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DESCRIPTION 

Title of Invention: WATER TREATMENT CONTROL APPARATUS AND 

WATER TREATMENT SYSTEM 

Technical Field 

5 Embodiments of the present invention relate to a water 

treatment control apparatus controlling a water treatment 

facility and a water treatment system controlling the water 

treatment facility based on, for example, customers' demands 

for water. 

10 Background Art 

In general, water suppliers take water from water sources 

such as rivers and treat the taken water in water purification 

facilities to a drinking water level. 	The water treated to the 

drinking water level is supplied to customers as tap water. 	The 

15 customers use water, for example, in a bath, a washroom, and 

a kitchen and for a washing machine and a toilet, and discharge 

the used water as waste water. 	The discharged waste water is 

treated in sewage treatment facilities to a given level of water 

quality. 	The treated waste water is then discharged to rivers. 

20 Water 	sources 	are 	finite 	and may 	fail 	to 	secure 	a 

sufficient water supply during drought. 	Furthermore, 	tap 

water used by the customers is discharged as waste water, and 

all of the waste water is treated in the sewage treatment 

facilities. 	This 	disadvantageously 	increases 	sewage 

25 treatment costs. 
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5 Summary of Invention 

Technical Problem 

As described above, the conventional water intake scheme 

may fail to secure a sufficient water supply during drought. 

Furthermore, all of the drainage discharged by the customers 

10 is conventionally treated in the sewage treatment facilities, 

disadvantageously increasing sewage treatment costs. 

Thus, an object is to provide a water treatment control 

apparatus and a water treatment system which can secure a 

quantity of water during drought and reduce the sewage treatment 

15 costs at the sewage treatment plants. 

Solution to Problem 

According to the embodiment, a water treatment control 

apparatus generates an indication to a water treatment facility 

referring to conditions including a drought status and a water 

20 treatment cost at the water treatment facility. 	The indication 

indicates a type of water to be taken by the water treatment 

facility between a plurality of types of water including river 

water from rivers, 	rainwater, 	and waste water used by a 

customer. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[FIG. 	1] 	FIG. 1 is a diagram showing a configuration of 

a water and sewer system including a water treatment facility 
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according to a first embodiment. 

[FIG. 2] FIG. 2 is a diagram showing a configuration of 

the water treatment facility shown in FIG. 	1. 

[FIG. 	3] 	FIG. 3 is a diagram showing a configuration of 

5 a water treatment system according to a second embodiment. 

[FIG. 4] 	FIG. 	4 	is 	a 	diagram 	showing 	a 	functional 

configuration of a monitoring control apparatus shown in FIG. 

3. 

[FIG. 	5] 	FIG. 5 is a diagram showing a configuration of 

10 a water treatment system according to a third embodiment. 

[FIG. 	6] 	FIG. 	6 	is 	a 	diagram 	showing 	a 	functional 

configuration of a monitoring control apparatus shown in FIG. 

5. 

[FIG. 7] 	FIG. 7 is a diagram showing changes in the unit 

15 price of water resulting from adoption of a time of use pricing 

system. 

[FIG. 	8] 	FIG. 8 is a diagram showing changes in the unit 

price of water resulting from adoption of a real-time pricing 

system. 

20 [FIG. 	9] 	FIG. 9 is a diagram showing a configuration of 

a water treatment system according to a fourth embodiment. 

[FIG. 	10] 	FIG. 	10 	is 	a 	diagram 	showing 	a 	functional 

configuration of a monitoring control apparatus shown in FIG. 

9. 

25 [FIG. 	11] 	FIG. 11 is a diagram showing a configuration of 

a water treatment system according to a fifth embodiment. 

[FIG. 	12] FIG. 	12 	is 	a diagram showing a 	functional 
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configuration of a monitoring control apparatus shown in FIG. 

11. 

[FIG. 	13] 	FIG. 13 is a diagram showing a configuration of 

a water treatment system according to a sixth embodiment. 

5 [FIG. 	14] 	FIG. 	14 	is 	a 	diagram 	showing 	a 	functional 

configuration of a monitoring control apparatus shown in FIG. 

13. 

[FIG. 15] FIG. 15 is a diagram showing a configuration of 

a water treatment system according to a seventh embodiment. 

10 [FIG. 16] 	FIG. 	16 	is 	a 	diagram 	showing 	a 	functional 

configuration of a monitoring control apparatus shown in FIG. 

15. 

[FIG. 	17] 	FIG. 	17 is a diagram of a configuration of a 

water treatment system provided when valves shown in FIG. 13 

15 and FIG. 15 are mounted in a facility in each home. 

[FIG. 	18] 	FIG. 18 is a diagram showing a configuration of 

a water and sewer system including a water treatment facility 

according to an eighth embodiment. 

[FIG. 	19] 	FIG. 19 is a diagram showing a configuration of 

20 the water and sewer system including the water treatment 

facility according to the eighth embodiment. 

[FIG. 20] 	FIG. 20 is a diagram showing a configuration of 

a water treatment system according to the eighth embodiment. 

[FIG. 21] 	FIG. 	21 	is 	a 	diagram 	showing 	a 	functional 

25 configuration of a monitoring control apparatus shown in FIG. 

20. 

[FIG. 22] 	FIG. 22 is a diagram showing a configuration of 
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a water treatment system according to a ninth embodiment. 

[FIG. 23] 	FIG. 23 is a diagram showing a configuration of 

a water treatment system according to a tenth embodiment. 

[FIG. 24] 	FIG. 	24 	is 	a 	diagram 	showing 	a 	functional 

5 configuration of a monitoring control apparatus shown in FIG. 

23. 

[FIG. 25] 	FIG. 25 is a diagram showing tendencies of the 

quantities of water demand and waste water. 

[FIG. 	26] 	FIG. 26 is a diagram showing a configuration of 

10 a water treatment system according to an eleventh embodiment. 

[FIG. 27] 	FIG. 	27 	is 	a 	diagram 	showing 	a 	functional 

configuration of a monitoring control apparatus shown in FIG. 

26. 

[FIG. 28] 	FIG. 28 is a diagram showing that the tendency 

15 of the quantity of waste water exhibits a flattened tendency. 

Description of Embodiments 

Embodiments will be described below with reference to the 

drawings. 

(First Embodiment) 

20 FIG. 1 is a diagram showing a configuration of a water and 

sewer system including a water treatment facility 10 according 

to a first embodiment . 	Tlir water and sewer system shown in FIG. 

1 	comprises 	a 	water 	treatment 	facility 	10, 	distributing 

reservoirs 20-1 and 20-2, pumps 30-1 and 30-2, 	distributing 

25 towers 40-1 and 40-2, water storage tanks 50-1 and 50-2, and 

a sewage treatment plant 60. 

FIG. 2 is a diagram showing a configuration of the water 
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treatment facility 10 shown in FIG. 	1. 	The water treatment 

facility 10 shown in FIG. 	2 comprises a water purification 

facility 11, a recycled water facility 12, and a water treatment 

control apparatus 13. 

5 The water purification facility 11 takes at least one type 

of water included in river water from rivers, 	well water, 

rainwater, and clean waste water discharged by customers, in 

accordance with an instruction from the water treatment control 

apparatus 13. 	The clean waste water will be described below. 

10 The water purification facility 11 purifies the taken water to 

increase the quality of the taken water to a drinking water level, 

and feeds the purified water to a clean water line. 	The water 

fed to the clean water line is hereinafter referred to as clean 

water. 

15 The recycled water facility 12 takes at least one type of 

water included in river water from rivers, well water, rainwater, 

and clean waste water in accordance with an instruction from 

the water treatment control apparatus 13. 	The recycled water 

facility 12 purifies the taken water to a level of water quality 

20 at which the water is used by a washing machine and a toilet, 

and then feeds the purified water to a gray water line. 	The 

water fed to the gray water line is hereinafter referred to as 

gray water. 	The level of quality of the water purified by the 

recycled water facility 12 is lower than the level of quality 

25 of the water purified by the water purification facility 11. 

Thus, treatment costs at the recycled water facility 12 can be 

reduced below 	treatment 	costs 	at 	the 	water purification 



facility 11. 

The water treatment control apparatus 13 	estimates a 

shortage status of river water, well water, and rainwater based 

on the season, the weather, and the like. 	The water treatment 

5 control 	apparatus 	13 	then 	references 	various 	conditions, 

including the estimated shortage status, the quantity of water 

reserved in the water storage tanks 50-1 and 50-2, and treatment 

costs at the water purification facility 11 and the recycled 

water facility 12 for river water, well water, rainwater, and 

10 clean waste water to 	indicate, 	to the water purification 

facility 11 and the recycled water facility 12, which type of 

water is to be taken and treated. 	For example, high treatment 

costs are needed to purify clean waste water to a drinking water 

level in the water purification facility 11. 	Thus, if the water 

15 is not in short supply, clean waste water is taken and treated 

by the recycled water facility 12 and the gray water is fed to 

the gray water line. 

Clean water fed from the water purification facility 11 

to the clean water line is stored in the distributing reservoir 

20 20-1 and then fed to the distributing tower 40-1 by the pump 

30-1. 	The clean water from the distributing tower 40-1 is 

supplied to a water supply area in which a plurality of customers 

are present . 	When a large quantity of clean water is supplied 

by the distributing tower 40-1, the clean water is reserved in 

25 the water storage tank 50-1. 

Gray water fed from the recycled water facility 12 to the 

gray water line is stored in the distributing reservoir 20-2 
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and then fed to the distributing tower 40-2 by the pump 30-2. 

The gray water from the distributing tower 40-2 is supplied to 

the water supply area. 	When a large quantity of gray water is 

supplied by the distributing tower 40-2, 	the gray water is 

5 reserved in the water storage tank 50-2. 

As shown in FIG. 2, homes present in the water supply area 

and in which the customers live are each provided with a 

plurality of facilities such as a bath, a washroom, a kitchen, 

a washing machine, and a toilet which use water. 	The plurality 

10 of facilities provided in the home use different levels of water 

quality. 	For example, 	water of a drinking-water level of 

quality is needed for the bath, the washroom, and the kitchen, 

and such a high water quality is not needed for the washing 

machine or the toilet. 	Thus, clean water is supplied to the 

15 bath, the washroom, and the kitchen, and gray water is supplied 

to the washing machine and the toilet. 

Furthermore, 	in 	the 	home, 	used 	water 	is 	classified 

according to the level of quality of the water. 	For example, 

water used in the bath, the washroom, and the kitchen is clean 

20 waste water, which is fed to the water treatment facility 10. 

On the other hand, water used by the washing machine and the 

toilet is dirty water, 	which is discharged to the sewage 

treatment plant 60. 	The sewage treatment plant 60 treats dirty 

waste water discharged from the water supply area to a given 

25 level of water quality, and then discharges the treated water 

to rivers and the like. 	When the water is in seriously short 

supply, even the water used by the washing machine and the toilet 
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may be fed to the water treatment facility 10 if the water quality 

is at a level at which the water can be utilized as gray water. 

As described above, the water treatment control apparatus 

13 according to the first embodiment treats clean waste water 

5 discharged by the customer for recycling using the recycled 

water facility 12. 	This increases the number of water sources 

from which water can be taken, enabling water to be supplied 

to the customer even when there is insufficient water in rivers. 

Furthermore, the water treatment control apparatus 13 enables 

10 a reduction in treatment loads 	on the water purification 

facility 11 and the sewage treatment plant 60 compared to the 

conventional technique. 	This enables a reduction in the scales 

of the water purification facility 11 and the sewage treatment 

plant 60 compared to the conventional technique, allowing a 

15 reduction in facility costs and operation costs of the treatment 

plants. 	Furthermore, the quantity of water taken from rivers 

decreases, enabling a reduction in the costs of aquatic rights 

paid by water suppliers. 

Thus, the water treatment control apparatus 13 according 

20 to the first embodiment allows a quantity of water to be obtained 

even during drought and enables a reduction in the sewage 

treatment costs at the sewage treatment plant. 

(Second Embodiment) 

FIG. 3 is a diagram showing a configuration of a water 

25 treatment system according to a second embodiment. 	In FIG. 3, 

(a) 	denotes water quality data 	(and water quantity data) 

transmitted by sensors 72-1 to 72-4, (b) denotes water quantity 
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data transmitted by sensors 51-1 and 51-2, 	(c) denotes water 

quantity data on a clean water line transmitted by a sensor 81-1, 

(d) denotes water quantity data on a gray water line transmitted 

by a sensor 81-2, 	(e) denotes pump control performed on water 

5 intake pumps 71-1 to 71-4, 	(f) denotes water treatment control 

performed on a water treatment facility 70, and (g) denotes 

water storage control and water discharge control performed on 

water storage tanks 50-1 and 50-2. 	The water treatment system 

shown in FIG. 3 comprises the water treatment facility 70, the 

10 water storage tanks 50-1 and 50-2, the water quantity sensors 

81-1 and 81-2, 	and a monitoring control apparatus 80. 

The 	water 	treatment 	facility 	70 	comprises 	a 	water 

purification facility 11, a recycled water facility 12, a water 

treatment control apparatus 13, the water intake pumps 71-1 to 

15 71-4, 	and the sensors 72-1 to 72-4. 

The sensor 72-1 measures the quality of river water and 

transmits acquired water quality data to the monitoring control 

apparatus 80. 	Under the control of the monitoring control 

apparatus 80, the water intake pump 71-1 takes river water and 

20 feeds the taken river water to the water purification facility 

11 and/or the recycled water facility 12. 

The sensor 72-2 measures the quality and quantity of well 

water, and transmits the acquired water quality data and water 

quantity data to the monitoring control apparatus 80. 	Under 

25 the control of the monitoring control apparatus 80, the water 

intake pump 71-2 takes well water and feeds the taken water to 

the water purification facility 11 and/or the recycled water 
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facility 12. 

The sensor 72-3 measures the quality of rainwater and 

transmits the acquired water quality data to the monitoring 

control apparatus 80. 	Under the control of the monitoring 

5 control apparatus 80, the water intake pump 71-3 takes well 

water and feeds the taken well water to the water purification 

facility 11 and/or the recycled water facility 12. 

The sensor 72-4 measures the water quality and water 

quantity of clean waste water and transmits the acquired water 

10 quality data and water quantity data to the monitoring control 

apparatus 80. 	Under the control of the monitoring control 

apparatus 80, the water intake pump 71-4 takes clean waste water 

and feeds the taken rainwater to the water purification facility 

11 and/or the recycled water facility 12. 

15 The water storage tank 50-1 comprises the sensor 51-1. 	The 

sensor 51-1 measures the quantity of water in the water storage 

tank 50-1 and transmits the acquired water quantity data to the 

monitoring control apparatus 80. 	Under the water storage 

control of the monitoring control apparatus 80, 	the water 

20 storage tank 50-1 stores clean water. 	Furthermore, under the 

water discharge control of the monitoring control apparatus 80, 

the water storage tank 50-1 discharges the reserved clean  water 

to the clean water line. 

The water storage tank 50-2 comprises the sensor 51-2. 	The 

25 sensor 51-2 measures the quantity of water in the water storage 

tank 50-2 and transmits the acquired water quantity data to the 

monitoring control apparatus 	80. 	Under the water storage 
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control of the monitoring control apparatus 80, 	the water 

storage tank 50-2 stores gray water. 	Furthermore, under the 

water discharge control of the monitoring control apparatus 80, 

the water storage tank 50-2 discharges the reserved gray water 

5 to the gray water line. 

The sensor 81-1 is provided on the clean water line to 

measure the quantity of clean water supplied to a water supply 

area. 	The sensor 81-1 transmits the acquired water quantity 

data to the monitoring control apparatus 80. 

10 The sensor 81-2 is provided on the gray water line to 

measure the quantity of clean water supplied to the water supply 

area. 	The sensor 81-2 transmits the acquired water quantity 

data to the monitoring control apparatus 80. 

The monitoring control apparatus 80 is, for example, a 

15 cloud server comprising a plurality of servers. 	The monitoring 

control apparatus 	80 	is connected to the water treatment 

facility 70, the sensors 81-1 and 81-2, and the water storage 

tanks 50-1 and 50-2 by a network such as the Internet. 	The 

monitoring control apparatus 80 receives the water quality data 

20 and water quantity data transmitted by the sensors 72-1 to 72-4, 

the water quantity data transmitted by the sensors 51-1 and 51-2, 

and the water quantity data transmitted by the sensors 81-1 and 

81-2. 

As shown in FIG. 4, the monitoring control apparatus 80 

25 comprises a signal processor 82. 	The signal processor 82 

includes, 	for example, 	a CPU (Central Processing Unit) 	and 

storage areas for programs and data needed for the CPU to carry 
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out processing, such as a ROM (Read Only Memory) and RAM (Random 

Access Memory) . 	Based on the water quantity data transmitted 

by the sensors 81-1 and 81-2, the signal processor 82 generates 

first water demand data indicative of a demand for clean water 

5 in the water supply area and second water demand data indicative 

of a demand for gray water in the water supply area. 	The signal 

processor 82 references the quantity of water in the water 

storage tanks 50-1 and 50-2 determined based on the sensors 51-1 

and 51-2 and the qualities and quantities of water sources 

10 determined based on the sensors 72-1 to 72-4 to determine the 

quantities of river water, well water, rainwater, and clean 

waste water to be treated in the water purification facility 

11 and the recycled water facility 12 so as to minimize water 

treatment costs at the water purification facility 11 and the 

15 recycled water facility 12, while meeting the water demands 

indicated by the first and second water demand data. 	The signal 

processor 82 controls the water intake pumps 71-1 to 71-4, the 

water treatment control apparatus 13, and the water storage 

tanks 50-1 and 50-2 so as to realize the determined quantities 

20 of water to be treated. 

The quantity and quality of water sources such as river 

water, well water, and rainwater constantly vary. 	For example, 

a large quantity of rainwater can be secured in a rainy season 

but 	securing 	rainwater 	is 	difficult 	in 	a 	dry 	season. 

25 Furthermore, the rainwater is severely contaminated with dirt 

and dust immediately after rainfall but is decontaminated by 

the time a given time elapses. 	Water treatment 	of 	less 
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contaminated water involves lower water treatment costs than 

water treatment 	for much more contaminated water. 	Thus, 

determining the quantity of water to be treated based on the 

quantity and quality of the water sources is effective. 

5 The control for reducing the water treatment costs at the 

water purification facility 11 may be, for example, control for 

reducing the quantity of air from a blower in an aerobic bath 

provided in the water purification facility 11 when the water 

quality is higher than a predetermined level. 

10 As described above, the water treatment control apparatus 

13 according to the second embodiment uses the recycled water 

facility 12 to treat clean waste water discharged by customers 

so as to make the waste water recyclable. 	This increases the 

number of water sources from which water can be taken, enabling 

15 water to be supplied to the customers even when, for example, 

there is insufficient water in rivers. 	Furthermore, the water 

treatment control apparatus 13 enables a reduction in treatment 

loads on the water purification facility 11 and the sewage 

treatment plant 60 compared to the conventional technique. 

20 This enables a reduction in the scales of the water purification 

facility 11 and the sewage treatment plant 60 compared to the 

conventional technique, allowing a reduction in facility costs 

and in the operation costs of the treatment plants. 

Thus, the water treatment system according to the second 

25 embodiment can secure a quantity of water during drought and 

reduce sewage treatment costs at the sewage treatment plant. 

Furthermore, the water treatment system according to the 



- 15 - 

second embodiment controls the water treatment facility 70 

based on the water quality data and water quantity data on the 

water sources acquired by the sensors 72-1 to 72-4, the water 

quantity data on the water storage tanks 50-1 and 50-2 acquired 

5 by the sensors 51-1 and 51-2, and the water quantity data on 

the water supply area acquired by the sensors 81-1 and 81-2. 

This enables a more effective reduction in the treatment costs 

at the water purification facility 11 and the recycled water 

facility 12. 

10 (Third Embodiment) 

FIG. 5 is a diagram showing a configuration of a water 

treatment facility 10 according to a third embodiment. 	In FIG. 

5, 	(a) denotes water quality data (and water quantity data) 

transmitted by sensors 72-1 to 72-4, (b) denotes water quantity 

15 data transmitted by sensors 51-1 and 51-2, 	(c) denotes water 

quantity data on a clean water line transmitted by a sensor 81-1, 

(d) denotes water quantity data on a gray water line transmitted 

by a sensor 81-2, 	(e) denotes pump control performed on water 

intake pumps 71-1 to 71-4, 	(f) denotes water treatment control 

20 performed on a water treatment facility 70, 	(g) denotes water 

storage control and water discharge control performed on water 

storage tanks 50-1 and 50-2, 	(h) denotes data on the quantity 

of clean water used which is uploaded by a measurement apparatus 

91-1, and (i) denotes data on the quantity of gray water used 

25 which is uploaded by a measurement apparatus 91-2. 	The water 

treatment system shown in FIG. 5 comprises the water treatment 

facility 70, the water storage tanks 50-1 and 50-2, the water 
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quantity sensors 81-1 and 81-2, 	the measurement apparatuses 

91-1 and 91-2, and a monitoring control apparatus 90. 

The measurement apparatus 91-1 is, for example, a smart 

meter and is installed on the clean water line at each of the 

5 homes present in a water supply area. 	The measurement apparatus 

91-1 measures the quantity of clean water used by a customer, 

which is included in the quantity of water used by the customer. 

The measurement apparatus 91-1 uploads the measured quantity 

of used clean water to the monitoring control apparatus 90 in 

10 real time as used quantity data. 

The measurement apparatus 91-2 is, for example, a smart 

meter and is installed on the gray water line at each of the 

homes present in the water supply area. 	The measurement 

apparatus 91-2 measures the quantity of gray water used by the 

15 customer, which is included in the quantity of water used by 

the customer. 	The measurement apparatus 91-2 uploads the 

measured quantity of used gray water to the monitoring control 

apparatus 90 in real time as used quantity data. 

The monitoring control apparatus 90 is, for example, a 

20 cloud server comprising a plurality of servers. 	The monitoring 

control apparatus 	90 	is connected to the water treatment 

facility 70, the sensors 81-1 and 81-2, the water storage tanks 

50-1 and 50-2, and the home by a network such as the Internet. 

The monitoring control apparatus 90 receives the water quality 

25 data and water quantity data transmitted by the sensors 72-1 

to 72-4, the water quantity data transmitted by the sensors 51-1 

and 51-2, the water quantity data transmitted by the sensors 
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81-1 and 81-2, and the used quantity data transmitted by the 

measurement apparatuses 91-1 and 91-2. 

As shown in FIG. 6, the monitoring control apparatus 90 

comprises a signal processor 92. 	The signal processor 92 

5 includes, for example, a CPU and storage areas for programs and 

data needed for the CPU to carry out processing, such as a ROM 

and RAM. 	The signal processor 92 generates first water demand 

data indicative of a demand for clean water in the water supply 

area based on the used quantity data transmitted by the 

10 measurement apparatus 91-1 installed at each home. 	The signal 

processor 92 also generates second water demand data indicative 

of a demand for gray water in the water supply area based on 

the used quantity data transmitted by the measurement apparatus 

91-2 installed at each home. 	Additionally, when the first water 

15 demand data and the second water demand data are generated, 

interpolation can be carried out using the water quantity data 

transmitted by the sensor 81-1 and the water quantity data 

transmitted by the sensor 81-2. 	If the used quantity data 

cannot be obtained from the measurement apparatuses at all the 

20 customers because, for example, some measurement apparatuses 

have not been in an appropriate condition or are defective, the 

water quantity data transmitted by the sensors is indicative   

of a larger value. 	In this case, water demand data is generated 

using the used quantity data from the measurement apparatuses 

25 and the water quantity data from the sensors. 	For example, 

water demand data can be generated with reference to relations 

between past used quantity data and water quantity data. 
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The signal processor 92 references the quantity of water 

in the water storage tanks 50-1 and 50-2 determined based on 

the sensors 51-1 and 51-2 and the qualities and quantities of 

water sources determined based on the sensors 72-1 to 72-4 to 

5 determine the quantities of river water, well water, rainwater, 

and clean waste water to be treated in a water purification 

facility 11 and a recycled water facility 12 so as to minimize 

water treatment costs at the water purification facility 11 and 

the recycled water facility 12, while meeting the water demands 

10 indicated by the first and second water demand data. 	The signal 

processor 92 controls the water intake pumps 71-1 to 71-4, a 

water treatment control apparatus 13, and the water storage 

tanks 50-1 and 50-2 so as to realize the determined quantities 

of water to be treated. 

15 As described above, the water treatment control apparatus 

13 according to the third embodiment uses the recycled water 

facility 12 	to treat clean waste water discharged by the 

customer so as to make the waste water recyclable. 	This 

increases the number of water sources from which water can be 

20 taken, enabling water to be supplied to the customer even when, 

for 	example, 	there 	is 	insufficient 	water 	in 	rivers. 

Furthermore, the water treatment control apparatus 13 enables 

a reduction in treatment 	loads on the water purification 

facility 11 and the sewage treatment plant 60 compared to the 

25 conventional technique. 	This enables a reduction in the scales 

of the water purification facility 11 and the sewage treatment 

plant 60 compared to the conventional technique, allowing a 
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reduction in facility costs and in the operation costs of the 

treatment plants. 

Thus, the water treatment system according to the third 

embodiment can secure a quantity of water during drought and 

5 reduce sewage treatment costs at the sewage treatment plant. 

Furthermore, the water treatment system according to the 

third embodiment controls the water treatment facility 70 based 

on the water quality data and water quantity data on the water 

sources acquired by the sensors 72-1 to 72-4, the water quantity 

10 data on the water storage tanks 50-1 and 50-2 acquired by the 

sensors 51-1 and 51-2, and the used quantity data for each home 

acquired 	by 	the 	measurement 	apparatuses 	91-1 	and 	91-2. 

Consequently, the monitoring control apparatus 90 can determine 

the quantity of water demand for each water quality for each 

15 home in real time and thus optimally operate the water treatment 

facility 10 and the water storage tanks 50-1 and 50-2 in keeping 

with the momentarily varying demand for water in the water 

supply area. 

(Fourth Embodiment) 

20 The first to third embodiments have been described taking, 

as an example, the case where a general water rate system is 

adopted which is based on the basic usage of water and in which 

the water charge depends on a metered rate. 	However, the costs 

of supplied water vary depending on the water source due to the 

25 cost of the aquatic right, the cost of water treatment (the cost 

varies 	depending 	on 	the 	water 	quality) , 	and 	the 	like. 

Furthermore, during drought, the water supplier is willing to 
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reduce the quantity of water taken from rivers as much as 

possible in order to stably supply water. 	Thus, in a fourth 

embodiment to an eleventh embodiment, a case will be described 

where a system is adopted which reflects a difference in water 

5 supply costs and an intentional operating policy into the water 

unit price for customers, for example, a time of use pricing 

system or a real-time pricing system. 	The time of use pricing 

system is a rate system that varies the water unit price 

depending on a time of day and a period (season or the like) 

10 based on past trends and the like. 	Changes in water unit price 

are, for example, as shown in FIG. 7. 	The real-time pricing 

system is a rate 	system that changes a pricing schedule 

according to the actual situation. 	Changes in water unit price 

are, 	for example, as shown in FIG. 	8. 

15 FIG. 9 is a diagram showing a configuration of a water 

treatment system according to the fourth embodiment. 	In FIG. 

9, 	(a) denotes water quality data (and water quantity data) 

transmitted by sensors 72-1 to 72-4, (b) denotes water quantity 

data transmitted by sensors 51-1 and 51-2, 	(c) denotes water 

20 quantity data on a clean water line transmitted by a sensor 81-1, 

(d) denotes water quantity data on a gray water line transmitted 

by a sensor 81-2, 	(e) denotes pump control performed on water 

intake pumps 71-1 to 71-4, 	(f) denotes water treatment control 

performed on a water treatment facility 70, 	(g) denotes water 

25 storage control and water discharge control performed on water 

storage tanks 50-1 and 50-2, 	(h) denotes data on the quantity 

of clean water used which is uploaded by a measurement apparatus 
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91-1, (i) denotes data on the quantity of gray water used which 

is uploaded by a measurement apparatus 91-2, and (j) denotes 

first and second water unit price information provided to a 

management terminal 101. 	The water treatment system shown in 

5 FIG. 9 comprises the water treatment facility 70, the water 

storage tanks 50-1 and 50-2, the water quantity sensors 81-1 

and 81-2, 	the measurement 	apparatuses 	91-1 	and 	91-2, 	the 

management terminal 101, and a monitoring control apparatus 

100. 

10 The management terminal 101 is, for example, a home energy 

management system (HEMS) with a display section and is installed 

at each home present in a water supply area. 	The management 

terminal 101 displays the first and second water unit price 

information provided by the monitoring control apparatus 100. 

15 The first water unit price information represents the water unit 

price of clean water. 	The second water unit price information 

represents the water unit price of gray water. 	A customer 

references the first and second water unit price information 

displayed on the management terminal 101 to use facilities 

20 provided in the customer ' s home. 	For example, upon determining 

that the water unit price of clean water is expensive at the 

current time of day, the customer refrains from iiing the bath, 

the washroom, and the kitchen. 	Upon determining that the water 

unit price of clean water is inexpensive at the current time 

25 of day, 	the customer uses these facilities. 

The monitoring control apparatus 100 is, for example, a 

cloud server comprising a plurality of servers. 	The monitoring 
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control apparatus 100 is connected to the water treatment 

facility 70, the sensors 81-1 and 81-2, the water storage tanks 

50-1 and 50-2, and the home by a network such as the Internet. 

The monitoring control apparatus 100 receives the water quality 

5 data and water quantity data transmitted by the sensors 72-1 

to 72-4, the water quantity data transmitted by the sensors 51-1 

and 51-2, the water quantity data transmitted by the sensors 

81-1 and 81-2, and the used quantity data transmitted by the 

measurement apparatuses 91-1 and 91-2. 

10 As shown in FIG. 10, the monitoring control apparatus 100 

comprises a signal processor 102. 	The signal processor 102 

includes, for example, a CPU and storage areas for programs and 

data needed for the CPU to carry out processing, such as a ROM 

and RAM. 	The signal processor 102 generates first water demand 

15 data indicative of a demand for clean water in the water supply 

area based on the used quantity data transmitted by the 

measurement apparatus 91-1 installed at each home. 	The signal 

processor 	102 	also 	generates 	second 	water 	demand 	data 

indicative of a demand for gray water in the water supply area 

20 based on the used quantity data transmitted by the measurement 

apparatus 91-2 installed at each home. 

When the time of use pricing system is adopted, the signal 

processor 102 generates first water unit price information from 

the water unit price of clean water set based on past trends 

25 and the like, and transmits the generated first water unit price 

information to the management terminal 101 installed at each 

home. 	The signal processor 102 also generates second water unit 
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price information from the water unit price of gray water set 

based on past trends and the like, and transmits the generated 

second water unit price information to the management terminal 

5 

10 

101. 	Furthermore, when the real-time pricing system is adopted, 

the signal processor 102 generates first water unit price 

information based on first water demand data, and transmits the 

generated first water unit price information to the management 

terminal 101. 	The signal processor 102 also generates second 

water unit price information based on second water demand data, 

and transmits the generated second water unit price information 

to the management terminal 101. 

The signal processor 102 references the quantity of water 

in the water storage tanks 50-1 and 50-2 determined based on 

the sensors 51-1 and 51-2 and the qualities and quantities of 

15 water sources determined based on the sensors 72-1 to 72-4 to 

determine the quantities of river water, well water, rainwater, 

and clean waste water to be treated in a water purification 

facility 11 and a recycled water facility 12 so as to minimize 

water treatment costs at the water purification facility 11 and 

20 the recycled water facility 12, while meeting the water demands 

indicated by the first and second water demand data. 	The signal 

processor 102 controls the water intake pumps 71-1 to 71-4, a 

water treatment control apparatus 13, and the water storage 

tanks 50-1 and 50-2 so as to realize the determined quantities 

25 of water to be treated. 

As described above, the water treatment control apparatus 

13 according to the fourth embodiment uses the recycled water 
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5 

facility 12 to treat clean waste water discharged by customers 

so as to make the waste water recyclable. 	This increases the 

number of water sources from which water can be taken, enabling 

water to be supplied to the customers even when, for example, 

there is insufficient water in rivers. 	Furthermore, the water 

treatment control apparatus 13 enables a reduction in treatment 

loads on the water purification facility 11 and the sewage 

treatment plant 60 compared to the conventional technique. 

This enables a reduction in the scales of the water purification 

10 facility 11 and the sewage treatment plant 60 compared to the 

conventional technique, allowing a reduction in facility costs 

and in the operation costs of the treatment plants. 

Thus, the water treatment system according to the fourth 

embodiment can secure a quantity of water during drought and 

15 reduce sewage treatment costs at the sewage treatment plant. 

Furthermore, the water treatment system according to the 

fourth 	embodiment 	transmits 	the 	first 	water 	unit 	price 

information on clean water and the second water unit price 

information on gray water to the management 	terminal 	101 

20 installed at each home. 	The management terminal 101 then 

displays the first and second water unit price information. 

Thus, 	the 	customer can appropriately determine, 	for each 

purpose, whether water can be utilized based on the charge 

according to the water quality. 	This enables a reduction in 

25 water rate and contributes to smoothing of the used quantity 

of water and peak shifting. 

(Fifth Embodiment) 
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FIG. 11 is a diagram showing a configuration of a water 

treatment system according to a fifth embodiment. 	In FIG. 11, 

(a) 	denotes water quality data 	(and water quantity data) 

transmitted by sensors 72-1 to 72-4, (b) denotes water quantity 

5 data transmitted by sensors 51-1 and 51-2, 	(c) denotes water 

quantity data on a clean water line transmitted by a sensor 81-1, 

(d) denotes water quantity data on a gray water line transmitted 

by a sensor 81-2, 	(e) denotes pump control performed on water 

intake pumps 71-1 to 71-4, 	(f ) denotes water treatment control 

10 performed on a water treatment facility 70, 	(g) denotes water 

storage control and water discharge control performed on water 

storage tanks 50-1 and 50-2, 	(h) denotes data on the quantity 

of clean water used which is uploaded by a measurement apparatus 

91-1, (i) denotes data on the quantity of gray water used which 

15 is uploaded by a measurement apparatus 91-2, 	(j ) denotes first 

and second water unit price information provided to a management 

terminal 101, 	(k) denotes operating condition settings input 

by a 	customer, 	and 	(1) 	denotes 	on/off 	operation 	control 

performed on facilities in each home. 	The water treatment 

20 system shown in FIG. 11 comprises the water treatment facility 

70, the water storage tanks 50-1 and 50-2, the water quantity 

sensors 81-1 and 81-2, the measurement apparatuses 91-1 and 91-2, 

a management terminal 103, and a monitoring control apparatus 

100. 

25 The management terminal 103 is, for example, a home energy 

management system and is installed at each home present in a 

water supply area. 	The management terminal 103 is provided, 
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by the monitoring control apparatus 100, with first water unit 

price information on clean water and second water unit price 

information on gray water. 	Furthermore, the customer inputs, 

to 	the 	management 	terminal 	103, 	schedule 	settings 	for 

5 facilities installed in the home, for example, a bath, a kitchen, 

and a washing machine. 	The input schedule settings include, 

for example, completing filling the bathtub with hot water by 

00 o'clock in the evening, completing washing dishes by iA 

o'clock in the evening, and completing washing by ** o'clock 

10 in the morning. 

As shown in FIG. 12, the management terminal 103 comprises 

a signal processor 1031. 	The signal processor 1031 includes, 

for example, a CPU and storage areas for programs and data needed 

for the CPU to carry out processing, such as a ROM and RAM. 	The 

15 signal processor 1031 calculates the optimum times of day at 

which the respective facilities are operated based on the first 

and second water unit price information transmitted by the 

monitoring control apparatus 100 and the schedule settings 

input by the customer. 	The signal processor 1031 performs 

20 on/off control on the facilities in the home so that the 

facilities are operated at the respective calculated times of 

day. 

As described above, a water treatment control apparatus 

13 according to the fifth embodiment uses a recycled water 

25 facility 12 to treat clean waste water discharged by customers 

so as to make the waste water recyclable. 	This increases the 

number of water sources from which water can be taken, enabling 
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water to be supplied to the customers even when, for example, 

there is insufficient water in rivers. 	Furthermore, the water 

treatment control apparatus 13 enables a reduction in treatment 

loads on a water purification facility 11 and a sewage treatment 

5 plant 60 compared to the conventional technique. 	This enables 

a reduction in the scales of the water purification facility 

11 	and 	the 	sewage 	treatment 	plant 	60 	compared 	to 	the 

conventional technique, allowing a reduction in facility costs 

and in the operation costs of the treatment plants. 

10 Thus, the water treatment system according to the fifth 

embodiment can secure a quantity of water during drought and 

reduce sewage treatment costs at the sewage treatment plant. 

Furthermore, the water treatment system according to the 

fifth embodiment transmits first water unit price information 

15 on clean water and second water unit price information on gray 

water to the management terminal 103 installed at each home. 

The management terminal 103 then controls the operation of the 

facilities provided in the home based on the first and second 

water unit price information and the schedule settings input 

20 by the customer. 	The bath, the washing machine, and the like 

vary widely in the time of day when the facility uses water. 

For example, the bath may be prepared by a certain predetermined 

time, and washing may be completed by a certain time. 	Thus, 

by allowing 	the 	management 	terminal 	103 	controlling 	the 

25 operation of the facilities at the optimum times of day, the 

customer can reduce the water rate and contribute to smoothing 

of the used quantity of water and peak shifting. 
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(Sixth Embodiment) 

FIG. 13 is a diagram showing a configuration of a water 

treatment system according to a sixth embodiment. 	In FIG. 13, 

(a) 	denotes 	water quality data 	(and water quantity data) 

5 transmitted by sensors 72-1 to 72-4, (b) denotes water quantity 

data transmitted by sensors 51-1 and 51-2, 	(c) denotes water 

quantity data on a clean water line transmitted by a sensor 81-1, 

(d) denotes water quantity data on a gray water line transmitted 

by a sensor 81-2, 	(e) denotes pump control performed on water 

10 intake pumps 71-1 to 71-4, 	(f) denotes water treatment control 

performed on a water treatment facility 70, 	(g) denotes water 

storage control and water discharge control performed on water 

storage tanks 50-1 and 50-2, 	(h) denotes data on the quantity 

of clean water used which is uploaded by a measurement apparatus 

15 91-1, (i) denotes data on the quantity of gray water used which 

is uploaded by a measurement apparatus 91-2, 	(j) denotes first 

and second water unit price information provided to a management 

terminal 101, 	(k) denotes operating condition settings input 

by a customer, 	(1) denotes on/off operation control performed 

20 on facilities in each home, and (m) denotes valve open and close 

control 	performed on valves 	201-1 	and 	201-2. 	The 	water 

treatment system shown in FIG. 13 comprises the water treatment 

facility 70, the water storage tanks 50-1 and 50-2, the water 

quantity sensors 81-1 and 81-2, 	the measurement apparatuses 

25 91-1 and 91-2, 	a management terminal 104, 	and a monitoring 

control apparatus 100. 

The management terminal 104 is, for example, a home energy 
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management system with a display section and is installed at 

each home present in a water supply area. 	The management 

terminal 104 is provided with first water unit price information 

and second water unit price information by the monitoring 

5 control apparatus 100. 	The management terminal 104 displays 

the provided first and second water unit price information. 

Each of the facilities in each home comprises a function 

allowing selective determination of whether to use clean water 

or gray water. 	For example, as shown in FIG. 13, when the valve 

10 201-1 is open and the valve 201-2 is closed, 	clean water is 

supplied to the washing machine. 	On the other hand, when the 

valve 201-1 is closed and the valve 201-2 is open, gray water 

is supplied to the washing machine. 	The valves 201-1 and 201-2 

are opened and closed under the open and close control of the 

15 management terminal 104. 

20 

Furthermore, 	the 	customer 	inputs, 	to 	the management 

terminal 104, schedule settings for the facilities installed 

in the home, for example, a bath, a kitchen, and the washing 

machine. 	The input schedule settings include, 	for example, 

completing washing by ** o'clock in the morning preferentially 

using clean water. 	Additionally, the customer inputs, to the 

management terminal 104, an instruction to switch from a clean 

water line to a gray water line or an instruction to switch from 

the gray water line to the clean water line. 

25 As shown in FIG. 14, the management terminal 104 comprises 

a signal processor 1041. 	The signal processor 1041 includes, 

for example, a CPU and storage areas for programs and data needed 
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for the CPU to carry out processing, such as a ROM and RAM. 	Based 

on the first water unit price information on clean water and 

the second water unit price information on gray water both 

transmitted by 	the 	monitoring 	control 	apparatus 	100 	and 

5 schedule settings input by the customer, the signal processor 

1041 selects the optimum one of the gray water line and the clean 

water line and calculates the times of day when the facilities 

are operated. 	The signal processor 1041 performs the open and 

close control on the valves 201-1 and 201-2, and also carries 

10 out on/off operation control on the facilities in the home so 

as to operate the facilities at the respective calculated times 

of day. 	For example, 	the washing machines usually do the 

washing using gray water. 	However, if a period of time until 

a scheduled time contains a time of day such as nighttime hours 

15 when the costs of clean water are relatively inexpensive and 

are not significantly different from the costs of gray water 

in terms of the water unit price, the management terminal 104, 

at this time of day, opens the valve 201-1, while closing the 

valve 201-2 to allow the washing machine to operate using clean 

20 water. 

Furthermore, when the customer inputs, to the system, an 

instruction to switch from the clean water line to the gray water 

line or an instruction to switch from the gray water to the clean 

water, the signal processor 1041 performs the open and close 

25 control on the valves 201-1 and 201-2. 

As described above, a water treatment control apparatus 

13 according to the sixth embodiment uses a recycled water 
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5 

facility 12 to treat clean waste water discharged by customers 

so as to make the waste water recyclable. 	This increases the 

number of water sources from which water can be taken, enabling 

water to be supplied to the customers even when, for example, 

there is insufficient water in rivers. 	Furthermore, the water 

treatment control apparatus 13 enables a reduction in treatment 

loads on a water purification facility 11 and a sewage treatment 

plant 60 compared to the conventional technique. 	This enables 

a reduction in the scales of the water purification facility 

10 11 	and 	the 	sewage 	treatment 	plant 	60 	compared 	to 	the 

conventional technique, allowing a reduction in facility costs 

and in the operation costs of the treatment plants. 

Thus, the water treatment system according to the sixth 

embodiment can secure a quantity of water during drought and 

15 reduce sewage treatment costs at the sewage treatment plant. 

Furthermore, the water treatment system according to the 

sixth embodiment switches between the water supply lines used 

by the facilities in each home, by means of the management 

terminal 104 installed at the home. 

20 Consequently, the customer can switch gray water to clean 

water for use and thus do the washing or the like using water 

of a clean water quality. 	Additionally, the customer can switch 

clean water to gray water for use and thus further reduce the 

water rate. 

25 The sixth embodiment has been described taking, 	as an 

example, the case where the management terminal 104 switches 

between the clean water line and the gray water line by 
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performing the open and close control on the valves 201-1 and 

201-2. 	However, the sixth embodiment is not limited to this. 

For example, each home may be provided with a first faucet for 

the clean water line and a second faucet for the gray water line. 

5 The customer references the first and second water unit price 

information displayed on the management terminal 104 and uses 

the facilities utilizing the first or second faucet. 

(Seventh Embodiment) 

FIG. 15 is a diagram showing a configuration of a water 

10 treatment system according to a seventh embodiment. 	In FIG. 

15 

15, 	(a) denotes water quality data (and water quantity data) 

transmitted by sensors 72-1 to 72-4, (b) denotes water quantity 

data transmitted by sensors 51-1 and 51-2, 	(c) denotes water 

quantity data on a clean water line transmitted by a sensor 81-1, 

(d) denotes water quantity data on a gray water line transmitted 

by a sensor 81-2, 	(e) denotes pump control performed on water 

intake pumps 71-1 to 71-4, (f) denotes water treatment control 

performed on a water treatment facility 70, 	(g) denotes water 

storage control and water discharge control performed on water 

20 storage tanks 50-1 and 50-2, 	(h) denotes data on the quantity 

of clean water used which is uploaded by a measurement apparatus 

91-1, (i) denotes data on the quantity of gray water used which 

is uploaded by a measurement apparatus 91-2, (j) denotes first 

and second water unit price information provided to a management 

25 terminal 101, 	(k) denotes operating condition settings input 

by a customer, (1) denotes on/off operation control performed 

on facilities in each home, and (n) denotes valve open and close 
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control performed on valves 	201-1 	and 	201-2. 	The water 

treatment system shown in FIG. 15 comprises the water treatment 

facility 70, the water storage tanks 50-1 and 50-2, the water 

quantity sensors 81-1 and 81-2, the measurement apparatuses 

5 91-1 and 91-2, 	a management terminal 105, 	and a monitoring 

control apparatus 100. 

The management terminal 105 is, for example, a home energy 

management system with a display section and is installed at 

each home present in a water supply area. 	The management 

10 terminal 105 is provided with first and second water unit price 

information by the monitoring control apparatus 100. 	The 

management terminal 105 displays the provided first and second 

water unit price information. 

Each home comprises a mechanism that enables selection of 

15 

20 

whether water used by the facilities in the home is discharged 

as clean waste water or dirty waste water. 	For example, as shown 

in FIG. 15, when the valve 202-1 is open and the valve 202-2 

is closed, waste water from a washing machine is fed to a water 

treatment facility as clean waste water. 	On the other hand, 

when the valve 202-1 is closed and the valve 202-2 is open, waste 

water from the washing machine is fed to a sewage treatment 

facility as dirty waste water. 	The valves 202-1 and 202-2 are 

opened and closed under the open and close control of the 

management terminal 105. 

25 The customer inputs, 	to the management terminal 105, 

schedule settings for the facilities installed in the home, for 

example, a bath, a kitchen, and the washing machine. 
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As shown in FIG. 16, the management terminal 105 comprises 

a signal processor 1051. 	The signal processor 1051 includes, 

for example, a CPU and storage areas for programs and data needed 

for the CPU to carry out processing, such as a ROM and RAM. 	The 

5 signal processor 1051 calculates the optimum times of day at 

which the respective facilities are operated based on the first 

water unit price information on clean water and the second water 

unit price information on gray water both transmitted by the 

monitoring control apparatus 100 and the schedule settings 

10 

15 

input by the customer. 	Furthermore, the water quality of waste 

water discharged by the facilities in the home is preset in the 

signal processor 1051. 	For example, for washing in the washing 

machine, waste water resulting from a rinsing treatment in an 

initial stage of the washing has a low water quality. 	However, 

waste water resulting from a plurality of rinsing treatments 

has a high water quality. 	The signal processor 1051 determines 

whether the waste water is clean or dirty in accordance with 

the water quality of the waste water. 	For example, the signal 

processor 1051 determines waste water resulting from the first 

20 or second rinsing treatment to be dirty waste water, while 

determining waste water resulting from the third or subsequent 

rinsing treatment to be clean wash:,  water. 	Depending on whether 

the waste water is clean or dirty, the signal processor 1051 

performs the open and close control on the valves 202-1 and 

25 202-2. 

As described above, a water treatment control apparatus 

13 according to the seventh embodiment uses a recycled water 



- 35 - 

5 

facility 12 to treat clean waste water discharged by customers 

so as to make the waste water recyclable. 	This increases the 

number of water sources from which water can be taken, enabling 

water to be supplied to the customers even when, for example, 

there is insufficient water in rivers. 	Furthermore, the water 

treatment control apparatus 13 enables a reduction in treatment 

loads on a water purification facility 11 and a sewage treatment 

plant 60 compared to the conventional technique. 	This enables 

a reduction in the scales of the water purification facility 

10 11 	and 	the 	sewage 	treatment 	plant 	60 	compared 	to 	the 

conventional technique, allowing a reduction in facility costs 

and in the operation costs of the treatment plants. 

Thus, the water treatment system according to the seventh 

embodiment can secure a quantity of water during drought and 

15 reduce sewage treatment costs at the sewage treatment plant. 

Furthermore, the water treatment system according to the 

seventh embodiment switches a destination to which waste water 

from the facilities in each home is discharged, by means of the 

management terminal 105 installed at the home. 	Thus, the water 

20 treatment system can select clean waste water or dirty waste 

water 	in 	further 	detail. 	Thus, 	water 	resources 	can 	be 

efficiently operated. 

FIG. 17 shows that the valves 201-1 and 201-2 provided in 

the water treatment system shown in FIG. 13 and the valves 202-1 

25 and 202-2 provided in the water treatment system shown in FIG. 

15 are mounted in each of the facilities in the home. 	Thus, 

the water treatment systems according to the third to seventh 
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embodiments 	performs 	control 	on 	a 	water 	infrastructure 

involving the customer, allowing stabilization of water supply 

and a reduction in the facility costs and operation costs of 

the water infrastructure. 

5 (Eighth Embodiment) 

Sewage normally includes waste water drainage discharged 

by customers and rainwater drainage resulting from rainwater. 

A scheme for feeding sewage 	is roughly classified into two 

types. 	A first scheme is a separate sewer system in which waste 

10 water is treated at a sewage treatment plant using a soil pipe 

and in which rainwater is discharged directly into a river using 

a storm sewer, as shown in FIG. 18. 	A second scheme is a combined 

sewer system in which waste water and rainwater are fed to a 

sewage treatment plant through a single pipe, 	that is, 	a 

15 junction pipe, as shown in FIG. 19. 	As shown in FIG. 18 and 

FIG. 	19, 	a water reservoir is often installed in a sewage 

infrastructure 

The water reservoir temporarily stores severely dirty 

rainwater 	during an initial 	stage of 	rainfall. 	A water 

20 reservoir used for the separate sewer system discharges the 

stored rainwater into a river when the rain stops. 	Furthermore, 

a water reservoir used for the combined sewer system discharges 

the stored rainwater to the sewage treatment plant when the rain 

stops and the sewage treatment plant has excess capacity needed 

25 to treat the rainwater. 	Additionally, the water reservoir may 

be used as a storage facility for mitigating flooding damage 

caused by heavy rainfall or the like. 
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An eighth embodiment to an eleventh embodiment describe 

water treatment systems using the water reservoir. 

FIG. 20 is a diagram showing a configuration of a water 

treatment system according to the eighth embodiment. 	In FIG. 

5 20, 	(c) 	denotes water quantity data on a clean water line 

transmitted by a sensor 81-1, 	(d) denotes water quantity data 

on a gray water line transmitted by a sensor 81-2, 	(o) denotes 

observation data transmitted by a radar rain gauge 120, 	(p) 

denotes an operation status transmitted by a sewage treatment 

10 plant 60, and (q) denotes storage control and discharge control 

performed on water reservoirs 	110-1 	to 	110-3. 	The water 

treatment system shown in FIG. 20 comprises a water treatment 

facility 70, 	water storage tanks 	50-1 and 50-2, 	the water 

quantity sensors 81-1 and 81-2, measurement apparatuses 91-1 

15 and 91-2, a management terminal 103, water reservoirs 110-1 to 

110-3, 	a 	radar 	rain gauge 	120, 	and a monitoring 	control 

apparatus 130. 

The 	water 	reservoir 	110-1 	to 	110-3 	store 	rainwater 

resulting from rainfall under the storage control of the 

20 monitoring control apparatus 130. 	In this case, 	the water 

reservoirs 110-1 to 110-3 undergo the storage control of the 

mrynitryring  control apparatus 130 from the beginning of rainfall 

so that rainwater is stored in the water reservoir 110-3, the 

water reservoir 110-2, and the water reservoir 110-1 in this 

25 order. 	This allows relatively clean rainwater obtained within 

a given time from the beginning of the rainfall to be stored 

in the water reservoir 110-1. 
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The water reservoir 110-1 discharges the stored clean 

rainwater to a water purification facility 11 and/or a recycled 

water facility 12 under the discharge control of the monitoring 

control apparatus 130. 	The water reservoirs 110-2 and 110-3 

5 discharge the stored rainwater to a sewage treatment plant 60 

under the discharge control of the monitoring control apparatus 

130. 

The radar rain gauge 120 observes the state of rain clouds 

and the like to acquire observation data such as rainfall data 

10 and wind direction and velocity data. 	The radar rain gauge 120 

transmits the acquired observation data to the monitoring 

control apparatus 130. 

The monitoring control apparatus 130 is, for example, a 

cloud server comprising a plurality of servers. 	The monitoring 

15 control apparatus 130 is connected to the water treatment 

facility 70, the sensors 81-1 and 81-2, the water storage tanks 

50-1 and 50-2, each home, the sewage treatment plant 60, the 

water reservoirs 110-1 to 110-3, and the radar rain gauge 120 

by a network such as the Internet. 	The monitoring control 

20 

25 

apparatus 130 receives water quality data and water quantity 

data transmitted by the sensors 72-1 to 72-4, water quantity 

data transmitted by the 	sensors 	51-1 	and 51-2, 	the water 

quantity data transmitted by the sensors 81-1 and 81-2, the 

operation status transmitted by the sewage treatment plant 60, 

used quantity data transmitted by the measurement apparatuses 

91-1 and 91-2, and the observation data transmitted by the radar 

rain gauge 120. 
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As shown in FIG. 21, the monitoring control apparatus 130 

comprises a signal processor 131. 	The signal processor 131 

includes, for example, a CPU and storage areas for programs and 

data needed for the CPU to carry out processing, such as a ROM 

5 and RAM. 	The signal processor 131 generates first water demand 

data indicative of a demand for clean water in a water supply 

area based on the used quantity data transmitted by the 

measurement apparatus 91-1 installed at each home. 	The signal 

processor 	131 	also 	generates 	second 	water 	demand 	data 

10 indicative of a demand for gray water in the water supply area 

based on the used quantity data transmitted by the measurement 

apparatus 91-2 installed at each home. 

When the time of use pricing system is adopted, the signal 

processor 131 generates first water unit price information from 

15 the water unit price of clean water set based on past trends 

and the like, and transmits the generated first water unit price 

information to a management terminal 101 installed at each home. 

The signal processor 131 also generates second water unit price 

information from the water unit price of gray water set based 

20 on past trends and the like, and transmits the generated second 

water unit price information to the management terminal 103. 

Furthermore, when the real-time pricing system is adopted, the 

signal 	processor 	131 	generates 	first 	water 	unit 	price 

information based on first water demand data, and transmits the 

25 generated first water unit price information to the management 

terminal 103. 	The signal processor 131 also generates second 

water unit price information based on second water demand data, 
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and transmits the generated second water unit price information 

to the management terminal 103. 

The signal processor 131 references the quantity of water 

in the water storage tanks 50-1 and 50-2 determined based on 

5 the sensors 51-1 and 51-2, the qualities and quantities of water 

sources determined based on the sensors 72-1 to 72-4, 	and 

weather information obtained from the radar rain gauge 120 to 

determine the quantities of river water, well water, rainwater, 

and clean waste water to be treated in a water purification 

10 facility 11 and a recycled water facility 12 so as to minimize 

water treatment costs at the water purification facility 11 and 

the recycled water facility 12, while meeting the water demands 

indicated by the first and second water demand data. 	At this 

time, the determined quantity of rainwater to be treated in the 

15 water purification facility 	11 	and/or 	the 	recycled water 

facility 12 	includes 	clean rainwater stored in the water 

reservoir 110-1. 	The signal processor 131 controls the water 

intake pumps 71-1 to 71-4, a water treatment control apparatus 

13, 	the water storage 	tanks 	50-1 and 50-2, 	and the water 

20 reservoir 110-1 so as to realize the determined quantities of 

water to be treated. 

The signal processor 131 controls the water reservoirs 

110-1 to 110-3 as follows. 

The signal processor 131 performs the storage control on 

25 the water reservoirs 110-1 to 110-3 so that rainwater of a low 

water quality obtained within a given time from the beginning 

of rainfall is stored in the water reservoir 110-3 and the water 
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reservoir 110-2, whereas clean rainwater obtained after the 

elapse of the given time from the beginning of rainfall is stored 

in 	the 	water 	reservoir 	110-1. 	Furthermore, 	the 	signal 

processor 131 controls the water reservoir 110-1 in discharging 

5 clean rainwater so as to realize the quantity of rainwater to 

be treated in the water purification facility 11 and/or the 

recycled water facility 12. 

The signal processor 131 references the operation status 

of the sewage treatment plant 60 transmitted by the sewage 

10 treatment plant 60 to determine whether or not the sewage 

treatment plant 60 has excess capacity needed to treat the 

rainwater. 	Upon determining that the sewage treatment plant 

60 has excess capacity needed to treat the rainwater, the signal 

processor 131 performs the discharge control on the water 

15 reservoirs 110-2 and 110-3 so that the stored rainwater is 

discharged to the sewage treatment plant 60. 

Furthermore, when a rainfall prediction indicates heavy 

rain, pretreatment is carried out in the water purification 

facility 11, 	the recycled water facility 12, and the sewage 

20 treatment plant 60 to reduce the quantity of water stored in 

grit chambers, sedimentation basins, and the water reservoirs. 

This enables more rainwater tn be stored, al lowing water damage 

such as river flooding to be suppressed. 

As described above, the water treatment control apparatus 

25 13 according to the eighth embodiment uses a recycled water 

facility 12 to treat clean waste water discharged by customers 

so as to make the waste water recyclable. 	This increases the 
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number of water sources from which water can be taken, enabling 

water to be supplied to the customers even when, for example, 

there is insufficient water in rivers. 	Furthermore, the water 

treatment control apparatus 13 enables reduction and smoothing 

5 of treatment loads on a water purification facility 11 and a 

sewage 	treatment 	plant 	60 	compared 	to 	the 	conventional 

technique. 	This enables a reduction in the scales of the water 

purification facility 11 and the sewage treatment plant 60 

compared to the conventional technique, allowing a reduction 

10 in facility costs and in the operation costs of the treatment 

plants. 

Thus, the water treatment system according to the eighth 

embodiment can secure a quantity of water during drought and 

reduce sewage treatment costs at the sewage treatment plant. 

15 Furthermore, in the water treatment system according to 

the eighth embodiment, the water treatment facility 70 treats 

clean rainwater stored in the water reservoir 110-1 by means 

of the water purification facility 11 and/or the recycled water 

facility 12, and supplies the treated rainwater to the water 

20 supply area. 	When the water reservoirs 110-1 to 110-3 are 

present, dirty rainwater can be stored in the water reservoirs 

110-2 and 110-3 	depending on the quantity of rain during 

rainfall. 	Thus, the water reservoir 110-1 can directly take 

relatively clean rainwater within the given time from the 

25 beginning of rainfall as a water source. 	The water treatment 

system can then utilize the clean rainwater stored in the water 

reservoir 110-1 as a water source after the rainfall. 
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Additionally, 	according to the eighth embodiment, 	the 

monitoring control apparatus 130 references the operation 

status of the sewage treatment plant 60, and when the operation 

status of the sewage treatment plant 60 indicates that the 

5 sewage treatment plant 60 has somewhat excess capacity, allows 

the water reservoirs 	110-2 	and 	110-3 	to discharge 	stored 

rainwater to the sewage treatment plant 60. 	This enables a 

reduction in the operation costs of the sewage treatment plant 

60. 

10 In addition, when a rainfall prediction indicates heavy 

rain, pretreatment is carried out in the water purification 

facility 11, 	the recycled water facility 12, and the sewage 

treatment plant 60 to reduce the quantity of water stored in 

the grit chambers, sedimentation basins, and water reservoirs. 

15 This enables more rainwater to be stored, allowing water damage 

such as river flooding to be suppressed. 

(Ninth Embodiment) 

FIG. 22 is a diagram showing a configuration of a water 

treatment system according to the ninth embodiment. 	In FIG. 

20 22, 	(c) 	denotes water quantity data on a clean water line 

transmitted by a sensor 81-1, 	(d) denotes water quantity data 

on a gray water line transmitted by a sensor R1-2, 	(o) denotes 

observation data transmitted by a radar rain gauge 120, 	(p) 

denotes an operation status transmitted by a sewage treatment 

25 plant 60, and (r) denotes storage control and discharge control 

performed on water reservoirs 110-1 and 110-2. 	The water 

treatment system shown in FIG. 20 comprises a water treatment 
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facility 70, 	water storage tanks 50-1 and 50-2, 	the water 

quantity sensors 81-1 and 81-2, measurement apparatuses 91-1 

and 91-2, a management terminal 103, water reservoirs 110-1 and 

110-2, 	a 	radar 	rain gauge 	140, 	and a monitoring 	control 

5 apparatus 130. 

The 	ninth 	embodiment 	is 	different 	from 	the 	eighth 

embodiment in that the radar rain gauge 140 comprises a phased 

array meteorological radar to three-dimensionally observe the 

	

quantity of moisture in the air. 	Thus, for example, a vertical 

10 integrated rainwater quantity can be calculated, enabling the 

quantity of rain in each of the areas within a predetermined 

range to be accurately predicted/measured in real time. 	The 

radar rain gauge 140 transmits observation data resulting from 

the prediction/measurement of the quantity of rain to the 

15 monitoring control apparatus 130. 

As described above, a water treatment control apparatus 

13 according to the ninth embodiment uses a recycled water 

facility 12 to treat clean waste water discharged by customers 

so as to make the waste water recyclable. 	This increases the 

20 number of water sources from which water can be taken, enabling 

water to be supplied to the customers even when, for example, 

there iP insufficient water in rivers. 	Furthermore, the water 

treatment control apparatus 13 enables reduction and smoothing 

of treatment loads on a water purification facility 11 and a 

25 sewage 	treatment 	plant 	60 	compared 	to 	the 	conventional 

technique. 	This enables a reduction in the scales of the water 

purification facility 11 and the sewage treatment plant 60 
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compared to the conventional technique, allowing a reduction 

in facility costs and in the operation costs of the treatment 

plants. 

Thus, the water treatment system according to the ninth 

5 embodiment can secure a quantity of water during drought and 

reduce sewage treatment costs at the sewage treatment plant. 

Furthermore, the water treatment system according to the 

ninth embodiment comprises the radar rain gauge 140 with the 

phased array meteorological 	radar, 	which provides 	higher 

10 performance than the radar rain gauge 120, used in the water 

treatment 	system 	according 	to 	the 	eighth 	embodiment. 

Observation data obtained by the conventional radar rain gauge 

120 does not accurately indicate how much rain is expected to 

fall in each observation area. 	Thus, according to the eighth 

15 embodiment, with the water reservoirs 110-1 to 110-3 provided 

to ensure somewhat excess capacity needed to treat rainwater, 

the 	monitoring 	control 	apparatus 	130 	performs 	the 

storage/discharge control on the water reservoirs 110-1 to 

110-3. 	However, since the water treatment system according to 

20 the eighth embodiment provides somewhat excess capacity needed 

to treat rainwater, operation utilizing all of the installed 

capacities of the water reservoirs110-1 to 110-3 iss  difficult. 

According to the ninth embodiment, the radar rain gauge 140 can 

measure the quantity of rain in each observation area in real 

25 time, and thus, the optimum operation can be achieved utilizing 

the installed capacities of the water reservoirs 110-1 and 110-2 

exhaustively. 	For example, the water reservoirs, otherwise 
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operated so as to utilize 80% of the installed capacities with 

20% of the installed capacities reserved, can be operated so 

as to utilize 100% of the installed capacities. 	Hence, 	the 

water reservoirs 110-1 and 110-2 can store more water than the 

5 water 	reservoirs 	110-1 	to 	110-3 	according 	to 	the 	eighth 

embodiment. 	The operation, which is otherwise achieved by the 

water reservoirs 110-1 to 110-3, can be performed by the water 

reservoirs 	110-1 	and 	110-2. 	Additionally, 	the 	ninth 

embodiment contributes to reducing facility and operation costs 

10 in association with the reduction of the water reservoirs. 	In 

addition, rainwater can be efficiently stored in the water 

reservoirs, 	enabling the water reservoirs to be downsized. 

This contributes to reducing the facility and operation costs 

in 	association 	with 	the 	downsized 	water 	reservoirs. 

15 Furthermore, the rain prediction is sophisticated to allow the 

monitoring control apparatus 130 to more efficiently control 

the operation of a water intake pump 71-3 that takes clean 

rainwater. 	Additionally, the sophisticated rain prediction 

allows 	the 	water 	treatment 	system 	to 	contribute 	to more 

20 efficiently operating the sewage treatment plant 60. 

(Tenth Embodiment) 

FIG. 23 is  a diagram showing a configuration of a water 

treatment system according to the tenth embodiment. 	In FIG. 

23, 	(c) 	denotes water quantity data on a clean water line 

25 transmitted by a sensor 81-1, 	(d) denotes water quantity data 

on a gray water line transmitted by a sensor 81-2, (o) denotes 

observation data transmitted by a radar rain gauge 120, 	(p) 
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denotes an operation status transmitted by a sewage treatment 

plant 60, 	(r) denotes storage control and discharge control 

performed on water reservoirs 110-1 and 110-2, and (s) denotes 

pump control performed on a water intake pump 111-1 and a water 

5 feed pump 111-2. 	The water treatment system shown in FIG. 23 

comprises a water treatment facility 70, water storage tanks 

50-1 	and 50-2, 	the water quantity sensors 	81-1 	and 81-2, 

measurement apparatuses 91-1 and 91-2, a management terminal 

103, the water reservoirs 110-1 and 110-2, a radar rain gauge 

10 140, and a monitoring control apparatus 150. 

The water reservoir 110-1 is provided with the water intake 

pump 111-1 and the water feed pump 111-2 . 	The water intake pump 

111-1 takes clean rainwater under the control of the monitoring 

control apparatus 150. 	The water feed pump 111-2 feeds clean 

15 rainwater discharged from the water reservoir 110-1 to a water 

purification facility 11 and/or a recycled water facility 12 

under the control of the monitoring control apparatus 150. 

The 	radar 	rain 	gauge 	140 	comprises 	a 	phased 	array 

meteorological 	radar 	to 	three-dimensionally 	observe 	the 

20 quantity of moisture in the air. 	Thus, for example, a vertical 

integrated rainwater quantity can be calculated, enabling a 

rainfall 	area, 	a 	rainfall 	time, 	and precipitation 	to 	be 

accurately predicted/measured in real time. 	The radar rain 

gauge 	140 	transmits 	observation 	data 	resulting 	from 	the 

25 prediction/measurement of the rainfall area, rainfall time, and 

precipitation to the monitoring control apparatus 150. 

The monitoring control apparatus 150 is, for example, a 
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cloud server comprising a plurality of servers. 	The monitoring 

control apparatus 150 is connected to the water treatment 

facility 70, the sensors 81-1 and 81-2, the water storage tanks 

50-1 and 50-2, each home, the sewage treatment plant 60, the 

5 water reservoirs 110-1 to 110-3, and the radar rain gauge 140 

by a network such as the Internet. 	The monitoring control 

apparatus 150 receives water quality data and water quantity 

data transmitted by the sensors 72-1 to 72-4, water quantity 

data transmitted by the sensors 	51-1 and 51-2, 	the water 

10 quantity data transmitted by the sensors 81-1 and 81-2, the 

operation status transmitted by the sewage treatment plant 60, 

used quantity data transmitted by the measurement apparatuses 

91-1 and 91-2, and the observation data transmitted by the radar 

rain gauge 140. 

15 As shown in FIG. 24, the monitoring control apparatus 150 

comprises a signal processor 151. 	The signal processor 151 

includes, for example, a CPU and storage areas for programs and 

data needed for the CPU to carry out processing, such as a ROM 

and RAM. 	The signal processor 151 generates first water demand 

20 data indicative of a demand for clean water in a water supply 

area based on the used quantity data transmitted by the 

measurement apparatus 91-1 installed at each home. 	The signal 

processor 	151 	also 	generates 	second 	water 	demand 	data 

indicative of a demand for gray water in the water supply area 

25 based on the used quantity data transmitted by the measurement 

apparatus 91-2 installed at each. home. 

When the time of use pricing system is adopted, the signal 
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processor 151 generates first water unit price information from 

the water unit price of clean water set based on past trends 

and the like, and transmits the generated first water unit price 

information to the management terminal 103 installed at each 

5 

10 

15 

home. 	The signal processor 151 also generates second water unit 

price information from the water unit price of gray water set 

based on past trends and the like, and transmits the generated 

second water unit price information to the management terminal 

103. 	Furthermore, when the real-time pricing system is adopted, 

the signal processor 151 generates first water unit price 

information based on first water demand data, and transmits the 

generated first water unit price information to the management 

terminal 103. 	The signal processor 151 also generates second 

water unit price information based on second water demand data, 

and transmits the generated second water unit price information 

to the management terminal 103. 

The signal processor 151 references the rainfall area, 

rainfall time, 	and precipitation predicted/measured by the 

radar rain gauge 140 to estimate the quality and quantity of 

20 rainwater at each water intake point at each time of day. 	The 

signal processor 151 references the results of the estimation 

of the quality and quantity of rainwater at each time of day 

to control the water intake pump 111-1 so that the water intake 

pump 111-1 takes clean rainwater obtained within a given time 

25 from the beginning of 	rainfall. 	Furthermore, 	the 	signal 

processor 151 performs storage control on the water reservoir 

110-1 so that the taken clean rainwater is stored in the water 
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reservoir 	110-1. 	Additionally, 	the 	signal 	processor 	151 

performs storage control on the water reservoir 110-2 so that 

dirty rainwater is stored in the water reservoir 110-2. 

The signal processor 151 references the quantity of water 

5 

10 

in the water storage tanks 50-1 and 50-2 determined based on 

the sensors 51-1 and 51-2, the qualities and quantities of water 

sources determined based on the sensors 72-1 to 72-4, 	and 

weather information obtained from the radar rain gauge 140 to 

determine the quantities of river water, well water, rainwater, 

and clean waste water to be treated in a water purification 

facility 11 and a recycled water facility 12 so as to minimize 

water treatment costs at the water purification facility 11 and 

the recycled water facility 12, while meeting the water demands 

indicated by the first and second water demand data. 	At this 

15 time, the determined quantity of rainwater to be treated in the 

water purification 	facility 11 	and/or 	the 	recycled water 

facility 12 	includes clean rainwater stored in the water 

reservoir 110-1. 	The signal processor 151 controls the water 

intake pumps 71-1 to 71-4, a water treatment control apparatus 

20 13, the water storage tanks 50-1 and 50-2, the water reservoirs 

110-1, 	and the water feed pump 111-2 so as to realize the 

determined quantities of water to be treated. 

The signal processor 151 references the operation status 

of the sewage treatment plant 60 transmitted by the sewage 

25 treatment plant 60 to determine whether or not the sewage 

treatment plant 60 has excess capacity needed to treat the 

rainwater. 	Upon determining that the sewage treatment plant 
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60 has excess capacity sufficient to treat the rainwater, the 

signal processor 151 performs the discharge control on the water 

reservoir 110-2 so that the stored rainwater is discharged to 

the sewage treatment plant 60. 

5 As described above, the water treatment control apparatus 

13 according to the tenth embodiment uses a recycled water 

facility 12 to treat clean waste water discharged by customers 

so as to make the waste water recyclable. 	This increases the 

number of water sources from which water can be taken, enabling 

10 water to be supplied to the customers even when, for example, 

there is insufficient water in rivers. 	Furthermore, the water 

treatment control apparatus 13 enables reduction and smoothing 

of treatment loads on a water purification facility 11 and a 

sewage 	treatment 	plant 	60 	compared 	to 	the 	conventional 

15 technique. 	This enables a reduction in the scales of the water 

purification facility 11 and the sewage treatment plant 60 

compared to the conventional technique, allowing a reduction 

in facility costs and in the operation costs of the treatment 

plants. 

20 Thus, the water treatment system according to the tenth 

embodiment can secure a quantity of water during drought and 

reduce sewage treatment costs at the sewage treatment plant. 

Furthermore, the water treatment system according to the 

tenth embodiment comprises the radar rain gauge 140 with the 

25 phased array meteorological 	radar, 	which provides 	higher 

performance than the radar rain gauge 120, used in the water 

treatment system according to the eighth embodiment. 	The 
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monitoring control apparatus 150 controls the water intake pump 

111-1 so that the water intake pump 111-1 takes clean rainwater, 

based on the rainfall area, rainfall time, and precipitation 

predicted/measured by the radar rain gauge 140. 	Thus, 	the 

5 monitoring control apparatus 150 can more efficiently store 

clean rainwater in the water reservoir 110-1. 

The tenth embodiment has been described taking, as an 

example, the case where clean rainwater is stored in the water 

reservoir 110-1. 	However, the water reservoir in which clean 

10 rainwater is stored is not limited to the water reservoir 110-1. 

Taking the distance between the rainfall area and the water 

reservoir into account, the signal processor 151 may control 

the water intake pump 111-1 so that clean rainwater is stored 

in a water reservoir closest to the rainfall area. 

15 (Eleventh Embodiment) 

In the water treatment systems according to the eighth to 

tenth embodiments the water reservoir 110 stores rainwater 

during rainfall and discharges the stored rainwater after the 

rain stops. 	However, rainwater fails to enter and exit the 

20 water reservoir 110 except during the storage/discharge of 

rainwater 	resulting 	from 	rainfall. 	On 	the 	other 	hand, 

customers constantly discharge di rty waste water, and a sewage  

treatment plant 60 treats the discharged dirty waste water. 

It has been found that the quantities of water demanded 

25 and discharged by the customer have a tendency. 	The tendency 

of the quantities of water demand and waste water is as shown 

in FIG. 25; the quantities have a peak both in the morning and 
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in the evening. 	In the present embodiment, a water treatment 

system will be described which can flatten the quantity of waste 

water discharged by the customer by storing clean waste water 

and dirty waste water in the water reservoir when the water 

5 reservoir has excess capacity. 

FIG. 26 is a diagram showing a configuration of a water 

treatment system according to the eleventh embodiment. 	In FIG. 

26, 	(c) 	denotes water quantity data on a clean water line 

transmitted by a sensor 81-1, 	(d) denotes water quantity data 

10 on a gray water line transmitted by a sensor 81-2, 	(o) denotes 

observation data transmitted by a radar rain gauge 120, 	(p) 

denotes an operation status transmitted by a sewage treatment 

plant 60, 	(t) denotes storage control and discharge control 

performed on water reservoirs 160 and 170, and (u) denotes pump 

15 control performed on water intake pumps 161-1 and 171-1 and 

water feed pumps 161-2 and 171-2. 	The water treatment system 

shown in FIG. 26 comprises a water treatment facility 70, water 

storage tanks 50-1 and 50-2, the water quantity sensors 81-1 

and 81-2, measurement apparatuses 91-1 and 91-2, a management 

20 terminal 103, the water reservoirs 160 and 170, a radar rain 

gauge 140, and a monitoring control apparatus 180. 

The water reservoir 160 is provided with the water intake 

pump 161-1 and the water feed pump 161-2. 	The water intake pump 

161-1 takes clean rainwater under the control of the monitoring 

25 control apparatus 180. 	The water feed pump 161-2 feeds clean 

rainwater discharged from the water reservoir 160 to a water 

purification facility 11 and/or a recycled water facility 12 
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under the control of the monitoring control apparatus 180. 

The clean waste water taken by the water intake pump 161-1 

is stored in the water reservoir 160 under the storage control 

of the monitoring control apparatus 180. 	The water reservoir 

5 160 discharges 	the stored clean waste water to the water 

purification facility 11 and/or the recycled water facility 12 

under the discharge control of the monitoring control apparatus 

180. 

The water reservoir 170 is provided with the water intake 

10 pump 171-1 and the water feed pump 171-2. 	The water intake pump 

171-1 takes dirty rainwater under the control of the monitoring 

control apparatus 180. 	The water feed pump 171-2 feeds dirty 

rainwater discharged from the water reservoir 170 to the sewage 

treatment plant 60 under the control of the monitoring control 

15 apparatus 180. 

The dirty waste water taken by the water intake pump 171-1 

is stored in the water reservoir 170 under the storage control 

of the monitoring control apparatus 180. 	The water reservoir 

170 discharges the stored dirty waste water to the sewage 

20 treatment plant 60 under the discharge control of the monitoring 

control apparatus 180. 

The monitoring control apparatus 180 is, for example, a 

cloud server comprising a plurality of servers. 	The monitoring 

control apparatus 180 is connected to the water treatment 

25 facility 70, the sensors 81-1 and 81-2, the water storage tanks 

50-1 and 50-2, each home, the sewage treatment plant 60, the 

water reservoirs 160 and 170, and the radar rain gauge 140 by 
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a network 	such as 	the 	Internet. 	The monitoring 	control 

apparatus 180 receives water quality data and water quantity 

data transmitted by the sensors 72-1 to 72-4, water quantity 

data transmitted by the sensors 	51-1 and 51-2, 	the water 

5 quantity data transmitted by the sensors 81-1 and 81-2, the 

operation status transmitted by the sewage treatment plant 60, 

used quantity data transmitted by the measurement apparatuses 

91-1 and 91-2, and the observation data transmitted by the radar 

rain gauge 140. 

10 As shown in FIG. 27, the monitoring control apparatus 180 

comprises a signal processor 181. 	The signal processor 181 

includes, for example, a CPU and storage areas for programs and 

data needed for the CPU to carry out processing, such as a ROM 

and RAM. 	The signal processor 181 generates first water demand 

15 data indicative of a demand for clean water in a water supply 

area based on the used quantity data transmitted by the 

measurement apparatus 91-1 installed at each home. 	The signal 

processor 	181 	also 	generates 	second 	water 	demand 	data 

indicative of a demand for gray water in the water supply area 

20 based on the used quantity data transmitted by the measurement 

apparatus 91-2 installed at each home. 

When the time of use pricing system is adopted, the signal 

processor 181 generates first water unit price information from 

the water unit price of clean water set based on past trends 

25 and the like, and transmits the generated first water unit price 

information to the management terminal 103 installed at each 

home. 	The signal processor 181 also generates second water unit 
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price information from the water unit price of gray water set 

based on past trends and the like, and transmits the generated 

second water unit price information to the management terminal 

5 

10 

103. 	Furthermore, when the real-time pricing system is adopted, 

the signal processor 181 generates first water unit price 

information based on first water demand data, and transmits the 

generated first water unit price information to the management 

terminal 103. 	The signal processor 181 also generates second 

water unit price information based on second water demand data, 

and transmits the generated second water unit price information 

to the management terminal 103. 

The signal processor 181 references a rainfall area, a 

rainfall time, 	and precipitation predicted/measured by the 

radar rain gauge 140 to determine that no rainwater is stored 

15 in the water reservoir 160. 	Upon determining that no rainwater 

is stored in the water reservoir 160, the signal processor 181 

controls the water intake pump 161-1 so that the water intake 

pump 161-1 takes clean waste water discharged from homes. 	The 

signal processor 181 also controls the water reservoir 160 so 

20 that the taken clean waste water is stored in the water reservoir 

160. 

Furthermore, 	the 	signal processor 181 	references 	the 

rainfall 	area, 	rainfall 	time, 	and 	precipitation 

predicted/measured by the radar rain gauge 140 to determine that 

25 no rainwater is stored in the water reservoir 170. 	The signal 

processor 181 also references the operation status transmitted 

by the sewage treatment plant 60 to determine that the quantity 
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5 

of water treated in the sewage treatment plant 60 has reached 

the limit thereof. 	Upon determining that no rainwater is stored 

in the water reservoir 170 and that the quantity of water treated 

in the sewage treatment plant 60 has reached the limit thereof , 

the signal processor 181 controls the water intake pump 171-1 

so that the water intake pump 171-1 takes dirty waste water 

discharged from the homes. 	The signal processor 181 also 

performs the storage control on the water reservoir 170 so that 

the taken dirty waste water is stored in the water reservoir 

10 170. 

The signal processor 181 references the quantity of water 

in the water storage tanks 50-1 and 50-2 determined based on 

the sensors 51-1 and 51-2, the qualities and quantities of water 

sources determined based on the sensors 72-1 to 72-4, 	and 

15 weather information obtained from the radar rain gauge 120 to 

determine the quantities of river water, well water, rainwater, 

and clean waste water to be treated in a water purification 

facility 11 and a recycled water facility 12 so as to minimize 

water treatment costs at the water purification facility 11 and 

20 the recycled water facility 12, while meeting the water demands 

indicated by the first and second water demand data. 	At this 

time, the determined quantity of clean waste water to be treated 

in the water purification facility 11 and/or the recycled water 

facility 12 includes clean waste water stored in the water 

25 reservoir 160. 	The signal processor 181 controls the water 

intake pumps 71-1 to 71-4, a water treatment control apparatus 

13, the water storage tanks 50-1 and 50-2, the water reservoir 
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160, and the water feed pump 161-2 so as to realize the determined 

quantities of water to be treated. 

The signal processor 181 references the operation status 

of the sewage treatment plant 60 transmitted by the sewage 

5 treatment plant 60 to determine whether or not the sewage 

treatment plant 60 has excess capacity sufficient to treat dirty 

waste water. 	Upon determining that the sewage treatment plant 

60 has excess capacity sufficient to treat the dirty waste water, 

the signal processor 181 performs the discharge control on the 

10 water reservoir 170 so that the stored dirty waste water is 

discharged to the 	sewage treatment plant 	60. 	The 	signal 

processor 181 also controls the water feed pump 171-2 so that 

waste water discharged from the water reservoir 170 is fed to 

the sewage treatment plant 60. 

15 As described above, the water treatment control apparatus 

13 according to the tenth embodiment uses a recycled water 

facility 12 	to treat clean waste water discharged by the 

customer so as 	to make the waste water recyclable. 	This 

increases the number of water sources from which water can be 

20 taken, enabling water to be supplied to the customer even when, 

for 	example, 	there 	is 	insufficient 	water 	in 	rivers. 

Furthermore, the water treatment control apparatus 13 enables 

reduction 	and 	smoothing 	of 	treatment 	loads 	on 	a 	water 

purification facility 11 and a 	sewage 	treatment plant 	60 

25 compared to 	the 	conventional 	technique. 	This 	enables 	a 

reduction in the scales of the water purification facility 11 

and the sewage treatment plant 60 compared to the conventional 
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technique, allowing a reduction in facility costs and in the 

operation costs of the treatment plants. 

Thus, the water treatment system according to the eleventh 

embodiment can secure a quantity of water during drought and 

5 reduce sewage treatment costs at the sewage treatment plant. 

Furthermore, in the water treatment system according to 

the eleventh embodiment, if no rainwater is stored in the water 

reservoir 160 or 170, 	the monitoring control apparatus 180 

stores clean waste water and dirty waste water in the water 

10 reservoirs 160 and 170, respectively. 	The monitoring control 

apparatus 180 then treats the clean waste water stored in the 

water reservoir 160 as a water source for the water treatment 

facility 70. 	This increases the number of water sources from 

which water can be taken, enabling water to be supplied even 

15 when, 	for example, 	there is insufficient water in rivers. 

Additionally, 	the 	monitoring 	control 	apparatus 	180 

discharges the dirty waste water stored in the water reservoir 

170 to the sewage treatment plant 60 when the sewage treatment 

plant 60 has extra capacity sufficient to treat the waste water. 

20 This enables flattening of the quantity of dirty waste water 

discharged by the customer as seen from the sewage treatment 

plant 60 as shown in FIG. 28. 	Since the quantity of waste water 

can thus be flattened, the scales of the sewage treatment plant 

60 or the facility and operation costs can be reduced. 

25 While certain embodiments have been described, 	these 

embodiments have been presented by way of example only, and are 

not intended to limit the scope of the inventions. 	Indeed, the 
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novel embodiments described herein may be embodied in a variety 

of other forms; furthermore, various omissions, substitutions 

and changes in the form of the embodiments described herein may 

be made without departing from the spirit of the inventions. 

5 The accompanying claims and their equivalents are intended to 

cover such forms or modifications as would fall within the scope 

and spirit of the inventions. 

Reference Signs List 

10 	Water treatment facility 

10 11 	Water purification facility 

12 	Recycled water facility 

13 	Water treatment control apparatus 

20-1, 	20-2 	Distributing reservoir 

30-1, 	30-2 	Pump 

15 40-1, 	40-2 	Distributing tower 

50-1, 	50-2 	Water storage tank 

60 	Sewage treatment plant 

71-1 to 71-4 	Water intake pump 

72-1 to 72-4 Sensor 

20 80, 	90, 	100, 	130, 	150, 	180 	Monitoring control apparatus 

81-1, 	81-2 	Water quantity sensor 

82, 	92, 	102, 	10v1, 	1041, 	1051, 	131, 	151, 	181 	Signal 

processor 

91-1, 	91-2 	Measurement apparatus 

25 101, 	103, 	104, 	105 	Management terminal 

110-1 to 110-3 Water reservoir 

111-1 	Water intake pump 
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111-2 	Water feed pump 

120, 	140 	Radar rain gauge 

160, 170 	Water reservoir 

161-1, 	171-1 	Water intake pump 

5 161-2, 	171-2 	Water feed pump 

201-1, 	201-2, 	202-1, 	202-2 	Valve 
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CLAIMS 

1. A water treatment control apparatus (13) configured 

to generate an indication to a water treatment facility (10) 

referring to conditions including a drought status and a water 

5 treatment 	cost at 	the water treatment 	facility 	(10), 	the 

indication indicating a type of water to be taken by the water 

treatment facility (10) between a plurality of types of water 

including river water from rivers, rainwater, and waste water 

used by a customer. 

10 

15 

2. The water treatment control apparatus (13) according 

to Claim 1, wherein the water treatment facility (10) includes 

a water purification facility (11) configured to treat water 

taken in accordance with the indication and to feed the treated 

water to the customer through a clean water line as clean water, 

and 

the water treatment control apparatus (13) generates the 

indication to the water purification facility (11). 

3. The water treatment control apparatus (13) according 

to Claim 1, wherein the water treatment facility (10) includes 

20 a recycled water facility (12) configured to treat water taken 

in accordance with the indication and to feed the treated water 

to the customer through a gray water line as gray water, and 

the water treatment control apparatus (13) generates the 

indication to the recycled water facility (12). 

25 4. The water treatment control apparatus (13) according 

to Claim 1, wherein the water treatment facility (10) includes 

a water purification facility (11) configured to treat water 
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taken in accordance with the indication and to feed the treated 

water to the customer through a clean water line as clean water 

and a recycled water facility (12) configured to treat water 

taken in accordance with the indication and to feed the treated 

5 water to the customer through a gray water line as gray water, 

and 

the indication includes a first indication to the water 

purification facility 	(11) 	and a second indication to the 

recycled water facility 	(12) . 

10 5. The water treatment control apparatus (13) according 

to Claim 1, 	wherein the conditions include qualities and 

quantities of the plurality of types of water. 

6. A water treatment system configured to control a water 

treatment facility (10) including a water purification facility 

15 (11) configured to treat taken water and to feed the treated 

water to a customer through a clean water line as clean water 

and a recycled water facility (12) configured to treat taken 

water and to feed the treated water to the customer through a 

gray water line as gray water, 	the water treatment system 

20 comprising: 

25 

a monitoring control apparatus (80, 90, 100, 130, 150, 180) 

configured to acquire a first water demand for the clean water 

in a water supply area in which the customer is present based 

on a quantity of the clean water fed to the water supply area, 

to acquire a second water demand for the gray water in the water 

supply area based on a quantity of the gray water fed to the 

water supply area, to acquire qualities and quantities of a 
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plurality of types of water including river water from a river, 

rainwater, 	and waste water used by the 	customer, 	and to 

determine quantities of the plurality of types of water to be 

treated in the water treatment facility (10) to reduce a water 

5 treatment cost at the water treatment facility 	(10) 	while 

meeting the first and second water demands referring to the 

qualities and quantities; and 

a water treatment control apparatus (13) configured to 

generate a first indication, to the water purification facility 

10 (11) , of a type of water to be taken by the water purification 

facility 	(11) 	referring to the quantities of treated water 

determined by the monitoring control apparatus (80, 90, 100, 

130, 	150, 	180) , 	and to generate a second indication, 	to the 

recycled water facility (12) , of a type of water to be taken 

15 by the recycled water facility (12) referring to the quantities 

of treated water determined by the monitoring control apparatus 

20 

(80, 	90, 	100, 	130, 	150, 	180), 

7. The water treatment system according to Claim 6, 

wherein the monitoring control apparatus (80, 90, 100, 130, 150, 

180) is configured to acquire the first water demand based on 

a quantity of clean water supplied to the customer through the 

clean water line and to acquire the second water demand based 

on a quantity of gray water supplied to the customer through 

the gray water line. 

25 8. The water treatment system according to Claim 6, 

wherein the monitoring control apparatus (100, 130, 150, 180) 

is configured to generate first water unit price information 
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on a change in a water unit price of the clean water and second 

water unit price information on a change in a water unit price 

of the gray water and to distribute the first and second water 

unit price information to a management terminal (103, 104, 105) 

5 configured to control operation of a facility possessed by the 

customer. 

9. The water treatment system according to Claim 8, 

wherein the management terminal (104) is configured to supply 

the clean water or the gray water to the facility possessed by 

10 the customer in accordance with an instruction input by the 

customer depending on display of the first and second water unit 

price information. 

10. The water treatment system according to Claim 8, 

wherein the management terminal (103, 104, 105) is configured 

15 to operate the facility possessed by the customer at a time of 

day when the water unit price of the clean water or the gray 

water used by the facility is inexpensive based on the received 

first and second water unit price information. 

20 

11. The water treatment system according to Claim 10, 

wherein the management terminal (104) is configured to supply 

the clean water or the gray water to the facility possessed by 

the customer in such a manner as to reduce a charge for the clean 

water or the gray water used by the facility based on the first 

and second water unit price information. 

25 12. The water treatment system according to Claim 8, 

wherein the management terminal (105) is configured to estimate 

water quality of waste water from the facility possessed by the 
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customer and to selectively determine whether to feed the waste 

water to the water treatment facility 	(10) 	or to a sewage 

treatment plant (60) based on a result of the estimation. 

5 

13. The water treatment system according to Claim 6, 

wherein the monitoring control apparatus 	(130, 	150, 	180) 	is 

configured to determine quantities of the plurality of types 

of water treated in the water purification facility (11) and 

the 	recycled 	water 	facility 	(12) 	referring 	to 	weather 

information observed by a radar rain gauge (120, 	140) , and 

10 the 	monitoring 	control 	apparatus 	(130, 	150, 	180) 	is 

further configured to store rainwater obtained within a given 

time from beginning of rainfall in one of a plurality of water 

reservoirs (110-1 to 110-3) configured to store rainwater and 

to allow a water reservoir (110-1) in which rainwater obtained 

15 after elapse of the given time is stored to discharge the 

rainwater to the water purification facility 	(11) 	and the 

recycled water facility (12) in such a manner as to realize the 

quantity of rainwater to be treated. 

20 

14. The water treatment system according to Claim 13, 

wherein the radar rain gauge (120, 140) comprises a phased array 

meteorological radar (140) configured to observe a quantity of 

moisture in air. 

15. The water treatment system according to Claim 13, 

wherein 	the 	monitoring 	control 	apparatus 	(130, 	150) 	is 

25 configured to store the rainwater obtained within the given time 

from the beginning of rainfall in one of the plurality of water 

reservoirs (110-1 to 110-3) and to allow the water reservoir 



- 67 - 

(110-2, 110-3) in which the rainwater obtained within the given 

time from the beginning of rainfall is stored to discharge the 

rainwater to a sewage treatment plant (60) based on an operation 

status of the sewage treatment plant 	(60) . 

5 16. 	The water treatment system according to Claim 13, 

wherein the monitoring control apparatus (180) is configured 

to store waste water used by the customer in one of the plurality 

of water reservoirs (170) upon determining that a high treatment 

load is imposed on the sewage treatment plant (60) and to allow 

10 the water reservoir (170) in which the waste water used by the 

customer is stored to discharge the waste water to the sewage 

treatment plant (60) upon determining that the treatment load 

on the sewage treatment plant 	(60) 	reduces. 


