washing is insufficient or the
membrane differential pressure will increase in the future. On the other hand, when the difference
acquired in Step S53 is a negative value, it is presumed that the clogging of the hollow fiber
membranes 11 has been eliminated and the permeation resistance of the hollow fiber membrane 11
has decreased. Accordingly, in this case, the estimation unit 74 estimates that the effect of the
physical washing is sufficient or the membrane differential pressure does not tend to increase.
[0214] In Step S55, the estimation unit 74 outputs, as the information indicating a result of the
estimation, information indicating whether the effect of the physical washing is insufficient or
sufficient, the information indicating that the membrane differential pressure will increase in the
future, or the information indicating that the membrane differential pressure does not tend to
increase, all the information being estimated in Step S54.

[0215] In the example of FIG. 13, the peak value P132 of the pressure on the secondary side
immediately after the start of the most recent backwashing step is larger than the peak value P131
of the pressure on the secondary side immediately after the start of the backwashing step
immediately before the most recent backwashing step. Therefore, the estimation unit 74 estimates
that the effect of the physical washing is insufficient or the membrane differential pressure will

increase in the future.
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[0216] [Estimation of Effect of Physical Washing or Future Increase in Membrane Differential
Pressure (5)]

In addition, the present inventors have found, from the knowledge obtained by performing
test operation, that an effect of the physical washing or a future increase in an membrane differential
pressure can be estimated by the following method. Specifically, the present inventors have
conducted the test operation, and calculated an integral value of a difference between the pressure
on the secondary side and the pressure on the primary side in the time from the start of the
backwashing step to the time point at which the pressure on the primary side stabilizes, using the
pressure logging data (FIG. 14 and FIG. 15) acquired in each of a backwashing step (hereinafter,
referred to as first backwashing step) when a degree of progress of the clogging of the hollow fiber
membranes 11 is smaller than a predetermined degree and a backwashing step (hereinafter, referred
to as second backwashing step) when the degree of progress of the clogging of the hollow fiber
membranes 11 is larger than the predetermined degree.

[0217] In FIG. 14 and FIG. 15, a horizontal axis represents time, and a vertical axis represents
pressures on the primary side and the secondary side of the hollow fiber membrane module 10. A
plot group G141 in FIG. 14 shows a temporal change in the pressure on the primary side of the
hollow fiber membrane module 10 during the first backwashing step. A plot group G142 in FIG.
14 shows a temporal change in the pressure on the secondary side of the hollow fiber membrane
module 10 during the first backwashing step. A plot group G151 in FIG. 15 shows a temporal
change in the pressure on the primary side of the hollow fiber membrane module 10 during the
second backwashing step. A plot group G152 in FIG. 15 shows a temporal change in the pressure
on the secondary side of the hollow fiber membrane module 10 during the second backwashing
step.

[0218] Next, using the pressure logging data shown in FIG. 14 acquired in the first backwashing
step, the present inventors have calculated an integral value of a difference between the pressure on
the secondary side and the pressure on the primary side in a time of t140 to t141 from a time point
t140 at which the first backwashing step starts to a time point t141 at which the pressure on the
primary side stabilizes. Hereinafter, a target time for calculating the integral value is referred to as
a target time.

[0219] In FIG. 14, the integral value of the difference between the pressure on the secondary side
and the pressure on the primary side when the target time is set to the time of t140 to t141
corresponds to an area of a region surrounded by a chain line indicating the start time point t140 of
the first backwashing step, a chain line indicating the time point t141 at which the pressure on the
primary side stabilizes, the plot group G142, and the plot group G141.

[0220] Similarly, using the pressure logging data shown in FIG. 15 acquired in the second
backwashing step, the present inventors have calculated an integral value of the difference between
the pressure on the secondary side and the pressure on the primary side in a time of t150 to t151, as
the target time, the time being from a time point t150 at which the second backwashing step starts to

a time point t151 at which the pressure on the primary side stabilizes.
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[0221] Then, the present inventors have compared a measurement result of the difference between
the pressure on the secondary side and the pressure on the primary side in the filtration step
performed after the first backwashing step, a measurement result of the difference in the filtration
step performed after the second backwashing step, and a calculation result of the integral value.

As aresult, the present inventors have found that the integral value in the predetermined period is
significantly different between a case where the degree of progress of the clogging of the hollow
fiber membranes 11 is larger than the predetermined degree and a case where the degree of progress
of clogging is smaller than the predetermined degree even when the difference between the pressure
on the secondary side and the pressure on the primary side during the filtration step is substantially
constant. Similarly, the present inventors have obtained knowledge, from the test operation, that
even when the difference between the pressure on the secondary side and the pressure on the
primary side during the filtration step is substantially constant, the integral value is significantly
different between a case where the deposition amount of the suspended components in the hollow
fiber membranes 11 is larger than a predetermined amount and a case where the same is smaller.
[0222] It is presumed that this is because the time from the start of the backwashing step until the
pressure on the primary side that has instantaneously increased immediately after the start of the
backwashing step reaches the peak and the time from the peak to the stabilization of the pressure on
the primary side that has instantaneously increased immediately after the start of the backwashing
step become longer as the degree of progress of the clogging of the hollow fiber membranes 11 is
increased or as the deposition amount of the suspended components in the hollow fiber membranes
11 is increased.

[0223] Therefore, similarly, the present inventors have calculated the integral value using, as the
target time, a time from the start time point t140 of the first backwashing step until the pressure on
the primary side that has instantaneously increased immediately after the start of the first
backwashing step reaches a peak P141. In addition, the present inventors have calculated the
integral value using, as the target time, a time from the start time point t150 of the second
backwashing step until the pressure on the primary side that has instantaneously increased
immediately after the start of the second backwashing step reaches the peak P151. Also in this
case, the present inventors have obtained the same knowledge as described above.

[0224] The present inventors have calculated the integral value using, as the target time, a time from
when the pressure on the primary side that has instantaneously increased immediately after the start
of the first backwashing step reaches the peak P141 until the time point t141 at which the pressure
on the primary side stabilizes. The present inventors have also calculated the integral value using,
as the target time, a time from when the pressure on the primary side that has instantaneously
increased immediately after the start of the second backwashing step reaches the peak P151 until
the time point t151 at which the pressure on the primary side stabilizes. Also in these cases, the
present inventors have obtained the same knowledge as described above.

[0225] Further, the present inventors have calculated the integral value using, as the target time, a

time from the start time point t140 of the first backwashing step until a time point t142 at which the
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pressure on the secondary side stabilizes. Further, the present inventors have also calculated the
integral value using, as the target time, a time from the start time point t150 of the second
backwashing step until a time point t152 at which the pressure on the secondary side stabilizes.
Also in these cases, the present inventors have obtained the same knowledge as described above.
[0226] The present inventors have calculated the integral value using, as the target time, a time from
the start time point t140 of the first backwashing step until the pressure on the secondary side that
has instantaneously increased immediately after the start of the backwashing step reaches a peak
P142. The present inventors have also calculated the integral value using, as the target time, a
time from the start time point t150 of the second backwashing step until the pressure on the
secondary side that has instantaneously increased immediately after the start of the second
backwashing step reaches a peak P152. Also in these cases, the present inventors have obtained
the same knowledge as described above.

[0227] The present inventors have calculated the integral value using, as the target time, a time from
when the pressure on the secondary side that has instantaneously increased immediately after the
start of the first backwashing step reaches the peak P142 until the time point t142 at which the
pressure on the secondary side stabilizes. The present inventors have also calculated the integral
value using, as the target time, a time from when the pressure on the secondary side that has
instantaneously increased immediately after the start of the second backwashing step reaches the
peak P152 until the time point t152 at which the pressure on the secondary side stabilizes. Also in
these cases, the present inventors have obtained the same knowledge as described above.

[0228] In addition, the present inventors have found that the larger the degree of progress of the
clogging of the hollow fiber membrane 11, or the larger the deposition amount of the suspended
components in the hollow fiber membrane 11, the larger the integral value at each of the above
target times.

[0229] Therefore, based on the above knowledge obtained by the present inventors, with respect to
a plurality of times of the backwashing step, the estimation unit 74 may calculate an integral value
of a difference between the pressure on the secondary side and the pressure on the primary side in
any one of a time (hereinafter, referred to as first target time) from the start of the backwashing step
until the pressure on the primary side or the secondary side has instantaneously increased
immediately after the start of the backwashing step reaches a peak, a time (hereinafter, referred to as
second target time) from when the pressure on the primary side or the secondary side has
instantaneously increased immediately after the start of the backwashing step reaches the peak until
when the pressure stabilizes, and a time (hereinafter, referred to as third target time) from the start
time point of the backwashing step until a time point at which the pressure on the primary side or
the secondary side stabilizes. The estimation unit 74 may estimate an effect of the physical
washing or a future increase in the membrane differential pressure of the hollow fiber membrane
module 10 based on a difference in the integral value between the plurality of times of the
backwashing step.

[0230] The present configuration can be realized, for example, as follows. The estimation unit 74
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performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step
S51, the estimation unit 74 chronologically refers to the pressure logging data on the primary side
and the secondary side stored in the storage unit 71 during the backwashing step in the past
filtration process. The past filtration process may be, for example, the last filtration process or a
filtration process that is first performed immediately after installation of the water treatment device
1 or after maintenance of the same. Then, the estimation unit 74 calculates the integral value
using, as the target time, any one of the first target time, the second target time, and the third target
time during the backwashing step in the past filtration process. Then, the estimation unit 74
extracts the calculated integral value as the first change information.

[0231] When calculating the integral value using the second target time or the third target time as
the target time, the estimation unit 74 detects a time point at which the pressure on the primary side
or the secondary side stabilizes as follows.

[0232] With respect to each pressure on the primary side indicated by each logging data referred to,
the estimation unit 74 subtracts, from each pressure on the primary side, a pressure on the primary
side measured immediately before. Then, the estimation unit 74 detects a time point at which the
subtraction result becomes smaller than the predetermined value the predetermined number of times
in succession as a time point at which the pressure on the primary side stabilizes. In the same
manner as this, the estimation unit 74 detects a time point at which the pressure on the secondary
side stabilizes.

[0233] The method by which the estimation unit 74 detects a time point at which the pressure on the
primary side or the secondary side stabilizes is not, however, limited thereto. For example, the
estimation unit 74 may chronologically calculate a ratio of a current pressure on the primary side to
a pressure on the primary side measured immediately before. Then, as a time point at which the
pressure on the primary side has stabilized, the estimation unit 74 may detect a time point at which
the calculated ratio becomes equal to or less than the predetermined ratio a predetermined number
of times in succession. In the same manner as this, the estimation unit 74 may detect a time point
at which the pressure on the secondary side has stabilized.

[0234] In Step S52, the estimation unit 74 refers to the pressure logging data on the primary side
and the secondary side stored in the storage unit 71 during the backwashing step in the current
filtration process. Then, the estimation unit 74 calculates the integral value using, as the target
time, a time which is the same as the time considered as the target time in Step S51, among the first
target time, the second target time, and the third target time during the backwashing step in the
current filtration process. Then, the estimation unit 74 extracts the calculated integral value as the
second change information.

[0235] In Step S53, the estimation unit 74 subtracts the integral value extracted as the first change
information in Step S51 from the integral value extracted as the second change information in Step
S52. The estimation unit 74 acquires the subtraction result as a difference between the first change
information extracted in Step S51 and the second change information extracted in Step S52.

[0236] In Step S54, the estimation unit 74 estimates an effect of the physical washing or a future
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increase in the membrane differential pressure of the hollow fiber membrane module 10 based on
the difference acquired in Step S53. Specifically, when the difference acquired in Step S53 is a
positive value, it is presumed that the degree of the clogging of the hollow fiber membrane 11 has
increased. Accordingly, in this case, the estimation unit 74 estimates that the effect of the physical
washing is insufficient. Alternatively, when the difference acquired in Step S53 is a positive
value, it is presumed that the deposition amount of the suspended components in the hollow fiber
membrane 11 has increased. Accordingly, in this case, the estimation unit 74 may estimate that the
permeation resistance of the hollow fiber membrane 11 increases and the membrane differential
pressure of the hollow fiber membrane module 10 will increase in the future.
[0237] By contrast, when the difference acquired in Step S53 is a negative value, it is presumed that
the degree of progress of the clogging of the hollow fiber membrane 11 has decreased.
Accordingly, in this case, the estimation unit 74 estimates that the effect of the physical washing is
sufficient. ~Alternatively, when the difference acquired in Step S53 is a negative value, it is
presumed that the deposition amount of the suspended components in the hollow fiber membrane
11 has decreased. Accordingly, in this case, the estimation unit 74 may estimate that the
permeation resistance of the hollow fiber membrane 11 decreases and the membrane differential
pressure does not tend to increase.
[0238] In Step S55, the estimation unit 74 outputs, as the information indicating a result of the
estimation, information indicating whether the effect of the physical washing is insufficient or
sufficient, the information indicating that the membrane differential pressure will increase in the
future, or the information indicating that the membrane differential pressure does not tend to
increase, all the information being estimated in Step S54.
[0239] According to the present estimation method, it is possible to appropriately grasp the degree
of progress of the clogging of the hollow fiber membranes 11 or the change in the deposition
amount of the suspended components in the hollow fiber membrane 11 by a difference, between the
plurality of times of the backwashing step, in an integral value of a difference between the pressure
on the secondary side and the pressure on the primary side at the three times of the first target time,
the second target time, and the third target time. Therefore, the effect of elimination of clogging of
the hollow fiber membrane 11 by the physical washing can be appropriately estimated based on the
grasped degree of progress of the clogging of the hollow fiber membrane 11. Further, when it is
grasped that the deposition amount of the suspended components in the hollow fiber membrane 11
has increased, it is possible to appropriately estimate that the permeation resistance of the hollow
fiber membrane 11 will increase and the membrane differential pressure will increase.
[0240] [Estimation of Degree of Progress of Clogging, Effect of Physical Washing or Future
Increase in Membrane Differential Pressure]

The estimation unit 74 may, however, estimate a degree of progress of clogging of the
hollow fiber membranes 11, an effect of the physical washing or a future increase in an membrane
differential pressure by the following method different from the above. Specifically, immediately

after the start of the backwashing step, the pressure on the secondary side instantaneously increases
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immediately after the start of the backwashing step as described above. At this time, an ultimate
pressure on the secondary side increases as the clogging of the hollow fiber membranes 11
progresses and the permeation resistance of the hollow fiber membranes 11 increases, or as the
deposition amount of the suspended components in the hollow fiber membranes 11 increases. In
addition, as the pressure on the secondary side increases, a permeation rate of the treated water
increases, and the suspended components deposited on the outer surface of the hollow fiber
membrane 11 is brought to be easily peeled off state. Thereafter, when a part of the suspended
components deposited on the outer surface of the hollow fiber membrane 11 is peeled off, although
the pressure on the secondary side instantaneously decreases, the pressure increases again by
pressurization with air.  As a result, the speed at which the treated water is pushed out to the
primary side increases.

[0241] On the other hand, immediately after the treated water on the secondary side is pushed out to
the primary side, the pressure on the primary side instantaneously increases due to pipeline
resistance generated when the raw water on the primary side flows into the drain pipe 53. At this
time, the speed at which the treated water on the secondary side is pushed out to the primary side
increases as the clogging of the hollow fiber membrane 11 progresses and the permeation resistance
of the hollow fiber membrane 11 increases, or as the deposition amount of the suspended
components in the hollow fiber membrane 11 increases. At this time, the peak of the pressure on
the primary side that has instantaneously increased immediately after the start of the backwashing
step decreases as the clogging of the hollow fiber membrane 11 progresses and the permeation
resistance of the hollow fiber membrane 11 increases, or as the deposition amount of the suspended
components in the hollow fiber membrane 11 increases. Thereafter, when a part of the suspended
components deposited on the outer surface of the hollow fiber membrane 11 is peeled off, and the
speed at which the treated water is pushed out to the primary side increases, a speed at which the
water on the primary side is discharged also increases, and the pressure on the primary side rapidly
decreases.

[0242] In other words, it is assumed that the pressure on the primary side or the secondary side has
instantaneously increased immediately after the start of the backwashing step reaches the peak and
reaches a time point immediately before a part of the suspended components deposited on the outer
surface of the hollow fiber membrane 11 is peeled off. At this time point, the difference between
the pressure on the secondary side and the pressure on the primary side increases as the clogging of
the hollow fiber membrane 11 progresses and the permeation resistance of the hollow fiber
membrane 11 increases, or as the deposition amount of the suspended components in the hollow
fiber membrane 11 increases.

[0243] Therefore, with respect to the plurality of times of the backwashing step, the estimation unit
74 may detect a peak of any one of the pressure on the primary side and the pressure on the
secondary side that have instantaneously increased immediately after the start of the backwashing
step. Then, the estimation unit 74 may estimate a degree of progress of clogging of the hollow

fiber membrane 11, an effect of the physical washing, or a future increase in the membrane
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differential pressure of the hollow fiber membrane module 10 based on a difference between the
pressure on the secondary side and the pressure on the primary side at a time point at which the any
one of the pressures reaches the peak between the plurality of times of the backwashing step.

[0244] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 5 at the end of the filtration process. In Step
S51, the estimation unit 74 chronologically refers to the pressure logging data on the primary side
and the secondary side stored in the storage unit 71 during the backwashing step in the past
filtration process. The past filtration process may be, for example, the last filtration process or a
filtration process that is first performed immediately after installation of the water treatment device
1 or after maintenance of the same. Then, the estimation unit 74 detects a peak value of any one of
the pressures on the primary side and the secondary side immediately after the start of the
backwashing step in the past filtration process. Then, the estimation unit 74 calculates a difference
between the pressure on the secondary side and the pressure on the primary side at the time point at
which the any one of the pressures reaches the peak value. Then, the estimation unit 74 extracts
the calculated difference between the pressure on the secondary side and the pressure on the
primary side as the first change information.

[0245] In Step S52, the estimation unit 74 chronologically refers to the pressure logging data of the
pressures on the primary side and the secondary side stored in the storage unit 71 during the
backwashing step in the current filtration process. Then, the estimation unit 74 detects a peak
value of the same pressure (hereinafter referred to as first target pressure) as the any one of the
pressures immediately after the start of the backwashing step in the same manner as in Step S51.
Then, the estimation unit 74 calculates a difference between the pressure on the secondary side and
the pressure on the primary side at the time point at which the first target pressure reaches the peak
value. Then, the estimation unit 74 extracts the calculated difference between the pressure on the
secondary side and the pressure on the primary side as the second change information.

[0246] In Step S53, the estimation unit 74 subtracts the difference extracted as the first change
information in Step S51 from the difference extracted as the second change information in Step
S52. The estimation unit 74 acquires the subtraction result as a difference between the first change
information extracted in Step S51 and the second change information extracted in Step S52.

[0247] In Step S54, the estimation unit 74 estimates a degree of progress of clogging of the hollow
fiber membrane 11, an effect of the physical washing, or a future increase in the membrane
differential pressure of the hollow fiber membrane module 10 based on the difference acquired in
Step S53.

[0248] Specifically, when the difference acquired in Step S53 is a positive value, it is presumed that
the degree of the clogging of the hollow fiber membrane 11 has increased. Accordingly, in this
case, the estimation unit 74 estimates that the degree of progress of the clogging of the hollow fiber
membrane 11 is large or the effect of the physical washing is insufficient. ~Alternatively, when the
difference acquired in Step S53 is a positive value, it is presumed that the deposition amount of the

suspended components in the hollow fiber membrane 11 has increased. Accordingly, in this case,
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the estimation unit 74 may estimate that the permeation resistance of the hollow fiber membrane 11
increases and the membrane differential pressure of the hollow fiber membrane module 10 will
increase in the future.

[0249] By contrast, when the difference acquired in Step S53 is a negative value, it is presumed that
the degree of progress of the clogging of the hollow fiber membrane 11 has decreased.
Accordingly, in this case, the estimation unit 74 estimates that the degree of progress of the
clogging of the hollow fiber membrane 11 is small or the effect of the physical washing is
sufficient. ~ Alternatively, when the difference acquired in Step S53 is a negative value, it is
presumed that the deposition amount of the suspended components in the hollow fiber membrane
11 has decreased. Accordingly, in this case, the estimation unit 74 may estimate that the
permeation resistance of the hollow fiber membrane 11 decreases and the membrane differential
pressure does not tend to increase.

[0250] In Step S55, the estimation unit 74 outputs, as the information indicating a result of the
estimation, information indicating whether the degree of progress of the clogging of the hollow
fiber membrane 11 is increased or decreased, the information indicating whether the effect of the
physical washing is insufficient or sufficient, the information indicating that the membrane
differential pressure will increase in the future, or the information indicating that the membrane
differential pressure does not tend to increase, which are estimated in Step S54.

[0251] In the present estimation method, the pressure on at least one of the primary side and the
secondary side of the hollow fiber membrane module 10 is measured at intervals of three seconds or
less for the plurality of times of the backwashing step, so that the peak of the pressure can be
detected on any one of the primary side and the secondary side that has instantaneously increased
immediately after the start of the backwashing step. In other words, in the backwashing step, even
with a suspended component that is peeled off from the surface of the hollow fiber membrane 11 by
the force of pushing the treated water out from the secondary side to the primary side, the any one
of the pressures before decreasing due to peeling off of the suspended component can be
appropriately detected.

[0252] As a result, by using the difference between the pressure on the secondary side and the
pressure on the primary side at the time of the detection, it is possible to appropriately grasp the
degree of progress of the clogging of the hollow fiber membrane 11 after the physical washing or a
change in the deposition amount of the suspended components in the hollow fiber membrane.
Therefore, the effect of elimination of clogging of the hollow fiber membrane 11 by the physical
washing can be appropriately estimated based on the grasped degree of progress of the clogging of
the hollow fiber membrane 11. Further, when it is grasped that the deposition amount of the
suspended components in the hollow fiber membrane 11 has increased, it is possible to
appropriately estimate that the permeation resistance of the hollow fiber membrane 11 will increase
and the membrane differential pressure will increase.

[0253] [Estimation of Presence or Absence of Leak of Hollow Fiber Membrane 11]

In the above, the description has been made of the example in which the estimation unit 74
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estimates the degree of progress of the clogging of the hollow fiber membrane 11, an effect of the
physical washing, or a future increase in the membrane differential pressure of the hollow fiber
membrane module 10 based on the pressure logging data on the primary side or the secondary side
stored in the storage unit 71 during the plurality of times of the backwashing step. The present
invention is not, however, limited thereto, and the estimation unit 74 may estimate whether or not
the hollow fiber membrane 11 leaks based on the pressure logging data on the secondary side stored
in the storage unit 71 during the backwashing step.

[0254] For example, in the backwashing step, as illustrated in FIG. 1, the drain valve 54 and the air
valve 42 are opened, so that the air compressor 43 is operated. ~As a result, the air pressurized to
the predetermined pressure is supplied to the treated water space S2 (FIG. 1) of the housing 12 via
the air pipe 41, and the treated water on the secondary side is pushed out to the primary side by the
air.

[0255] As described above, it is assumed that in the backwashing step, the air valve 42 and the air
compressor 43 normally operate, and the air pressurized to the air pressure is normally supplied to
the treated water space S2 (FIG. 1) of the housing 12 without leaking to the raw water space S1
(FIG. 1) on the primary side of the housing 12, to the outside of the air pipe 41, and the like. Itis
also assumed that no leak occurs in the hollow fiber membrane 11. In this case, as shown in FIG.
11, when the pushing of the treated water on the secondary side out to the primary side is completed
in the backwashing step (the elapsed time t112), the pressure on the secondary side stabilizes at the
air pressure (the elapsed time t114). However, when the hollow fiber membrane 11 leaks, the air
used for pushing out the treated water flows out to the primary side inside the hollow fiber
membrane module 10 from a location of the leak. As a result, after the pushing of the treated
water on the secondary side out to the primary side is completed in the backwashing step, the
pressure on the secondary side stabilizes at a pressure lower than the air pressure.

[0256] Therefore, when the pressure on the secondary side has stabilized in the backwashing step
(the elapsed time t114), the estimation unit 74 may compare the stabilized pressure on the
secondary side with the air pressure to estimate whether or not the hollow fiber membrane 11 leaks.
[0257] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 4 at the end of the filtration process. In Step
S41, the estimation unit 74 chronologically refers to the logging data of the pressure on the
secondary side stored in the storage unit 71 during the backwashing step of the filtration process.
Then, with respect to each of referred logging data, the estimation unit 74 performs processing of
subtracting, from the logging data, one-preceding logging data. Then, the estimation unit 74
detects a time point at which the result of the subtraction becomes smaller than the predetermined
value the predetermined number of times in succession (e.g., the time point t114 in FIG. 11) as a
time point at which the pressure on the secondary side has stabilized.

[0258] Note that the method by which the estimation unit 74 detects a time point at which the
pressure on the secondary side has stabilized is not limited thereto. For example, the estimation

unit 74 may chronologically calculate a ratio of a current pressure on the secondary side to a
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pressure on the secondary side measured immediately before. Then, as a time point at which the
pressure on the secondary side has stabilized, the estimation unit 74 may detect a time point at
which the calculated ratio becomes equal to or less than the predetermined ratio the predetermined
number of times in succession.

[0259] Then, the estimation unit 74 extracts an absolute value of a difference between the detected
pressure on the secondary side and the air pressure as the change information.

[0260] In Step S42, the estimation unit 74 estimates whether or not the hollow fiber membrane 11
leaks based on the absolute value of the difference between the secondary side pressure and the air
pressure, the absolute value being extracted as the change information in Step S41. Specifically,
when the absolute value of the difference between the secondary side pressure and the air pressure,
the absolute value being extracted as the change information in Step S41, is equal to or less than a
predetermined error, the estimation unit 74 estimates that the hollow fiber membrane 11 has no
leak. By contrast, when the absolute value of the difference between the secondary side pressure
and the air pressure, the absolute value being extracted as the change information in Step S41, is
larger than the predetermined error, it is estimated that the hollow fiber membrane 11 leaks.

[0261] In Step S43, the estimation unit 74 outputs, as information indicating a result of the
estimation, information being estimated in Step S42 and indicating whether or not the hollow fiber
membrane 11 leaks.

[0262] As a result, in the water treatment device 1, a state of leak of the hollow fiber membrane 11
can be grasped without disassembling the hollow fiber membrane module 10. This enables
reference to the pressure logging data when the hollow fiber membrane 11 leaked in the past to use
the pressure logging data for prediction of a time when the hollow fiber membrane 11 will leak.
[0263] Note that the timing at which the estimation unit 74 performs the above estimation of the
effect of the physical washing or the future increase in the membrane differential pressure is not
particularly limited, and for example, the estimation may be performed every time the filtration
process is performed, or the estimation may be performed every time the filtration process is
repeated a plurality of times (e.g., ten times).  Alternatively, the estimation unit 74 may estimate an
effect of the physical washing or a future increase in the membrane differential pressure at a
predetermined frequency such as once a day, once a week, or once a month. The frequency need
only be appropriately determined according to a kind of raw water (e.g., river water, drainage water,
or sewage water), season, and the like.

[0264] In addition, in the backwashing step, the treated water on the secondary side may be
pressurized with a permeated liquid pressurized to a predetermined pressure instead of air
pressurized to a predetermined pressure. A drug may be injected into the permeated liquid.
[0265] In addition, when the estimation unit 74 estimates that the effect of the physical washing is
insufficient, for example, the effect of the physical washing may be enhanced by increasing the
pressure of the air on the secondary side during the backwashing step and/or increasing an inflow
amount of the air during the bubbling step. In the backwashing step using the permeated liquid,
the effect of the physical washing may be enhanced by adjusting a flow rate of the permeated liquid,
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the flow velocity of the permeated liquid, and the like. The effect of the physical washing may be
enhanced by adjusting a time of the backwashing step and/or the bubbling step.
[0266] [Estimation Based on Pressure Logging Data during Bubbling Step]

Next, description will be made of various estimation methods performed by the estimation
unit 74 based on the pressure logging data stored in the storage unit 71 during the air diffuser
bubbling step and the water conduit bubbling step.

[0267] [Estimation of Abnormality of Peripheral Device during Air Diffuser Bubbling Step]

FIG. 16 is a diagram showing an example of pressure logging data at the time of the second
water filling step and the air diffuser bubbling step. In FIG. 16, a horizontal axis represents an
elapsed time (seconds) from a start of the second water filling step (FIG. 3) before the air diffuser
bubbling step, and a vertical axis represents a pressure on the primary side (KPa) measured by the
primary side pressure sensor 61. For example, as shown in FIG. 16, when the second water filling
step before the air diffuser bubbling step brings the raw water space S1 of the housing 12 to be full
of water (an elapsed time t161), the raw water flows out to the air vent pipe 55. At this time, since
the inner diameter of the air vent pipe 55 is sufficiently smaller than the inner diameter of the
housing 12, pipeline resistance is generated. This increases the pressure on the primary side.
[0268] Then, when the air diffuser bubbling step is started (elapsed time t162), the first air valve 32
is opened and the air compressor 43 is operated. ~As a result, when air flows in immediately after
the start of the air diffuser bubbling step, water corresponding to the amount of air that has flowed
in flows into the air vent pipe 55 (FIG. 1) sufficiently thinner than the housing 12 (FIG. 2) at once.
As aresult, the pressure on the primary side instantaneously increases. In addition, the pressure on
the primary side increases as the inflow amount of air increases.

[0269] Therefore, the estimation unit 74 estimates whether or not the first air valve 32 and the air
compressor 43 are abnormal by comparing a pressure (peak) at a reaching point of the pressure on
the primary side that has instantaneously increased immediately after the start of the air diffuser
bubbling step with a predetermined pressure (hereinafter, referred to as first bubbling pressure).
The first bubbling pressure is set to be a peak value of the pressure on the primary side that has
instantaneously increased immediately after the start of the air diffuser bubbling step when the first
air valve 32 and the air compressor 43 are operating normally.

[0270] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 4 at the end of the filtration process. In Step
S41, the estimation unit 74 chronologically refers to the logging data of the pressure on the primary
side stored in the storage unit 71 during the air diffuser bubbling step of the filtration process.
Then, the estimation unit 74 detects a peak value of the primary side pressure immediately after the
start of the air diffuser bubbling step. Then, the estimation unit 74 extracts an absolute value of a
difference between the detected peak value of the pressure on the primary side and the first
bubbling pressure as the change information.

[0271] In Step S42, the estimation unit 74 estimates whether or not the first air valve 32 and the air

compressor 43 are abnormal based on the absolute value of the difference between the peak value of
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the pressure on the primary side and the first bubbling pressure, the absolute value being extracted
as the change information in Step S41.
[0272] Specifically, when the absolute value of the difference between the peak value of the
primary side pressure and the first bubbling pressure, the absolute value being extracted as the
change information in Step S41, is equal to or less than a predetermined error, it is presumed that
the inflow amount of air for use in the air diffuser bubbling step is in a normal state. Therefore, in
this case, the estimation unit 74 estimates that the first air valve 32 and the air compressor 43 are
normal. By contrast, when the absolute value of the difference between the peak value of the
primary side pressure and the first bubbling pressure, the absolute value being extracted as the
change information in Step S41, is larger than the error, it is presumed that the inflow amount of air
for use in the air diffuser bubbling step is in an abnormal state. Therefore, in this case, the
estimation unit 74 estimates that one or more devices of the first air valve 32 and the air compressor
43 are abnormal.
[0273] In Step S43, the estimation unit 74 outputs, as information indicating a result of the
estimation, information indicating that the first air valve 32 and the air compressor 43 are normal or
information indicating that one or more devices of the first air valve 32 and the air compressor 43
are abnormal, the information being estimated in Step S42.
[0274] [Estimation of Abnormality of Peripheral Device during Water Conduit Bubbling Step]

FIG. 17 is a diagram showing an example of pressure logging data at the time of the water
conduit bubbling step. In FIG. 17, a horizontal axis represents an elapsed time (seconds) from a
start of the third water filling step (FIG. 3) before the water conduit bubbling step, and a vertical
axis represents a pressure on the primary side (KPa) measured by the primary side pressure sensor
61. For example, as shown in FIG. 17, when the third water filling step before the water conduit
bubbling step brings the raw water space S1 of the housing 12 to be full of water (elapsed time
t171), the raw water flows out to the air vent pipe 55, so that the pressure on the primary side
increases. This is because since the inner diameter of the air vent pipe 55 is sufficiently smaller
than the inner diameter of the housing 12, pipeline resistance is generated.
[0275] Then, when the water conduit bubbling step is started (an elapsed time t172), the second air
valve 33 is opened and the air compressor 43 is operated. As a result, when air flows in
immediately after the start of the water conduit bubbling step, water corresponding to the amount of
air that has flowed in flows into the air vent pipe 55 (FIG. 1) sufficiently thinner than the housing
12 (FIG. 1) at once. As a result, the pressure on the primary side instantaneously increases. In
addition, the pressure on the primary side increases as the inflow amount of air increases.
[0276] Therefore, the estimation unit 74 may estimate whether or not the second air valve 33 and
the air compressor 43 are abnormal by comparing a pressure (peak) at a reaching point of the
pressure on the primary side that has instantaneously increased immediately after the start of the
water conduit bubbling step with a predetermined pressure (hereinafter, referred to as second
bubbling pressure). The second bubbling pressure is set to be a peak value of the pressure on the
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48



bubbling step when the second air valve 33 and the air compressor 43 are operating normally.
[0277] The present configuration can be realized, for example, as follows. The estimation unit 74
performs the estimation processing illustrated in FIG. 4 at the end of the filtration process. In Step
S41, the estimation unit 74 chronologically refers to the logging data of the pressure on the primary
side stored in the storage unit 71 during the water conduit bubbling step of the filtration process.
Then, the estimation unit 74 detects a peak value of the primary side pressure immediately after the
start of the water conduit bubbling step. Then, the estimation unit 74 extracts an absolute value of
a difference between the detected peak value of the pressure on the primary side and the second
bubbling pressure as the change information.
[0278] In Step S42, the estimation unit 74 estimates whether or not the second air valve 33 and the
air compressor 43 are abnormal based on the absolute value of the difference between the peak
value of the pressure on the primary side and the second bubbling pressure, the absolute value being
extracted as the change information in Step S41.
[0279] Specifically, when the absolute value of the difference between the peak value of the
primary side pressure and the second bubbling pressure, the absolute value being extracted as the
change information in Step S41, is equal to or less than a predetermined error, it is presumed that
the inflow amount of air for use in the water conduit bubbling step is in a normal state. Therefore,
in this case, the estimation unit 74 estimates that the second air valve 33 and the air compressor 43
are normal. By contrast, when the absolute value of the difference between the peak value of the
primary side pressure and the second bubbling pressure, the absolute value being extracted as the
change information in Step S41, is larger than the error, it is presumed that the inflow amount of air
for use in the water conduit bubbling step is in an abnormal state. Therefore, in this case, the
estimation unit 74 estimates that one or more devices of the second air valve 33 and the air
compressor 43 are abnormal.
[0280] In Step S43, the estimation unit 74 outputs, as information indicating a result of the
estimation, information indicating that the second air valve 33 and the air compressor 43 are normal
or information indicating that one or more devices of the second air valve 33 and the air compressor
43 are abnormal, the information being estimated in Step S42.
[0281] In the air diffuser bubbling step and the water conduit bubbling step, when the amount of the
air to flow into the raw water space S1 of the housing 12 is excessively increased, the hollow fiber
membranes 11 are easily entangled, which may cause breakage of the hollow fiber membranes 11
and a decrease in filtration capacity. In addition, the flow rate of the air for use in the air diffuser
bubbling step and the water conduit bubbling step is in general visually monitored by a person.
Therefore, the present configuration is useful in that the flow rate of the air for use in the air diffuser
bubbling step and the water conduit bubbling step and presence or absence of abnormality of the
device for supplying the air can be remotely monitored.
[0282] (Second Embodiment)

Next, a configuration of a water treatment device 1 according to a second embodiment of

the present invention will be described.  Although the second embodiment is basically the same as
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the first embodiment, it is different from the first embodiment in that the control unit 72 controls
execution of the chemical washing of the hollow fiber membrane module 10, and the estimation
unit 74 estimates an effect of the chemical washing or a length of a time of a chemical solution
immersion step performed during the chemical washing. In the following, only differences from
the first embodiment will be described.

[0283] First, the chemical washing of the hollow fiber membrane module 10 will be described with
reference to FIGS. 18 and 19. In the chemical washing, suspended components deposited on the
hollow fiber membrane 11 are dissolved by immersion in a chemical solution. = As shown in FIG.
18, a water treatment device 1A according to the second embodiment further includes a chemical
solution supply unit 80 in addition to the configuration of the first embodiment. The chemical
solution supply unit 80 includes a chemical solution pump 81 and a chemical solution pipe 82.

The chemical solution pipe 82 has an upstream end side on which the chemical solution pump 81 is
installed, and a downstream end connected to a part of the raw water pipe 21 on a downstream side
of the raw water valve 23.

[0284] FIG. 19 shows an on/off state of the raw water pump 22 and the chemical solution pump 81
and an open/shut state of each valve in each step in the chemical washing. A circle in FIG. 19
indicates the on state of the pump or the open state of the valve, and a blank indicates the off state
of the pump or the shut state of the valve. As illustrated in FIG. 19, in accordance with the
sequence information stored in the storage unit 71, the control unit 72 executes, in the chemical
washing, each step in the order of a chemical solution injection step, the water filling step, the
chemical solution immersion step, an air bubbling step, the draining step, the pressure relieving
step, the water filling step, the air bubbling step, the draining step, and the pressure relieving step.
[0285] First, in the chemical solution injection step, the chemical solution pump 81 is operated, and
the raw water valve 23 and the air vent valve 56 are opened. As a result, the chemical solution is
supplied to the raw water space S1 of the housing 12.  Although a kind of chemical solution is not
particularly limited, for example, an oxidant, an alkali agent, a surfactant, a chelating agent, or a
combination thereof can be used in addition to acids such as sulfuric acid, nitric acid, or
hydrochloric acid.

[0286] Next, in the water filling step, the chemical solution pump 81 is stopped, and the raw water
pump 22 is operated. As a result, the raw water is supplied into the raw water space S1 through
the raw water pipe 21 and the water conduit 14.

[0287] Next, in the chemical solution immersion step, the raw water pump 22 is stopped and the
raw water valve 23 is shut to wait for a predetermined time. Thus, the hollow fiber membranes 11
are held in the raw water containing the chemical solution for a predetermined time.

[0288] Next, in the air bubbling step, the first air valve 32 is opened. As a result, the hollow fiber
membrane 11 is washed by bubbling in a state where the raw water space S1 is full of the raw water
containing the chemical solution.

[0289] Next, in the draining step, the air vent valve 56 and the first air valve 32 are shut, and the

drain valve 54 and the second air valve 33 are opened. As a result, the raw water containing the
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chemical solution and the suspended components is pushed by air and discharged to the outside of
the housing 12. In the subsequent pressure relieving step, the second air valve 33 is shut while the
drain valve 54 is kept open, and the inside of the housing 12 (the raw water space S1) is
depressurized.

[0290] Next, in the water filling step, the raw water pump 22 is operated, while the drain valve 54 is
shut and the raw water valve 23 and the air vent valve 56 are opened similarly to the above. This
brings the raw water space S1 to be full of the raw water again.

[0291] Next, in the air bubbling step, the raw water pump 22 is stopped, the raw water valve 23 is
shut, and the first air valve 32 is opened. As a result, air is supplied into the housing 12, and the
air is diffused upward toward the hollow fiber membrane 11 by the air diffuser 15.

[0292] Next, in the draining step, the air vent valve 56 and the first air valve 32 are shut, and the
drain valve 54 and the second air valve 33 are opened. As a result, the water in the raw water
space S1 is pushed by the air out to the outside of the housing 12. Thereafter, in the pressure
relieving step, only the second air valve 33 is shut, and the inside of the raw water space S1 is
depressurized. Note that the last four steps (water filling to pressure relieving) in FIG. 19 are
repeated a predetermined number of times until the chemical solution in the housing 12 is
sufficiently discharged.

[0293] As described above, the control unit 72 executes the chemical washing of the hollow fiber
membrane module 10. Note that when repeating the filtration process, the control unit 72 may
execute the chemical washing at a predetermined frequency, for example, at a frequency of once a
day, once a week, once a month, or the like, or may execute the chemical washing according to
operation of the control device 70 by a user.

[0294] The estimation unit 74 in the second embodiment refers to the pressure logging data stored
in the storage unit 71 during the backwashing steps before and after the chemical washing, and
estimates an effect of the chemical washing based on a difference, in the backwashing steps before
and after the chemical washing, in a time from the start of the backwashing step until the pressure
on the primary side stabilizes at the end pressure indicating the end of the pushing out of the treated
water on the secondary side.

[0295] Specifically, similarly to the estimation processing described in [Estimation of Effect of
Physical Washing or Future Increase in Membrane Differential Pressure (1)] in the first
embodiment, the estimation unit 74 performs the estimation processing illustrated in FIG. 5 to
perform the estimation. Specifically, in Step S51, the estimation unit 74 refers to the pressure
logging data stored in the storage unit 71 during the backwashing step before the chemical washing
to extract a time (e.g., t121 in FIG. 12) from the start of the backwashing step until the pressure on
the primary side stabilizes at the end pressure as the first change information.

[0296] In Step S52, with reference to the pressure logging data stored in the storage unit 71 during
the backwashing step after the chemical washing, a time (e.g., t122 in FIG. 12) from the start of the
backwashing step until the pressure on the primary side stabilizes at the end pressure is extracted as

the second change information.
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[0297] In Step S53, the estimation unit 74 acquires, as a difference between the first change
information and the second change information, a result of a subtraction (e.g., t122 — t121) of the
time (e.g., t121) extracted as the first change information in Step S51 from the time (e.g., t122)
extracted as the second change information in Step S52.

[0298] In Step S54, when the difference acquired in Step S53 is a positive value, the estimation unit
74 estimates that the clogging of the hollow fiber membrane 11 has progressed and the permeation
resistance of the hollow fiber membrane 11 has increased, i.e., that the effect of the chemical
washing is insufficient. By contrast, when the difference acquired in Step S53 is a negative value,
the estimation unit 74 estimates that the clogging of the hollow fiber membrane 11 has been
eliminated and the permeation resistance of the hollow fiber membrane 11 has decreased, i.e., that
the effect of the chemical washing is sufficient.

[0299] In Step S55, as information indicating a result of the estimation, the estimation unit 74
outputs information indicating whether the effect of the chemical washing is insufficient or
sufficient estimated in Step S54.

[0300] Alternatively, the estimation unit 74 may refer to the pressure logging data stored in the
storage unit 71 during the backwashing steps before and after the chemical washing, and estimate
an effect of the chemical washing based on a difference, in the backwashing steps before and after
the chemical washing, in a pressure (peak) at the reaching point of the pressure on the primary side
that has instantaneously increased immediately after the start of the backwashing step.

[0301] Specifically, similarly to the estimation processing described in [Estimation of Effect of
Physical Washing or Future Increase in Membrane Differential Pressure (2)] in the first
embodiment, the estimation unit 74 performs the estimation processing illustrated in FIG. 5 to
perform the estimation. In other words, in Step S51, the estimation unit 74 refers to the pressure
logging data stored in the storage unit 71 during the backwashing step before the chemical washing
to extract the peak value (e.g., P121 in FIG. 12) of the pressure on the primary side immediately
after the start of the backwashing step as the first change information.

[0302] In Step S52, the estimation unit 74 refers to the pressure logging data stored in the storage
unit 71 during the backwashing step after the chemical washing to extract the peak value (e.g., P122
in FIG. 12) of the pressure on the primary side immediately after the start of the backwashing step
as the second change information.

[0303] In Step S53, the estimation unit 74 acquires, as a difference between the first change
information and the second change information, a result of a subtraction (e.g., P122 — P121) of the
peak value (e.g., P121 in FIG. 12) of the pressure on the primary side extracted as the first change
information in Step S51 from the peak value (e.g., P122 in FIG. 12) of the pressure on the primary
side extracted as the second change information in Step S52.

[0304] In Step S54, when the difference acquired in Step S53 is a negative value, the estimation
unit 74 estimates that the clogging of the hollow fiber membrane 11 has progressed, i.e., that the
effect of the chemical washing is insufficient. By contrast, when the difference acquired in Step
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membrane 11 has been eliminated, i.e., that the effect of the chemical washing is sufficient.

[0305] In Step S55, as information indicating a result of the estimation, the estimation unit 74
outputs information indicating whether the effect of the chemical washing is insufficient or
sufficient estimated in Step S54.

[0306] Alternatively, the estimation unit 74 may refer to the pressure logging data stored in the
storage unit 71 during the backwashing steps before and after the chemical washing, and estimate
an effect of the chemical washing based on a difference, in the backwashing steps before and after
the chemical washing, a time from the start of the backwashing step until the pressure on the
secondary side stabilizes at the air pressure.

[0307] Specifically, similarly to the estimation processing described in [Estimation of Effect of
Physical Washing or Future Increase in Membrane Differential Pressure (3)] in the first
embodiment, the estimation unit 74 performs the estimation processing illustrated in FIG. 5 to
perform the estimation. In other words in Step S51, the estimation unit 74 refers to the pressure
logging data stored in the storage unit 71 during the backwashing step before the chemical washing
to extract a time (e.g., t131 in FIG. 13) from the start of the backwashing step until the pressure on
the secondary side stabilizes at the air pressure as the first change information. In Step S52, with
reference to the pressure logging data stored in the storage unit 71 during the backwashing step after
the chemical washing, a time (e.g., t132 in FIG. 13) from the start of the backwashing step until the
pressure on the secondary side stabilizes at the end pressure is extracted as the second change
information.

[0308] In Step S53, the estimation unit 74 acquires, as a difference between the first change
information and the second change information, a result of a subtraction (e.g., t132 — t131) of the
time (e.g., t131) extracted as the first change information in Step S51 from the time (e.g., t132)
extracted as the second change information in Step S52.

[0309] In Step S54, when the difference acquired in Step S53 is a positive value, the estimation unit
74 estimates that the clogging of the hollow fiber membrane 11 has progressed, i.e., that the effect
of the chemical washing is insufficient. By contrast, when the difference acquired in Step S53 is a
negative value, the estimation unit 74 estimates that the clogging of the hollow fiber membrane 11
has been eliminated, i.e., that the effect of the chemical washing is sufficient.

[0310] In Step S55, as information indicating a result of the estimation, the estimation unit 74
outputs information indicating whether the effect of the chemical washing is insufficient or
sufficient estimated in Step S54.

[0311] Alternatively, the estimation unit 74 may refer to the pressure logging data stored in the
storage unit 71 during the backwashing steps before and after the chemical washing, and estimate
an effect of the chemical washing based on a difference, between the backwashing steps before and
after the chemical washing, in a pressure (peak) at the reaching point of the pressure on the
secondary side that has instantaneously increased immediately after the start of the backwashing
step.

[0312] Specifically, similarly to the estimation processing described in [Estimation of Effect of
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Physical Washing or Future Increase in Membrane Differential Pressure (4)] in the first
embodiment, the estimation unit 74 performs the estimation processing illustrated in FIG. 5 to
perform the estimation. In other words, in Step S51, the estimation unit 74 refers to the pressure
logging data stored in the storage unit 71 during the backwashing step before the chemical washing
to extract the peak value (e.g., P131 in FIG. 13) of the pressure on the secondary side that has
instantaneously increased immediately after the start of the backwashing step as the first change
information.

[0313] In Step S52, the estimation unit 74 refers to the pressure logging data stored in the storage
unit 71 during the backwashing step after the chemical washing to extract the peak value (e.g., P132
in FIG. 13) of the pressure on the secondary side that has instantaneously increased immediately
after the start of the backwashing step as the second change information.

[0314] In Step S53, the estimation unit 74 acquires, as a difference between the first change
information and the second change information, a result of a subtraction (e.g., P132 = P131) of the
peak value (e.g., P131 in FIG. 13) of the pressure on the secondary side extracted as the first change
information in Step S51 from the peak value (e.g., P132 in FIG. 13) of the pressure on the
secondary side extracted as the second change information in Step S52.

[0315] In Step S54, when the difference acquired in Step S53 is a positive value, the estimation unit
74 estimates that the clogging of the hollow fiber membrane 11 has progressed, i.e., that the effect
of the chemical washing is insufficient. By contrast, when the difference acquired in Step S53 is a
negative value, the estimation unit 74 estimates that the clogging of the hollow fiber membrane 11
has been eliminated, i.e., that the effect of the chemical washing is sufficient.

[0316] In Step S55, as information indicating a result of the estimation, the estimation unit 74
outputs information indicating whether the effect of the chemical washing is insufficient or
sufficient estimated in Step S54.

[0317] Alternatively, the estimation unit 74 may refer to the pressure logging data stored in the
storage unit 71 during the backwashing steps before and after the chemical washing, and with
respect to the backwashing steps before and after the chemical washing, calculate an integral value
of a difference between the pressure on the secondary side and the pressure on the primary side in
any one of the time (the first target time) from the start of the backwashing step until the pressure
on the primary side or the secondary side that has instantaneously increased immediately after the
start of the backwashing step reaches the reaching point, the time (the second target time) from
when the pressure on the primary side or the secondary side that has instantaneously increased
immediately after the start of the backwashing step reaches the reaching point until when the
pressure on the primary side or the secondary side stabilizes, and the time (the third target time)
from the start time point of the backwashing step until when the pressure on the primary side or the
secondary side stabilizes. Then, the estimation unit 74 may estimate an effect of the chemical
washing based on a difference in the integral value between the backwashing steps before and after
the chemical washing.

[0318] Specifically, similarly to the estimation processing described in [Estimation of Effect of
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Physical Washing or Future Increase in Membrane Differential Pressure (5)] in the first
embodiment, the estimation unit 74 performs the estimation processing illustrated in FIG. 5 to
perform the estimation. In other words, in Step S51, the estimation unit 74 refers to the pressure
logging data on the primary side and the secondary side stored in the storage unit 71 during the
backwashing step before the chemical washing. Then, the estimation unit 74 extracts, as the first
change information, the integral value calculated using any one of the first target time, the second
target time, and the third target time in the backwashing step as the target time.

[0319] In Step S52, the estimation unit 74 refers to the pressures logging data on the primary side
and the secondary side stored in the storage unit 71 during the backwashing step after the chemical
washing. Then, as the second change information, the estimation unit 74 extracts the integral
value calculated using, as the target time, a time which is the same as the time considered as the
target time in Step S51, among the first target time, the second target time, and the third target time
in the backwashing step.

[0320] In Step S53, the estimation unit 74 acquires, as a difference between the first change
information and the second change information, a result of a subtraction of the integral value
extracted as the first change information in Step S51 from the integral value extracted as the second
change information in Step S52.

[0321] In Step S54, when the difference acquired in Step S53 is a positive value, the estimation unit
74 estimates that the degree of progress of the clogging of the hollow fiber membrane 11 has
increased, i.e., that the effect of the chemical washing is insufficient. By contrast, when the
difference acquired in Step S53 is a negative value, the estimation unit 74 estimates that the degree
of progress of the clogging of the hollow fiber membrane 11 has decreased, i.e., that the effect of
the chemical washing is sufficient.

[0322] In Step S55, as information indicating a result of the estimation, the estimation unit 74
outputs information indicating whether the effect of the chemical washing is insufficient or
sufficient estimated in Step S54.

[0323] In addition, the estimation unit 74 may refer to the pressure logging data stored in the
storage unit 71 during the backwashing steps before and after the chemical washing, and detect,
with respect to the backwashing steps before and after the chemical washing, a reaching point of
any one of the pressures on the primary side and the secondary side that has instantaneously
increased immediately after the start of the backwashing step. Then, the estimation unit 74 may
estimate an effect of the chemical washing based on a difference, between the backwashing steps
before and after the chemical washing, in a difference between the pressure on the secondary side
and the pressure on the primary side at a time point at which the any one of the pressures reaches
the reaching point.

[0324] Specifically, similarly to the estimation processing described in [Estimation of Degree of
Progress of Clogging, Effect of Physical Washing or Future Increase in Membrane Differential
Pressure] in the first embodiment, the estimation unit 74 performs the estimation processing

illustrated in FIG. 5 to perform the estimation. In other words, in Step S51, the estimation unit 74

55



refers to the pressure logging data on the primary side and the secondary side stored in the storage
unit 71 during the backwashing step before the chemical washing. Then, the estimation unit 74
detects a peak value of any one of the pressures on the primary side and the secondary side
immediately after the start of the backwashing step. Then, the estimation unit 74 extracts, as the
first change information, a difference between the pressure on the secondary side and the pressure
on the primary side at a time point at which the any one of the pressures reaches the peak value.
[0325] In Step S52, the estimation unit 74 refers to the pressures logging data on the primary side
and the secondary side stored in the storage unit 71 during the backwashing step after the chemical
washing. Then, the estimation unit 74 detects a peak value of the same pressure (hereinafter
referred to as second target pressure) as the above one of the pressures immediately after the start of
the backwashing step in the same manner as in Step S51. Then, the estimation unit 74 extracts, as
the second change information, a difference between the pressure on the secondary side and the
pressure on the primary side at a point at which the second target pressure reaches the peak value.
[0326] In Step S53, the estimation unit 74 acquires, as a difference between the first change
information and the second change information, a result of a subtraction of the difference between
the pressure on the secondary side and the pressure on the primary side extracted as the first change
information in Step S51 from the difference between the pressure on the secondary side and the
pressure on the primary side extracted as the second change information in Step S52.

[0327] In Step S54, when the difference acquired in Step S53 is a positive value, the estimation unit
74 estimates that the clogging of the hollow fiber membrane 11 has progressed and the permeation
resistance of the hollow fiber membrane 11 has increased, i.e., that the effect of the chemical
washing is insufficient. By contrast, when the difference acquired in Step S53 is a negative value,
the estimation unit 74 estimates that the clogging of the hollow fiber membrane 11 has been
eliminated and the permeation resistance of the hollow fiber membrane 11 has decreased, i.e., that
the effect of the chemical washing is sufficient.

[0328] In Step S55, as information indicating a result of the estimation, the estimation unit 74
outputs information indicating whether the effect of the chemical washing is insufficient or
sufficient estimated in Step S54.

[0329] Note that the timing at which the estimation unit 74 estimates an effect of the chemical
washing as described above is not particularly limited, and for example, the estimation may be
performed every time the chemical washing is performed, or the estimation may be performed
every time the chemical washing is repeated a plurality of times (e.g., twice). Alternatively, the
estimation unit 74 may estimate an effect of the chemical washing at a predetermined frequency
such as once a week, once a month, or the like. The frequency need only be appropriately
determined according to a kind of raw water (e.g., river water, drainage water, or sewage water),
season, and the like.

[0330] In the chemical solution injection step, instead of injecting the chemical solution from the
primary side of the hollow fiber membrane module 10, the chemical solution may be injected from

the secondary side of the hollow fiber membrane module 10, and be pushed out from the secondary
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side to the primary side.

[0331] In addition, the pressure logging data for use by the estimation unit 74 to estimate an effect
of the chemical washing is not limited to the pressure logging data stored in the storage unit 71
during one backwashing step each before and after the chemical washing. For example, it may be
an average value of the pressure logging data stored in the storage unit 71 during as many the
backwashing steps as a predetermined number of times or as a predetermined number of days each
before and after the chemical washing.

[0332] When the estimation unit 74 estimates that the effect of the chemical washing is insufficient,
the effect of the chemical washing may be enhanced by, for example, increasing a concentration of
the chemical solution at the time of the chemical washing or by extending an immersion time of the
hollow fiber membrane 11 in the chemical solution. In addition, the effect of the chemical
washing may be enhanced by adjusting temperature of the chemical solution, presence or absence
of bubbling during the chemical solution immersion, presence or absence of circulation of the
chemical solution, and the like. When the estimation unit 74 estimates that the effect of the
chemical washing is insufficient, the effect of the chemical washing may be enhanced by putting off
timing of changing a kind of chemical solution.

[0333] Although in the above, the description has been made of the example in which the estimation
unit 74 estimates an effect of the chemical washing, the estimation unit 74 may estimate a length of
a time of the chemical solution immersion step of the hollow fiber membrane module 10 based on
the estimated time of the backwashing step.

[0334] Specifically, the estimation unit 74 may perform estimation processing of estimating a time
required for the backwashing step performed before the chemical solution immersion step and
estimation processing of estimating a time required for the backwashing step performed after the
chemical solution immersion step, similarly to the estimation processing described in [Estimation of
Time Required for Backwashing Step] in the first embodiment. Then, in a case where the time
required for the backwashing step performed after the chemical solution immersion step is equal to
or longer than the time required for the backwashing step performed before the chemical solution
immersion step, the estimation unit 74 may estimate that the time of the chemical solution
immersion step (the time of the chemical solution immersion step in FIG. 17) is shorter than a
desired time length. In this case, the estimation unit 74 may output information indicating that the
time of the chemical solution immersion step is shorter than the desired time length as information
indicating a result of the estimation.

[0335] By contrast, in a case where the time required for the backwashing step performed after the
chemical solution immersion step is shorter than the time required for the backwashing step
performed before the chemical solution immersion step, the estimation unit 74 may estimate that the
time of the chemical solution immersion step is longer than the desired time length. In this case,
the estimation unit 74 may output information indicating that the time of the chemical solution
immersion step is longer than the desired time length as information indicating a result of the

estimation.
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[0336] According to the present configuration, it is possible to optimize a time of the chemical
solution immersion step so as to increase an operation rate of filtration operation and a recovery rate
of the treated water while securing a washing effect of the chemical washing.

[0337] (Third Embodiment)

Next, a configuration of a water treatment device 1 according to a third embodiment of the
present invention will be described.  Although the third embodiment is basically similar to the first
embodiment or the second embodiment, it is different from the first embodiment and the second
embodiment in contents notified by the notification unit 75. In the following, only differences
from the first embodiment and the second embodiment will be described.

[0338] After the start of the filtration process, at the end of each step, the control unit 72 causes the
estimation unit 74 to estimate whether or not the internal state of the hollow fiber membrane
module 10 or the air compressor 43 has abnormality based on the pressure logging data stored in the
storage unit 71 by the measurement unit 60 in each step. Note that the pressure logging data
stored in the storage unit 71 by the measurement unit 60 in each step also includes the pressure
logging data previously stored in the storage unit 71 by the measurement unit 60 in the same step as
each step.

[0339] In accordance with this, when the estimation unit 74 estimates that the internal state of the
hollow fiber membrane module 10 or the air compressor 43 has abnormality, the notification unit 75
notifies a content of the abnormality. When the notification unit 75 notifies the content of the
abnormality, the control unit 72 ends the filtration process being executed.

[0340] Specifically, the estimation unit 74 estimates whether or not the internal state of the hollow
fiber membrane module 10 has abnormality at the end of the first water filling step and the draining
step, for example, in a manner as follows.

[0341] At the end of the first water filling step, the estimation unit 74 may perform estimation
processing of estimating a time required for the last first water filling step and estimation processing
of estimating a time required for the current first water filling step, similarly to the estimation
processing described in [Estimation of Time Required for First Water Filling Step] in the first
embodiment. As a result, when the time required for the current first water filling step is shorter
than the time required for the last first water filling step, it is presumed that the suspended
components accumulated on the surface of the hollow fiber membrane 11 tend to increase.
Accordingly, in this case, the estimation unit 74 estimates that the internal state of the hollow fiber
membrane module 10 has abnormality. In the other cases, the estimation unit 74 estimates that the
internal state of the hollow fiber membrane module 10 has no abnormality.

[0342] The present invention is not, however, limited thereto, and the estimation unit 74 may
perform the estimation processing of estimating a time required for the first water filling step
performed in the past and the estimation processing of estimating a time required for the current
first water filling step at the end of the first water filling step, similarly to the above. As a result,
when the time required for the current first water filling step is shorter than the time required for the
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accumulated on the surface of the hollow fiber membrane 11 tend to increase. Accordingly, in this
case, the estimation unit 74 may estimate that the internal state of the hollow fiber membrane
module 10 has abnormality.

[0343] Similarly, at the end of the draining step, the estimation unit 74 may perform estimation
processing of estimating a time required for the last draining step and estimation processing of
estimating a time required for the current draining step, similarly to the estimation processing
described in [Estimation of Time Required for Draining Step] in the first embodiment. As a result,
when the time required for the current draining step is shorter than the time required for the last
draining step, it is presumed that the suspended components accumulated on the surface of the
hollow fiber membrane 11 tend to increase. Accordingly, in this case, the estimation unit 74
estimates that the internal state of the hollow fiber membrane module 10 has abnormality.

[0344] Note that the present invention is not, however, limited thereto, and the estimation unit 74
may perform estimation processing of estimating a time required for the draining step performed in
the past and the estimation processing of estimating a time required for the current draining step at
the end of the draining step, similarly to the above. As a result, when the time required for the
current draining step is shorter than the time required for the draining step performed in the past, it
is presumed that the suspended components accumulated on the surface of the hollow fiber
membrane 11 tend to increase. Accordingly, in this case, the estimation unit 74 may estimate that
the internal state of the hollow fiber membrane module 10 has abnormality.

[0345] Note that in the above, the description has been made of the example in which the estimation
unit 74 estimates whether or not the hollow fiber membrane module 10 has abnormality inside
based on the times required for the current and the past first water filling steps estimated at the end
of the first water filling step.

[0346] The present invention is not, however, limited thereto, and the estimation unit 74 may
estimate only the time required for the current first water filling step at the end of the first water
filling step. Also when the estimated time is shorter than a time required for the first water filling
step determined in advance based on an experimental value or the like, it is presumed that an
excessive amount of the suspended components is accumulated on the surface of the hollow fiber
membrane 11.  Accordingly, in this case, the estimation unit 74 may estimate that the hollow fiber
membrane module 10 has abnormality inside.

[0347] Similarly, the estimation unit 74 may estimate only the time required for the current draining
step at the end of the draining step. Also when the estimated time is shorter than the time required
for the draining step determined in advance based on an experimental value or the like, it is
presumed that an excessive amount of the suspended components is accumulated on the surface of
the hollow fiber membrane 11. Accordingly, in this case, the estimation unit 74 may estimate that
the hollow fiber membrane module 10 has abnormality inside.

[0348] When estimating that the internal state of the hollow fiber membrane module 10 is abnormal
as described above, the estimation unit 74 outputs information indicating that the internal state of
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estimation. At the same time, the estimation unit 74 outputs information indicating that the
suspended components accumulated on the surface of the hollow fiber membrane 11 tend to
increase as information indicating a content of the abnormality. Then, the notification unit 75
notifies the information indicating the result of the estimation and the information indicating the
content of the abnormality.

[0349] Note that the notification unit 75 may further notify information urging reinforcement of the
physical washing. Alternatively, in these cases, after the notification unit 75 notifies the
information indicating the content of the abnormality, the control unit 72 may refrain from ending
the filtration process being executed. Then, the control unit 72 may automatically enhance the
physical washing of the hollow fiber membrane module 10 or perform the chemical washing.
[0350] In the above, the description has been made of the example in which the estimation unit 74
estimates whether or not the internal state of the hollow fiber membrane module 10 has abnormality
at the end of the first water filling step and the draining step. At the end of the backwashing step,
the estimation unit 74 estimates whether or not the internal state of the hollow fiber membrane
module 10 has abnormality, for example, in a manner as follows.

[0351] At the end of the backwashing step, the estimation unit 74 performs the estimation
processing described in [Estimation of Blockage Degree of Hollow Fiber Membrane 11 (1)] in the
first embodiment. As a result, when estimating that a blockage degree of the hollow fiber
membranes 11 is very large state, the estimation unit 74 estimates that the internal state of the
hollow fiber membrane module 10 has abnormality.

[0352] When estimating that the internal state of the hollow fiber membrane module 10 is
abnormal, the estimation unit 74 outputs the information indicating that the internal state of the
hollow fiber membrane module 10 is abnormal as information indicating a result of the estimation.
At the same time, the estimation unit 74 outputs information indicating that the blockage degree of
the hollow fiber membrane 11 tends to increase as the information indicating a content of the
abnormality. Then, the notification unit 75 notifies the information indicating the result of the
estimation and the information indicating the content of the abnormality.

[0353] Note that the notification unit 75 may further notify information urging execution of the
chemical washing. Alternatively, in these cases, after the notification unit 75 notifies the content
of the abnormality, the control unit 72 may refrain from ending the filtration process being
executed. Then, the control unit 72 may automatically perform enhancement of the physical
washing of the hollow fiber membrane module 10 or perform the chemical washing.

[0354] Note that a method of estimating whether or not the internal state of the hollow fiber
membrane module 10 is abnormal by the estimation unit 74 at the end of the backwashing step is
not limited to the above method.

[0355] For example, at the end of the backwashing step, the estimation unit 74 may perform the
estimation processing described in [Estimation of Magnitude of Pipeline Resistance] in the first
embodiment. As a result, when the estimation unit 74 estimates that the drain pipe 53 has a very
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Accordingly, in this case, the estimation unit 74 may estimate that the internal state of the hollow
fiber membrane module 10 has abnormality.

[0356] In this case, the estimation unit 74 need only output the information indicating that the
internal state of the hollow fiber membrane module 10 is abnormal as information indicating a
result of the estimation, and may output information indicating that contamination in the drain pipe
53 tends to increase as the information indicating a content of the abnormality. Then, the
notification unit 75 need only notify the information indicating the result of the estimation and the
information indicating the content of the abnormality.

[0357] At the end of the backwashing step, the estimation unit 74 may perform the same processing
as in Steps S41 and S42 of the estimation processing described in [Estimation of Presence or
Absence of Leak of Hollow Fiber Membrane 11] in the first embodiment to extract an absolute
value of a difference between the pressure on the secondary side, having stabilized in the current
backwashing step, and the air pressure. Then, it is assumed that the absolute value of the
difference between the pressure on the secondary side, having stabilized in the current backwashing
step, and the air pressure is larger than that obtained when the estimation unit 74 estimated that the
hollow fiber membrane 11 had leak last time. In this case, since it is presumed that the leak of the
hollow fiber membrane 11 tends to increase, the estimation unit 74 may estimate that the internal
state of the hollow fiber membrane module 10 has abnormality.

[0358] Note that the present invention is not limited thereto, and at the end of the backwashing step,
the estimation unit 74 may further perform the same processing as in Steps S41 and S42 of the
estimation processing described in [Estimation of Presence or Absence of Leak of Hollow Fiber
Membrane 11] in the first embodiment to extract an absolute value of a difference between the
pressure on the secondary side, having stabilized in the last backwashing step, and the air pressure.
As aresult, when the absolute value of the difference between the pressure on the secondary side,
having stabilized in the current backwashing step, and the air pressure is larger than a difference in
the last backwashing step, it is presumed that the leak generated in the hollow fiber membrane 11
tends to increase. Accordingly, in this case, the estimation unit 74 may estimate that the internal
state of the hollow fiber membrane module 10 has abnormality.

[0359] In these cases, the estimation unit 74 need only output the information indicating that the
internal state of the hollow fiber membrane module 10 is abnormal as the information indicating a
result of the estimation, and may output the information indicating that the leak generated in the
hollow fiber membrane 11 tends to increase as the information indicating a content of the
abnormality. Then, the notification unit 75 need only notify the information indicating the result
of the estimation and the information indicating the content of the abnormality.

[0360] In the above, the description has been made of the example in which the estimation unit 74
estimates whether or not the internal state of the hollow fiber membrane module 10 has abnormality
at the end of the first water filling step, the draining step, and the backwashing step. At the end of
the air diffuser bubbling and the water conduit bubbling, the estimation unit 74 estimates whether or

not the peripheral device of the hollow fiber membrane module 10 has abnormality by the method
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described in the first embodiment.

[0361] Specifically, at the end of the air diffuser bubbling step, the estimation unit 74 performs the
estimation processing described in [Estimation of Abnormality of Peripheral Device during Air
Diffuser Bubbling Step] in the first embodiment. As a result, it is assumed that the estimation unit
74 estimates that one or more devices of the first air valve 32 and the air compressor 43 are
abnormal. In this case, the estimation unit 74 outputs information indicating that one or more
devices have abnormality as information indicating a result of the estimation. At the same time,
the estimation unit 74 outputs information indicating that the pressure on the primary side in the air
diffuser bubbling step has abnormality due to occurrence of abnormality in the one or more devices
as the information indicating a content of the abnormality. Then, the notification unit 75 notifies
the information indicating the result of the estimation and the information indicating the content of
the abnormality.

[0362] Similarly, at the end of the water conduit bubbling step, the estimation unit 74 performs the
estimation processing described in [Estimation of Abnormality of Peripheral Device during Water
Conduit Bubbling Step] in the first embodiment. As a result, it is assumed that the estimation unit
74 estimates that one or more devices of the second air valve 33 and the air compressor 43 are
abnormal. In this case, the estimation unit 74 outputs information indicating that one or more
devices have abnormality as information indicating a result of the estimation. At the same time,
the estimation unit 74 outputs information indicating that the pressure on the primary side in the
water conduit bubbling step has abnormality due to occurrence of abnormality in the one or more
devices as the information indicating a content of the abnormality. Then, the notification unit 75
notifies the information indicating the result of the estimation and the information indicating the
content of the abnormality.

[0363] According to the third embodiment, without going to an installation place of the hollow fiber
membrane module 10, it is possible to grasp a content of abnormality occurring inside the hollow
fiber membrane module 10 or in the peripheral device of the hollow fiber membrane module 10
from the content notified by the notification unit 75.

[0364] (Fourth Embodiment)

Next, a water treatment device 1 according to a fourth embodiment of the present invention
will be described. The fourth embodiment is basically similar to the first embodiment, the second
embodiment, or the third embodiment. The fourth embodiment is, however, different from the
first embodiment, the second embodiment, and the third embodiment in that the control device 70
further includes a setting change unit 76 that changes a set time of the at least one step based on an
estimated time obtained by the estimation unit 74 as indicated by a chain line part in FIG. 2. In the
following, only differences from the first embodiment, the second embodiment, and the third
embodiment will be described.

[0365] Specifically, the setting change unit 76 is configured by a microcomputer including a CPU, a
RAM, a ROM, and the like. Note that two or more of the control unit 72, the measurement control
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configured by the same microcomputer. Alternatively, each of the control unit 72, the
measurement control unit 73, the estimation unit 74, the notification unit 75, and the setting change
unit 76 may be configured by a separate microcomputer.

[0366] In the fourth embodiment, the control unit 72 causes the estimation unit 74 to estimate a time
required for each of the first water filling step, the backwashing step, and the draining step after
execution of the filtration process (the first water filling step to the pressure relieving step (FIG. 3))
is completed. Based on an estimated time required for each of the first water filling step, the
backwashing step, and the draining step by the estimation unit 74, the setting change unit 76
changes a set time of each step.

[0367] For example, the setting change unit 76 calculates, at a predetermined frequency, an average
value of an estimated time required for the first water filling step estimated by the estimation unit
74 during a predetermined period. The predetermined period may be, for example, a period from a
time point at which the last average value of an estimated time is calculated to the present, or may
be a period from a time point of installation of the water treatment device 1 or a maintenance end
time point of the same to the present. The setting change unit 76 changes the set time for
performing the first water filling step included in the step information stored in the storage unit 71
to the average value.

[0368] Similarly, the setting change unit 76 changes, at a predetermined frequency, the set time for
performing each of the backwashing step and the draining step included in the step information to
an average value of an estimated time required for each of the backwashing step and the draining
step estimated by the estimation unit 74 during a predetermined period. The predetermined
number of times may be once or twice or more.

[0369] Note that the method of changing the set time of each step by the setting change unit 76 is
not limited to the above. Further, the change of the set time is not exclusively performed
automatically by the setting change unit 76, and may be manually performed by the user.

[0370] According to the present configuration, based on an estimated time required for each of the
first water filling step, the backwashing step, and the draining step estimated by the estimation unit
74, a time of each step can be set again. This enables reduction of an extra step time. Itis
accordingly possible to increase the operation rate of the filtration operation while suppressing cost
and labor.

[0371] The measurement unit 60 may repeatedly measure the pressures on the primary side and the
secondary side of the hollow fiber membrane module 10 at intervals of three seconds or less not
only in the first water filling step, the backwashing step, and the draining step but also in the
backwashing preparation step, the air venting step, and the pressure relieving step. Then, the
estimation unit 74 may estimate a time required from the start to the end of each of the backwashing
preparation step, the air venting step, and the pressure relieving step based on a temporal transition
of the measurement result.

[0372] Specifically, the estimation unit 74 need only estimate a time from the start of each step of
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pressure on the primary side or the secondary side becomes zero as a time required for each step.
In accordance with this, the setting change unit 76 may change the set time of each of the
backwashing preparation step, the air venting step, and the pressure relieving step based on the
estimated time required for each of the backwashing preparation step, the air venting step, and the
pressure relieving step estimated by the estimation unit 74, similarly to the change of the set time of
the first water filling step, the backwashing step, and the draining step.

[0373] In addition, the frequency at which the setting change unit 76 automatically changes a set
time is not particularly limited, and may be, for example, once an hour, once a day, once a week, or
once a month. The frequency is appropriately determined according to a kind of raw water (e.g.,
river water, drainage water, or sewage water), season, and the like.

[0374] In addition, although the setting change unit 76 may change the set time for all of the first
water filling step, the backwashing step, and the draining step, the present invention is not limited
thereto, and may change the set time for only some steps. A step whose set time is to be changed
need only be appropriately determined according to a condition of a work site. For example, in a
case where fluctuation of a flow rate of the raw water pump 22 is large or in a case where it is
difficult to visually check a condition of the water filled by the raw water pipe 21, it is effective to
change the set time of the first water filling step.

[0375] In each of the above embodiments, the description has been made of the example in which
the measurement unit 60 stores the pressure logging data in the storage unit 71 in all steps in the
filtration process. The present invention is not, however, limited thereto, and the measurement
control unit 73 may cause the primary side pressure sensor 61 and the secondary side pressure
sensor 62 to measure a pressure and store the pressure logging data in the storage unit 71 only in
one or more of the first water filling step, the backwashing step, the pressure relieving step, the air
diffuser bubbling step, the water conduit bubbling step, and the draining step among all the steps in
the filtration process.

[0376] In addition, the control device 70 may not include the notification unit 75. In accordance
with this, the output information of the estimation unit 74 may be stored in the storage unit 71.
This may enable an administrator of the water treatment device 1 to refer to the output information
of the estimation unit 74 stored in the storage unit 71 at arbitrary timing.

[0377] (First Example)

Iron chloride simulated water was used as raw water, and filtered using the water treatment
device 1 having the configuration shown in FIG. 1. Specifically, each step in Table 1 below was
sequentially performed, and then a set time of each step was changed as shown in Table 1 based on
an estimated time required for each step which has been estimated by the estimation unit 74. Asa
result, the operation rate of the filtration operation could be improved by 3.6% while maintaining
stable filtration operation.

[0378] [Table 1]
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No. Name of step Ini&aelcsoe:dtsi;ne aftSet e
er change
1 First water filling 15 12
2 Filtration 1800 1800
3 Backwashing preparation 3 2
4 Backwashing 15 4
3 Air venting 10 7
6 Second water filling ) =
& Air diffusion board bubbling 60 30
8 Third water filling 5 3
9 Water conduit bubbling 30 20
10 Draining 10
11 Pressure relieving D
Operation rate (%) 91.8 954
Safe driving O O

[0379] In addition, the permeated liquid was used in the backwashing step, and the respective steps
in Table 2 below were sequentially performed. Then, the set time of each step was changed as
shown in Table 2 based on the estimated time required for each step which has been estimated by
the estimation unit 74. As a result, the operation rate of the filtration operation could be improved
by 2.5% while maintaining the stable filtration operation.

[0380] [Table 2]

Vo | Nameotsep | Wlsetine | setume
1 Water filling 30 20
2 Filtration 1800 1800
3 Backwashing 30 20
4 Bubbling 30 15
5 Draining 45 30
Operation rate (%) 93.0 95.5
Safe driving O O
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[0381] (Second Example)

Industrial water was used as raw water and filtered using the water treatment device 1A
having the configuration shown in FIG. 16. Then, a set time of the chemical solution immersion
step (immersion of the hollow fiber membrane in water having a sodium hypochlorite concentration
of 100 mg/l) was changed as shown in Table 3 based on a fluctuation tendency of the estimated time
of the backwashing step which has been estimated by the estimation unit 74. In Table 3, the
number of repetitions of a cycle including steps No. 7 to 10 was set to five. By shortening the
time of the chemical solution immersion step, the operation rate of the filtration operation could be
improved.

[0382] [Table 3]

o | Nameoras | Walamtine | Set e s
HEs " = 60 60
2 Water filling 15 12
3 Chvyricnl splutior 600 400
4 Air bubbling 60 60
5 Draining 10 5
6 Pressure relieving 5 2
7 Water filling 15 12
8 Air bubbling 30 30
9 Draining 10 5
10 Pressure relieving 5 2

[0383] A chemical solution was injected from the secondary side of the hollow fiber membrane
module 10, and the respective steps in Table 4 were sequentially performed to perform the chemical
washing. Then, the set time of the chemical solution immersion step was changed as shown in
Table 4 based on the fluctuation tendency of the estimated time of the backwashing step which has
been estimated by the estimation unit 74. As a result, the time of the chemical solution immersion
step could be shortened and the operation rate of the filtration operation could be improved.

[0384] [Table 4]
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No. | Nameotsup | Wfelsetiime | Settime e
| Creniadiion T e o
3 Air bubbling 60 60
4 Draining 45 45
5 Backwashing 30 30
6 Air bubbling 60 60
7 Draining 45 45
8 Backwashing 30 30
9 Air bubbling 60 60
10 Draining 45 45

[0385] It should be understood that the embodiments and examples disclosed herein are illustrative
in all respects and are not restrictive. The scope of the present invention is indicated not by the
above description but by the claims, and it is intended that meanings equivalent to the claims and all
modifications within the scope are included.
[0386] [Outline of Embodiments]

Here, the embodiments will be outlined.
[0387] The water treatment device according to the above embodiments is a water treatment device
for filtering raw water using a hollow fiber membrane module, and includes a measurement unit and
an estimation unit. The measurement unit is configured to repeat measurement of pressures on a
primary side and a secondary side of the hollow fiber membrane module every minute time of three
seconds or less in one or more of a water filling step, a backwashing step, a pressure relieving step,
a bubbling step, and a draining step. The estimation unit is configured to estimate (1) abnormality
of an internal state of the hollow fiber membrane module or of a peripheral device of the hollow
fiber membrane module, (2) a time required from a start to an end of the one or more steps, (3) an
effect of physical washing or chemical washing of the hollow fiber membrane module, or (4) a
future increase in an membrane differential pressure of the hollow fiber membrane module, based
on a temporal transition of a measurement result of a pressure of at least one of the primary side and
the secondary side, or when the one or more steps are performed a plurality of times, based on a
difference in the temporal transition between the plurality of times of the step.

[0388] The estimation method according to the above embodiments is an estimation method in a
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water treatment device for filtering raw water using a hollow fiber membrane module, in which a
computer of the water treatment device repeats measurement of pressures on a primary side and a
secondary side of the hollow fiber membrane module every minute time of three seconds or less in
one or more of a water filling step, a backwashing step, a pressure relieving step, a bubbling step,
and a draining step. The computer estimates (1) abnormality of an internal state of the hollow
fiber membrane module or of a peripheral device of the hollow fiber membrane module, (2) a time
required from a start to an end of the one or more steps, (3) an effect of physical washing or
chemical washing of the hollow fiber membrane module, or (4) a future increase in an membrane
differential pressure of the hollow fiber membrane module, based on a temporal transition of a
measurement result of a pressure of at least one of the primary side and the secondary side, or when
the one or more steps are performed a plurality of times, based on a difference in the temporal
transition between the plurality of times of the step.

[0389] According to these configuration, measurement of pressures on the primary side and the
secondary side of the hollow fiber membrane module is repeated every minute time of three
seconds or less in one or more of the water filling step, the backwashing step, the pressure relieving
step, the bubbling step, and the draining step. Therefore, it is possible to grasp a detailed temporal
transition of the pressures on the primary side and the secondary side in each of the one or more
steps. Accordingly, the above (1) to (4) can be appropriately estimated from a temporal transition
of a measurement result of at least one of the pressures on the primary side and the pressure on the
secondary side or from a difference in the temporal transition between the plurality of times of the
steps. As aresult, from the estimation result, it is possible to appropriately grasp a state or
abnormality of the hollow fiber membrane module or the peripheral device of the hollow fiber
membrane module, a time required for each step, a washing effect of the hollow fiber membrane
module, or a future increase in an membrane differential pressure.

[0390] In the water treatment device, the water filling step is a step of filling an inside of the hollow
fiber membrane module with raw water, and the one or more steps may include the water filling
step. Then, the estimation unit may be configured to estimate a time required for the water filling
step based on a time from a start of the water filling step to reaching to an inflection point of a
change in the pressure on the primary side.

[0391] According to this configuration, it is possible to easily estimate the time required for the
water filling step without actually measuring a time of the water filling step at a work site.
Therefore, it is possible to reduce an extra step time by suppressing cost and effort required for
actually measuring a step time of the water filling step and by setting each step time based on an
estimated time. It is accordingly possible to increase an operation rate of filtration operation while
suppressing cost and labor.

[0392] In the water treatment device, the water filling step is a step of filling an inside of the hollow
fiber membrane module with raw water, and the one or more steps may include the water filling
step. The estimation unit may be configured to estimate an amount of suspended components

accumulated on a surface of a hollow fiber membrane based on a time from a start of the water
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filling step to reaching to an inflection point of a change in the pressure on the primary side.

[0393] When the water filling step is started and the raw water flows into the hollow fiber
membrane module, the pressure on the primary side gradually increases due to a hydraulic head
pressure. Thereafter, when the inside of the hollow fiber membrane module becomes full of water,
the raw water flows into the discharge pipe. At that time, since an inner diameter of the discharge
pipe is small, pipeline resistance is generated, and the pressure on the primary side rapidly
increases. In addition, the more the suspended components on the surface of the hollow fiber
membrane are accumulated, the smaller an effective capacity of the inside of the hollow fiber
membrane module 10 becomes.

[0394] Therefore, according to the present configuration, a time required for the inside of the
hollow fiber membrane module to be full of water can be grasped from a time from the start of the
water filling step to the reaching to the inflection point of a change in the pressure on the primary
side. Then, the shorter the time, the smaller the effective capacity of the inside of the hollow fiber
membrane module, i.e., the more appropriately an amount of suspended components accumulated
on the surface of the hollow fiber membrane can be estimated.

[0395] In the water treatment device, the water filling step is a step of filling an inside of the hollow
fiber membrane module with raw water, and the one or more steps may include the water filling
step. The measurement unit may be configured to, when the water filling step is performed a
plurality of times, repeat the measurement in each of the plurality of times of the water filling step.
The estimation unit may be configured to estimate a future increase in the membrane differential
pressure based on a difference, between the plurality of times of the water filling step, in a time
from a start of the water filling step to reaching to an inflection point of a change in the pressure on
the primary side. The water treatment device may further include a notification unit configured to
notify a result of the estimation by the estimation unit.

[0396] When the water filling step is started and the raw water flows into the hollow fiber
membrane module, the pressure on the primary side gradually increases due to a hydraulic head
pressure. Thereafter, when the inside of the hollow fiber membrane module nears a full water
state, the pressure on the primary side rapidly increases. Accordingly, the time from the start of
the water filling step to the reaching to the inflection point of a change in the pressure on the
primary side becomes shorter as an accumulation amount of the suspended components inside the
hollow fiber membrane module is increased and the effective capacity of the inside the hollow fiber
membrane module is decreased.

[0397] In addition, for example, it is presumed that the larger the accumulation amount of
suspended components in the hollow fiber membrane module and the smaller the effective capacity
of the inside of the hollow fiber membrane module, the larger a deposition amount of the suspended
components in the hollow fiber membrane, i.e., it is presumed that the membrane differential
pressure will increase in the future.

[0398] In the water treatment device, in the water filling step, a pressure on the primary side when

the inside of the hollow fiber membrane module becomes full of the raw water is intermittently
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measured. Therefore, in the water treatment device, a transition of the pressure on the primary
side of the hollow fiber membrane module according to the accumulation amount of the suspended
components inside the hollow fiber membrane module can be measured.

[0399] Moreover, in the water treatment device, in each of the plurality of times of the water filling
step, the pressure on the primary side of the hollow fiber membrane module is measured at an
interval of three seconds or less shorter than a normal measurement interval of the membrane
differential pressure in the filtration step. Therefore, a detailed temporal transition of the pressure
on the primary side of the hollow fiber membrane module in each water filling step that ends within
several minutes can be grasped.

[0400] Therefore, from a difference in the detailed temporal transition between the plurality of
times of the water filling step, it is possible to grasp a change in the accumulation amount of the
suspended components inside the hollow fiber membrane module according to a change in the
pressure on the primary side of the hollow fiber membrane module.

[0401] Specifically, by a difference, between the plurality of times of the water filling step, in a time
from the start time point of the water filling step to the reaching to the inflection point of a change
in the pressure on the primary side, it is possible to grasp a change in the accumulation amount of
the suspended components in the hollow fiber membrane module and a change in the effective
capacity. Therefore, when a situation is grasped where the accumulation amount of the suspended
components in the hollow fiber membrane module is increased and the effective capacity of the
inside of the hollow fiber membrane module is reduced, it is possible to appropriately estimate a
situation where the deposition amount of the suspended components in the hollow fiber membrane
has increased, i.e., where the membrane differential pressure will increase in the future. Then, the
estimation result can be notified.

[0402] In the water treatment device, the draining step is a step of draining drain water containing
peeled off suspended components, and the one or more steps may include the draining step. The
estimation unit may be configured to estimate a time required for the draining step based on a time
from a start of the draining step until the pressure on the primary side stabilizes.

[0403] According to this configuration, it is possible to easily estimate a time required for the
draining step without actually measuring a time of the draining step at the work site. Therefore, it
is possible to reduce an extra process time by suppressing cost and effort required for actually
measuring a step time of the draining steps and by setting each step time based on an estimated
time. Itis accordingly possible to increase an operation rate of filtration operation while
suppressing cost and labor.

[0404] In the water treatment device, the draining step is a step of draining drain water containing
peeled off suspended components, and the one or more steps may include the draining step. The
estimation unit may be configured to estimate an amount of suspended components accumulated on
the surface of the hollow fiber membrane based on the time from the start of the draining step until
the pressure on the primary side stabilizes.

[0405] When discharge of the drain water inside the hollow fiber membrane module ends in the
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draining step, the pressure on the primary side stabilizes. In addition, the more the suspended
components are accumulated on the surface of the hollow fiber membrane, the smaller the effective
capacity of the inside of the hollow fiber membrane module becomes.

[0406] Therefore, according to the present configuration, the time required for discharge of the
drain water inside the hollow fiber membrane module to end can be grasped from a time from the
start of the draining step until the pressure on the primary side stabilizes. Then, the shorter the
time, the smaller the effective capacity inside the hollow fiber membrane module, i.e., the amount
of the suspended components accumulated on the surface of the hollow fiber membrane can be
appropriately estimated.

[0407] In the water treatment device, the draining step is a step of draining drain water containing
peeled off suspended components, and the one or more steps may include the draining step. The
measurement unit may be configured to, when the draining step is performed a plurality of times,
repeat the measurement in each of the plurality of times of the draining step. The estimation unit
may be configured to estimate a future increase in the membrane differential pressure based on a
difference, between the plurality of times of the draining step, in a time from the start of the
draining step until when the pressure on the primary side becomes constant. The water treatment
device may further include a notification unit configured to notify a result of the estimation by the
estimation unit.

[0408] When discharge of the drain water inside the hollow fiber membrane module ends in the
draining step, the pressure on the primary side stabilizes. Accordingly, the time from the start of
the draining step until the pressure on the primary side becomes constant becomes shorter as the
accumulation amount of the suspended components inside the hollow fiber membrane module is
increased and the effective capacity of the inside the hollow fiber membrane module is decreased.
[0409] In addition, for example, it is presumed that the larger the accumulation amount of
suspended components in the hollow fiber membrane module and the smaller the effective capacity
of the inside of the hollow fiber membrane module, the larger a deposition amount of the suspended
components in the hollow fiber membrane, i.e., it is presumed that the membrane differential
pressure will increase in the future.

[0410] In the water treatment device, in the draining step, a pressure on the primary side when the
drain water inside the hollow fiber membrane module is discharged is intermittently measured.
Therefore, in the water treatment device, a transition of the pressure on the primary side of the
hollow fiber membrane module according to the accumulation amount of the suspended
components inside the hollow fiber membrane module can be measured.

[0411] Moreover, in the water treatment device, in each of the plurality of times of the draining
step, the pressure on the primary side inside the hollow fiber membrane module is measured at an
interval of three seconds or less shorter than the normal measurement interval of the membrane
differential pressure in the filtration step. Therefore, a detailed temporal transition of the pressure
on the primary side of the hollow fiber membrane module in each draining step that ends within

several minutes can be grasped.
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[0412] Accordingly, from a difference in a detailed temporal transition between the plurality of
times of the draining step, it is possible to grasp the change in the accumulation amount of the
suspended components inside the hollow fiber membrane module according to a change in the
pressure on the primary side of the hollow fiber membrane module.

[0413] Specifically, by a difference, between the plurality of times of the draining step, in a time
from the start of the draining step until the pressure on the primary side becomes constant, it is
possible to grasp a change in the accumulation amount of the suspended components in the hollow
fiber membrane module and a change in the effective capacity. Therefore, when a situation is
grasped where the accumulation amount of the suspended components in the hollow fiber
membrane module is increased and the effective capacity of the inside of the hollow fiber
membrane module is reduced, it is possible to appropriately estimate a situation where the
deposition amount of the suspended components in the hollow fiber membrane has increased, i.e.,
where the membrane differential pressure will increase in the future. Then, the estimation result
can be notified.

[0414] In the water treatment device, the backwashing step is a step of pushing out treated water on
the secondary side to the primary side by a pressurized medium to peel off suspended components
accumulated on a surface of a hollow fiber membrane in a filtration step, and the one or more steps
may include the backwashing step. The estimation unit may be configured to estimate a time
required for the backwashing step based on a time from a start of the backwashing step until the at
least one of the pressures becomes constant or until the at least one pressure reaches a maximum
pressure.

[0415] According to this configuration, it is possible to easily estimate the time required for the
backwashing step without actually measuring the time of the backwashing step at the work site.
Therefore, it is possible to reduce the extra step time by suppressing cost and effort required for
actually measuring a step time of the backwashing step and by setting each step time based on an
estimated time. It is accordingly possible to increase an operation rate of filtration operation while
suppressing cost and labor.

[0416] In the water treatment device, the backwashing step is a step of pushing out treated water on
the secondary side to the primary side by a pressurized medium to peel off suspended components
accumulated on a surface of a hollow fiber membrane in the filtration step, and the estimation unit
may be configured to estimate a length of a time of a chemical solution immersion step of the
hollow fiber membrane module based on an estimated time of the backwashing step.

[0417] According to this configuration, since the time of the chemical solution immersion step can
be changed to an appropriate time, waste of a washing time of the hollow fiber membrane can be
reduced, and the operation rate of the filtration operation can be further increased.

[0418] In the water treatment device, the backwashing step is a step of pushing out treated water on
the secondary side to the primary side by a pressurized medium to peel off suspended components
accumulated on a surface of a hollow fiber membrane in a filtration step, and the one or more steps

may include the backwashing step. The measurement unit may be configured to, when the
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backwashing step is performed a plurality of times, repeat the measurement in each of the plurality
of times of the backwashing step. The estimation unit may be configured to estimate a blockage
degree of the hollow fiber membrane based on a time from a start of the backwashing step until the
pressure on the primary side stabilizes at a predetermined end pressure indicating an end of the
pushing out of the treated water on the secondary side. Alternatively, the estimation unit may be
configured to estimate an effect of the physical washing or the chemical washing, or a future
increase in the membrane differential pressure based on a difference, between the plurality of times
of the backwashing step, in a time from the start of the backwashing step until the pressure on the
primary side stabilizes at the end pressure.

[0419] Immediately after the backwashing step is started and the treated water on the secondary
side is pushed out to the primary side, the pressure on the primary side instantaneously increases.
Thereafter, the larger the blockage degree of the hollow fiber membranes, the slower a speed at
which the treated water is pushed out to the primary side and the longer a time required to end the
pushing out of the treated water on the secondary side. In other words, the larger the blockage
degree of the hollow fiber membrane, the longer the time required from the start of the backwashing
step until the pressure on the primary side reaches the predetermined end pressure indicating the
end of the pushing out of the treated water on the secondary side.

[0420] Therefore, according to the present configuration, the speed at which the treated water is
pushed out to the primary side can be grasped from the time required from the start of the
backwashing step until the pressure on the primary side reaches the end pressure, and it can be
appropriately estimated that the slower the speed, the larger state the blockage degree of the hollow
fiber membrane.

[0421] Immediately after the backwashing step is started, the pressure on the primary side
instantaneously increases. Thereafter, as clogging of the hollow fiber membrane progresses and a
permeation resistance of the hollow fiber membrane is increased, the speed at which the treated
water is pushed out to the primary side is decreased to make longer a time required to end the
pushing out of the treated water on the secondary side.

[0422] According to the present configuration, when the backwashing step is performed a plurality
of times, the pressure on the primary side of the hollow fiber membrane module is measured at
intervals of three seconds or less in each of the plurality of times of the backwashing step.
Therefore, it is possible to detect a time from the start time point of each backwashing step until the
pressure on the primary side stabilizes at the end pressure. Accordingly, an amount of change in
the permeation resistance of the hollow fiber membrane can be grasped from a difference, between
the plurality of times of the backwashing step, in a time from the start time of the backwashing step
until the pressure on the primary side stabilizes at the end pressure. Then, based on the grasped
amount of change in the permeation resistance, it is possible to appropriately estimate an effect of
eliminating clogging of the hollow fiber membrane by the physical washing or an effect of
dissolving the suspended components deposited on the hollow fiber membrane by the chemical

washing. Further, when it is grasped that the permeation resistance of the hollow fiber membrane
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is increased, it can be appropriately estimated that the membrane differential pressure will increase.
[0423] In the water treatment device, the backwashing step is a step of pushing out treated water on
the secondary side to the primary side by a pressurized medium to peel off suspended components
accumulated on a surface of a hollow fiber membrane in a filtration step, and the one or more steps
may include the backwashing step. The measurement unit may be configured to, when the
backwashing step is performed a plurality of times, repeat the measurement in each of the plurality
of times of the backwashing step. The estimation unit may be configured to estimate a magnitude
of a pipeline resistance of a drain pipeline on the primary side based on a reaching point of the
pressure on the primary side that has instantaneously increased immediately after the start of the
backwashing step. Alternatively, the estimation unit may be configured to estimate an effect of the
physical washing or the chemical washing, or a future increase in the membrane differential
pressure based on a difference in the reaching point between the plurality of times of the
backwashing step.

[0424] Immediately after the filtered water on the secondary side is pushed out to the primary side
after the backwashing step is started, the pressure on the primary side instantaneously increases due
to pipeline resistance generated when the raw water on the primary side flows into the drain pipe.
In addition, the larger the contamination in the drain pipe, the higher the pipeline resistance when
the raw water on the primary side is drained, so that the pressure on the primary side increases.
[0425] Therefore, according to the present configuration, it is possible to grasp a magnitude of the
pipeline resistance generated when the raw water on the primary side is drained from the drain pipe
by the pressure on the primary side that has instantaneously increased immediately after the start of
the backwashing step, and to appropriately estimate that the higher the pressure on the primary side,
the higher state the pipeline resistance of the drain pipeline on the primary side.

[0426] Immediately after the backwashing step is started, the pressure on the primary side
instantaneously increases. At this time, the speed at which the treated water on the secondary side
is pushed out to the primary side increases and an ultimate pressure on the primary side increases as
clogging of the hollow fiber membranes decreases and the permeation resistance of the hollow fiber
membranes decreases.

[0427] According to the present configuration, when the backwashing step is performed a plurality
of times, the pressure on the primary side of the hollow fiber membrane module is measured at
intervals of three seconds or less in each of the plurality of times of the backwashing step.
Therefore, it is possible to detect the reaching point of the pressure on the primary side that
instantaneously increases immediately after the start of each backwashing step. Accordingly, an
amount of change in a permeation resistance of the hollow fiber membrane can be grasped from a
difference in the reaching point between the plurality of times of the backwashing step. Then,
based on the grasped amount of change in the permeation resistance, it is possible to appropriately
estimate an effect of eliminating clogging of the hollow fiber membrane by the physical washing or
an effect of dissolving the suspended components deposited on the hollow fiber membrane by the

chemical washing. Further, when it is grasped that the permeation resistance of the hollow fiber
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membrane is increased, it can be appropriately estimated that the membrane differential pressure
will increase.

[0428] In the water treatment device, the backwashing step is a step of pushing out treated water on
the secondary side to the primary side by a pressurized medium to peel off suspended components
accumulated on a surface of a hollow fiber membrane in a filtration step, and the one or more steps
may include the backwashing step. The measurement unit may be configured to, when the
backwashing step is performed a plurality of times, repeat the measurement in each of the plurality
of times of the backwashing step. The estimation unit may be configured to estimate an effect of
the physical washing or the chemical washing, or a future increase in the membrane differential
pressure based on a difference, between the plurality of times of the backwashing step, in a time
from the start of the backwashing step until the pressure on the secondary side stabilizes at a
pressure of the medium.

[0429] In the backwashing step, when the pushing of the treated water on the secondary side out to
the primary side ends, the secondary side is filled state with a pressurized medium, and the pressure
on the secondary side stabilizes at the pressure of the medium. Here, as the clogging of the hollow
fiber membranes progresses and the permeation resistance of the hollow fiber membrane increases,
the time required for all the treated water on the secondary side to be pushed out to the primary side
increases.

[0430] According to the present configuration, since the pressure on the secondary side of the
hollow fiber membrane module is measured at intervals of three seconds or less in each of the
plurality of times of the backwashing step, the time from the start of each backwashing step until
the pressure on the secondary side stabilizes at the pressure of the medium can be detected.
Therefore, according to the present configuration, the amount of change in the permeation
resistance of the hollow fiber membrane can be grasped from a difference, between the plurality of
times of the backwashing step, in a time from the start time of the backwashing step until the
pressure on the secondary side stabilizes at the pressure of the medium. Then, based on the
grasped amount of change in the permeation resistance, it is possible to appropriately estimate an
effect of eliminating clogging of the hollow fiber membrane by the physical washing or an effect of
dissolving the suspended components deposited on the hollow fiber membrane by the chemical
washing. Further, when it is grasped that the permeation resistance of the hollow fiber membrane
is increased, it can be appropriately estimated that the membrane differential pressure will increase.
[0431] In the water treatment device, the backwashing step is a step of pushing out treated water on
the secondary side to the primary side by a pressurized medium to peel off suspended components
accumulated on a surface of a hollow fiber membrane in a filtration step, and the one or more steps
may include the backwashing step. The measurement unit may be configured to, when the
backwashing step is performed a plurality of times, repeat the measurement in each of the plurality
of times of the backwashing step. The estimation unit may be configured to estimate an effect of
the physical washing or the chemical washing, or a future increase in the membrane differential

pressure based on a difference, between the plurality of times of the backwashing step, in a reaching
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point of the pressure on the secondary side that has instantaneously increased immediately after a
start of the backwashing step.

[0432] Immediately after the start of the backwashing step, the treated water on the secondary side
is rapidly pushed by the pressurized medium and flows into the primary side. At this time, the
permeation of the treated water in the hollow fiber membrane enters a rate-determining step, so that
a degree of pressurization of the treated water by the medium becomes larger than a degree of
permeation of the treated water to the primary side. Therefore, the pressure on the secondary side
instantaneously increases immediately after the start of the backwashing step, and an ultimate
pressure on the secondary side at the time of the increase increases as the clogging of the hollow
fiber membrane progresses and the permeation resistance of the hollow fiber membranes increases.
[0433] According to the present configuration, since the pressure on the secondary side of the
hollow fiber membrane module is measured at intervals of three seconds or less in each of the
plurality of times of the backwashing step, the reaching point of the pressure on the secondary side
that has instantaneously increased immediately after the start of each backwashing step can be
detected. Accordingly, an amount of change in a permeation resistance of the hollow fiber
membrane can be grasped from a difference in the reaching point between the plurality of times of
the backwashing step. Then, based on the grasped amount of change in the permeation resistance,
it is possible to appropriately estimate an effect of eliminating clogging of the hollow fiber
membrane by the physical washing or an effect of dissolving the suspended components deposited
on the hollow fiber membrane by the chemical washing. Further, when it is grasped that the
permeation resistance of the hollow fiber membrane is increased, it can be appropriately estimated
that the membrane differential pressure will increase.

[0434] In the water treatment device, the backwashing step is a step of pushing out treated water on
the secondary side to the primary side by a pressurized medium to peel off suspended components
accumulated on a surface of a hollow fiber membrane in a filtration step, and the one or more steps
may include the backwashing step. The measurement unit may be configured to, when the
backwashing step is performed a plurality of times, repeat the measurement in each of the plurality
of times of the backwashing step. The estimation unit may be configured to detect a reaching
point of any one of the pressure on the primary side and the pressure on the secondary side that
have instantaneously increased immediately after a start of the backwashing step with respect to the
plurality of times of the backwashing step. Then, the estimation unit may be configured to
estimate a degree of progress of clogging of the hollow fiber membrane, an effect of the physical
washing or the chemical washing, or a future increase in the membrane differential pressure based
on a difference, between the plurality of times of the backwashing step, in a difference between the
pressure on the secondary side and the pressure on the primary side at a time point at which the any
one of the pressures reaches the reaching point.

[0435] According to the present configuration, since the pressure on at least one of the primary side
and the secondary side of the hollow fiber membrane module is measured at intervals of three

seconds or less with respect to the plurality of times of the backwashing step, the reaching point of
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the pressure on any one of the primary side and the secondary side that has instantaneously
increased immediately after the start of the backwashing step can be detected. In other words, in
the backwashing step, even with a suspended component that is peeled off from the surface of the
hollow fiber membrane by the force of pushing the treated water out from the secondary side to the
primary side, the any one of the pressures before the suspended component is reduced by peeling
off can be appropriately detected.

[0436] As a result, by using a difference between the pressure on the secondary side and the
pressure on the primary side at the time of the detection, it is possible to appropriately grasp the
degree of progress of the clogging of the hollow fiber membranes or a change in the deposition
amount of the suspended components in the hollow fiber membrane. In addition, the effect of
eliminating the clogging of the hollow fiber membrane by the physical washing or the chemical
washing can be appropriately estimated based on the grasped degree of progress of the clogging of
the hollow fiber membrane. In addition, when it is grasped that the deposition amount of
suspended components in the hollow fiber membrane has increased, it can be appropriately
estimated that the permeation resistance of the hollow fiber membrane will increase and the
membrane differential pressure will increase.

[0437] In the water treatment device, the backwashing step is a step of pushing out treated water on
the secondary side to the primary side by a pressurized medium to peel off suspended components
accumulated on a surface of a hollow fiber membrane in a filtration step, and the one or more steps
may include the backwashing step. The measurement unit may be configured to, when the
backwashing step is performed a plurality of times, repeat the measurement in each of the plurality
of times of the backwashing step. The estimation unit may be configured to, with respect to the
plurality of times of the backwashing step, calculate an integral value of a difference between the
pressure on the secondary side and the pressure on the primary side in any one of (1) a time from a
start of the backwashing step until the pressure on the primary side or the secondary side that has
instantaneously increased immediately after the start of the backwashing step reaches a reaching
point, (2) a time from when the pressure on the primary side or the secondary side that has
instantaneously increased immediately after the start of the backwashing step reaches the reaching
point until when the pressure stabilizes, and (3) a time from a start time point of the backwashing
step to a time point at which the pressure on the primary side or the secondary side stabilizes. The
estimation unit may be configured to estimate an effect of the physical washing or the chemical
washing, or a future increase in the membrane differential pressure based on a difference in the
integral value between the plurality of times of the backwashing step.

[0438] The present inventors have found from the test operation that an integral value of the
difference in a time from the start time point of the backwashing step until the pressure on the
primary side or the secondary side stabilizes is significantly different between a case where the
degree of progress of the clogging of the hollow fiber membrane is larger than a predetermined
degree and a case where the degree of progress of the clogging is smaller than the predetermined

degree even when the difference between the pressure on the secondary side and the pressure on the
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primary side during the filtration step is substantially constant. Similarly, the present inventors
have obtained knowledge, from the test operation, that even when the difference between the
pressure on the secondary side and the pressure on the primary side during the filtration step is
substantially constant, the integral value is significantly different between a case where the
deposition amount of the suspended components in the hollow fiber membrane is larger than a
predetermined amount and a case where the same is smaller.

[0439] The inventors further conducted the test operation, and found that the above integral values
of the times are significantly different between a case where the degree of progress of the clogging
of the hollow fiber membrane is larger than the predetermined degree and a case where the degree
of progress of the clogging of the hollow fiber membrane is smaller than the predetermined degree,
and are also significantly different between a case where the deposition amount of the suspended
components in the hollow fiber membrane is larger than the predetermined amount and a case
where the amount of the suspended components deposited on the hollow fiber membrane is smaller
than the predetermined amount, the above integral values of the times being the time from the start
of the backwashing step until the pressure on the primary side or the secondary side that has
instantaneously increased immediately after the start of the backwashing step reaches the reaching
point and being the time from the reaching point of the pressure on the primary side or the
secondary side that has instantaneously increased immediately after the start of the backwashing
step until the pressure stabilizes.

[0440] Accordingly, according to the present configuration, it is possible to appropriately grasp the
degree of progress of the clogging of the hollow fiber membrane or the change in the deposition
amount of the suspended components in the hollow fiber membrane by a difference, between the
plurality of times of the backwashing step, in an integral value of a difference, between the pressure
on the secondary side and the pressure on the primary side, in the above three times. Therefore,
the effect of elimination of clogging of the hollow fiber membranes by the physical washing or the
chemical washing can be appropriately estimated based on the grasped degree of progress of the
clogging of the hollow fiber membrane. In addition, when it is grasped that the deposition amount
of suspended components in the hollow fiber membrane has increased, it can be appropriately
estimated that the permeation resistance of the hollow fiber membrane will increase and the
membrane differential pressure will increase.

[0441] In the water treatment device, the backwashing step is a step of pushing out treated water on
the secondary side to the primary side by a pressurized medium to peel off suspended components
accumulated on a surface of a hollow fiber membrane in a filtration step, and the one or more steps
may include the backwashing step. The estimation unit may be configured to, when the pressure
on the secondary side has stabilized in the backwashing step, estimate whether or not the hollow
fiber membrane leaks by comparing the stabilized pressure on the secondary side with the pressure
of the medium.

[0442] In the backwashing step, in a case where the hollow fiber membrane has no leak, when the

pushing of the treated water on the secondary side out to the primary side ends, the pressure on the
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secondary side stabilizes at a pressure of the medium that pushes the treated water on the secondary
side. However, when the hollow fiber membrane leaks, the medium flows out to the primary side
of the inside of the hollow fiber membrane module from a location of the leak. As a result, after
the pushing of the treated water on the secondary side out to the primary side ends in the
backwashing step, the pressure on the secondary side stabilizes at a pressure lower than the medium
pressure.

[0443] Therefore, according to the present configuration, when the pressure on the secondary side
has stabilized in the backwashing step, whether or not the hollow fiber membrane leaks can be
appropriately estimated by comparing the stabilized pressure on the secondary side with the
medium pressure.

[0444] In the water treatment device, the bubbling step is a step of causing a gas to flow in when the
inside of the hollow fiber membrane module is full of water, and shaking a hollow fiber membrane
to peel off suspended components accumulated on a surface of the hollow fiber membrane, and the
one or more steps may include the bubbling step. The estimation unit may be configured to
estimate whether or not the peripheral device that allows the gas to flow into the hollow fiber
membrane module has abnormality by comparing a predetermined pressure with a reaching point of
the pressure on the primary side that has instantaneously increased immediately after a start of the
bubbling step.

[0445] When gas flows into the hollow fiber membrane module immediately after the start of the
bubbling step, water corresponding to an amount of the flowed gas flows into the drain pipe at once,
so that the pressure on the primary side instantaneously increases. In addition, the pressure on the
primary side increases as an inflow amount of the gas increases.

[0446] Therefore, according to the present configuration, an inflow amount of gas flowing into the
hollow fiber membrane module can be grasped from a reaching point of the pressure on the primary
side that has instantaneously increased immediately after the start of the bubbling step. Whether
or not the peripheral device that allows gas to flow into the hollow fiber membrane module is
abnormal can be appropriately estimated by comparing the reaching point of the pressure on the
primary side with the predetermined pressure.

[0447] The water treatment device may further include a setting change unit configured to change a
set time of the one or more steps based on an estimated time obtained by the estimation unit. The
setting change unit may be configured to change set times of a plurality of steps among the water
filling step, the pressure relieving step, the backwashing step, and the draining step based on an
estimated time obtained by the estimation unit.

[0448] According to the present configuration, based on an estimated time obtained by the
estimation unit, set times of the plurality of steps can be automatically changed among the water
filling step, the pressure relieving step, the backwashing step, and the draining step. Therefore, set
times of the plurality of steps can be set to accurate set times based on a temporal transition of an
actually measured pressure, and efficiency can be improved as compared with a case where an

operator manually changes a set time.
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[0449] The water treatment device may further include a control unit configured to control
execution of a filtration process of filtering raw water using the hollow fiber membrane module.
The water treatment device may further include a notification unit configured to notify a content of
abnormality when the estimation unit estimates that the internal state of the hollow fiber membrane
module or the peripheral device has the abnormality. The filtration process may include the one or
more steps. The control unit may be configured to cause the estimation unit to estimate, at the end
of each step after a start of the filtration process, whether or not the internal state of the hollow fiber
membrane module or the peripheral device has abnormality based on a temporal transition of the
least one of the pressures measured by the measurement unit at each step. Then, the control unit
may be configured to, in a case where the notification unit notifies the content of the abnormality,
end the filtration process being executed. Alternatively, the control unit may be configured to, in a
case where the estimation unit estimates that the internal state of the hollow fiber membrane module
has abnormality at the end of the water filling step, the backwashing step, or the draining step,
enhance the physical washing or perform the chemical washing.

[0450] According to the present configuration, when it is estimated that the internal state of the
hollow fiber membrane module or the peripheral device has abnormality at the end of each step
after the start of the filtration process, a content of the abnormality is notified, and the filtration
process being executed is ended. Therefore, a user of the water treatment device can grasp what
kind of abnormality has occurred in the internal state of the hollow fiber membrane module or the
peripheral device and in which step in the filtration process the abnormality has occurred. As a
result, the user of the water treatment device can quickly take necessary measures against the
hollow fiber membrane module or the peripheral device having abnormality in which the filtration
process is not being performed.

[0451] Alternatively, according to the present configuration, when it is estimated that the internal
state of the hollow fiber membrane module has abnormality at the end of the water filling step, the
backwashing step, or the draining step, the physical washing of the hollow fiber membrane module
is enhanced or the chemical washing of the hollow fiber membrane module is performed.
Therefore, the present configuration enables measures to recover the state of the hollow fiber
membrane module to be quickly taken, and enables reduction in opportunities for forcibly ending

the filtration process.
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Claims

1. A water treatment device for filtering raw water using a hollow fiber membrane module,
the water treatment device comprising:

a measurement unit configured to repeat measurement of pressures on a primary side and a
secondary side of the hollow fiber membrane module every minute time of three seconds or less in
one or more of a water filling step, a backwashing step, a pressure relieving step, a bubbling step,
and a draining step; and

an estimation unit configured to estimate

(1) abnormality of an internal state of the hollow fiber membrane module or of a peripheral
device of the hollow fiber membrane module,

(2) a time required from a start to an end of the one or more steps,

(3) an effect of physical washing or chemical washing of the hollow fiber membrane
module, or

(4) a future increase in an membrane differential pressure of the hollow fiber membrane
module,

based on a temporal transition of a measurement result of at least one pressure of the
primary side and the secondary side pressures, or

when the one or more steps are performed a plurality of times, based on a difference in the

temporal transition between the plurality of times of the step.

2. The water treatment device according to claim 1, wherein

the water filling step is a step of filling an inside of the hollow fiber membrane module
with raw water,

the one or more steps include the water filling step, and

the estimation unit is configured to estimate a time required for the water filling step based
on a time from a start of the water filling step to reaching to an inflection point of a change in the

pressure on the primary side.

3. The water treatment device according to claim 1, wherein

the water filling step is a step of filling an inside of the hollow fiber membrane module
with raw water,

the one or more steps include the water filling step, and

the estimation unit is configured to estimate an amount of suspended components
accumulated on a surface of a hollow fiber membrane based on a time from a start of the water

filling step to reaching to an inflection point of a change in the pressure on the primary side.

4. The water treatment device according to claim 1, wherein

the water filling step is a step of filling an inside of the hollow fiber membrane module
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with raw water,

the one or more steps include the water filling step,

the measurement unit is configured to, when the water filling step is performed a plurality
of times, repeat the measurement in each of the plurality of times of the water filling step, and

the estimation unit is configured to estimate a future increase in the membrane differential
pressure based on a difference, between the plurality of times of the water filling step, in a time
from a start of the water filling step to reaching to an inflection point of a change in the pressure on
the primary side, and

the water treatment device further comprises a notification unit configured to notify a result

of the estimation by the estimation unit.

5. The water treatment device according to claim 1, wherein

the draining step is a step of draining drain water containing peeled off suspended
components,

the one or more steps include the draining step, and

the estimation unit is configured to estimate a time required for the draining step based on a

time from a start of the draining step until the pressure on the primary side stabilizes.

6. The water treatment device according to claim 1, wherein

the draining step is a step of draining drain water containing peeled off suspended
components,

the one or more steps include the draining step, and

the estimation unit is configured to estimate an amount of suspended components
accumulated on a surface of a hollow fiber membrane based on a time from a start of the draining

step until the pressure on the primary side stabilizes.

7. The water treatment device according to claim 1, wherein

the draining step is a step of draining drain water containing peeled off suspended
components,

the one or more steps include the draining step,

the measurement unit is configured to, when the draining step is performed a plurality of
times, repeat the measurement in each of the plurality of times of the draining step, and

the estimation unit is configured to estimate a future increase in the membrane differential
pressure based on a difference, between the plurality of times of the draining step, in a time from a
start of the draining step until the pressure on the primary side becomes constant, and

the water treatment device further comprises a notification unit configured to notify a result

of the estimation by the estimation unit.

8. The water treatment device according to claim 1, wherein
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the backwashing step is a step of pushing out treated water on the secondary side to the
primary side by a pressurized medium to peel off suspended components accumulated on a surface
of a hollow fiber membrane in a filtration step,

the one or more steps include the backwashing step, and

the estimation unit is configured to estimate a time required for the backwashing step based
on a time from a start of the backwashing step until the at least one of the pressures becomes

constant or until the at least one of the pressures reaches a maximum pressure.

9. The water treatment device according to claim 8, wherein

the backwashing step is a step of pushing out treated water on the secondary side to the
primary side by a pressurized medium to peel off suspended components accumulated on a surface
of a hollow fiber membrane in a filtration step, and

the estimation unit is configured to estimate a length of a time of a chemical solution
immersion step of the hollow fiber membrane module based on an estimated time of the

backwashing step.

10. The water treatment device according to claim 1, wherein

the backwashing step is a step of pushing out treated water on the secondary side to the
primary side by a pressurized medium to peel off suspended components accumulated on a surface
of a hollow fiber membrane in a filtration step,

the one or more steps include the backwashing step,

the measurement unit is configured to, when the backwashing step is performed a plurality
of times, repeat the measurement in each of the plurality of times of the backwashing step, and

the estimation unit is configured to

(1) estimate a blockage degree of the hollow fiber membrane based on a time from a start
of the backwashing step until the pressure on the primary side stabilizes at a predetermined end
pressure indicating an end of the pushing out of the treated water on the secondary side, or

(2) estimate an effect of the physical washing or the chemical washing, or a future increase
in the membrane differential pressure based on a difference, between the plurality of times of the
backwashing step, in a time from the start of the backwashing step until the pressure on the primary

side stabilizes at the end pressure.

11. The water treatment device according to claim 1, wherein

the backwashing step is a step of pushing out treated water on the secondary side to the
primary side by a pressurized medium to peel off suspended components accumulated on a surface
of a hollow fiber membrane in a filtration step,

the one or more steps include the backwashing step,

the measurement unit is configured to, when the backwashing step is performed a plurality

of times, repeat the measurement in each of the plurality of times of the backwashing step, and
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the estimation unit is configured to

(1) estimate a magnitude of a pipeline resistance of a drain pipeline on the primary side
based on a reaching point of the pressure on the primary side that has instantaneously increased
immediately after a start of the backwashing step, or

(2) estimate an effect of the physical washing or the chemical washing, or a future increase
in the membrane differential pressure based on a difference in the reaching point between the

plurality of times of the backwashing step.

12. The water treatment device according to claim 1, wherein

the backwashing step is a step of pushing out treated water on the secondary side to the
primary side by a pressurized medium to peel off suspended components accumulated on a surface
of a hollow fiber membrane in a filtration step,

the one or more steps include the backwashing step,

the measurement unit is configured to, when the backwashing step is performed a plurality
of times, repeat the measurement in each of the plurality of times of the backwashing step, and

the estimation unit is configured to estimate an effect of the physical washing or the
chemical washing, or a future increase in the membrane differential pressure based on a difference,
between the plurality of times of the backwashing step, in a time from a start of the backwashing

step until the pressure on the secondary side stabilizes at a pressure of the medium.

13. The water treatment device according to claim 1, wherein

the backwashing step is a step of pushing out treated water on the secondary side to the
primary side by a pressurized medium to peel off suspended components accumulated on a surface
of a hollow fiber membrane in a filtration step,

the one or more steps include the backwashing step,

the measurement unit is configured to, when the backwashing step is performed a plurality
of times, repeat the measurement in each of the plurality of times of the backwashing step, and

the estimation unit is configured to estimate an effect of the physical washing or the
chemical washing, or a future increase in the membrane differential pressure based on a difference,
between the plurality of times of the backwashing step, in a reaching point of the pressure on the

secondary side that has instantaneously increased immediately after a start of the backwashing step.

14. The water treatment device according to claim 1, wherein

the backwashing step is a step of pushing out treated water on the secondary side to the
primary side by a pressurized medium to peel off suspended components accumulated on a surface
of a hollow fiber membrane in a filtration step,

the one or more steps include the backwashing step,

the measurement unit is configured to, when the backwashing step is performed a plurality

of times, repeat the measurement in each of the plurality of times of the backwashing step, and
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the estimation unit is configured to

detect a reaching point of any one of the pressure on the primary side and the pressure on
the secondary side that have instantaneously increased immediately after a start of the backwashing
step with respect to the plurality of times of the backwashing step, and

estimate a degree of progress of clogging of the hollow fiber membrane, an effect of the
physical washing or the chemical washing, or a future increase in the membrane differential
pressure based on a difference, between the plurality of times of the backwashing step, in a
difference between the pressure on the secondary side and the pressure on the primary side at a time

point at which the any one of the pressures reaches the reaching point.

15. The water treatment device according to claim 1, wherein

the backwashing step is a step of pushing out treated water on the secondary side to the
primary side by a pressurized medium to peel off suspended components accumulated on a surface
of a hollow fiber membrane in a filtration step,

the one or more steps include the backwashing step,

the measurement unit is configured to, when the backwashing step is performed a plurality
of times, repeat the measurement in each of the plurality of times of the backwashing step, and

the estimation unit is configured to, with respect to the plurality of times of the
backwashing step,

calculate an integral value of a difference between the pressure on the secondary side and
the pressure on the primary side in any one of

(1) a time from a start of the backwashing step until the pressure on the primary side or the
secondary side that has instantaneously increased immediately after the start of the backwashing
step reaches a reaching point,

(2) a time from when the pressure on the primary side or the secondary side that has
instantaneously increased immediately after the start of the backwashing step reaches the reaching
point until the pressure stabilizes, and

(3) a time from a start time point of the backwashing step to a time point at which the
pressure on the primary side or the secondary side stabilizes, and

estimate an effect of the physical washing or the chemical washing, or a future increase in
the membrane differential pressure based on a difference in the integral value between the plurality

of times of the backwashing step.

16. The water treatment device according to claim 1, wherein

the backwashing step is a step of pushing out treated water on the secondary side to the
primary side by a pressurized medium to peel off suspended components accumulated on a surface
of a hollow fiber membrane in a filtration step,

the one or more steps include the backwashing step, and

the estimation unit is configured to, when the pressure on the secondary side has stabilized
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in the backwashing step, estimate whether or not the hollow fiber membrane leaks by comparing the

stabilized pressure on the secondary side with a pressure of the medium.

17. The water treatment device according to claim 1, wherein

the bubbling step is a step of causing a gas to flow in when the inside of the hollow fiber
membrane module is full of water, and shaking a hollow fiber membrane to peel off suspended
components accumulated on a surface of the hollow fiber membrane,

the one or more steps include the bubbling step, and

the estimation unit is configured to estimate whether or not the peripheral device that
allows the gas to flow into the hollow fiber membrane module has abnormality by comparing a
predetermined pressure with a reaching point of the pressure on the primary side that has

instantaneously increased immediately after a start of the bubbling step.

18. The water treatment device according to any one of claims 2, 5, 8, and 9, further
comprising a setting change unit configured to change a set time of the one or more steps based on
an estimated time obtained by the estimation unit,

wherein the setting change unit is configured to change set times of a plurality of steps
among the water filling step, the pressure relieving step, the backwashing step, and the draining step

based on an estimated time obtained by the estimation unit.

19. The water treatment device according to claim 1, further comprising:

a control unit configured to control execution of a filtration process of filtering raw water
using the hollow fiber membrane module; and

a notification unit configured to notify a content of abnormality when the estimation unit
estimates that the internal state of the hollow fiber membrane module or the peripheral device has
the abnormality,

wherein the filtration process includes the one or more steps, and

the control unit is configured to

cause the estimation unit to estimate, at the end of each step after a start of the filtration
process, whether or not the internal state of the hollow fiber membrane module or the peripheral
device has abnormality based on a temporal transition of the least one of the pressures measured by
the measurement unit at each step, and

(1) in a case where the notification unit notifies the content of the abnormality, end the
filtration process being executed, or

(2) in a case when the estimation unit estimates that the internal state of the hollow fiber
membrane module has abnormality at the end of the water filling step, the backwashing step, or the

draining step, enhance the physical washing or perform the chemical washing.

20. An estimation method in a water treatment device for filtering raw water using a hollow
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fiber membrane module, wherein

a computer of the water treatment device

repeats measurement of pressures on a primary side and a secondary side of the hollow
fiber membrane module every minute time of three seconds or less in one or more of a water filling
step, a backwashing step, a pressure relieving step, a bubbling step, and a draining step, and

estimates

(1) abnormality of an internal state of the hollow fiber membrane module or of a peripheral
device of the hollow fiber membrane module,

(2) a time required from a start to an end of the one or more steps,

(3) an effect of physical washing or chemical washing of the hollow fiber membrane
module, or

(4) a future increase in an membrane differential pressure of the hollow fiber membrane
module,

based on a temporal transition of a measurement result of a pressure of at least one of the
primary side and the secondary side, or

when the one or more steps are performed a plurality of times, based on a difference in the

temporal transition between the plurality of times of the step.
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