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TRICKLE IRRIGATION
tEYWNIER REUSE SYSTEM*

ABSTRACT

This paper describes a greywater reuse system suitable

for trickle irrigation. The system has a self cleaning

sand filter with approximately 700 gallon total storage

capacity. The system also has a delayed off -peak release

to the sewer whenever the greywater is not needed for

irrigation. Thus in addition to reducing water bills it

would qualify for a 50% reduction in sewer charges.

The paper shows how a greywater reuse system would be

a very good investment particularly for the larger

families. If a large number of Tucsonians converted to the

use of a greywater reuse system it would significantly

reduce the daily drain on their underground water supplies.

INTRODUCTION

The advantages of greywater recycling in water short

areas requiring landscape irrigation were described in

Cluff (1984). The introductory material in this reference

will be duplicated here. In Cluff (1984) a high capacity

greywater reuse system was described in which the

flooding method was used for landscape irrigation. This

approach is the most economical direct system. However

there may be some objections to this system by the

regulatory health department. They tend to prefer some

type of underground application of the greywater. This

will tend to increase the complexity and cost of a system.

A self cleaning filtering greywater reuse system that will

provide for underground delivery of water is described in

this report.

Greywater is the return water flow of washers,

bathtubs, showers and lavatory sinks. Wastewater from the

toilets and kitchen sinks are excluded from greywater.

Thus greywater does not have a very high organic loading

and requires little or no treatment before it can be used

for garden and landscape irrigation.

*By C. Brent Cluff, Associate Hydrologist, Water Resources

Research Center, College of Engineering, University of

Arizona, Tucson, July 3, 1984.
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The reuse of greywater greatly reduces the water needs

of a family. It also reduces the energy required to pump

and pressurize the lines that deliver the water. Perhaps

even more significantly greywater reuse reduces the

capacity needed in both the sewer lines and sewer treatment

plants.

The use of greywater instead of a diminishing
groundwater resource reduces the guilt feelings of those

who enjoy having some shade, lawn and vegetables even

though they are living in an arid environment.

JUSTIFICATION OF Q 'YWATER REUSE SYSTEMS

The greywater recommended to be used in this system

originates as bath, shower or waste water from the wash

machine. As shown in Figure 2 this consists of 51% of the

wastewater load. Water from the dishwasher and kitchen and

bathroom sinks, would normally not be used due to the

higher organic loading. The argument that bath, shower and

wash water are contaminated and a danger to public health

is a weak one at best with little or no supporting data.

At times people, particularly children, will completely

immerse themselves while taking a bath. Therefore it is

difficult to defend the thesis that water from a shower or

bath tub, once it is drained, suddenly becomes so

contaminated that it cannot be used for irrigation of grass

or other landscape vegetation. Similarly the argument that

wash water is contaminated from clothes previously worn and

therefore cannot be used to irrigate grass or shrubs is

equally as weak. It would appear that if wash water

contaminated by clothing were a public health hazzard a

ordinance would be needed to prevent the hosing down of a
person while standing on the grass.

A direct uncontrolled reuse system from either the

bathtub, shower or washer is not desireable from a number

of aspects other than sanitary. These aspects include

over -irrigation, which encourages the overgrowth of grass

which may cause mosquito problems and in some cases odor

problems.

It would appear that the forced inclusion of bath and

laundry water in the wastewater, to be rejected as unusable
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for landscape irrigation, was caused from these kinds of
problems. It was done at a time when domestic water was
more plentiful and perhaps sanitary districts and or

domestic water companies were needing greater sewage or

water flows to justify and pay for their systems. Now that
Arizona is having to import water all the way from the

Colorado River the time has come to re- evaluate the direct
re -use of greywater.

A controlled greywater reuse system such as described
in this paper or in Cluff (1984) avoids the problem of

over -irrigation with perhaps accompanying mosquito and odor
problems. The widespread installation of greywater reuse
systems does appear to be warranted.

WATER AND SEWER FLOW SAVINGS

Various estimates as to the amount of water classified
as greywater have been made. The results of one study made
for the southwest is summarized in Figures 1 & 2. These
figures show that 51% of the wastewater load is made up of
easily reusable greywater, i.e. from the bathtub, shower
and the clothes washer. Figure 1 shows a 65% irrigation
use of total consumption. This figure is only about 40 %
in Tucson at the present time. The rates of the Tucson
Water Department are structured to discourage outside
irrigation. Figure 2 shows the past and projected water
use, the consumptive use and the sewage load. The
consumptive use is primarily made up of the irrigation use.
In Tucson this use would be much less than indicated in

Figure 2 but still a significant amount of the total

domestic water used.

For the Tucson area Table 1 gives the water and sewer
flows for a household of 3 and 6 persons. The difference
between the water and sewer flows is the consumptive use
which is primarily outside irrigation.
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TABLE 1
TUCSON WATER AND SEWER FLOWS*
WITHOUT CEEYWATER REUSE

3 /people /house 6 /people /house

Dec -Feb Nov May -Sept Dec -Feb Nov May -Sept

Mar -Apr Mar -Apr

Water:CXF/mo 10 15 20 18 23 28

$/mo 8.10 13.90 19.70 15.94 21.23 31.22

Sewer:CCF /mo 8 8 8 16 16 16

$ /mo 5.40 5.40 5.40 10.44 10.44 10.44

*CAF is a hundred cubic feet which is equal to 748 gallons.

If a greywater reuse system were instituted that used
only bath and wash water the water and sewer flows and
resulting charges would be reduced to those given in Table
2. The reduction in sewage flow assumes that the greywater
will either be used for irrigation or will be released to

the sewer system during off peak times in the middle of the
night. Thus an approximately 50 percent reduction in sewer
rates should be justified.

TABLE 2
TUCSON WATER AND UNC ONTROLED

SEWER FLOWS WITH GREYWATER REUSE /CONTROLED RELEASE.

3 People /House 6 People /House
Dec -Feb Nov May -Sept

Mar -Apr

Dec -Feb Nov
Mar -Apr

May -Sept

Water :OCF /mo 8 11 16 16 15 20

$ /mo 6.42 9.22 15.06 13.98 13.28 19.70

Sewer :CCF /mo 4 4 4 8 8 8

$ /mo 2.88 2.88 2.88 5.44 5.44 5.44

*CCF is a hundred cubic feet which is equal to 748 gallons.
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If the values in Table 2 were subtracted from the values in
Table 1 the net reduction in water and sewer flow could be

computed and the monetary savings of reduced water and
sewer bills determined. This information is given in Table

3

TABLE 3
TUCSON WATER AND SEWER SAVINGS,1984

WITH GREYWATER REUSE /CONTROLED RELEASE

Dec Nov May Annual Dec Nov May Annual

Jan Mar thru Total Jan Mar thru Total

Feb Apr Oct Feb Apr Oct

Water:
CCF /mo 2 4 4 2 8 8

$ /mo 1.68 4.68 4.64 1.96 7.95 11.52

$ /per* 5.04 14.04 27.84 46.92 5.88 23.85 69.12 98.85

Sewer:
CCF /mo 4 4 4 8 8 8

$ /mo 2.52 2.52 2.52 5.00 5.00 5.00

$ /per* 7.56 7.56 15.12 30.24 15.00 15.00 30.00 60.00

Annual Total Savings $77.16 158.85

*The sums in the period are obtained by summing up the

months in the heading above each column.

The total annual savings for a family of 3 is $77.16 and

for a family of 6 the savings is $158.85. These savings
will increase every year since Tucson Water has already
announced that rates will continue to go up about 7% per

year to cover the cost of importation of CAP water and the
expansion of the system. It is expected that sewer

treatment costs will increase a similar amount.

TRICKLE IRRIGATION GREYWATER REUSE SYSTIIVI (TRIGS)

A economical low -maintenance TRIGRS system is shown
in Figure 3. This system is more complicated and higher in
cost than the high capacity greywater reuse system of Cluff
(1984). However it has the advantage of being able to use
a subsurface irrigation system.
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The system is constructed from two 400 gallon tanks. The

first tank serves as the receiver and temporary storage

and also the filter. The second tank provides the storage
needed to serve as a buffer between water supply and

irrigation demand. The filter tank can also serve as a

storage of up to as high as 75% of its capacity or 300

gallons. The remaining 100 gallons would be displaced by
the filter sand. The total storage would be 700 gallons.

A 3/4 -1 inch submersible pump is placed in a 8 -inch PVC

standpipe that is capped at both ends. The lower cap would
be permnently installed, the upper cap would be removable
to that the pump could be easily removed for maintenance.

The discharge line of the pump is connected to two lines
equipped with 24 volt solonoid valves and connected to a

switch box in the utility room. The filter is connected
directly to the sump pipe with no valving. A 1 1/2 inch

pipe with a solonoid valve is connected to the filtered
water storage tank. The system also has a fine filter and
a pressure reducer leading to the trickle system.

A solonoid controlled line leading from the pump to
the overflow line is also connected to a timer. This mode
is automatically activated when irrigation is not needed on
the plants. Under this system the pump will automatically
empty itself every night into the sewer system during the

offpeak hours. Thus the greywater reuse system will not

add to peak loading of the sewer lines and treatment plant.
A summary of the operation modes of the systems are:

1. When the irrigation switch is activated a timer will

control the times and duration of irrigation. When this

switch is turned on the automatic filter mode is also
activated so that whenever irrigation is not occuring
filtered water will be stored in the storage tank. In the

filter mode solonoid #11 and #12 are closed and solonoid #9
and #13 are open. When the timer dictates that it is time

for a irrigation solonoid #9 and #12 are automatically
opened and #13 is closed. Solonoid #11 always stays closed
when the irrigation switch is activated. This condition
will last until the end of the desired irrigation system
and the timer will shut off at which time the system will
automatically revert back to the filter mode. In either
the filter mode or the irrigation mode the pump will
automatically shut off if it runs out of water.

7



2. When no irrigation is required and the irrigation switch
is turned off the system is automatically placed in the off
peak- discharge -to -sewer mode. Under this mode solonoids #9

and #11 are opened for a preset length of time in the
middle of the night that is necessary to drain all water
from the system into the sewer. The system will
automatically revert back to the filter mode after the

passage of the preset length of time. In either of these
modes if there is no water the pump will automatically shut
off.

The filtered water tank will be placed 9 to 18 inches
above the filter tank. This will provide automatic
back -flushing of the filter surface every time the valve to
the filter storage tank is opened and the water in the tank
is equal or greater in depth than the sand in the filter.
On the occasions when the filtered tank is entirely full
some of the backwash water will carry debri from the

surface of the filter to the overflow rim around the top of

the inside of the filter tank and thence into the sewer
system. The automatic purging or backwashing of the system
should keep the filter rates at a high enough capacity to
match the peak greywater flow. If for some reason this is

not the case the system would automatically discharge into
the sewer line through the overflow. There is also a

overflow from the filtered storage tank in case the pump
filled up this tank before either an irrigation or

discharge to sewer was called for.

4.

A cost estimate of the TRICKS system is given in Table
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TABLE 4
COST ESTIMATE OF

TRICKLE IRRIGATION EREYWATER REUSE SYSTEM

Four Channel Electronic Timer $60.00

Sand /gravel for filter 4.00

8" PIP PVC pipe 7ft @ $1.39 9.73

lino 8" PVC caps @ 3.92 7.84

Three 24 volt 3/4" Solonoid Gate Valve @ 12.59 37.77

One 24 volt 1 1/2" Solonoid Gate Valve 38.94

One 3/4" loft length of pipe 1.00

Miscellaneous fittings & supplies 20.00

One 3/4" filter for Trickle 10.00

One 3/4" pressure reduce for Trickle 4.97

TWo 400 gallon tanks @ $125 250.00

RS -5 Remote switch for Little Giant Pump Model 5msp 18.33

Little Giant Submersible Pump, Model 5msp 54.13

Switch Box and indicator light 15.00

RS -5 Remote switch for indicator light 18.33

550.04

Installation /Profit* 200.00

Total 750.04

*Excludes the cost of any in -house plumbing or installation

of the trickle irrigation system.

At 12% interest and a 10 year payback period the

annual payments = $132.68.

In Table 5 the annual cash flow calculations of the

reuse system is given.
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TABLE 5
ANNUAL CASH FLOW CALCULATIONS FOR
HIGH CAPACITY GREYWATER REUSE SYSTEM

Fixed Savings Savings
Year Payment 3 /House 6 /House

1985 $132.68 ($56.92) $26.17
1986 132.68 (51.08) 37.33
1987 132.68 (45.37) 49.19
1988 132.68 (39.26) 61.92
1989 132.68 (32.72) 75.54
1990 132.68 (25.72) 90.11
1991 132.68 (18.24) 105.72
1992 132.68 (10.22) 122.39
1993 132.68 ( 1.66) 140.29
1994 132.68 7.52 155.36
1995 0 103.13 302.93
1996 0 113.63 324.81

By the year 1995 the system would be paid off with at least
another twenty years or more of service before the tank

needs to be replaced. The pump may have to be replaced
periodically but since it would be run only 4 to 8 hours

per week or a maximum of 400 hours per year it should last
several years.

Table 5 indicates that the installation of a greywater
recycling system is a cost effective thing to do

particularly for the larger family.

TRICKLE IRRIGATION SYSTEM

In addition to the monetary savings there are same

conveniences and water savings of having a trickle
irrigation system.

If a trickle irrigation system is properly installed and
maintained it can be an effective system for the irrigation
of grass or a garden. The secret to success is

maintenance. Care must be taken to make sure there are no

broken lines. With the trickle system connected to a

finite water resouce such as the greywater system a break
in a line will cause a limited loss of water. This is in
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contrast to the much greater loss of water when a line is

broken and the trickle system is connected to the domestic

water supply. Shrubs and trees could be irrigated using

point emiters. The lawn could be irrigated using a

perferated plastic tubes placed 2 inches below the surface.

These tubes would have to be replaced every 2 to 3 years.

Even though trickle irrigation does not require leveling it

would be recommended to make it easy to collect runoff from

roofs, driveways and other paved surfaces, even streets

onto the lawn, trees and shrubs. These simple

waterharvesting techniques will provide an extra irrigation

whenever it rains. This use of runoff would reduce urban

flooding. It would also provide leaching necessary to

maintain a proper salt balance in the greywater irrigation

system.

WATER QUALITY

The basic principal behind the high capacity greywater

reuse system is to use a large enough tank to provide

adequate water for irrigation but not too large that

aeration and oders become a problem. The philosophy is to

use the water as rapidly as possible before it goes septic

or anaerobic. Greywater has a relatively low organic

loading which extends the aerobic storage time. The 700

gallon maximum storage appears to be small enough that the

water remains relatively fresh. When irrigation is not

needed the water is automatically pumped out daily and to

the sewer.

No other treatment other than filtering to enable use of

underground trickle system appears to be necessary.

The system works on the premise that no one would mind

running their own wash water or shower water directly on

their lawns, trees or shrubs. In effect the trickle

irrigation greywater reuse system allows the homeowner to

do that in a controlled non -offensive manner.

The suitability of greywater for irrigation is very

dependent on the type of detergent that is used primarily

in the family wash machine. Some detergents contain boron

and other harmful ingredients. Others however contain

phosphates that can be beneficial to plants. If the

greywater reuse system is combined with a water softener it

offers greater possibilities with regard to the type of
soap that can be used. For example with a water softener
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pure ivory soap can be used. The use of this biodegradable
soap avoids any possibility of harmful effects as compared
with using a detergent. With a water softener ivory soap
can compete very well as far as cleaning ability.

The water softener exchanges sodium for calcium and
magnesium. In very hard water with high clay soils this
exchange might significantly reduce the infiltration
capacity of the soil. It is doubtful that in soils
normally encountered in the Tucson area that the use of
softened water on vegetation would be harmful. Many homes
that are retrofitted with softeners have used softened
water for landscape irrigation for years with no ill

effects (Lindsay, 1984). If softened water proved to be a
problem the calcium and magnesium removed in the softening
process could periodically be used on the soil by

connecting the regenerating outlet of the water softener to
the greywater recycling tank.

For households that do not have water softeners ammonia
phosphate could be used as a water softener combined with
the use of ivory or a reduced amount of suitable detergent.
The author used this method for awhile prior to obtaining a
water softner. The ammonia phosphate /ivory soap method did
not get white clothes quite as bright as using a water
softener but it was satisfactory on colored clothes

SUMMARY

The greywater reuse system will provide many benefits
including monetary over the present methods of no onsite
use of greywater. It will reduce both water and energy
needs. Since landscape irrigation is the principal cause
of peak use of water the use of greywater recycling will
help "beat the peak ". It will also reduce costs of sewer
lines and wastewater treatment plants.

The Mayor of Tucson appeared on Television (Channel 9)
in May 1984 and was asked if he thought the "beat the peak"
program was successful. He replied that his grass was dead
and his trees were dying so the program must be working. A
drive around Tucson in May and June prior to the rainy
season revealed that the Mayor was not alone, many lawns
are dead and many trees was dying. The use of greywater
recycling systems as described in this report will allow
Tucsonians to "beat the peak ", and reduce water use at a
reasonable cost without having to let their grass and trees
die.
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LEGEND

1. Two Timers, Water Level Indicator Light and
Irrigation Option Switch.

Location is Inside of Filtered Water
Storage Tank).

2. Filtered Water Storage Tank (400)gal.) 10. Capped 8 inch PVC Pipe.
3. Overflow to Sewer. 11. Offpeak Solonoid Valve.
4. Greywater Receiver /Filter Tank (400 gal.). 12. Irrigation Solonoid Valve.
5. Shutoff Valves on Greywater Inflow Line. 13. Filtered Water Inlet Solonoid Valve.
6. P -Trap on Overflow to Sewer. 14. Fine Filter for Trickle Irrigation System.
7. Sand and Gravel Filter Media. 15. Pressure Reducer for Trickle System.
8. Submersible Pump. 16. Detail of Greywater Inflow Pipe and
9. Filtered Water Outlet Solonoid Valve (Actual Periferal Sewer Overflow Rim.

TRICKLE IRRIGATION GREYWATER REUSE SYSTEM (TRIGRS)



BI BLIOCHAHPY

Popkin, Barney P., Recycle Greywater For Home Irrigation,
Water and Wastes Engineering, September, 1979.

Lindsay, Dick, Lindsay Water Conditioning of Tucson,
Telephone conversation, May, 1984.

Cluff, C. B , High Capacity Greywater Recycle System, Water
Resources Research Center, College of Engineering,
University of Arizona, Tucson, June 6, 1984.

13


	wrrc_223_pg000a001_m
	wrrc_223_pg001_m
	wrrc_223_pg002_m
	wrrc_223_pg002a001_m
	wrrc_223_pg004_m
	wrrc_223_pg005_m
	wrrc_223_pg006_m
	wrrc_223_pg007_m
	wrrc_223_pg008_m
	wrrc_223_pg009_m
	wrrc_223_pg010_m
	wrrc_223_pg011_m
	wrrc_223_pg012_m
	wrrc_223_pg012a001_m
	wrrc_223_pg013_m

