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(54) Grey water treatment system

(57) A grey water treatment system (10) for use in
conjunction with a water softener (16), including a grey
water holding tank (12) including a first inlet (14) config-
ured to receive grey water and a second inlet (17) con-

figured to receive spent brine from the water softener.
The spent brine is mixed with the grey water in the holding
tank to flocculate suspended solids in the grey water for
subsequent removal.
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Description
BACKGROUND

[0001] The present invention relates generally to fluid
treatment systems such as water treatment systems in-
cluding water softeners, and more particularly to a grey
water treatment system designed for use with a water
softener.

[0002] Grey water (also referred to as "gray water")
refers to wastewater generated from residential or com-
mercial sanitation equipment and includes used dish-
washing water, laundry water and bath water. Toilet wa-
ter is not part of grey water and instead is categorized
as "black water." Black water is wastewater that has high
levels of contaminants and/or particulates and requires
significant water treatment. Fresh water or "white water"
is potable water that is typically used for drinking, cooking
and irrigation. About 50-80% of residential wastewater
is grey water.

[0003] Fresh water is quickly becoming a scarce re-
source. Several areas around the world have limited
fresh water supplies due to expanding populations,
drought and pollution. As a result, it is becoming very
difficult and expensive to obtain fresh water in many parts
of the world.

[0004] Moreover, in the eastern and mid-western re-
gions of the United States there is significant concern
over aging municipal water treatment infrastructure. In-
dividual household and satellite grey water treatment
systems can reduce the pressure on demand from these
aging infrastructures and also provide cost savings to
municipalities and the end user. Further, transportation
and treatment costs could be significantly reduced if the
treatment and reduction of wastewater is performed at
the point of use (residential or commercial site) instead
of at a satellite site. Hence, the significant cost savings
associated with onsite wastewater treatment benefits
municipal water treatment facilities.

[0005] According to an AWWA 1999 research study,
58% of the total household water is used outdoors, such
as for irrigation and recreational use (i.e., swimming
pools) and 42% is used indoors. Daily indoor water usage
is approximately 69.3 gallons per person per day and
26.7% of that daily usage results from toilet flushing.
Hence, a grey water treatment system will allow a con-
sumer to save approximately 26.7% of indoor water use.
Furthermore, recycling shower water for use in toilets will
reduce the amount of wastewater that is treated at mu-
nicipal water treatment plants.

[0006] Currently, there are very few grey water treat-
ment systems in households and commercial buildings.
The existing systems are very basic and do not meet the
Environmental Protection Agency’s turbidity and bio-
chemical oxygen demand (BOD) standards. Most of
these systems also require existing plumbing systems to
be re-configured or retro-fitted, which is cost prohibitive.
Existing systems are also not automated and therefore
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require significant control and involvement by a user.
SUMMARY

[0007] The present grey water treatment system proc-
esses grey water to be re-used as non-potable water,
such as forirrigation and toilet water. Re-using grey water
helps to conserve fresh water, which is typically used as
both potable and non-potable water in commercial and
residential buildings. By combining a grey water treat-
ment function with a water softener, spent brine is used
to flocculate the suspended solids from the grey water.
Thus, wastewater volume is reduced in that two conven-
tional waste products, spent brine and grey water are
combined and reused.

[0008] Specifically, the present grey water treatment
system for use in conjunction with a water softener in-
cludes a grey water holding tank including a first inlet
configured to receive grey water and a second inlet con-
figured to receive spent brine from the water softener.
The spent brine is mixed with the grey water in the holding
tank to flocculate suspended solids in the grey water for
subsequent removal.

[0009] Another embodiment of the present grey water
treatment system for use in conjunction with a water sof-
tener includes a grey water holding tank including a first
inlet configured to receive grey water and a second inlet
configured to receive spent brine from the water softener.
The spent brine is mixed with the grey water to flocculate
suspended solids in the grey water. The grey water treat-
ment system includes at least one filter connected to the
holding tank, where the at least one filter is configured
to remove the flocculated solids from the grey water
stored in the holding tank. A disinfector is connected to
the at least one filter and is configured to disinfect the
grey water.

[0010] A further embodiment of the present grey water
treatment system for use in conjunction with a water sof-
tener includes a grey water holding tank including a first
inlet configured to receive grey water and a second inlet
configured to receive spent brine from the water softener.
The spent brine is mixed with the grey water to flocculate
suspended solids in the grey water. A first filter is con-
nected to the holding tank and is configured to remove
flocculated solids from the grey water. A second filter is
connected to the first filter and is configured to remove
dissolved solids remaining in the grey water. A third filter
is connected to the second filter and is configured to per-
form nano-filtration of the grey water. A disinfector is con-
nected to the third filter and is configured to disinfect the
grey water.

DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWINGS

[0011]

FIG. 1 is a schematic diagram of an embodiment of
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the present grey water treatment system.

FIG. 2 is a graph showing a comparison between
chemical oxygen demand levels and bed volumes
for the influent and the effluent.

DETAILED DESCRIPTION

[0012] ReferringtoFIG. 1,the presentgrey watertreat-
ment system generally designated as 10 is configured to
process grey water or wastewater from shower drains,
sink drains, clothes washers (no rinse cycle water) and
rain water to produce an effluent that is suitable for use
in irrigation, toilets and other non-potable water devices.
In general, the grey water treatment system 10 includes
a holding tank for storing collected grey water and a se-
ries of filters that are connected to the holding tank. After
the filters remove dissolved solids from the grey water,
the filtered grey water is disinfected and transported to
an irrigation system, household toilet or other suitable
water system.

[0013] More specifically, the present grey water treat-
ment system 10 includes a grey water holding tank 12
thatis sized to store the grey water collected from shower
drains, washing machines and rain water drains and oth-
er known sources. The size of the holding tank 12 de-
pends on the daily amount of grey water generated by a
residential or commercial building. It is contemplated that
the holding tank 12 is sized to hold an amount of grey
water that is generated each day, each week or during
any other suitable time period depending on the applica-
tion. An inlet or inlet pipe 14 is connected to the holding
tank 12 and transfers the grey water collected from the
shower, sink, washing machine and rain water drains,
collectively indicated as shower drain 15, to the holding
tank where it can be stored for up to twenty-four hours.
An automated flushing cycle is activated in the holding
tank 12 every twenty-four hours to prevent the grey water
from remaining in the tank for extended periods of time
which would otherwise change the constituent levels of
the grey water.

[0014] In particular, the biochemical oxygen demand
(BOD) of the grey water is an important property. Grey
water BOD occurs at a relatively large reaction rate which
indicates the presence of organic compounds or materi-
als that are readily available for digestion by micro-or-
ganisms. The twenty-four hour automated flushing cycle
described above reduces the holding period and the cor-
responding potential for biological growth in the stored
grey water.

[0015] The water stored in the grey water holding tank
12 mainly consists of suspended and dissolved solids
that have a high turbidity, BOD/chemical oxygen demand
levels and micro-organisms. Therefore, the untreated
stored grey water is mixed with spent brine received from
a water softener 16 such as a residential or commercial
water softener via a brine inlet pipe 17. Such treatment
systems are well known in the art, and typically include
a main treatment tank filled with an ionic exchange resin
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and a separate brine tank. The brine tank periodically
provides brine to the treatment tank for regenerating the
exchange resin. Inthe regeneration process, sodiumions
in the brine are exchanged for calcium and magnesium
ions trapped on the beads of resin. The spent brine is
thus accompanied by the removed calcium and magne-
sium ions. Examples of such a system are disclosed in
U.S. Patent Nos. 5,699,272; 5,751,598 and 6,790,362
and incorporated herein by reference.

[0016] The spent or sour brine is recovered from the
brine/slow rinse cycle of the water softener 16. Recycling
or using the spent or sour brine (which is otherwise sent
to a drain) helps to decrease the cost of operating the
present grey water treatment system and also decreases
the costs associated with the disposal of the spent brine.
This is a significant advantage over existing grey water
treatment systems which are relatively expensive to op-
erate due to the amounts of flocculants that must be add-
ed to the grey water.

[0017] During the initial part of the brine/slow rinse cy-
cle of the water softener 16, the total hardness (amount
of Ca and Mg ions) in the waste stream increases and
peaks at about 45,390 ppm (as CaCOs;) at twenty-four
minutes into the brine/slow rinse cycle. The Ca and Mg
hardness in the waste stream is over 40,000 ppm (as
CaCO,) from twenty-two minutes to thirty-six minutes in-
to the brine/slow rinse cycle.

[0018] In atypical water softening system with a brine
rinse flow rate of 0.45 gallons per minutes in a slow rinse
flow rate of 0.3 gallons per minute, a fourteen minute
waste collection period represents approximately five
gallons of 40,000 ppm hardness (as CaCO;) waste so-
lution. This spent or sour brine is used to treat approxi-
mately 200-250 gallons of the grey water (at approxi-
mately 1,000 ppm CacCl solution) in the holding tank 12.
It has been found that the spent brine flocculates the
suspended solids in the grey water so that solids can be
removed as further described below. It should be appre-
ciated thatbesides spent brine, other suitable flocculating
agents can be transferred and utilized by the holding tank
12 to flocculate the suspended solids in the grey water,
but the costs associated with such a process would be
greater.

[0019] After the flocculation process using the spent
brine solution is complete, the grey water including the
aggregated "floc" is transported via an outlet pipe 18 us-
ing a pump 20 to a first filter 22. The size and type of the
pump 20 is determined as is known in the art based on
the size of the water treatment system 10. In the preferred
embodiment, the first filter 22 is a gravity filter including
asand or carbon based media. Other suitable media may
also be used in the gravity filter 22 to remove the aggre-
gated floc as is known in the art. The floc collected in the
first filter 22 is removed by employing a back-washing
step and sent to a drain at predetermined intervals. From
the filter 22, the grey water effluent is preferably trans-
ported to a second filter 24.

[0020] The second filter 24 includes a carbon filter or



5 EP 2 223 898 A1 6

other similar filter including a carbon-based media that
removes any remaining dissolved solids in the grey wa-
ter. FIG. 2 graphically indicates the chemical oxygen de-
mand (COD) levels before and after the flocculation/grav-
ity filtration absorption process. The COD levels indirectly
indicate the amount of organic compounds, such as or-
ganic pollutants, in the grey water. As shown in FIG. 2,
the COD levels of the influent grey water measured at
the inlet 14 are significantly reduced by the present grey
water treatment system 10. For example, the average
COD level of the influent grey water is about 200 ppm
and the average COD level of the effluent grey water is
about 25-30 ppm. The present grey water treatment sys-
tem 10 is therefore very effective in reducing the organic
pollutants in the collected grey water.

[0021] After the grey water passes through the second
filter 24, it is preferably pumped to a third, final polishing
filter 26, which performs nano- or ultra-filtration of the
grey water toremove remainingfine dissolved solids from
the grey water. The filter media in the third filter 26 may
be any suitable nano- or ultra-filtration media.

[0022] Any collected residuals or remnants from the
third filter 26 are flushed to drain at 27. Subsequently,
the grey water is preferably pumped to a disinfector 28
that disinfects the grey water to meet Environmental Pro-
tection Agency (EPA) standards for re-used water. In the
preferred embodiment, the disinfector 28 utilizes chlorine
recovered from the water softener 16 to disinfect the grey
water. As is known in the art, the chlorine is a by-product
of the brine rinse step in the regeneration cycle of the
water treatment process. In the present grey water treat-
ment system, at least 2 ppm of chlorine is added to the
grey water to satisfy EPA grey water standards. The re-
covered chlorine saves significant costs over having to
purchase the chlorine or other disinfectant separately
and add it to the grey water. However, it is contemplated
that other suitable known disinfectants, such as chemi-
cals and ultraviolet light may be used by the disinfector
28 but at increased costs.

[0023] Returning now to FIG. 1, after the grey water is
disinfected, it can be re-used in a residential or commer-
cial irrigation system, toilet reservoir or other suitable
commercial or residential non-potable water device or
system, collectively designated 30. If there is not a de-
mand for the grey water (i.e., needed for filling a flushed
toilet or for irrigation) then the grey water is returned to
the grey water holding tank 12.

[0024] Inanother embodiment, the present grey water
treatment system 10 includes a heat exchanger 32 to
remove heat from the grey water collected from the show-
er drains, washing machine or other sources. Employing
the heat exchanger 32 helps to conserve energy by re-
moving the heat from the grey water and re-using it to
supplement the heat generated by a residential or com-
mercial hot water heater 34. This system saves signifi-
cant costs associated with heating water in a residential
or commercial building. After the heat is removed from
the grey water, the grey water is transferred to the grey

10

15

20

25

30

35

40

45

50

55

water holding tank 12 as described above.

[0025] In a further embodiment, one or more monitor-
ing sensors 36 are employed by the grey water treatment
system 10 to sense the grey water levels in the holding
tank 12, the flow rate of the grey water at different points
in the grey water treatment system, and the influent and
effluent water quality monitoring and reporting devices.
It should be appreciated that the sensors 36 may be di-
rectly connected to a specific device and/or pipe in the
grey water treatment system 10 or be a wireless device
that wirelessly communicates with the device, pipe or
other suitable component.

[0026] Inanembodiment, aprocessor 38 and adisplay
40 such as a display screen or monitor, are connected
to the sensors 36 to display different parameters and/or
characteristics of the grey water to a user during the grey
water treatment system 10.

[0027] While a particular embodiment of the present
grey water treatment system has been described herein,
it will be appreciated by those skilled in the art that chang-
es and modifications may be made thereto without de-
parting from the invention in its broader aspects.

Claims

1. A grey water treatment system (10) for use in con-
junction with a water softener (16), comprising:

a grey water holding tank (12) including a first
inlet (14) configured to receive grey water and
a second inlet (17) configured to receive spent
brine from the water softener, wherein the spent
brine is mixed with the grey water to flocculate
suspended solids in the grey water for subse-
quent removal.

2. The grey water treatment system of claim 1, further
comprising at least one monitoring sensor (36) con-
nected to at least one of said holding tank (12), a
disinfector (28), and at least one filter (22, 24, 26)
for monitoring at least one parameter of the grey wa-
ter.

3. The grey water treatment system of claim 1, further
comprising at least one monitoring sensor (36) con-
nected to at least one of said first inlet (14) and said
second inlet (17) connected to said holding tank, said
at least one monitoring sensor configured to meas-
ure at least one parameter of the grey water.

4. The grey water treatment system of one of claims
1-3, further comprising a heat exchanger (32) con-
nected to said first inlet (14) of said grey water hold-
ing tank (12) for removing heat from the grey water
prior to being stored in said holding tank.

5. The grey water treatment system of one of claims
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1-4, wherein said system reduces COD of influent
grey water by an approximate order of magnitude of
10.

The grey water treatment system of one of claims
1-5, further comprising at least one pump (20) con-
nected to an outlet (18) of said holding tank (12) for
removing the grey water from said holding tank.

The grey water treatment system of one of claims
1-6, further comprising a disinfector (28) connected
to said holding tank (12) and configured to disinfect
the grey water.

The grey water treatment system of one of claims
1-7, further comprising at least one filter (22, 24, 26)
connected to said holding tank (12), said at least one
filter configured to remove the flocculated solids from
the grey water stored in said holding tank.

A grey water treatment system (10) for use in con-
junction with a water softener (16), comprising:

a grey water holding tank (12) including a first
inlet (14) configured to receive grey water and
a second inlet (17) configured to receive spent
brine from the water softener (16), wherein the
spent brine is mixed with the grey water to floc-
culate suspended solids in the grey water;

at least one filter (22, 24, 26) connected to said
holding tank, said at least one filter configured
to remove the flocculated solids from the grey
water stored in said holding tank; and

a disinfector (28) connected to said at least one
filter (22, 24, 26) and configured to disinfect the
grey water.

The grey water treatment system of claim 7 or 9,
wherein said disinfector (28) is configured to receive
chlorine from a brine rinse step of a water softener
regeneration cycle.

The grey water treatment system of claim 9 or 10,
further comprising a heat exchanger (32) connected
to said first inlet (14) of said grey water holding tank.

The grey water treatment system of claim 11, further
comprising a hot water heater (34) connected to said
heat exchanger (32).

The grey water treatment system of one of claims
8-12, wherein said at least one filter (22, 24, 26) in-
cludes a gravity filter.

The grey water treatment system of one of claims
8-13, wherein said at least one filter (22, 24, 26) in-
cludes one of a sand-based filter medium and a car-
bon-based filter medium.
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15.

16.

17.

18.

The grey water treatment system (10) of one of claim
9-12, wherein said at least one filter includes :

a first filter (22) connected to said holding tank
(12) configured to remove flocculated solids
from the grey water;

a second filter (24) connected to said first filter
and configured to remove dissolved solids re-
maining in the grey water; and

a third filter (26) connected to said second filter
and configured to perform nano-filtration of the
grey water.

The grey water treatment system of claim 15, where-
in said at least one of said first, second and third
filters (22, 24, 26) includes a gravity filter.

The grey water treatment system of claim 15 or 16,
wherein said at least one of said first, second and
third filters (22, 24, 26) includes a carbon-based me-
dia.

The grey water treatment system of one of claims
15-17, wherein said at least one of said first, second
and third filters (22, 24, 26) includes a nano-filtration
filter.
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