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Why do you use drinking water to flush toilets?
Wouldn't the soapy water from bathtubs or laundries
do a better job? Why don’t you use household
wastewater with its organic nutrients to irrigate and
fertilize your garden? -

Why do you carefully collect rainwater only to dump
it into its own special sewer system, instead of using
it to recharge the water table under your houses?

Every dollarsworth of water you reuse on site repre-
sents two dollars saved: one for the water that
wasn’'t bought, and the other for the sewage that
didn’t have to be treated.

Components for building residential water reuse sys-
tems are readily available nowadays from swimming
pool supply houses, lawn sprinkler system installers,
and plumbing hardware stores.

Greywater reuse systems, rainwater cisterns, and
wells are cost effective in many parts of the country
today. Dozens of small scale water reuse systems
have been designed for easy installation in existing
homes. The simplest cost only a few dollars and can
be installed in an afternoon.

Report No. 46

Water is continually reused. Downstream com-
munities inevitably use water that was previously
used by communities upstream. Given a chance,
many different natural mechanisms can easily purify
this water between uses.

Garden soil is a superb natural purification medium.
Filtering greywater through about 4 feet of sandy
loam renders it quite safe to reenter the water table.
Gardeners and agricultural scientists have solved
the probtems of salt accumulation and alkalinity that
earlier plagued greywater recycling.

Energy costs are the fastest growing component in
your water bill. In California, more electricity is used
pumping water than anything else.

State and Federal legislation following recent
droughts now encourag2s experimentation with on-
site reuse systems, and even provides grants cover-
ing.up to 85 percent of the cost in some instances.

-

In the future it will not be necessary to build new
aqueducts and dams if Americans decide to reuse
the water they already have.

California Water Resources Centér, University of California, Davis, 95616

Hlustrations by Chet Wing




CONTENTS

Abstract . .« - .« & . v e e e e e e e e e e e e e e e iv
Acknowledgements . . . . . . . . . . . 000w v
1. Why Water Reuse? « « « « « « v ¢ v v v v ¢ v v v o s 1
2. History of Water Reuse . . . . . . . . . . . . . .. 33
3. Rainwater and Groundwater . . . . . . . . ... .. 95
4. Garden Uses . . . & ¢ ¢ v & 4 i i it e e e e e e 131
B, SYStemMS. « « « v v v et v e e e e e e e e e e e 253
5.1 Proprietary Systems . . . . . . . . . . . . .. 255
5.2 Operating Experimental Systems. . . . . . . . . 275
5.3 Home-Built Systems. . . . . . . . .« ¢« . . .. 309
5.4 Design Proposals. . « . . « « « « « o . .. 331
6. Components . . . . . . . & v . 0 L0 u e e e e e 359
6.1 Filters and Related Equipment . . . . . . . . . 361
6.2 Backflow Prevention Devices . . . . . . . . . . 389
6.3 Chlorinators. . . . . « ¢ « « ¢ « v v ¢ o o o 405
6.4 Controls . . . . . .. e e e e e e e e 427
6.5 Pumps . . . . . L 0 0l e e e e e e e e 443
6.6 Piping . . . . . . 4 0 i h e e e e e e e e 467
6.7 Tanks . . . . . 0 b e e e e e e e e e e e e 477
6.8 Miscelizneous Components . . . . . . « .« .+ . . 489
Appendix: Water Reuse Terms . . . . . . . . . . .« + . 497
Appendix: Residential Flow Rates . . . . . . . . . .. 499
Appendix: Index of Manufacturers . . . . . . . . . .. 501

Appendix: Annotated Bibliography . . . . . . . . . .. 509




This volume is a companion to
Residential Water Conservation
by the same author, published

by the California Water Resources
Center in 1977.

ABSTRACT

Greywater, rainwater, groundwater, and surface water are
sources cf 'free' water already available to every homeowner
on-site. This book explains the various ways to collect,
store, treat, and distribute this water, and gives examples
of how it has been successfully reused for toilet flushing,
landscape irrigation, washing, bathing, or drinking. For
many of these functions water can be reused directly with-
out treatment.

The argument in favor of water reuse is given along with a
brisf history of residential water reuse, how rainwater and
groundwater can be developed as an cn-site supply, the uses

of greywater for garden irrigation, various residential-scale
systems that have been designed for on-site reuse, and an
explanation of the components needed to build such systems.

The appendix contains a directory of manufacturers, a glossary
of specialized terms, units of measure, and an annotated bibli-
ography containing over 500 citations.

The conclusion of this study is that residential on-site
water reuse systems are already technically feasible and
environmentally sound, and are becoming more economically
attractive every day, due primarily to the rapidly increasing
cost of energy required for pumping and treatment by central-
ized water and sewage systems.

The objective of this book is to help homeowners, builders,
developers, architects, planners, and lawmakers understand

the design and installation of small on-site residential water
reuse systems.
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WHY BOTHER REUSING WATER?
RESIDENTIAL WATER REUSE PATTERNS
RESIDENTIAL RECYCLING

WHO SHOULD USE THIS BOOK

WHY WATER REUSE?

A11 water is recycled.

Water by itself is incorruptably pure. The problem, however,
is the company it keeps. Because water so willingly picks

up and transports almost anything, man uses it as a kind of
ever-flowing garbage collection system. This is the reason
we have come to distrust the purity of the water in our

lakes and rivers, especially if we suspect that there are
towns or farms upstream. The same apprehension carries over
into our attitudes about the water we use inside our own
homes. But all water once used is not necessarily contami-
nated for all further uses. In many cases it can be directly
used for less critical applications without any treatment.

In fact effluent from some residential fixtures picks up
materials valuable to subsequent uses such as soap or plant
nutrients. For example:

Why can’'t shower water be used to irrigate our gardens?
Why do we use pure drinking water to flush toilets?

Wouldn't soapy water from our bathtubs or laundries be
even better for toilet flushing?

Why don't we collect rainwater to use for bathing or
clothes washing?

Why don't we pump the groundwater from underneath our
houses for landscape irrigation or to use indoors?




WHY BOTHER REUSING WATER?

In days of virtually free and limitless supplies, there was
no reason to consider using water more than once. However
today, a new picture is rapidly developing:

Energy Costs: The price homeowners pay for water is pri-
marily effected by energy. The fastest growing cost item
is the cost of energy needed to pump water from one place
to another. In Southern California, for example, the
station which pumps water over the Tehachapi Mountains
consumes almost one-tenth as much energy as the entire
city of Los Angeles. Anything which permanently reduces
the amount of imported water will continuously pay off in
energy savings.

0i1 Shortages: Some experts believe that within ten years
energy shortages will force the institution of strict
water conservation programs in some parts of the nation.
Individual on-site water collection and reuse systems
require virtually no energy input and therefore present

a more reliable and cost-effective alternative for the
future.

Environmental Impact: Voters and lawmakers are becoming
so sensitive to environmental concerns that it is almost
impossible to create "new" water by damming wild rivers
or diverting water from one natural drainage basin to

Much of the material in Chapter 1 is another. They claim that huge interstate and international
excerpted from Residential Water water redistribution systems are unnecessary until all the
Conservation, published by the author possibilities for local water conservation and reuse have
in 1976. been exhausted.




Enormous amounts of energy are used
to bring water into our cities. For
example, the station that pumps water
into Los Angeles County from the San
Joaquin Valley used:

1975: 1,582,460,000 kwh

1976: 1,395,490,000 kwh

1977: 364,010,000 kwh
{(drought)

Compare this with the fact that in
1977 the entire city of Los Angeles
consumed:
Industrial: 3,968,844,000 kwh
Residential: 4,612,413,000 kwh
Other: 8,525,915,000 kwh
Total: 17,107,172,000 kwh
(DWR 1978, DWP 1978)

Difficulty of Developing New Water: Everywhere in the
countrry the most easily exploited water sources have
a2lready been developed, so tapping each new source will
be progressively more costly and complicated than the
last one. Many consumers suspect that utility companies
tend to overestimate future demand in order to justify
continued growth. But even if demand does increase,
developing reuse systems eliminates the need to develop
new water supplies.

Utility System Growth Limits: In recent years the growth
in the demand for water in our cities and towns is creep-
ing dangerously close to the limits of local water com-
panies' pumping, piping, and storage systems. New houses
are hooking up to existing mains at the rate of between
two and three million a year. If demand grows unchecked,
major critical expenditures will be required to enlarge
these existing water supply systems. However, a much
more economical way to meet this growth may be to vreduce
per--apita demand by developing methods of water reuse.

Utility Company Management: Ideally a carefully managed
phase-in of residential recycling systems could bring

about reductions in demand which exactly balance increases
in demand created by new customers hooking up to the system,
thus eliminating the need either for rate increases to
cover lost revenue, or for capital expenditures to expand
the supply system.

Sewage Treatment Costs: To reduce property taxes, a num-
ber of municipalities now bill the homeowners directly for
sewage treatment as a percentage of the amount of water
they use, therefore it is doubly clear that on-site water
reuse will reduce the cost of both these services.

Septic System Overloads: Homeowners with individual on-
site sewage treatment systems can often postpone extensive




The energy from 15 barrels of oil

is needed to transport one million
gallons of water from the Sacramento
River to Los Angeles (New West 1977),
therefore everyone who cuts their
residential consumption in half by
reusing greywater is saving the equi-
valent of about 1/2 gallon of oil per
week.

replacement costs by simply reducing the amount of sewage
produced in their homes by reusing greywater at least once
before it enters the tank, or by diverting it to on-site
irrigation.

Consumer Convenience: Convenience is stil11 the primary
motivation for consumer behavior, and so the most success-
ful residential water recycling systems now in the market-
place make it just as convenient to reuse water as to let
it flow down the drain irto the sewer.

Consumer Economic Behavior: Homeowners inevitably make
many non-cost-effective decisions, sometimes as a matter
of principlie and other times simply to satisfy preference.
For instance, homeowners do not make cost-effectiveness
calculations when deciding to buy Jacuzzi hot tubs, back-
yard swimming pools or exotic landscaping, and the same

is true when they buy bottled water. This is why new
recycling systems are attractive to many homeowners.

Drought Protection: Millions of Americans have recently
suffered great inconvenience and financial loss due to
drought. By and large we were caught unprepared because

we relied unequivocably upon sources which were never
supposed to dry up. From practical experience, many

people have now learned that water collection and recycling
offers protection for their life-style and their property
when other systems fail.

Self Sufficiency: The idea that many homeowners long to
be free from manipulation by big business and dependence
on big government perhaps accounts for some of the current
appeal of on-site recycling systems, which give a certain
measure of independence in at least one of the necessities
of life.
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A survey in 1976 showed that 92% of
people surveyed in Orange County,
California supported the use of re-
claimed water for irrigating green-
belts (Lee 1978).

Cultural Attitudes About Water Recycling: Recent surveys
have shown that as people learn more about water recycling
their attitudes towards it change. We are willing to
adopt techniques that have been tested and proven, and

our illogical fears about "used" water are diminishing.

Recycling is Ecologically Efficient: Greywater recycling
returns water to the underground water table, naturally
purifying it and replenishing our water supplies while
conserving energy. Recycling ultimately means that fewer
dams are needed, helping to preserve our wilderness.

Recycling is Beneficial to Plants: Recycling water means
there is more available for irrigation. Greywater can be
more beneficial to plant growth than freshwater because
it contains many of the nutrients found in fertilizer.
Not only can more plants be grown than would be otherwisc
feasible, but some of these plants will grow better.

Wastewater Reclamation Precedents: In many parts of the
country it is now economically feasible to use treated
wastewater for irrigating cropland, golf courses, free-
way landscaping, groundwater recharge, and for water
sports facilities. In the future, water reclamation and
reuse will 1ikely be one of the fastest growing methods
of meeting increased municipal demand. The precedent
established by these large-scale recycling projects will
encourage homeowners to try their own small-scale systems.

New Commercially Available Products: For the first time
new components designed specifically for water recycling
are being marketed at prices that are competitive with
traditional plumbingware. Most of these devices are in-
tended for new construction, although there is a huge un-
tapped market for retro-fitting existing dwellings. If
water and energy costs continue to rise, even the more
expensive components will become cost-effective.




WHEREAS...Over 2.5 mi1lion residents
of the State of Caiifornia are pre-
sently serviced by individual on-site
wastewater disposal systems...the
cost of conventional wastewater col-
lection and treatment facilities is
prohibitive for a number of unsewered
communities...conventional systems
may be more energy intensive than
low-cost, Tow-technology alternatives
...THEREFORE BE IT RESOLVED that the
State Water Resources Control Board
does hereby announce its support and
encouragement to greatly increase
effort and emphasis on the use of
alternative wastewater disposal
systems...: RESOLUTION NO. 78-10.

Future Technology: The homeowner will soon be able to
enjoy spinoffs from the new water recycling and treatment
systems that have been developed and tested in space-

craft and other new transport vehicles. Government agencies
are researching many alternative systems and this will re-
sult in more new designs and new products.

Housing Construction Moratoriums: In some parts of the
country water and sewer hookup embargos have halted con-
struction projects and have convinced many home-builders
and developers that it is in their best interest to re-
think the way their new buildings use water. Water re-
cycling gives the developer more freedom of choice in
site selection because it lessens the dependency of his
project on the existing utility grid. It also gives the
home-builder a certain amount of standing with public
decision-making agencies because it is tangible evidence
of his commitment to lessen the adverse impact of his
project on the community.

Local Government Encouragement: When confrcnted with the
likelihood of shortfalls in future water sueply, some

local governments are encouraging individual homeowners

to build on-site collection and recycling systems because
the other alternatives are politically much Tess attractive:
rate surcharges, penalties for excessive use, connection
prohibitions, building permit moratoriums or rationing
plans.

State Government Action: Many states have created specific
agencies to develop plans for alternative technologies
applicable to homeowners. For example, California's Office
of Appropriate Technology has been charged with analyzing
the cost-effectiveness and reliability of various on-site
wastewater management and water reuse systems.




Federal Grants: Individual privately owned residential
on-site wastewater systems are now eligible for EPA grants
under recent amendments to the Federal Clean Water Act

(PL 92-500). Current grants cover such things as grey-
water treatment systems, innovative water supply sources,
waterless toilets, and alternatives to septic tanks.



Indoor Use
OQutdoor Use
On-Site Recycling

RESIDENTIAL WATER USAGE PATTERNS

Residential water usage can be broken down into two cate-
gories: indoor (drinking, laundry, bathing, toilets, etc.)
and outdoor (irrigation, car washing, pools, etc.). The
amount of water used indoors is fairly constant throughout
the nation, but outdoor usage shows great variability, pri-
marily influenced by the local climate.

In order to establish a base 1ine for use in this report the
data from a great many different studies were compiled and
summarized into a picture of "average" residential consump-
tion (see Flow Chart). There probably is no household in the
country that exactly matches these figures, but the overall
pattern is good enough for our purposes here; it allows us

to compare the relative effectiveness of various approaches
to water recycling. For example, there is a good reason why
most of the research and development in this area has focused
on designing toilets which use recycled water and on outdoor
uses, especially irrigation. The flow chart shows that as a
rough rule of thumb toilets use half of all indoor water,
while outdoor water represents about half of all residential
consumption, and so toilets plus irrigation account for about
two thirds of all consumption.

Admittedly the consumption figures used in this report are
somewhat arbitrary, but they are all somewhere near the
middle of the many different values reported in the litera-
ture. For instance the Federal Housing Administration's 1965
Minimum Property Standards suggests that 100 gallons per
capita per day (gpcpd) should be used in designing a typical

8
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residential unit. The differences between communities can

be staggering. For instance consumption on the Northern
California coast averages 153 gpcpd while in the arid scuth-
eastern part of the state it averages 410 gpcpd (California
Department of Water Resources 1968). But actual residential
consumption figures change from cne year to the next and

from one season to the next. The most dramatic changes
occurred as a result of legislation passed during California's
recent drought. In Marin County, California, consumption
dropped from 170 to 148 gpcpd as a result of a resolution in
1975 urging voluntary water conservation, but two years later
manditory rationing brought consumption down to about 50

gpcpd.

Indoor Use

In this report we will use 70 gallons as the typical amount
of water used daily by each person indoors. Approximately
45 percent (32 gpcpd) is used to flush toilets, each flush
requiring 3.5 to 8 gallons of water for toilets in general
use (5.25 gallons is the national average flush). Bathing
and other personal uses account for about 30 percent of the
indoor total (21 gpcpd), but more than half of this amount
is used in showers which may easily consume 30 gallons of
water for each occurrence. About two gallons of this is used
for brushing teeth, Laundry and dishwashing use amounts to
20 percent of the domestic total. Finaily, 5 percent of the
indoor water (about 3 gpcpd) is consumed by drinking and
cooking. But even this last value is far above the minimum
of 2 quarts needed daily for human consumption (Milne 1965).

A1l of these residential water consumption figures will begin
to show significant changes in the near future as a result of
legislation inspired by the recent drought and by the impact
of energy cost increases. For instance, the average amount

10




of water used in toilets will drop steadily in the future
because of a recent California law limiting all new toilets
to 3.5 gallons per flush. Reduced flow shower nheads and
faucets may soon be mandated by the California Energy Com-
mission. Any homeowner considering water recycling should
first study the opportunities for residential water conser-
vation (Milne ]976?.

Outdoor Use

It is much more difficult to establish an accurate value for
outdoor use. These activities are extremely unpredictable
and show great differences from one consumer to the next:
lawn watering, landscape irrigation, car washing, swimming
pool evaporation, and even hosing off paved areas. For this
reason we have settled on 70 gpcpd as an average figure,
which means that outdoor and indoor consumption are approxi-
mately equal. But there are tremendous variations in the
value for outdoor use reported in the literature. Western
residential living units use over twice as much water per
capita for sprinkling lawns and gardens as do comparable
Eastern units (Linaweaver 1966). In fact, one New Hampshire
study found that in two out of three representative towns,
less than 10 percent of the households watered their lawns
at all (Andrews 1970). Two Los Angeles area studies, on

the other hand, indicate that on an annual basis roughly

50 percent of the water consumed daily per capita, or about
70 gpcpd, was used outdoors (California Department of Water
Resources 1965 and 1966). In a study of sprinkling use in
41 communities across the country, Linaweaver found average
summer use was 2.49 times greater than average annual use.
In the face of all these different figures, about all we can
reliably conclude is that outdoor use represents a very big
proportion, more often than not, annually accounting for at
least half of total consumption (Milne 1976).

1
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On-Site Recycling

Even a simple water reuse system will have significant impact
on the water supply and sewage systems. For example assume
that toilets are flushed with bath water that is filtered

and stored in a holding tank, along with some additional make-
up water. Assume also that all Taundry water is used directly
for landscape irrigation. Such a cascaded recycling system is
not technically complicated and in fact a number of similar
systems are already in operation (see Systems chapter). Using
the same average figures of residential water consumption, the
net result is a 25 percent reduction in water consumption and
a 52 percent reduction in load on the sewer system.

0f course, systems with almost any amount of reuse could be
designed. For example, a total reuse system can be constructed
from readily available components. As in the previous example
bath water plus laundry water can be filtered into a holding
tank and used for toilet flushing. Any overflow from the tank,
plus kitchen sink wastes, and toilet blackwater all end up in
the septic tank. The leach field can be designed to irrigate
deep rooted plants. Some of the additional water needed for
outdoor uses can provide the necessary surface irrigation.
Total household consumption is reduced 50 percent even if all
of this water is supplied from the municipal system. However,
if collected rainwater or pumped groundwater is available,

then in effect 100 percent of residential needs are supplied

by on-site sources. The result is a totally self sufficient
house, completely disconnected from the water supply and

sewage system utility grids.

Many other recycling systems have been designed, some much
more or less complicated than others, but in all cases draw-
ing a simple flow diagram will help the homeowner clearly
see the effect of each different component.

13
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Greywater vs. Blackwater

What is Done with Greywater Now?

Cascading

Greywater Reuse without Treatment

Grey~vater Recycling with Primary
Treatment

Blackwater Recycling

Rainwater

Groundwater

How Recycling Effects Municipal
Sewerage Systems

0ff-Site Treatment of Recycled Water
Designing a Residential System

RESIDENTIAL RECYCLING

On-site recycling systems save at both ends of the system.
Thus, in a sense a penny recycled is two pennies earned (if
the mixed metaphor can be forgiven). For example, if house-
hold use is 1000 gallons, and if 250 gallons is recycled
(i.e., using shower water to flush toilets) then fresh water
supply is reduced 250 gallons ard sewage water output is also
reduced 250 gallons. The money the homeowner saves due to
reduced supply is direct and immediate, but he will probably
not realize any savings due to the reduced sewage load. This
is because many communities still pay sewage treatment costs
as part of property taxes. However, in California, recent
revisions in municipal funding forced by proposition 13 have
convinced San Francisco, Beverly Hills, and other communities
to bill for sewage treatment in proportion to water consump-
tion. This is good news for people with on-site recycling
systems.

Greywater vs. Blackwater

How the water is recycled within a home depends on whether
blackwater or greywater is being recycled and on where the
recycled water is used. Greywater can be defined as all the
wastewater generated within a home except toilet wastewater.
Blackwater is any wastewater that is contaminated by the
effluent from tcilets. During the construction of a resi-
dential plumbing system, it would be fairly simple to separately
collect blackwater and greywater. This would allow for the
subsequent reuse of the greywater.

15




Greywater has a relatively low biological oxygen demand (BOD)
and carries almost no harmful organisms (Hypes 1974). It
comes from the shower, bathtub, clothes washer, dishwasher
or kitchen sink. The amount of treatment that greywater
requires depends on how the water is to be reused, but in any
case it will not need to be as extensive as that required for
blackwater.

Wastewater from the kitchen sink is usually excluded from
greywater collection systems because it contains grease and
other organic matter, as well as soap, detergents, cleaning
agents, and dirt. Of all this material, grease usually pre-
sents the greatest problems for on-site recycling systems
because when it cools it can clog pipes, filters, etc. If

the sink contains a garbage grinder the contaminant Toading

is much worse. Therefore, the simplest solution is to connect
the kitchen drain to the blackwater line. Greywater from the
bathtub, shower, and Taundry will also contain soap, detergents,
and other cleaning agents, as well as dirt, oil, hair, blood,
and other biological contaminants, but in such low concentra-
tions that clogging is not a problem. If diapers are to be
washed in the laundry machine, its effluent should be treated
like blackwater.

What is Done with Greywater Now?

In conventional residential plumbing systems no distinction
is made between blackwater and greywater, and in fact both
are mixed together which means that the total must be classi-
fied and treated as blackwater.

Three different levels of sewage treatment are used by cities

in the United States. These are commonly referred to as
primary, secondary, and tertiary treatment processes.
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Primary treatment physically removes large organic and in-
organic solids and smaller suspended or dissolved solids

from the sewage. This is generally accomplished by straining,
settling, and filtration. Gratings and screens remove the
largest waterborne objects from the incoming sewage. Settling
removes smaller solids by letting the heavy particles sink and
light particles float while the sewage is held quiescent in a
settling tank. Finally the remaining tiny suspended solids
are removed by mechanical filtration usually through large
sand beds. This effluent from primary treatment is by no
means sanitary or safe for human contact, but most cities in
the United States still only have primary treatment plants.

Secondary treatment is a biological process that is designed

to reduce the biological oxygen demand (BOD) in the sewage.
This is accomplished by aerobic or anaerobic processes. In

an aerobic process, air is pumped through the sewage where
oxygen breathing microorganisms thrive by feeding on the
bacteria in the sewage. In an anaerobic process, the sewage
remains in a sealed tank without air and microorganisms that
grow in this condition attack and kill the bacteria. Anaerobic
digestion produces methane gas and the possibility of recovering
methane is a potential added benefit. Most large cities have
or are in the process of building secondary treatment plants.
The Federal Water Pollution Control Act of 1972 required that
by 1977 all publicly owned treatment plants provide secondary
treatment (McCarthy 1974). However, because of funding limit-
ations this deadline has not been met successfully.

Tertiary treatment is a chemical process which is designed

to remove phosphates, nitrates, organics, and other materials.
Tertiary treatment is a relatively new process and some experts
still consider it experimental. Many different methods of
tertiary treatment are being develcped. Water that has gone
through tertiary treatment is technically safe for human use.
However, to date municipal sanitation and health departments
have been reluctant to approve the direct human consumption

of the water from tertiarily treated sewage.
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The Clean Water Act (PL 92-500)
emphasizes waste management alterna-
tives thav are cost-effective and
which reuse and recycle wastes; in
many instances land application has
been found to meet these recommenda-
tions better than any other waste-
water treatment method (Loehr 1979).

Cascading

The most cost effective way to recycle water within the home
is to eliminate or minimize the need for treatment between
uses. This can be done by "cascading" the water in a sequence
of uses which require progressively less sanitary conditions.
For instance water from a shower might be reused in a washing
machine, then finally in a toilet. Another way to minimize
the need to treat recycled water is to reuse it in the same
appliance. This method has long been used by washing machines
with "suds savers", and in effect swimming pool filters do the
same thing.

Greywater Reuse without Treatment

Greywater can be reused directly without treatment for irri-
gation (see Systems chapter). An added value is that the
phosphate in some laundry detergents acts as a plant nutrient.
Recently however, the phosphate content in most commercially
available laundry detergents has been reduced because it was
contributing to the eutrophication of our nations waterways.
This means of course, that the homeowner must now be more
careful to use only those cleaning products that are biode-
gradable and are beneficial to vegetation (see Garden Uses
chapter).

Another possibility is to collect and store the water that
was used in such functions as laundry and personal bathing,
and to reuse it directly for flushing toilets. However,
since this water has a grey tint and slight "laundiry" odor,
wide public acceptance may require.that it be made more
aesthetically attractive, possibly by using one of the widely
advertised blue colored deodorizing products in the toilet
tank.
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0f course the soap and detergent contained in some greywater
could be considered beneficial to toilet flushing.

Greywater Recycling With Primary Treatment

Greywater that is reused in the toilet should not contain
organic solids or food particles from the garbage disposal
or kitchen sink. This problem is most easily eliminated by
rot connecting garbage disposals and kitchen sinks to the
greywater recycling system, but if they are connected, the
organic solids and food particles can be removed by any one
of a number of different filters (see Components chapter).
Hair, soap and dirt from personal bathing and clothes wash-
ing can most easily be separated and removed from greywater
with a simple plastic strainer on the drainpipe, but the
homeowner can also use more sophisticated settling or filtra-
tion processes. Once the greywater has been treated to this
Tevel, it might be used for any of a variety of functions,
such as lawn sprinkling, car washing or toilet flushing.

In fact, settling will automatically occur in any greywater
recycling system which contains a holding or storage tank,
especially if the tank is designed to minimize turbulence.

Blackwater Recycling

Blackwater is so highly polluted and dangerous that it must

be extensively treated before it can be reused for any purpose.
Presently the only commercially available technology which

can safely treat and reuse blackwater totally within a single
family home are the self-contained recirculating toilets
(described in the Systems chapter). On the other hand a home
with a septic tank and leach field under the Tawn or garden
has, in effect, its own on-site blackwater treatment system.

19




By the time the effluent from a septic system has filtered
through a few feet of dry ground it is safe to enter the
underground water table (Warshall 1979).

Thus, treated blackwater is indirectly being reused on-site
for groundwater recharge and deep subsoil irrigation (see
Garden Uses chapter). If the water table is not too deep,
groundwater can be pumped back up for surface irrigation or
even for indoor uses.

Over one quarter of the homes in the United States have no
sewer system available (Bennett 1975). The last census

showed that more than 6 percent of the homes in America still
do not have indoor toilets. Even today in densely settled
cities such as Los Angeles, residential sewage is being safely
treated and disposed of in individual on-site septic tanks

and leach fields. In all types of on-site disposal, water
safely reenters the hydrologic cycle by evaporating or by
filtering down through the soil into the water table.

Soil, in fact, is a superb natural purification medium, with
a whole variety of methods for cleansing different pollutants
from water (see chapter on Garden Uses). The chief worry of
health officials is that pollutants may somehow find their
way into groundwater or rivers before these various natural
processes have had sufficient time to act. But if a resi-
dential septic system or on-site reuse system is well designed
and maintained environmental pollution need not occur. Local
codes are usually very specific about the required distance
between a well and a sewer Tine or septic tank leach field.
Usually it is about 50 feet. In addition some codes require
that the well head be "uphill" from the leach field, although
paradoxically the bottom of the leach field will inevitably
be "uphill" from the point below ground where the v.ell enters
the water table. A more relevant concern is the direction
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The Safe Drinking Water Act (PL
93-523) requires protection of the
groundwater as future source of
drinking water. However, what this
implies for the installation of septic
systems or for the direct land appli-
cation of greywater has been inter-
preted differently be each state
(Loehr 1979).

in which groundwater migrates, although admittedly it often
parallels surface topography.

Rainwater

Rain is clean pure water delivered on-site free of charge.
Millions of acre-feet of water cascade off our impermeable
city roofs and roads only to be drained away into its own
special sewer system. Our technology has bypassed the
ancient art of catching it for individual use. In times of
drought, however, when giant water systems fail, all possible
resources are put to use. In droughts in Great Britain in
1976, and in California in 1978, people began catching rain
in buckets and barrels, off patios, and roofs. Every few
gallons collected was a plant saved or a toilet flushed.
Individual on-site rain collection and storage systems are
often more efficient than large-scale man-made systems
because they use less energy and probably lose less of the
water through evaporation and leakage.

Rainfall runoff can be filtered, and then stored in tanks or
cisterns. Rainwater systems can be easily retrofitted to
existing structures. In fact, most homes already come equipped
with some of the essentiai components. Rainwater is usually
of higher quality than greywater and so requires virtually
no treatment. It can be used for every task including irri-
gation, bathing, toilet flushing, and even human consumption.
While rainwater systems are somewhat less reljable than
greywater recycling systems (supplies are more irregular),
they can be less expensive and yield more. Clearly, a rain-
water collection system can complement a greywater system.

Groundwater

Pumping groundwater is seldom thought of as on-site recycling,
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but if the homeowner is recharging the aquifer beneath the
house with collected rainwater or with septic tank effluent,
then it qualifies. Homeowners can tap water froam the ground
just as easily as from the sky. In fact groundwater -ources
provice a large percentage of all municipal water.

Unfortunately, using groundwater sources is often no: oracti-
cal, because it is too difficult to reach or legal ri nhts

to it have long since been transferred to others. Bu: for
those who see no choice but to pay dearly for trucked-in
water, developing a well may prove the best alternative. If
the water table is within easy reach of the surface, well
development is an excellent means of providing outdoor needs,
and even indoor uses. This option is often cverlooked. Many
people might feel well-development is too complicated. techni-
cal, or time-consuming, but in many cases it is easily within
the capabilities of the homeowner. Depending upon the depth
of the aquifer, developing a well may be simply a matter of
driving a pipe and well-point a few dozen feet into the ground,
or it may involve hiring a professional to find water if it

is several hundred feet deep. With minimal guidance, the
homeowner can find the appropriate well development method.

How Recycling Effects Municipal Sewage Systems

A major consequence of recycling water within a home is

that the sewage leaving the home will have a higher concen-
tration of pollutants in it. Initially it might appear that
this would create problems for the municipal sewage treatment
plant, especially if a large portion of the homes in the city
began to recycle water. However, the exact opposite is the
case. By decreasing the sewage output of the homes, the per
capita costs of treating sewage for the city would be reduced.
This is because treatment costs are proportional to the vol-
ume of effluent created, not the amount of pollutants removed.
it also appears that with reduced flow the design 1ife of the
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2200 acre-ft. of reclaimed water will
soon be used to 1rrigate landscaping
on the University of California cam-
pus at Irvine at an annual saving of
over $160,000 (Lee 1978).

treatment plant would be lengthened (Cole 1975). The only
potential problems are that if there is an extreme reduction,
flow rates in the sewer network might be too slow to maintain
solids transport or scouring, or possibly that gasses might
build up because of retention in the system. But it is ex-
tremely unlikely that the total amount of effluent could be
cut back to the point where either of these situations would
occur (Konen 1975).

0ff-Site Treatment of Recycled Water

Although the focus of this report is on small scale residential
systems in which water is reused on-site, it should be mentioned
that the reuse of wastewater which is treated off-site and
returned to the residence offers some very attractive alterna-
tives.

There are more different types of innovative wastewater recla-
mation projects in California than anywhere else in the world
(see Garden Uses chapter). Among the uses to which reclaimed
water is put, are recreational boating by a Santee water district,
pasture irrigation by Las Virgines Water District, groundwater
recharge by Water Factory Number One, and university campus
irrigation by the Irvine Ranch Water District. Reclaimed munici-
pal sewage is also used for fire fighting, industrial cleaning,
air conditioning cooling towers, freeway landscape irrigation

and golf course irrigation. Treated sewage has been recycled
directly into municipal drinking water systems in Chanute,
Kansas, Ottumwa, Iowa, and Windhoek, South Africa (Wilkinson
1975). In 25 years Denver plans to get a quarter of its fresh
water from purified wastewater, and similar projects are planned
in other U.S. cities as well as in Israel, South Africa, and
Britain (Drummond 1974, Wilkinson 1975).

The biggest problem with reclaiming water is getting rid of it.
During the dry season it is easy; everyone is happy to use up
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Municipal sewage can be reclaimed
so that it is high in nitrogen and
phosphorous which has a fertilizer
value of $30 per acre-ft. (Lee
1978).

cheap irrigation water. But the demand dries up as soon as
the rainy season arrives. This means either that reservoirs
have to be built or that some other way must be found to

use up reclaimed water during the wet season. A related
problem is the distributicn system required, essentially a
second water supply piping network. Laying such a system
could be extremely expensive unless, as the Irvine Ranch
requires, reclaimed water lines are installed along with
potable water lines in 2ll newly developed areas.

Dual water supply systems are already operating in cities

as widely separated as Hanna, Alberta, and St. Petersburg,
Florida. Because about half of all residential consumption
is used outdoors, primarily for irrigation, and half of the
indoor consumption is used in toilets, a dual system provid-
ing recycled water for just these two functions could repre-
sent a 75 percent reduction in potable water consumption.

In systems primarily intended for lawn sprinkling, the waste-
water treatment process can be designed to keep the nutrients
in the effluent for fertilization (Lee 1978).

The growing number of these large-scale off-site examples

only serves to demonstrate that the technical and economic
problems can all be overcome. By comparison small-scale on-
site reuse has the obvious advantage of eliminating the piping
systems and energy costs of moving effluent back and forth to
a remote treatment plant. This report will focus on the other
half of this issue: the design of small scale systems which
optimize the interaction between the type of on-site use

and the type of treatment required, if any.

Designing a Residential System

The potential to recycle water within single family dwellings
is greatest in homes yet to be constructed. The infrastructure
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One of the first and most extensive
studies of residential water reuse
was published in 1969 by Bailey.

It includes a detailed analysis of
water quality requirements for health,
aesthetics, and engineering suit-
ability.

required to recycle water, such as a separate drainage
system for greywater and blackwater, is very costly to
retrofit. However, if installed when the home was being
built, the difference in cost between a conventional system
and a recycling system would be minimal, and undoubtedly
will eventually be offset by savings on water bills.

0f course from the hardware point of view the simplest
systems are those which cascade, or reuse greywater directly
without treatment. This reduces the need for filters, pumps,
and holding tanks, and usually eliminates the requirement
for biological or chemical treatment.

Today most of the components needed to build simple recycling
systems using greywater, rainwater, and groundwater are
available from swimming pool supply houses, the local hard-
ware store, or even Sears catalog (see Components chapter).
However, in the future as these systems become more numerous,
specially designed recycling devices will appear. For instarnce,
if a new type of non-clogging ballcock valve can be developed
it will eliminate the need to filter bathing and washing water
for reuse in toilets. An even better approach would be to
eliminate the need for the toilet tank altogether along with
all of its mechanisms. Clearly there is some dupiication of
function between the toilet tank and the holding tanks in the
recycling system and so it is reasonable to expect that soon

a clever inventor will devise a less redundant system combin-
ing these two functions.

Once water has been used in a residential fixture or appliance,
it is no longer under pressure, therefore all systems must
incorporate either a mechanical pump or a drop in elevation.

If the system uses settling tanks, grease traps, or other
elements with minimal pressure losses, changes in elevation
alone may provide enough pressure to move water through the
system. However in some situations this may prove too
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awkward, for instance requiring the bathtub and shower to
be on the second floor and the toilets on the first floor.
If the system contains a filter, the pressure losses may
be so great that a pump will be required. In such cases
it is usually simpler and easier to install a pump down-
stream from the storage tanks. In fact similar pumps are
already built into commercially available washing machines
and dishwashers. Remember that even though the on-site
system may use an electric pump, recycling water still con-
sumes much less energy than using new water which must be
pumped in over vast distances.
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WHO SHOULD USE THIS BOOK

Residential greywater recycling and rainwater collection
systems are not practical for everyone.

Residents of areas susceptible to water shortages due to
drought and inadequate local water supply systems, and resi-
dents of less densely populated suburban and rural areas
where utility services are expensive or needs are too great,
will find the systems discussed in this handbook especially
practical. Those people who live in communities where costly
new water or sewage systems are being proposed will also be
interested in some of the new alternatives now available.

This book is designed for the layperson who has some experience
in home maintenance. Professional help may be necessary for
some systems, especially where changes in plumbing are required,
and for which most municipalities require permits (with subse-
quent inspections). Please notice that some of the alterna-
tives described in the Systems chapter have been designed and
built entirely by laypersons who were depending primarily on
imagination and common sense.

Urban dwellers who already enjoy reliable water supply and
sewage services will probably find the capital costs prohibi-
tive and legal restrictions insurmountable. Thisis not to say,
however, that city dwellers should be unconcerned with these
topics, because more and more people find themselves dependent
on uncertain water supplies and inadequate disposal systems.

Politicians, utility managers, architects, planners, and other
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professionals will also find that this book is a useful
tool toc help change present water use patterns.

The do-it-yourselfer will find this topic a rich field to
plumb (sic). While Tittle of the technaloay presented is
new, it is not widely applied in the context of water collec-
tion and reuse. Today there are few commercial enterprises
which can provide the beginning-to-end guidance required.

A1l of the compcnents discussed in this book have been selected
on the basis of their jow cost, minimal maintenance, ready
availability, and applicability for residential use. Most

of the components can be found in hardware stores, swimming
pool supply stores, and mail-order firms, or may be ordered
directly from the suppliers listed in the Appendix. Many of
the systems can be easily retrofitted to existing structures.
Much of the manual labor involved in the construction of these
projects can usually be performed by the homeowner. In cases
where more than the usual expertise is required, specific
recommendations are made for additional reading or professional
help. Some of the smaller systems can be installed in a few
hours, and many can be completed within one or two weekends.
Maintenance will be easier if the construction ailows for

easy access to components. Most systems will require about
the same maintenance as an ordinary swimming pool.
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An Environmental Protection Agency
survey showed that wastewater was
already being recycled at 358 sites
in the U.S., mostly for irrigation
and industrial processes (Wilkinson
1975, Scimridt 1975).

THE FUTURE

Rural homes have always casually reused a great deal of their
domestic water, sometimes by the simple expedient of connect-
ing a garden hose to the shower and bathtub drains. But it
has only been in the last 10 years that serious design pro-
posals have been made by environmentalists, ecologists, and
advocates of "low impact technology" for on-site domestic
reuse systems (see Systems chapter). One could conclude that
the reason for this slow start was that back-yard engineers
found the costs prohibitive, plumbing manufacturers do not
see a potential market, and governmental research funding

agencies had other priorities.

Now however, the trend towa n-site residential recycling
systems is blossoming. How g will last will probably
be determined more by public attitude and economics than by
the availably technology. In fact all the basic components
are now readily available in hardware stores and swimming
pool supply houses. The problems of irrigating the garden
with domestic wastewater are also now becoming fairly well
understood.

rd on-sit
Tong i
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The primary objective of this report is to convince the
reader that all these technical aspects of the problem have
essentially already been solved. The second objective is to
change public attitudes about the feasibility of on-site
recycling. Presumably the best way to do this is to reveal
the long and fascinating history of water recycling, and to
describe the many successful systems already in operation.
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A recent California law prohibits
the use of potable water by a public
agency for irrigating parks, ceme-
teries, golfcourses, and highway
landscaping when reclaimed water

is available at a suitable quality
and reasonable cost (Lee 1978).

However, two other issues are in such flux that they can be
only indirectly discussed in this report. The first is the
problem of dealing with building and health departments,

where the primary variable seems to be the attitude of the
individual inspector. The large number of water reuse systems
already in operation implies that almost any inspector has
enough discretionary power to authorize the installation of
any reasonably intelligent system. Clearly every year more
and more legislation is being passed tc encourage such inno-
vative environmentally responsible systems.

The last issue, which is undoubtedly the most difficult to
deal with, is the economic feasibility of these systems.
During the period when this report was being written there
were unbelievably rapid increases in the cost of water,
sewage treatment, hardware, and of course energy. It is

this latter factor which will most certainly have the greatest
impact on the economics of on-site recycling. The reader
should take very seriously the slogan "saving water saves
energy", and this report will try to show that every increase
in the cost of energy makes new on-site recycling systems
increasingly cost-effective, and of course accelerates the
return on investment of already operating systems.
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USING WATER MORE THAN ONCE

HISTORY OF WASTE COLLECTION AND
REUSE

HISTORY OF WATER SUPPLY AND STORAGE
BATHING

RECYCLING TOILETS

THE COST OF WATER

CULTURAL ATTITUDES ABOUT WATER
REUSE

HISTORY OF WATER REUSE

Water has been recycled throughout human history. People
who live near rivers inevitably use the river for both
water supply and sewage disposal, and so the downstream
communities end up using at least some of the water that
was previously used by communities upstream (Milne 1976).

For a long time this was a safe practice because the rivers
were capable of diluting and naturally treating the sewage.
However, as population densities along rivers increased

the rivers could no longer handle the increasing amounts

of raw sewage and became poliuted. The average river water
today contains an average of 2.4 percent waste from upstream
communities, and in some cases as high as 18.5 percent
(Stevens 1974). To remedy this situation, the downstream
communities treated their water prior to using it. This
still did not solve the pollution problem because they
continued to dump untreated raw sewage into the rivers at
amounts greater than the rivers could assimilate. Recently
state and federal legislation was passed that required ali
communities to at least partiaiiy treat their sewage before
it is dumped into a river,

Per Capita Domestic Consumption

The amount of water used for domestic purposes for most of
history has been limited to what could be carried by hand.

33




It 1s estimated that before there was piped-in water in

the cities, the amount of water consumed each day by one
person for all purposes was only 3 gallons. In the mid
19th century when cities such as Boston and Philadelphia
had installed piped-in water service, the consumption in
these two cities was between 40 and 60 gallons per capita
per day (Goldstein). Today, indoor consumption alone aver-
ages about 70 gallons per capita per day.

Once pecpie could get water by simpiy turning a tap, they

got used to the idea very quickly, abandoning other forms

of supply and increasing their usage accordingly. At first,
running water was a novelty and people would turn it on

just to watch it flow. But soon they accepted it and expected
it. In the late 1800's, Philadelphians consumed 54 gallons,
New Yorkers 60, the residents of Boston 73, Chicago 102,

and Washington, D.C. 143; on the average considerably more

than in Europe (Shadwell 1899).

e pnr.

In ancient Rome, because water was piped into the homes
of the wealthy and the abundant water flowed into public
fountains, water consumption reached 38 gallons per capita
per day. The Roman's penchant for copious ccnsumption
appears to have carried over intothe last century. While
other Europeans were getting along on as Tittle as 13
gallons in Berlin and 11 in Amsterdam, Rome's per capita
gonsgmption had soared to 160 gallons per day (Shadweli
899).
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USING WATER MORE THAN ONCE

Historically, when people needed water they found ways of
getting more rather than using less. They have only rarely
resorted to what seems to be an obvious strategy, reusing
it.

However, the Romans, those assiduous procurers of water,
actually did recycle some of their seemingly abundant
supply. They channeled water from the public baths and
industrial establishments to be reused for flushing the
public latrines.

Before piped-in water, the poor, who had to carry buckets
of water themselves, frequently used water over and over
until it was quite dirty. Bath water was most often reused
for laundering clothes. Then the water was drained out and
reused for several more loads. Finally, this wash water
might even be reused again to give the wash-house a good
scrubbing, and then eventually end up irrigating the garden.

In the technologically advanced cities of the 20th century
there have been only a few instances of water reuse. An
automatic slop-toilet, patented in England in 1913, used
waste water from the kitchen sink for flushing. Many are
still in use today (Milne 1976).
The Missions of Early California
Water Filters Early 20th century washing maciiines automated the reuse of
Soil Applications of Greywater wash water. Suds-saver models required a 20 gallon laundry
Relating Water Quality to its Use tub with a drain next to the washer. The soapy wash water
Dual Systems, Dual Quality from the first wash cycle was pumped into the tub, then after
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the first load was rinsed and removed, 17 gallons of this
used wash water was pumped back into the washer for the

next load. Three gallons were left to retain sediment

from the first wash, and fresh hot water replaced it. Thus,
17 gallons of hot water was saved from every wash load. Un-
fortunately more "modern" washing machines no longer offer
this option, perhaps because of the disappearance of laundry
tubs from the American home.

Other countries have developed more complex recycling systems.
For example, a hotel in Sri Lanka, a very water-conscious
island, has been recycling greywater for years. Water from
the guest bathtubs and showers is collected in a huge cistern
in the cellar. This greywater is then used for water-cooled
air conditioning and for landscape jrrigation around the

hotel (Warshall 1977). Similar systems exist in Japanese
hotels.

The Missions of Early California

Each mission originated near an ample source of fresh water.
But as they grew, population demands increased to the point
where careful water conservation and reuse was necessary.
At La Purisma Mission, north of Santa Barbara, an ingenious
system of cascaded reuse is still visible as a series of
elegant cisterns connected by carefully hewn trenches
stepping down a gentle slope from a fresh water spring.

The mission's drinking water was drawn from the first high
sided cistern. The stone trough carried the overflow into
the second cistern, a low,large-diameter cylinder with a
wide flat rim sloping toward the center, undoubtedly for
washing clothes. Next, the water flowed under a fence

into a cool deep tank for watering the stock. Finally, the
stone trench divided the overflow into an irrigation network
for a formally laid out garden of ornamentals and citrus
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AN 867 COMEZTIC WATER FILTER

trees. A1l along the way paths were carefully designed
with shaded benches where one imagines enjoying the moist
breeze and pleasant water sounds on a summer evening.

Water Filters

Because water is rarely pure, over the years people who
chose to drink it had to find a way to purify it. 1In
ancient times this was done by merely exposing water to

the sun and air, but more frequently by filtering it through
sand, a method still used today. Water was also filtered
through tufa, a porous limestone, and wool. The kings of
Persia, who may have felt that filtering was not safe enough
for them, had their water boiled and served in silver pitchers
(Carr 1971). It was also common to purify water by adding
wine to it. It may be that as the water quality declined,
more wine was needed for purification until it completely
displaced the water. There were probably few who complained
about the transition.

In England in the 18th and 19th centuries, when water from
wells and springs became so polluted that drinking it was
dangerous, water filters became familiar household appli-
ances. They were advertised to be effective in removing
organic and saline impurities and minute animal matter

from water. Charcoal was the common filtering medium but
silicated carbon was also used. Filters could be home-made
from leaky buckets with burnt wood from the fireplace serving
as the filtering medium,

The filters were designed to satisfy aesthetic as well as
practical needs. One company made a filter of cream colored
stoneware for the kitchen and another of marbled china which
was considered "chaste and eiegant in appearance, and well
suited for the dining room" (Hartley 1964).

37




The water that comes from our taps has gone through many
processes of filtration. It has also been chlorinated,
aerated, and sometimes flouridated. Unlike the English-
man whose water filter was a regular fixture in his house,
we take it all for granted.

Soil Applications of Greywater

For centuries we have relied on, rivers and oceans as the
primary medium for diluting and ‘purifying human wastes.

As long as there was plenty of water, concentrations of
population (hence, concentrations of pollutants) were

smail, and the amount of time before the next use was ade-
quate, this arrangement was satisfactory. We could rely

on the natural purification capabilities of surface waters

to assimilate and reduce our wastes to stable, safe compounds.

But it has been adequately demonstrated throughout history
that the assimilative capacity of water is limited. In
instances where the pollutant concentration exceeded thesg
limits there have often been serious consequences in the
public health, or in destroying usefulness of the receiving
water for other productive purposes. Even when the assimi-
lative demands on receiving water is substantially reduced
by pretreatment in conventional treatment processes, the
quality of receiving water may still be degraded to the
point where it is not suitable for many public uses.

HATISEN

N

\
\ A}

An alternative to the disposal of waste water into water
bodies, one which is becoming more comm?n in thlﬁ coun§r¥i
: is disposal on land. This technique relies on the assimila-
THE DINING RooM WATER FILTER tive properties of soil organisms as a treatment process
MADE OF MARDLED CHINA for producing a high quality effluent which can be allowed
to reenter the natural water supply.
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On a municipal scale operation, land disposal is used as

an advanced, or tertiary, treatment for waste water which
has been treated in a conventional process to at least
secondary treatment quality. Application to the land has
taken a variety of forms including flooding, spraying, and
subsurface injection through dry-wells or leach fields. In
most cases the water is used to irrigate plants of various
kinds, either for food, forage, fiber, lumber, or ornamental
purposes. The plants play an integral role in the purifi-
cation of the waste water.

In the Tast half of the 19th century, major cities in Europe,
notably Berlin, London, and Paris, operated large "sewage
farms" as the principal means of treating waste water. The
effluent from primary treatment where the solids settled out
was stored in reservyirs and used to irrigate a variety of
crops, including fruit and food crops, which could be sold

in the city. Water passing through the soil was collected
by a subsurface drainage tile field and channeled back to
the river from whence it originated (Stevens 1974).

In the United States the use of land for sewage disposal
and irrigation of crops has not been widely acknowledged,
but it is not totally unknown. As we look back to the late
1800's there are a number of cities and public institutions
that used waste water or raw sewage for crop irrigation
(Stevens 1974). The 1880 Census reported that 103 of 222
cities queried applied their wastes to the land to grow
crops. This practice was most common in the New England
and Middle Atlantic states (Goldstein 1977). With the
advent of conventional waste water treatment early in this
century, the use of land disposal techniques declined.

This was not because the new techniques were necessarily
more effective, rather it was simply easier to get the
wastes "out-of-sight, out-of-mind," and thus reduce the
managenent burden of taking responsibility for one's own
wastes.
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Relating Water Quality to its Use

Ho0 is water, pure water, nothing added. Howevar, we
rarely get it that way. Water travels over the earth
in rivers, picking up particulate matter; it travels
through the grcund collecting minerals, and through the
air, absorbing whatever chemicals have found their way
into the atmosphere.

Some water is clean and some is dirty. Some of it smells
and some of it doesn't. Some of it tastes good and some
of it doesn't. And some just isn't safe to drink at all.

Some people have learned to 1ive with this uneven quality
of water and some have not. The wise (or lucky) ones can
be quite specific about what water is to be used for what
purposes to give the best results.

In England, 19th century household books specified that
ale was to be made with well water, washing done with
rainwater, and many cooking recipes insisted on freshly
drawn spring water. Even after water was piped in, the
big pitchers on the bedroom washstands were filled with
tap water, but the crystal water bottles, with their
drinking glass covers, were filled with "fresh" water
that was brought in from a spring or well.

Rainwater was considered best for shaving, and no woman
washed her hair or her face with anything else but "soft"
rainwater. In Victorian hotels, shaving water jugs con-
taining rainwater were delivered to the rooms separately
from the usual hot water can.

Reusing greywater is another way of relating the quality

of water to its use. It doesn't make sense to use expensive

drinking quality water to flush toilets, unless of course
you believe we have an unlimited supply of pure water,

40

T




An isolated group of Indians in
northern Mexico exists without any
water suppiy at all. Their only
beverage is fermented cactus juice,
which also contains a rich supply
of vitamin C. The Indians repor-
tedly live both a healthy and a
very happy life (Davis).

&

Dual Systems, Dual Quality :g

The Roman aqueducts delivered water of various quaiities
from different sources. Some of it was considered "sweet"
and was used for drinking. Other water was dirty and un-
drinkable and was used to supply mills and for sewer flush-
ing. Paris, like Vienna and Munich, built a drinking water
system that came entirely from springs, but water for in-
dustry and public services was supplied from the Siene and
the Ourcq canal (Carr 1968).

In the 19th century, as cities and towns grew rapidly,
water supplies became contaminated. The division between
drinking water and washing water, that in the country had
been only a matter of convenience and taste, became a ne-
cessity (Hartley 1964). Before water was piped in, houses
were designed with two separate hand pumps, one for well
water and one for rainwater.

Even tcday, separate faucets are still used in England

where old water supplies are not considered safe for drink-
ing. In the United States there are many dual water systems.
For instance, in St. Petersburg, Florida, there are two lines
to each house. Because the groundwater has an unpleasant
smell it is used only for irrigating lawns and a second more
expensive supply is used for drinking.

This may sound too complex, but in fact dual water systems
currently exist in a great many homes all over the country.
In addition to piped-in tap water, there is a supply of
bottled water brought in by water carriers, a tacit acknow-
ledgement that all water is not equal.
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SECTION THROUSH MEDIEVAL FRIVY

HISTORY OF WASTE COLLECTION AND REUSE

Whenever people have clustered together to form a community,
there has been a need to do something with their collective
wastes. People have coped with this problem in various ways
throughout history. Few cities have had sewage disposal
systems. However, all waste did not necessarily end up in
the streets and gutters. There have been times throughout
history when human waste was considered too valuable a com-
modity to be wasted.

Waste recycling is an urban problem. Before people gathered
together in dense settlements, human wastes did not accumulate
in such concentrations that they could not be naturally ab-
sorbed and reused. Today each person in America produces
about 70 gallons of sewage, or about 15 billion gallons per
day nationwide.

Ancient Times

In the Indus capital of Mohenjo-Daro before 1700 B.C., there
were buildings with brick toilet seats overhanging running
water in internal conduits. This six hundred acre city
which was Tocated in what is now Pakistan, had brick-1ined
drainage channels throughout its streets. Although they
may have been used primarily as storm sewers, these drains
also formed an extensive waste collection system (Mumford
1961, Dales 1978).
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"Thou shalt have a place also
without the camp, wither thou
shalt go forth abroad; and thou
shalt have a paddle upon thy
weapon and it shall be, when
thou wilt ease thyself abroad,
thou shalt dig therewith and
shalt turn back and cover that
which cometh from thee."
(Deuteronomy 23: 12-13)

On the island of Crete, around 1500 B.C., the Palace of
Minos at Knossos had a more advanced waste system. Latrines
inside the palace had seats built over a stone channel.

This emptied into the main drainage channel which was
ventilated by air shafts, and had large manholes which
allowed easy access for cleaning. The main drain was also
connected to drainage shafts from the roof, the central
court, and a light well, collecting rainwater and using

it to flush the system.

However, the enlightened city of Athens was, from the stand-
point of hvgiene, a deplorably backward municipaiity.
Sanitary facilities that existed at Knossos hardly existed
in fifth century Athens. Refuse, which included human
excrement, accumulated at the city's outskirts. This was

in spite of the fact that the early Greeks showed a great
interest in curing disease and promoting good health.
Hippocrates, the great physician who 1ived from 460 to

375 B.C., wrote a famous treatise entitled "Air, Water,

and Places," which laid down the outlines of public hygiene
in relation to the choice of sites and the planning of cities.
In his writings Hippocrates recommended orienting buildings
to avoid the summer sun and to catch the cooling winds.

He stressed the necessity of obtaining pure water. Yet

the medical school at Cos, where he studied and taught, Teft
no text on public sanitation and no references to the proper
disposal of human waste (Mumford 1961).

Roman Sewers

The original Roman sewer, begun in the sixth century B.C.,
was a ditch dug to drain the swampy land between the seven
hills. It ran along an existing stream and had a stone

Tined channel to carry off storm waters. Over several
generations this drain was continually enlarged and improved,
eventually being covered over with a stone barrel vault.
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The Roman sewers reportedly enjgyed
the protection of Cloacina, their
own private goddess (Goodman 1977).

This became the great Cloaca Maxima, the main sewer of Rome,
which was large enough to row a boat through (DeCamp 1963).

The existing remnants of the Roman sewer system might
suggest that the Romans took their wastes out of the city
as grandly as they brought their water in. However, as
impressive as the system was, and as solidly as the drains
were constructed, the Romans did not utilize them to the
fullest. This was partly because public health requirements
were not understood and because compulsory sanitation would
have been considered an invasion of the rights of the indi-
vidual (Metcalf & Eddy 1972).

The sewers of Rome were essentially built as storm drains,
with the removal of waste as a secondary function. The
sewers did collect excreta from the public latrines and
insulae (apartment houses) which stood directly along their
routes. The insulae usually had latrines on the ground
floor only. The majority of Romans Tived in upper stories
or in buildings away from the sewer 1ines, none of which
had sewer connections. Wastes were either carried to public
cesspools or, in apartment houses, deposited in covered
cisterns at the bottom of stairwells. The contents of the
cesspools and cisterns were periodically removed by manure
merchants who acquired the right to empty them and sell the
contents as fertilizer (Carcopino 1941?.

Residents of the insulae could pay to use the public toilets
during the day, but excrement accumulating during the night
or produced by those too old or sick to use the public
facilities, was sometimes i1legally dumped out the window.
An unlucky passeiby who became the target of the contents
of a chamber pot could try to collect damages. First, tne
culprit had to be found and then the case taken before a
judge. If a free man was injured by anything thrown from

a window he would be awarded medical fees and wages for
time lost working duc to injuries. Damages considered
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appropriate to the injury would have to be paid by the
guilty party. No damages we-e awarded for scars or dis-
figurement; the value of a man's body was thought to be
beyond price. What happened to an injured slave is not
known but he was probably not considered priceless.

The Middle Ages

The removal of household wastes was mainly a function of
private enterprise during the middie ages, as it had been
in Roman times. Farmers who lived near a city or town
collected or bought the wastes that accumulated in cess-
pools and used it as manure, transporting it in "night-
soil" carts to their nearby farms. In Holland barges
carried it through the canals to the fields.

Urine continurd to be used in the dyeing process in England.
Whether clioth was woven at home or by the village weaver,
dyeing it was a household task. Before wool was dyed the
housewife soaked it in a mixture of potash and ammonia,
called ley, an archaic form of the word lye. Urine pro-
vided the ammonia, and the resulting home brew was called
chamber iey, or piss-pot ley. Many privies had a separate
hole that opened into a tub instead of the cesspool so
that urine could be collected. Urine was a common source
of ammonia until the 1870's when it was commercially manu-
factured and sold in more convenient containers {Hartley

1964).
Urine was also a valued waste Sewage systems were practically unknown during the Middle
product and was collected in Ages. Sanitary conditions inside the cities were deplorable.
special jars. Ammonium chloride, Waste was disposed of in the streets and open sewers. In
which was used in both metalwarking some places water carts filled with carbolic acid went
and cloth dyeing, was made by heat- around to wash down the gutters and then lime was thrown
ing a mixture of salt and urine. down on the whole mess.
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DRAIN FROM MEDIEVAL PRIVY TO MOAT

Water poliution has been a problem for a long time. Many
people dumped waste into rivers and streams which became
fouled by all sorts of filth including dead animals. In
1388 the English parliament passed an act that forbade
the throwing of filth and garbage into ditches. rivers,
and waters (Mumford 1961).

In the Norman castles of England, privies were built inside
the castle, always next to an outside wall. The location
was good for ventilation and also allowed the sewage to
fali down a vertical stone shaft and then through an open-
ing in the wall. It either landed on the ground outside
the castle, or into a moat if there was one (Quennell 1961).
Brave knights who swam moats to rescue fair damsels were
a courageous lot indeed.

The Renaissance

The fifteenth century did not bring much improvement in
sanitary conditions. Sienna, which had no drains, stank
at all times of the day. Some towns were so dirty that
"whatever filth is made during the night is placed in the
morning before men's eyes to be trodden under foot...it
is impossible to imagine anything fouler" (Mumford 1961).

Paris had open ditches that were intended for storm drain-
age only. But, although it was against the law, people
dumped household wastes into them as well. Since Paris
seldom received a downpour heavy enough to flush out the
ditches, its aroma must have equaled that of Sienna.

The first public sewage treatment plant was built in the
city of Bunzlau in the Polish province of Silesia, in
1543 (Mumford 1961). But it did not have much impact on
the rest of Western civilization, and there was little
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Today, cities in many parts of the
world still have no sewers. For
example, in Nepal, open gutters in
back streets are crowded in the
morning with school children side
by side with bureaucrats in suit
and tie, briefcases carefully if
incongruously set off to the side.
The absence of privacy here is
startling to Western eyes.

progress in waste remova21 for several centuries.

In genera?!, instead of improving the technology for removing
waste, cities tried to solve the problem of the increasing
volume by legislation, By the sixteenth century, special
provisions for sanitary control and decency had become wide-
spread. An ordinance was passed in London which stated

that "no man shall bury any dung...within the liberties

of the city...nor carry any ordure till after nine o'clock
at night" (Mumford 1961). But since there was little else
to do with one's rubbish, it was commonly thrown into the
streets, despite laws forbidding that means of disposal.

Londcn Sewers

Eighteenth century London had no sewer system. Privies
were usually in the garden in the back of the house,
placed over a cesspool. When the cesspoci needed cleaning
the buckets often had to be carried through the house
(Quennell 1961).

In 1802 a sewer system was built in the Strand section
of London, probably running into the Fleet or Thames
River. Additional sewers were built, but they were
originally constructed as storm drains. Human excreta
were excluded from London sewers until 1815.

Building Materials from Waste
In 1872 a proposal was made to turn sewage into cement.
It was estimated that 10,000 persons, eating average meals,

could produce a ton of cement a day. The process, as
described in a science magazine, consisted of:
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Less sophisticated methods of using
wastes as building materials are
sti1l used in India, where cow dung
is packed around the outside of
houses to provide the inhabitants
with a warm, if not fragrant, environ-
ment. In northern Canada cow manure
was used in a similar manner. It
was banked against the foundations
of farm houses as insulation against
the bitter winters.

", ..mixing with the sewage quantities of lime ard
clay; the former combining with the carbonic acid

of the fecal matters forms carbonate of lime, which
is precipitated. The 1ime and clay are thrown into
the main drains high up, to ensure complete incorpor-
ation and to destroy the slimy glutinous character
of the 'sludge'...the success of the process depends
on the fact that the precipitated matter supplies,

to a considerable extent, the fuel necessary for the
burning operation."

"After the water is drawn off from the settling tanks
it is dried on tiles, and the heated gas that passes
below the tiles is obtained from the refuse of organic
matter deposited below the precipitate. The quantity
of carbon is small but the hydrogen given off gives
intense heat" (Hartley 1964).

The Far East

In China and Japan night soil has been used for centuries

to fertilize the fields. Carts made regular rounds through
the cities emptying the cesspools and taking the contents

to outlying farms. In 1911, China, Korea,and Japan applied
182 million tons of human wastes to the soil. Recent visitors
to mainland China report that this custom still continues
(Goldstein).

The Japanese used creativity in their pursuit of fine,
fresh fertilizer. In the nineteenth century farmers pro-
vided roadside privies for travelers, hoping to be repaid
with an abundant supply of manure. Competition developed,
and each farmer tried to outdo the other by building the
most attractive accommodations.




At the same time, in Hiroshima, 1iving in a crowded tene-
ment had its advantages. The more people that occupied a
room the cheaper the rent, because the more waste the
landlord accumulated for sale, the less he had to charge
to make a profit. If it was economically advantageous
then, it is worth considering why today human excrement
has no monetary value whatsoever, let alone as a discern-
able percentage of real estate profits.

Septic Tanks

One of the most important inventions in the hiztory of
water recycling was the modern septic tank, first developed
in 1896 by a Scotsman named Donal Cameron. Essentially

it is a dark sealed chamber where powerful anaerobic (non-
air breathing) bacteria can attack and break down pathogens
in domestic blackwater. The effluent from the tank is still
septic (i.e., infected), but subsequently is easily purified
by exposure to the aerobic bacteria in porous soil, and so
after leaching or seeping through at least 4 feet of earth
it is safe to reenter the water table (Milne 1976). It
uses no energy and very little maintenance, only a pumping
every few years.

Today about a quarter of all homes in the nation safely
use septic systems and many of these homes are in some of
our most heavily populated cities. In recognition of the
benefits of this type of system, California has passed
legislation setting up special assessment districts to
maintain private on-site sewage treatment (septic) systems.

Progress in Design

There was 1ittle progress in the design and construction
of wastewater systems from Roman times until the 1840's.
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One individual who did something
about garbage on a large scale was
Benjamin Franklin. Although he did
not build a sewer system, he did
come up with a scheme for solving
Philadelphia's refuse problem. By
1792 the city had grown to 70,000
and the garbage had grown propor-
tionately. His solution was to
have garbage hauled to the Delaware
River, downstream from the city.
Slaves then hefted a load of garbage,
waded out into the water and de-
posited the city's refuse into the
swift river. This is an idea for

which Franklin is not well remembered.

In 1842 Hamburg, Germany was partly destroyed by fire.
For the first time, a complete new wastewater system was
designed according to the latest theories, taking into
account topographic conditions and recognizing community
needs. The fundamental principles used in the design of
the Hamburg system are still in use today.

American Sewers

Not much is known about early wastewater systems in the
United States. They were often constructed by individuals

or by small communities at their own expense and with little

or no public supervision.

As in other countries, there was a tendency to construct
early sewers that were much larger than required. One of
the oldest is in Brooklyn. It drained less than 20 acres
but was four feet high and five feet wide. These sewers
were often poorly designed and there was frequent accumu-
lation of solids which decomposed in the 1ines creating
offensive odors. In some cases the drains sloped in the
wrong direction.

As in England, the first American sewers were built only
as storm drains. Cesspools were used to collect human
excreta. Modern septic tanks were unknown then. As

the cities grew larger, the cesspccls became incapable of
hand1ing the increased volume of wastes. The situation
became serious in the densely populated slums and health
problems increased.

In the nineteenth century the water closet was perfected
and its use was spurred by the coincidental spread of piped-
in water systems. The new water systems also increased
water usage which in turn increased the burden on the
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Recently enacted legislation means
that although there are still about
750,000 dogs depositing their daily
droppings on the sidewalks of New
York, presumably there are now an
equal number of humans picking up
the droppings and disposing of them
sonieplace else.

already overloaded cesspools. The two together, along
with the heightened need for improved sanitation, led

to the adoption of water carriage sewer systems. First,
storm drain systems were pressed into service to carry
away the toilet effluents. Then separate wastewater
systems were built.

But of course it meant that the volume of sewage was in-
creased many times because of being diluted with water.

No one seemed to have seriously considered treating the
waste on site without water, rendering it harmless through
chemical or organic methods. The choice was made instead,
to flush excrement away in a river of water which then
created pollution problems wherever it finally reappeared --
oceans, lakes, or rivers.

However, most of us have little complaint about our waste-
water removal. A flush of the toilet, a quick grinding

in the garbage disposal, and away it goes. There are,
however, a couple of instances of throwbacks to medieval
times. For example, any pedestrian walking the streets
has to carefully make his way around excrement, although
now from dogs, not humans. Despite our elaborate sewage
systems, feces are still being carried away in garbage
trucks, bypassing the sewers. The dog wastes from the
streets, along with the contents of cat boxes and human
wastes in disposable diapers, are being thrown in the
garbage. In the interest of good sanitation, disposable
diapers were originally designed to be flushed down the
toilet. One brand was called Flush-a-Byes, but the name
was changed when it was found that they did not flush-a-
bye, but ciogged-a-lot. Users are now instructed to sepa-
rate the soiled portion from the plastic backing, but most
mothers toss the whole mess into the garbage pail instead.
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Human Waste Recycling in America

The U.S. Census of 1880 revealed that 103 out of 222 cities
applied their wastes to the land as fertilizer. Eleven of
the cities had adopted the "odorless evacuator," a vacuum
pump powered by hand or by steam whicih destroyed objection-
abtle §ases while removing the contents of a cesspool (Gold-
stein).

In some cities the wastes were first mixed with earth and
other materials, and this mixture was applied to the land.
New York, Baltimore, Cieveland and other cities sold their
wastes to processing plants where it was made into ferti-
lizer which was marketed under the trade name of "Pouderette".
Ads boasting of its ability to fmprove such crops as corn,
potatoes, and tobacco appeared in farm journals as early

as 1839.

Brooklyn supplied 20,000 cubic feet of wastes to farms

and gardens outside the city. At the same time, in Phila-
delphia, there were 20 companies using odorless evacuators
to remove 22,000 tons of human wastes to be used in nearby
farms.

Baltimore did not have a sewage system until 1912 (Goldstein).
Up until that year the contents of 70,000 cesspools and
privy vaults were collected and sold to a contractor for
25 cents per 200 gallon load. The contractor shipped the
wastes by barge to a depot 10 miles from the city and sold
them to Virginia and Maryland farmers who purchased over

12 million gallons of wastes from Baltimore each year.
These same farmers produced food for the city of Baltimore;
the cycle was thus complete.
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The manure merchant plied his

trade well into this century.

In a recent movie, "Quackser
Fortune has a Cousin in the Bronx,"
the hero made his living by folliow-
ing the horse driven delivery
wagons of Dublin, shoveling up
their droppings and selling them
to the residents for their gar-
dens. His career came to an abrupt
end when the horses were replaced
by modern trucks.

Human Waste Recycling in the Twentieth Century

Although the manure merchant may be a thing of the past,
wastes are still in demand. Today in Southern California,
300 tons of sludge are recycled every day. The Los Angeles
County Sanitation District, which is made up of 71 commun-
ities not including the city of Los Angeles, processes

385 million gallons of sewage each day. The sludge is
composted by the sanitation district and sold to a private
company which screens and bags it. The composted sludge

is sold to home gardeners under the brand name of Nitro
Humus. This marriage of private enterprise and public
utility saves the county about $3.2 million per year, which
is the estimated cost of hauling away the sludge. The City
of Los Angeles, on the other hand, pipes its sludge out to
sea.

Garbage played an important role in a Los Angeles mayorality
campaign. Up until the early 1960's, Los Angeles residents
were required to put their paper, cans, and bottles in one
garbage can, and their food scraps in another. This made
it possible for the sanitation department to sell the food
scraps to hog farmers. The citizens were unhappy about
segregating their garbage, and Sam Yorty, a candidate for
mayor, made it a campaign issue. He promised that if he
was elected he would put an end to the practice. He won
the race and in 1963 an ordinance was passed that allowed
Angelenos to dump all their garbage into one can. Sam
Yorty was happy, the citizens were happy, but no one polled
the hogs.

Buildings Designed for Waste Reuse

Thomas Jefferson did more than build an elegant Palladian
jewel sitting atop his mountain. His attention to detail
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at Monticello included the necessities of life as well
as the esthetics. There were outdoor privies for fair
weather, which had views overlooking the valley below.
There were also indoor privies on each floor. These
emptied into vertical zinc-lined shafts which led down
to a subterranean tunnel where the refuse emptied inte
zinc-lined carts. These carts sat on tracks so they
could be rolled out of the tunnel and emptied each morning.
The shafts had separate air vents to the roof. He also
collected rainwater for washing and used well water for
drinking (Fitch 1961).

Buckminster Fuller's Dymaxion house of 1928 was designed

to use little water. He designed a recirculating atomizer
spray shower which used one quart of water. The toilets,
which required no water at all, consisted of a splasnless
hermetic and waterproof system which mechanically packed,
stored, and cartoned wastes for eventual pickup for processing
and reuse by chemical industries {Marks 1950).

Sewage Farms

Ideas about how to deal with municipal sewage seem to

go through cycles. In London before the early 1800's
cesspools and seepage pits were the only option for domestic
sewage. But, unlike a modern septic system, they allowed
raw untreated effluent which eventually contaminated the
city's wells. After 50,000 people died in the cholera
epidemic of 1848-49 Londoners began to believe Sir Edwin
Chadwick who urged that domestic wastes be diluted and
flushed down the storm sewer system.

But 20 years later Baldwin Latham was urging that sewage

no longer be dumped into England's rivers; instead he
advocated land disposal which he said would "swell the

54




wealth of the nation" (Stevens 1974).

By the end of the 19th century, sewage from many European
towns was piped to nearby farms where it was used for
irrigation and fertilization. 1In a book subtitled "How
Soil and Plants can Solve our Water Crisis", Leonard
Stevens describes numerous examples of the successful
on-site reuse of domestic wastes in Berlin, Paris, and
London. He describes the first U.S. experiment in land
treatment bequr in 1872 at Augusta, Maine, and the first
municipal farm built nine years later to serve the model
town of Pullman, I1linois.

But by the early 20th century many U.S. rivers and streams
were carrying raw municipal sewage in increasing degrees

of dilution to the point where in 1939 the Department of
Agriculture published a bulletin entitled "Sewage Irri-
gation as Practiced in the Western States" in which they
discussed the use of such stream water and sewage irrigation.

By the mid 50's the treated effluent from dozens of cities
was irrigating cropland in many parts of the country.

Among the more impressive were Fresno's 1,200 acre farm

and Lubbock's 4,200 acres. Stevens also describes the
27,000 acre cattle and sheep ranch that for the last 70
years has been turning all the municipal wastes of Melborne,
Australia into cash.

Industrial Sewage Recycling

By the middle of the 20th century some of the most impres-
sive systems for reusing wastewater to irrigate crops were
operated not by municipalities but by private industry,
often canneries or paper plants. The Green Giant plant
spray irrigated 100 acres of asparagus in Ohio. Union
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Paper Corp. spray irrigated 150 acres of corn, peanuts,
and woodlands in Virginia. Stevens reports that Seabrook
Farms Co. irrigates 180 acres of woodlands with overhead
spray rigs in what is apparently one of the most studied
irrigation projects in history. In Paris, Texas, Campbell
Soups purifies plant effluent by trickling it across 500
acres of gently sloping terraces planted in reed canary
grass, and in Maryland they treat chicken processing plant
wastes on an 80 acre plot which functions as an unofficial
wild1ife sanctuary.

The Building of Golden Gate Park

In 1858 the city of San Francisco purchased 1,000 acres

of windswept sand dunes for an urban park. Now it is one
of the most famous examples of how the land application

of sewage can produce rich soil and abundant plants.
Initially horse manure from the city streets was trans-
ported to the site in a special troiley car. Later a
sewer line that ran through the park was tapped and raw
sewage was used for irrigation. In 1932 a chlorination
plant was built and 6 years later a nearby sewage treatment
plant began supplying dried sewage as a soil conditioner.
Stevens describes similar irrigation and soil conditioning
projects in Las Vegas, Nevada and Gainsville, Florida.

In 1920 the city of Milwaukee began selling 50 1b. bags

of dried sludge as a soil conditioner. Today the dried

sludge from dozens of municipal sewage treatment plants is
marketed under an imaginative list of tradenames: Milorganite
(Milwaukee), Nu-Earth (Chicago), Philorganic {Philadelphia),
and Nitrohumus (Los Angeles). In liquid form it was dispensed
from tank trucks under the name of Hydig (London, England)

and Orcon (West Chester, Pennsylvania).
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Municipal waste water has also been successfully reused

to reclaim strip mines, worn out agricultural land, sterile
urban soil, and refuse dump sites (Goldstein 1977). In
another example sludge was applied to a sterile dump of
grinding and polishing wastes from a glass factory, and in
less than 3 months it was covered with dense vegetation
(Stevens 1974).

Reclamation vs. Direct Reuse

One of the basic assumptions of modern society was that
technology, not nature, must solve the ‘sewage problem'.
Essentially this means that all sewers are supposed to lead
to sewage treatment plants, the effluent from which must be
safe to reenter surface watercourses.

The opposite view is that natural processes (i.e., sewage
farms, septic tanks, etc.) can treat sewage wastes and produce
an effluent that is safe to reenter below ground watercourses.

Reclaimed or renovated waste water produced by tertiary
treatment is a very good quality effluent that is safe for
human contact. The major criticism of the high technology
approach is that it is energy intensive and wastes poten-
tially valuable nutrient material.

Reclaimed water that is used for irrigation is paradoxically
less valuable than untreated waste water.

Although the land disposal of untreated waste water on

forest and crop lands is thousands of years old, the public
still regards use of the much safer reclaimed water as an
untested innovation that may threaten their health. However,
within the last 10 years there has been a flurry of demon-
strations and proposals advocating the merits of this approach
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Treated effluent can have signifi-
cant economic value, as was shown
in California where all the capital
costs of the Whittier Narrows Re-
clamation Plant have been paid off
by the sale of water for irrigation
and for groundwater recharge.

(Hartigan 1975). For example, at Walt Disney World in
Florida the effluent from a 1,000,000 gallon tertiary treat-
ment plant is used to sprinkle a 100 acre experimental farm
which is actually functioning as a huge "livirg filter". A
University of Florida research team is evalua-ing the perfor-
mance of this experimenta! municipal waste wa-er recycling
system.

Recreational Uses of Reclaimed Waste Water

In the late 1950's the Southern California town of Santee
began an ingenious waste water reciamation project that 10
years later would result in three new beautifully landscaped
lakes, a new golf course, and two municipal swimming pools,
all supplied by pure safe water that earlier had been effluent
from the municipal sewage plant. Percolation through shallow

ravel in a dry river bed, purification time in the lagoens

lakes), plus a 1ittle chlorination was all that was needed
to meet state swimming water standards (Stevens 1974). About
the same time an equally successful project at South Lake
Tahoe created a beautiful new man-made lake.

In Southern California the famous Whittier Narrows system

percolates reclaimed sewage effluent into the groundwater
table, from which it is pumped for swimming and drinking.

Drinking Reclaimed Sewage

The two classic historical examples of direct reuse are
Chanute, Kansas and Windhoek, South Africa.

For five months in 1956, Chanute existed on a completely

closed recycling system. In the midst of a record drought
the river dried up leaving only a pool behind the local dam.
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To survive they simply redirected the outfall from their
sewage treatment plant into the reservoir. Water drawn from
the reservoir was treated to meet state health requirements
(Stevens 1974). To make up for permanent shortages Windhoek
uses a tertiary treatment process to treat a portion of its
sewage well enough so that it can be mixed with the drinking
water supply.
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HISTORY OF WATER SUPPLY AND STORAGE

Man's first response to his need for water was to settle
near a river or spring where it was immediately available.
But the earliest known method for obtaining water away
from these primary sources was by digging wells or by

catching and storing rainwater.

Both wells and cisterns allowed the reuse of what would
otherwise be lost waste water. Once it has filtered

down through at least 4 feet of well aerated soil, domestic
waste water could be purified enough to safely enter the
groundwater table.

Wells

The first wells were crude shallow cavities scooped out
of the ground in damp places. But as tools became more
sophisticated, wells could be dug deeper.

There are remains of wells in Egypt that were used when
the pyramids were constructed. References are made to
important wells in ancient Greece and there are remains
in Assyria, Persia, and India. Probably the deepest
ancient wells were dug by the Chinese who could go down
5,000 feet.

Joseph's Well at Cairo exhibits a high degree of skill,
having been excavated out of solid rock to a depth of 297

60




feet. Water was raised in two stages by buckets on end-
less chains. The lower level was operated by mules in

a chamber at the bottom of the upper shaft which was reached
by a spiral path winding around the well (Turneaure 1940).

Ancient Water Supply Systems

Eventua]]y more advanced means were 1nvented for obtaining

and stor lng water. The inhabitants of nesapmam‘ua, tcylmllng
in isolated villages, began to build local networks of irri-
gation ditches and canals as early as 9000 B.C. This manage-
ment of water made survival of the community possible in the

face of an irregular water supply.

In the eighth century B.C., an irrigation system called a
qanat was deve]oped in Armenia and Iran. A qanat is a slop-
ing tunnel leading from an underground water source in a
hill, through the hill, and f1na11y surfacing in the flat
land at the bottom. The water is then dispersed through
irrigation channels. At intervals along the tunnel, shafts
were dug on a slant from the surface down to the under-
ground conduit which allowed men to go down to make repairs
and to bring out water. Qanat tunnels were commonly

several miles long and many supplied more than 1,000 gallons
per minute. They are still constructed and used in the

Middle East.

Ancient Cisterns

A cistern with a capacity of two million gallons of water
was dug 60 feet into the limestone beneath the ancient
Temple in Jerusalem. It was aptly named the Great Sea and
was one of 37 cisterns under the temple area which together
were called the Pools of Solomon (Garnett 1922).
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The city of Carthage, founded by the Phoenicians in 814 B.C.
in what is now Tunisia, nad 18 large storage cisterns that
were still in good repair over two thousand years after
they were built. Each cistern was about 100 feet long by
20 feet wide and 20 feet deep, and was originally covered
with earth (Mason 1916).

Small scale water storage was also common. An Egyptian
house of about four thousand years ago had roofs that
sloped inward and a central tank under the courtyard to
catch every drop of rainwater. Here the water stayed cool
and dark, free from plant and animal growth. Traditionally
a small frog or a single fish was kept in the family's
cistern in order to dispatch insect visitors. Centuries
later, Etruscan houses had small openings over the central
atrium which allowed rainwater to fall into a storage tank.
A house in the Athenian Agora, constructed in the fifth
century B.C., was excavated in 1968. Two cisterns were
found and it appeared that one was a replacement for the
other. Both cisterns measured a little over three feet

in diameter at the mouth and widened toward the bottom.
One was roughly rectangular at the bottom and had a depth
of twelve feet. The other was nearly circular and only
about six feet deep. Both cisterns were lined with water-

proof cement (Hesperia 1974),

Cisterns were common in every type of house, from humble
to eiegant. When the Ca'D'Oro, one of the most beautiful
of the palaces flanking Venice's Grand Canal, was built

in 1434, it too had a cistern for collecting rainwater
(Cantacuzino 1969). The same pattern continues today on
arid Greek islands such as Delos, where traditional houses
are still built with their roofs and patios sloping toward
a cistern under the courtyard in order to capture every
precious drop of rainwater.
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Romar Water Supply

The largest ancient cities seem to have sprung up in great
river valleys: the Nile, the Tigris and Euphrates, the
Indus, the Hwang Ho. Likewise, Rome 1ies on the Tiber
River,which in the earliest centuries of the city's growth
was the major traffic artery of central Italy. The Tiber
was also the city's major scurce of water. For 441 years
after the founding of the city the Romans obtained their
water from the Tiber and from the wells in the immediate
vicinity. But as the city grew, the river water became
both polluted and inadequate.

The increased need for water was caused by more than simple
population growth, which reached 1,200,000 in the second
century A.D. (Carcapino 1941). Water escalated in importance
to the Roman way of 1ife. Communal public baths were central
to the culture and the city was soon awash with public
fountains from which the poor could draw water. Elegant
villas were built with numerous fountains, and the well-to-
do had water piped directly into their homes and apartments.
By the time of Constantine there were 937 public baths,

1,212 public fountains, and 247 reservoirs (Turneaure 1940).

Roman Aqueducts

To meet this demand, the Romans constructed the greatest
water supply system of the ancient world. That many of its
aqueducts still stand today is evidence of their engineering
skill.

In order to bring water from distant sources it was necessary
to build aqueducts over difficult terrain. Because the

water flowed by gravity, a constant gentle down-grade had

to be maintained from the point of source to destination.
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The system built through the hills around Rome carried the
water across valleys in arched aqueducts and through tunnels,
often taking long detours to maintain the required gradient.

The first aqueduct, the Aqua Appia, was constructed in about
312 B.C. By 305 A.D. there were 14 aqueducts in Rome with
an aggregate length of 359 miles, 50 miles of which were the
familiar arched structures built above grade (Turneaure).

In 97 A.D.,Sextus Julius Frontinus became Water Commissioner
of Rome. He took it upon himself to write a detailed descrip-
tion of the existing system and made suggestions for improving
it. The Roman water works so impressed this practical man
that he was moved to write: "Will anybody compare the idle
Pyramids, or those other useless though much renowned works

of the Greeks with these aqueducts, with these many indis-
pensable structures?"

Each aqueduct ended in an extensive distribution system.
First the water flowed into one or more tanks to let mud

and pebbles settle. Then it was piped by gravity to a tower
called a castellum or "little castle."” The castella allowed
for additional settling and where necessary may have reduced
the pressure head (Mason 1916). From the castella, 1eaden
pipes distributed the water to fountains, baths, and private
users. A few insulae (apartment houses) had running water
on the ground floor only because the pressure was not great
enough to supply upper stories. But more commonly, Romans
carried water into their houses themselves or it was brought
in by a slave or paid water bearer from the nearest fountain.

Another more devious method for obtaining water was by
i1legally diverting the public water, sometimes with the

help of bribed waterworks laborers. A large number of land-
owners whose fields bordered on the aqueducts tapped the
conduits, and the public water courses were sometimes brought
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to a standstill by the watering of gardens (Frontinus).

After the Goths' siege of Rome in 537, the water supply
system fell into disrepair, with the aqueducts being only
fitfully maintained, finally failing completely around the
tenth century. The people of Rome once more went to the
Tiber for their water, until 1453 when one of the aqueducts
was restored (DeCamp 1963).

The Middle Ages

European water supply systems during the Middle Ages were
mostly on a small scale and not always adequate; a big
step back from some of the grand schemes of ancient times.

Each village or town took on the responsibility of provid-
ing drinking water to its citizens. A local system would
begin with the provision of a focuntain in the main public
square. The fountain became the social center of the commun-
ity, where everyone came togather at Teast once a day.

Large cities had a distribution system similar to that

of the small towns. Paris deperded entirely on the River
Seine for its water supply until a small aqueduct was con-
structed in 1183, but as tate as 1550 the city's water
supply averaged only about one quart per person per day.
A1l water was supplied to public fountains and hand carried
to the house (Turneaure 1940).

In London, up until the beginning of the 13th century, the
Thames and the springs supplied the city with water., But

an increasing population made the existing supply insufficient.
So, in 1236,a patent was granted for a leaden conduit to

bring water from Tybourne Brook to the city of London.

Shortly thereafter eleven more conduits were built to bring

in water from suburbs.
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Cisterns in the United States

Surprisingly there is virtually nothing written about
rainwater collection in the United States. But there
must be a wealth of lost folk wisdom about the design
and use of the traditional American rain barrel.

In the U.S. early in this century, cisterns were still

built in country houses which did not have access to piped-
in water. Soft rainwater was considered especially suitable
for laundry and personal hygiene, particularly hair washing.
One of the few references is contained in a household book
published in 1924 which gives the following sketchy direc-
tions for collecting and storing rainwater:

Rainwater for household use is best stored in containers
called cisterns dug into the earth or built in the
cellar. The first fall of rain not only washes the
ajr of its impurities but also the buildings of their
dirt. To keep rainwater in good condition, first,
have a cut-off in the pipe so that the first fall of
rain (for half an hour) may be prevented from going
into the cistern; second, as an extra precaution, the
water on its journey from the roof to the cistern may
be Ted through a filter...filled with gravel or small
stones sometimes mixed with pieces of charcoal...Cis-
terns should be bricked or cemented on all sides so
that the water in storage will be kept free from dirt
and contamination (Balderston 1924).

On the streets of San Francisco, brick circles still out-

line the fire department's huge underground cisterns, a
precaution against earthquakes which severed water mains.
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The major means of distribution was by water carriers, who
were so numerous that they had their own guild. They either
carried two wooden tubs hanging from a shoulder-yoke, each
with about 3 gallons of water, or delivered the water in a
cart (Garnett 1922).

In the English countryside, natural springs and small water
courses were channeled to form private water supplies. A
village or a manor would locate a water supply cistern uphill
and with suitable draining tiles, pipes, or tubing, water
was directed down to the village or house.

Bathroom Design

Having water piped into the house was a mixed blessing. When
running water was brought into these old buildings, the bedroom
which was tcken over for use as a 'bathroom' was often much
too large. By today's standards this would be considered a
gross waste of space compared to the ubiquitous contemporary
minimum prototypical 5' x 7' bathroom plan. Tanks and cylinders
were placed in unlikely places such as wine cellars or old
fireplaces. They sometimes blocked off hallways. Pipes
visibly made their way up the outside of walls and then dis-
appeared suddenly through ceilings, reappearing out of holes
in the floors above. In ancient castles, bathrooms were

often inserted in such tight spaces that the occupant would
have to stand in the tub to shut the door. Nor was the new
convenience always appreciated. Families with maids still

had water jugs and wash basins brought to their bedrooms
because it was considered an inconvenience to walk all the

way to the new bathroom to wash. Attitudes about the privacy
of 'milady'stoilet' were slow to change.
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In 18th century London, unlike
today, the availability of an
adequate water supply was not
a prerequisite for approval of
new subdivisions.

Like 19th century London, a similar
prohibition is contained in the
Constitution of the State of Cali-
fornia against "waste or unreason-
able use or unreasonable method of
use of water," and "the conservation
of such waters is to be exercised:
(Article X1V, Section 3).

Increased Demand for Water

With the rise of industry and the growth of cities, ob-
taining enough water became a serious problem. In the
major cities no adequate provision for water was made in
many of the new areas that sprung up to house the growing
population. In 1809,London had one million inhabitants and
water was available over the greater part of the city only
in basements of houses. Also, water was not always supplied
on a steady basis. In parts of London water was pumped to
houses for a short time only 3 days a week. People used
bribery to keep the water or long enough to fill their
cisterns or they kept their taps on all the time to catch
any sudden gusnes of water.

To prevent excessive demand on pumps, water was turned on

in only one district at a time. If a fire occurred, the
firemen would frequently find that the water main was empty.
A message had to be sent to headquarters to turn on the
water in the main and the engines had to wait, sometimes

an hour or more, until the water came.

In 1871 a government act was passed which provided that
every company should give a constant supply of pure and
wholesome water under specified conditions. The conditions
also imposed certain obiigations on consumers with a view
to the prevention of waste. If a customer consumed too
much water his supply would be cut off as provided for in
the act:

If any person supplied with water by such company...
wrongfully fails to do anything which...ought to be
done for the prevention of the waste, misuse, undue
consumption or contamination of the water of such
company, they may cut off any of the pipes by or
through which water is supplied by them to him...
(Shadwell 1899).
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To economize on the cost of pumping, water reservoirs and
large cisterns were placed at many different levels. London
was divided into districts and the reservoir was placed at
the highest point of each district. The water flowed natur-
ally through the pipes to most of the houses. The few
houses on higher ground were supplied by a small main from

a higher reservoir into a neighboring district or from a
standpipe or water tower.

Pipes

Another major advance that aided in the expansion of water
works was the invention of cast-iron pipes. These were
first experimented with in the seventeenth century, but
were not cheap enough for wide use until the middle of the
eighteenth century. It was fifty years later that they
came into general use.

Before cast-iron pipes, the material most commonly used
for water mains was wood. ETm was often used because it
can be exposed to water for a long time without rotting.
Elm trunks were bored out to a diameter of about 7 inches.
The smaller, or spig, end was sharpened to form a cone.

At the other end the borehole was enlarged into a conical
socket to join with the spig end. Pitch was applied out-
side and around the joints. Wooden pipes leaked a great
deal and could not withstand much pressure.

Lead was widely used for pipes carrying water from mains
into houses because the metal is malleable and easily
joined. On the other hand, lead has the disadvantage of
being poisonous. This was known as far back as Roman times
when Vitruvius warned against using lead pipes for trans-
porting water because it could be harmful to the body.
WOOD 'NATER  PIPES Yet lead pipes continued to be popular from that time until

(IR [
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the late nineteenth century, despite frequent and indisput-
able cases of lead poisoning. The problem was that the case
against lead always ended in a hung jury. It seems that
there were cities where lead pipes were used for years with-
out any apparent harm. This inconsistency made it difficult
to declare lead guilty of manslaughter beyond a reasonable
doubt.

Finally, in the nineteenth century, investigators learned
that the kind of water flowing through the lead pipes
determined the death rate. Soft water tends to dissolve
lead, forming a poisonous brew. But hard water forms a pro-
tective coating of calcium carbonate on the inside of the
pipe, preventing contact between water and lead. Sometimes,
however, the calcium carbonate became too much of a good
thing. The coating would grow so thick it would clog the
pipe completely.

The Development of Water Works in the U.S.

The first water works in America were built in Boston in
1652. Spring water was brought to the city by gravity
through wood pipes. In Bethlehem, Pennsylvania in 1754,
machinery was first used to supply spring water to the city.
The water was forced by a wooden pump through hemlock logs
into a wooden cistern. Eight years later the wooden pump
was replaced by three iron ones. These water systems were
followed by those built in Providence in 1772 and in Morris-
town, New Jersey in 1791. By 1800 there were 16 water works
in the United States.

In the United States steam engines were first used to pump
water in Philadelphia in 1800. These engines were constructed
largely of wood. Even the boiler was partly made of wood
(Turneaure 1940).
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History of New York Water Works

When the Dutch founded their new city on Manhattan Island,
it was crossed by many strears and had a large fresh-water
pond fed by numerous springs. By 1664 the population was
1500 and water was obtained from private wells, and in 1658
a public well was dug near Bowling Green.

By 1774 the city's population was 30,000 and the water supply
failed to meet tha demand. To solve the problem the first
water works were begun shortly before the Revolution. It

was planned to pump water from wells through hollow logs to

a reservoir, but construction was halted by the war.

After the Revolution the population was up to 60,0600, Not
only was there a need for more water, but the spread of
yellow fever made a supply of clean water imperative. The
Manhattan Company was chartered to supply water to the city
(White, 1913). The company started operating in 1799 with

a horse powered pump which was replaced by a steam pump in
1803. The water was brought up from a well in the city to

a 132,600 gallon reservoir constructed of flagstone, clay,
sand and tar (Blake, 1956). From the reservoir wooden pipes
made from bored-out logs were laid through the lower part of
the city. The water, which was supplied to 1400 houses, was
of poor quality and Timited quantity.

Yet this remained the city's major source of water until the
construction of the Croton water supply system, which was
begun in 1837 and completed in 1842. It consisted of a dam
and an aqueduct which ran from the Croton River, 30 miles
north of New York, to the Central Park Reservoir, and in-
cluded a section over the Harlem River built in the style of
the Roman aqueducts.

The next major source of water was 100 miles north of the
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The construction of the Los Angeles
Aqueduct was an heroic engineering
feat. But only the decidedly un-
heroic financial dealings that
followed were depicted in the film
"Chinatown." Equally fascinating
but more accurately written accounts
are available (c.f. "The Water
Seekers").

city in the Catskill Mountains. The Catskill water system
was built between 1906 and 1918 and furnished 660,000,000
gallons of water per day to New York City. The water was
carried through the city in a pressure tunnel to all five
boroughs. This system was foliowed by the Delaware River
Supply, bequn in 1936, which was planned to yield 920,000,000
gallons per day (White 1913).

The Los Angeles Water Supply System

Los Angeles, unlike most major cities in the world, did not
have its beginnings near a major source of water. Because
it was located in a semi-desert region it had 1ittle hope

of growing into a large metropolis until a way was found to
supply the city with water. Like the Roman aqueducts, the
system bringing water to Southern California is an engineer-
ing marvel. The first aqueduct brought water from the Owens
Valley in the southern Sierra Nevada Mountains. The Los
Angeles Aqueduct, finished in 1913, was 233 miles long and
had a daily capacity of 288,000,000 gallons of water. Water
flows by gravity,and along the way is used to generate huge
amounts of electric power, to the point where the Los Angeles
Department of Water and Power makes more money from selling
electricity than from water.

When the Owens Valley supply failed to meet demand, the
Colorado River Aqueduct was built. Completed in 1936, it
ran through six mountain rarges with 38 tunnels and could
supply another 677,000,000 gallons daily to the metropolitan
area. In its continuing search for water, Los Angeles has
gone to even greater lengths, all the way to Northern Cali-
fornia. The California State Water Project could supply an
additional 687,500,000 gallons daily to Southern California
by bringing water from as far as the Feather River, 650
miles north, to the man-made oasis of Los Angeles.
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VELOCIPEDE RECYCLING SHOWER

The Japanese Bath
The Modern Bathroom
Water Consumption

BATHING

During most of the past bathing was a shared public affair.
In ancient Rome the bath house was a place for social con-
tacts, where politics were discussed and conspiracies plan-
ned. Although its popularity waned after the fall of the
Roman empire, in the middle ages public bathing was again
common, and bath houses were found in every northern European
city (Mumford 1961).

In the more affiuent pre-modern home a footman or maid
brought in a big bath mat, placed a large tub on it and

filled it from two cans of water, one hot and one cold. The
servant left, and the bather crouched in the tub and rinsed
off the soap the best he could (Quennell 1961). After the
bath the servants returned to carry the water out, often to
their own quarters where the rapidly cooling water was re-

used by the staff, in descending order of status.

As late as the 1880's five out of six dwellers in American
cities had no bathing facilities more elaborate than a pail
and a sponge. Growing health problems in the cities in
Europe and the U.S. led to a renewed interest in public bath-
ing. In England where the working class family still had

to carry water from pumps, it was found that one tubful of
water frequently washed a whole family, plus their clothes.
Still today it is not unheard of to share bath water among
more than one member of the family, especially children.
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The Japanese Bath

The American bathes to get clean, the Japanese gets clean
to bathe (Frazier 1973). In Japan the distinction between
cleansing and relaxation has been clearly defined. The
ritual of bathing fulfills both requirements in a simple
and efficient manner. This ritual starts by soaping and
rinsing the body with a small pail of water, either in a
squatting position or sitting on a wooden stool. The wash-
ing area, next to the soaking tub, is traditionally made
of a removable wooden grating placed over a concrete floor
which drains to the outside. After cleansing thoroughly,
the bather enters the tub ready to enjoy a tranquil soak

in water heated up to 115 degrees, frequently in the company
of others.

The bathroom, which is separate from the toilet, consists
of a washing area and a tub. The bathtub, traditionally
made of wood, is deep enough to immerse a sitting bather.
Some have metal bottoms, which are part of the stove under-
neath which heats the water. A wooden plank the same shape
as the bottom of the tub is used to protect the feet from
the hot metal bottum. When not in use this plank floats to
the top of the water and there are holes in it so the bather
can force it down with his foot as he »nters the tub. A
not too agile bather may tilt the plank as he steps down
and a minor disaster follows.

Because of a shortage of water and the size of the tub,

the same bath water is reused over a period of months. It

is reheated each time it is used. Between uses it is tightly
covered to reduce evaporation losses and condensation prob-
lems inside the bathroom.

Even when people have their own baths, it is common to go
occasionally to public baths where the steaming water and
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the relaxed atmosphere are conducive to animated conver-
sation and the Towering of social barriers. In Japan
bathing retains its best attributes: cleansing, regenera-

tion, re]axat1on, and socialization, all with m1nima1 use
of water.

America came into existence too late to participate in
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to be ready to make up for what we missed. Americans
are discovering other pleasures of bathing that have either

haan forantton or supnregsed h\l nuritan athics for example
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the Greek idea of body regenerat1on and the Japanese empha-

sis on relaxation. Now, even though Americans retain their
desire for privacy, the social aspect of bathing is slowly
creeping in. Visitors, along with all members of the fam1]y,
are sharing in the joys of the new communal home spas and

hot tubs. For many people, these are just smaller and more
intimate versions of the backyard swimming pool, which happily
are cheaper to build and use a good deal less water

(and energy). Unlike the backyard pool, however, the social

conventions of communa1 hot tub behavior are st111 evo1ving,
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extent to which swim suits are optional.

Many whirlpool baths and hot tubs are installed in patios
and outdoor decks. They can fit into small urban spaces

where swimming pools could never find room. Their growing
opularity suggests that even people with pools would

n
pu
ather soak than swim.

Water Consumption

Small bathtubs fitted with whirlpool systems are usually
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filled and drained each time they are used. The smallest
tubs, which are the standard five foot 1ength ho]d about

£ aa11 AF aat A 1ot oFf watar anac A Ainn o
50 gallons of water. A lot of water goes down the drain

after each bath. The larger communal tubs, advertised to
accommodate a family of four, hold more than 100 gallons.

Fortunately, even those who can afford such a luxury are

not always willing to dump out 100 gallons of water after
each soak in the tub. These large hot tubs, which are up
to four feet deep, are installed with heater, filter, and
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pump, just like a sw1mm1ng pool. Unlike a pool, they are
easily covered to prevent evaporation.

The changing attitudes toward bathing could very we]]
affect water use. As with the Japanese bath, soaking in
a whirlpool bath or hot tub requires precleansing, because

oily and soapy water can t be run through the wh1r1poo1

o e A 3F &bk gmdmin T dn ha o Py Lo num b
sSysiem, and 17 tneé watcer is to be reused it should be KEpT

clean. With the prospect of a long, re]axing bath, cleans-
ing, probably in the shower, will be quick in order to get
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The Water Closet
" The Earth Closet
Modern Recycling Toilets
Composter Toilets

RECYCLING TOILETS

In the U.S. today, the toilet consumes more water than
anything else in the home. Of the estimated 70 gallons
consumed per person per day, toilet flushing uses 45 per-
cent, or 31.5 gallons (Milne 1976). This is compared to
21 gallons for bathing, 14 gallons for laundry and dish-
washing, and 3 for cooking and drinking.

The Water Closet

Water does nothing to treat or dispose of toilet wastes.

It is only a transport medium for removing organic wastes
from the house. But the water closet, as it is appropriately
named, has only been a common household fixture in Western
culture for less than a century. The first English patent
for a water closet was issued in 1775, but it was almost
100 years later that Thomas Crapper patented the improved
version which insured his place in history {Palmer 1973).
In America, Thomas Jefferson, who himself had invented many
ingenious devices, had one installed in the White House at
the beginning of the 19th century. But no patents were
issued for a water closet in the U.S. until 1833.

American toilets use more water than their British ante-
cedents. Standard English toilets use less than 2-1/2
gallons, and water-saving models use only 1-1/2 gallons.
Today American toilets use up to 8 gallons per flush, except
in California where they are Timited by law to 3-1/2 gallons
(Milne 1976).
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The water closet did not come into its own until the intro-
duction of running water and the construction of sewers,
around the middle of the 19th century. Noah Webster aptly
stated what must have been the common response to the idea
of flushing everything down the toilet: "...personal im-
purities of every kind may be hourly washed away. All that
is troublesome and noxious, all that is hostile to delicacy,
decorum and health, may be instantly swept from sight"
(Blake 1956). This Victorian attitude toward the body and
its unpleasant waste products undoubtedly hastened the adop-
tion of water closets, which could make sins disappear and
always look clean and smell pure.

The water closet had its critics. Although out-voted, there
were sanitarians in the late 19th century who argued that the
water closet wasted valuable human wastes which could be bet-
ter used in gardens.

The Earth Closet

A villa at Amarna, Egypt, that was built around 1300 B.C.
contained an earth closet (Cantacuzino 1969). Like the
complex plumbing systems of the ancient world, the earth
closet was invented and lost, only to be reinvented again.
It reappeared in England in the 19th century when many
people considered earth closets to be preferable to water
closets.

The earth closet worked on the principle that powdered, dry
earth, which contains clay and natural soil bacteria, will
absorb and retain all offensive odors, fecal matter, and
urine. It required a supply of dry and sifted earth, or a
mixture of two parts earth and one part ashes. After the
user got up from the seat a sufficient amount of dry earth
was discharged to entirely cover the solid wastes and to
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A portable earth closet was invented
by Rev. Henry Moule of Dorsetshire,
England, and manufactured in this
country by the Earth Closet Company
of Hartford, Connecticut in the 19th
century. Its advantage was that it
could be used in any room in the
house.

Those who consider the earth closet
a relic of the past may nonetheless
have a simplified version in their
house today: the cat box.

absorb the urine. The wastes and the dry earth fell into
a pail that was easily removed for emptying, or into an
existing holding pit. The pit did not have to be emptied
for up to a year.

An example of a simple earth closet was in use in a house

in Oxfordshire, England until 1936. It had a wooden shutter
which dropped down when a handle was pulled. The same handle
simultaneously released an avalanche of earth which fell
across the shutter carrying the wastes down a chute on the
outside wall of the house. It all ended up in a garden shed
where it eventually became compost for the garden.

If six persons used the earth closet daily, 100 pounds of
dry earth were required each week. The earth could be dried
under the kitchen range. But it was also possible to re-
cycle the earth, After a few weeks outside of the pit or
pail, the combination of earth and wastes decomposed and was
odor free, ready to be used again in the earth closet. In
fact it could be recycled five or six times, each time be-
coming richer in nutrients. A variation of the earth closet
was the dry ash commode which was a similar device that used
fireplace ashes instead of dry earth.

Catharine Beecher and Harriet Beecher Stowe devoted a whole
chapter of their 1869 household book to the earth closet.
They referred to it as, "A great improvement" that "will
probably take the place of water-closets to some extent...
For those 1iving in the country away from the many conve-
niences of city life"...it will contribute "largely to the
economy of families, the health of neighborhoods, and the
increasing fertility and prosperity of the country round
about."
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Modern Recycling Toilets

Today some people are again looking aghast at what the water
closet and water carriage sewage system have wrought: the
dumping of our sewage into our drinking water, which must
then be purified at great expense. Alternatives are being
considered, especially in light of the many nations that are
not locked into an existing sewage system and can Tearn from
the past mistakes made in the U.S. and Europe.

There now are many commercially available alternatives to
the traditional water closet, such as composting toilets,
vacuum-flush systems, vil flush toilets, incinerator toilets,
shailow trap toilets, wastewater recycling toilets and even
small scale package sewage treatment systems (Milne 1976).
These give the user the choice of either reusing wastes or
at least reducing the amount of water being flushed down the
drain (see Components and Systems chapters).

Composter Toilets

Many people are attracted to the idea of using valuable
human wastes to fertilize the land, as well as saving water.
Like the earth closet, the composter toilet turns wastes
into fertilizer, and uses no water. A1l composter toilets
work on the same principle. Wastes are deposited in a well-
ventilated container where bacteria and mold, in the presence
of oxygen, eventually reduce the wastes to a nutrient-rich
humus that can be used in the garden. They also greatly
reduce the volume of waste; only a few cupfuls of humus are
produced every few months. The units are designed to make
removal of the humus simple, and with proper ventilation,
eliminate all unpleasant odors.

Composter toilets have been in use in Sweden for years.
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There are now several hundred in the U.S. and Canada. In
1974, Maine became the first state in the U.S. to permit
composter toilets to be installed. There are now 200
compost toilets in Maine and there has been no evidence of
health problems.

The basic problem in obtaining permission for their installa-
tion is that most sanitation codes were written before com-
post toilets were distributed in this country, so new codes
must be written covering them (Popular Science, January 1978).
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Roman Times

The Middle Ages in Europe
Private Water Companies

The United States

Paying for Water in New York
Bottled Water

THE COST OF WATER

Most people think their water bill pays for water. That

is because they take the existence of water mains for granted.
But in earlier times, when people first started paying for

water, it was more apparent that what they were actually
gayi?g for was the transportation of water, not the liquid
tself.

Roman Times

Originally the water brought into Rome was meant for public
use. It was piped to baths, fountains, and water basins to
be freely used by the citizens. The first public works were
financed by the chief magistrates with money amassed from
the spoils of foreign wars. They expected the people to
repay the favor by building statues in their honor.

When the Roman emperors appeared on the scene, they bestowed
upon their favorites the right to have water piped into

their houses. Notice that a water right had been thus granted
was marked on the inlet pipe by the words "ex liberalitate",
obviously a prime status symbol of the day. The laws forbade
the general population from having water piped into their
homes. Many of those who felt that they deserved the same
facilities as the citizens favored by the emperor, tapped

the conduits illegally.

In the first century A.D. Ticenses signed by Caesar were
more restrictive, giving only the right to take water from
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delivery tanks, not from conduits. By the third century this
restriction had lapsed and once again "eminent citizens" were
allowed to tap the mains for water, and as in the past, did
not have to pay for the privilege.

But the situation finally got out of hand. Who was an
eminent citizen and who was not? The water commissioners
Qave up wrying L0 GECiuT, and mage pipeu-iin water more widely
available. But now a fee was imposed, not for the water,
because there was no way of metering the amount used, but

for the pipes. The Romans also charged a fee for water used
by business establishments that were located on or near con-
duits, reservoirs, or public fountains. This revenue was
used to pay the salaries cf the water workmen.

Those who were not privileged enough to pay for having water
piped-in, paid for having it carried in. In some cases
slave water carriers were considered fixtures in the build-
ings they served and, like the porters and sweepers, were
inherited with the property. In other words, they were

just part of the plumbing. They were human water pumps who
got the water up to where it was needed. Supporting slave
water carriers was another kind of water bill.

The Romans never took the idea of charging for water to
its conclusion because it never occurred to them that a
public utility could be made to support itself by offering
its service to all in return for a reasonable system of
payment (DeCamp 1963).

The Middle Ages in Europe

In the 14tk century in Paris, lords and royal officers
asked for permission to tap the public mains in order to
run private pipes into their houses. By 1392, so much
water was being diverted by those in favor that the public
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fountains at the end of the lines barely received a trickle.

Thereupon, King Charles IV issued a proclamation: "...We
recall, cancel, annul, and revoke all privileges, grants,
licenses, rights, duties, permissions, or suffrances...
excepting only...Us and Our uncles and brother." But as
in Rome, the prominent citizens felt that they had as much
right to private running water as the royal family, and
got it however they could despite the king's heavy-handed
ecree.

A similar proclamation was passed in 1553, which again
excepted the extended royal family. As before, it had
little effect. In 1600, after another abortive attempt

to cut off private water pipes, Henry 1V agreed to leave the
pipes intact. He then thought of a brilliant innovation:

to charge fees large enough to support the water system
(DeCamp 1963).

In London in 1237, a conduit was built from the Tybourn
River to the city, and local inhabitants were taxed to pay
for the working expenses. But for most citizens the price
of water was the fee charged by the water bearer who brought
it to the house. In 1343, some enterprising people living

in the streets leading down to the Thames tried to take
advantage of their location and get into the water business.
They closed the streets and charged a toll for every person
going to the river to get water (Garnett 1922).

Although the City of London was regarded as the authority
for providing a public water supply, they must hzeve failed
to meet the public needs. Uater was piped from wells, or
the river, to "conduit housss", buiidings that contained
cisterns and taps where people or water bearers could ob-
tain water free of charge. The piping of water and erection
of conduit houses were considered to be proper objects of
charity. People frequently bequeathed money for their
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construction to provide a water supply to areas lacking
such service (Garnett 1922).

Private Water Companies

In 1582 the first private water company was formed in
London. The system of allowing private companies to supply
water to the city for profit continued until 1904,

In 1899, London was about to decide whether or not to
purchase the eight private companies that supplied the
city's water. A book was written in the defense of the
companies, a not very subtle forerunner of present day
public relations writing. The book states that when the
second water company was formed in London, the corporation
of the City of London declined to incur the expense of
bringing water from outside the city because of the fi-
nancial risk. It claims that the private companies saved
the day.

Nevertheless, the City of London, in what must have seemed
to the water companies as a total lack of appreciation for
past services, simply took over the water business.

The United States

In the United States, technical kncwledge from Europe was
available for constructing large scale water works. But
firsc the decision had to be made as to whether the large
investments required should be made by the cities themselves,
or by private corporations.

Philadelphia, after investigating various schemes for finan-
cing and running water works, including a partnership with
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a private company, finally decided to take over the water
supply business itself. 1In 1809, the Mayor and members of
a Water Committee of the City Council were vested with the
power to run the water works. The city recognized its
responsibility to provide an adequate water supply for its
citizens. This was not the decision that most cities came
to at that time.

At first, relatively few Philadelphians considered the con-
venience of piped-in water worth the expense, which included
paying for connections plus a flat rate of $5 per year.
Business slowly built up and after ten years the water
works had 2,127 customers. By that time the rate for large
houses had risen to $7.50 a year; that for small houses
remained $5.

Five dollars in the early 1800's was not the same as five
dollars today. One way of ascertaining what it was worth
then is by using the Consumer Price Index. The index
measures the changes in the prices of goods and services
purchased by average families. The consumer price index

in the middle of 1977 was around 181 2nd in the early 1800's
around 50. This means that 150 yrars ago $5 worth of water
would now cost $18.10, but today a farily of four pays five
to ten times that amount for a y2ar’'s water.

Paying for Water in New York

In the 19th century, residents of New York City still depended
on water-carriers to deliver water to their houses. Water
from city wells was so had that it was said that even the
horses would not drink it. People had to use water brought
from a large spring outside of town by water -arriers. The
carriers made a tidy profit by buying 130 gallons of water

S -

for six cents and selling it for one cent z gallon.
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The Manhattan Company's water works
no longer exist, but the bank that
resulted from Aaron Burr's shrewd-
ness is alive and doing very well.
In 1955, the Bank of the Manhattan
Company, which was still operating
at its original address and under
its original charter, merged with
The Chase National Bank. Together
they became the second biagest
bank in the country, The Chase
Hanhattan. '

After the American Revolution the growth in population in
New York City made the need for more water urgent. New
York's City Council invited submission of sealed proposals
for supplying the city with water. Three bids were received,
but the Council did not take immediate action. There was
somﬁ opposition to having a private company manage the water
works.

The problem was solved by the ambitions of Aaron Burr, who
was a state assemblyman at the time. A bill was introduced
to the legislature that would empower the city to build its
own water works. Through Aaron Burr's manipulations the
bill ended up as a charter for the privately owned Manhattan
Company to establish a water works. Burr of course was soon
controlling the company too.

The charter gave the company almost unlimited powers to
obtain and conduct water, to enter and use any land freely,
to dam any river or stream and to dig whatever canals it
needed. The charter also neglected to require the company
to repair the streets it tore up while laying its pipes,
and also neglected to 1imit the rates the company could
charge for water.

The act included a clause which revealed the reason for
Burr's eagerness to start a water works. It involved an
interesting political ploy. At that time the Federalists
controlled both the New York legislature and the only banks
in New York. Burr was the leader of the Republicans and was
unable to obtain a bank fraschise. The obscure clause

gave the Manhattan Company tne right to use all surplus
money to enter any lawful business. As a resrl*, they not
only got their bank, along with their water works, but were
exempt from the usual restrictions included in bank charters
(Blake 1956).

87




Burr's water company based its rates on the size of a house,
as determined by the number of fireplaces. For no mere than
four fireplaces the charge was $5 per year, for every addi-
tional fireplace $1.25 was added to the bill. The maximum
that could be charged for any house was $20 per year. This
was a reasonably progressive rate structure because the num-
ber of fireplaces in a home was roughly proportional to the
number of occupants or the family's relative wealth. It
also allowed the company's inspectors to establish the rate
without the necessity of entering private property, simply
by counting chimney pots.

Most private water companies did not have such devious be-
ginnings as did the Manhattan Company. They did have some
mercenary instincts, however. They laid their pipes through
parts of cities that promised the greatest return, and left
poorer sections of town without a water supply. Private
customers were favored over public needs and frequently an
iradequate number of fire hydrants were provided.

The growth of the population made expansion necessary and
the capital required and the cost of maintenance did not
encourage private investors. Private companies became
unpopular in the early 19th century, as they had in England.
High rates and inadequate service were common. The example
of Philadelphia's municipally owned water works which pro-
vided more water at lower rates was an additional incentive
for the cities to take over the water supply systems.

Bottled Water
Human water carriers still exist today and the home delivery
of bottled water is big business. The estimated total gross

revenue for sales of bottled water and attendant supplies
was about $200 million in 1977. Bottled water companies
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Today bottled water delivered have been around since the last century, and as far back
by "water carriers" costs at as 1787 mineral spring water was offered for sale as a
least 50 cents a gallon. cure for various diseases.

There are five major marketing areas for bottled water:
Texas, Florida, New York, Chicago, and Southern California.
It is estimated that one of every six families in Southern
California buys bottled water. The major reason they give
for buying bottled water is the taste. Although the tap
water is safe, it isn't savory enough for many people. The
cost for this tasty water is high: about 56 cents a gallon.
On the other hand, 56 cents will buy as much as 1,200 gallons
of water from the Los Angeles Department of Water and Power.

Now, a new and more costly bottled water is on the scene.
Perrier, the ultimate in bottled waters, the favorite of
the European elite, is peing imported into the U.S. where
its marketers hope to discover a whole new coterie of dis-
cerning customers. The cost is about $5 per gallon. But
it is not just the rich who drink bottled water in Europe.
If you ask for water in a restaurant you are brought a
bottle of mineral water, which ycu are charged for. This
bubbly, naturally carbonated water comes complete with a
label extolling its medicinal value.
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Reusing Reclaimed Waste Water

Media Impacts on Attitudes About
Reusing Water

Changes in Attitudes about Recycled

CULTURAL ATTITUDES ABOUT WATER REUSE

In Medieval times there would have been no question that
if you carried water from the town well you got as much
use out of it as you could.

Many parts of the country have recently experienced
droughts or temporary water shortages. With the increase
in population, water consuming appliances, and water pol-
lution, these shortages might well become more permanent
unless long-standing attitudes and habits are changed.

For this reason, experts are now studying current atti-
tudes toward water use and the possibilities of introduc-
ing methods of modifying these attitudes in order to solve
the problem.

Reusing Reclaimed Waste Water

Treated or reclaimed waste water is already being used
throughout the country for public recreational facilities,
irrigation, groundwater recharge, and dozens of other
uses. In the early 1970's a study, conducted by William
H. Bruvold of the University of California, Berkeley,
surveyed five communities which already used reclaimed
water in public recreational facilities and five similar
communities which did not.

People were asked whether they "would oppose" or "would
not oppose" a particular use of reclaimed water in their
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Drinking 56.4% own community. Twenty five possible uses were included,

Preparing food in restaurants 56.0% rangiqg from the most intimate personal contact, to the
Preparing food in the home 54.5% most impersonal non-contact uses. Surpiisingly, opinion
Canning vegetables 54.1% in thg two different sets of communities was virtually
Bathing in the home 38.7% identical, never separated by more than 5 percent. The
Swimming 23.7% study showeq more than half of the people were against
Ground water recharge 23.29 using reclaimed water for drinking or cooking. However,
Laundrv in the home 22 .89 there are many uses for reclaimed water that most people
Laundry, commercial 21.9% would not oppose. For example, only one person in 25
Irrigation of dairy pasture 14.1% would oppose using reclaimed water to flush toilets or
Irrigation of vegetable crops }4.0% water lawns.
i .3
?5:?32;?gn02f53?ﬁ§y§:§gs 12,0% When Bruvold asked respondents to state their reasons for
Irrigation of orchavds 10.1% rejecting the water, it appeared that "psychological repug-
Irrigation of hay or alfalfa 7.59 nance and concern over the purity" were most frequently
Pleasure boating 7.3% mentioned as reasons for opposition. Cost of treatment did
Commercial air conditioning 6.5% not appear as an important determinant of opposition.
Electronic plant processes 4.9% . .
Toilet flushing, home 3.89 Professor Bruvg]d is currently stuqy1ng people's responses
Golf course hazard lakes 3.1% to an actual situation that is similar to the one used in
Irrigation of lawn, home 2.79 his previous hypothetical study. He has found that people's
Irrigation of recreation parks 2.6% reactions to the idea of using reclaimed water are much the
Irrigation of golf co:rses 1.6% same as they were in the conjectural situation. People
Irrigation of freeway green- still accept reclaimed water for recreational use and for
belts 1.29 irrigation. As before, they are less receptive to the idea
Road construction 0.8% of personal use of reclaimed water and did express concern
about raw sewage going into the groundwater.

Respondents Opposed to Specified Uses Notice that these studies do not test how people feel about
of Reclaimed Water (Bruvold 1976). reusing greywater as compared to reclaimed sewage effluent,

or how they feel about bath water and clothes washing water
being reused for flushing toilets or watering their gardens.
But since currently proposed greywater recycling systems in
the home do not include using it for any human contact, there
would probably not be much difference in the small amount of
negative opinion,
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These results were confirmed by a University of Chicago
survey in the late 1960's which interviewed people in six
cities across the country. The study found that most
people would accept the use of renovated waste water if
properly treated. They were willing to reuse water if
water shortages face their area, if their existing water
quality is poor, or if they are well acquainted with how
water is reclaimed. However, the most important finding
was that the key public officials and water managers
thought the public would not approve water reuse. Their
beliefs about what consumers would accept undoubtedly
influence decisions they make about waste water recycling
(Stevens 1974).

A Gallop Poll in 1973 showed similar results. Of the
peopie surveyed, 55 percent objected to drinking recycled
sewage, 38 percent did not. Gallop noted that clder people
were more likely te otject.

Media Impacts on Attitudes About Reusing Water

The media have played an important part in awakening people
to the idea of reusing water as a means of reducing the
amount they consume. As early as 1973, the magazine Organic
Gardening and Farming published articles entitled "Recycling
the Wash Water" and "In Pursuit of the Zero Discharge House-
hold." But this magazine is aimed at readers who already
believe in developing a sympathetic partnership with nature
and who are prepared to spend a good deal of effort to that
end.

Sunset Magazine, which has a broad readership in the West,
began featuring articles on water reuse during the drought.
In the April 1977 issu there was an article about a deck
garden that "Makes it With Gray Water." The July issue
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of the same year discussed important plant health, public
health, and legal questions in using greywater, but care-
fully pointed out that reusing water was against most
existing plumbing codes. With the drought still hangirg

on in September, Sunset published "Gray Water...The Hazards
and the Hope", showing how five home owners had developed
systems for reusing water to keep their gardens healthy
and flourishing.

But the media can also contribute to the opposite opinion.
In Chanute, Kansas, for four months one summer the only
supply was treated sewage effluent returned to the towns
reservoir. Metzler (1958) reports that "initial public
acceptance was good, probably because the citizens knew
that their supply normally received diluted treated sewage
from seven upstream communities...Public reaction became
more adverse when storijes appeared in the local newspaper."
Even though local doctors agreed that the water was safe,
consumer acceptance deteriorated (Chan 1976).

Changes in Attitudes About Recycled Water

About the same time that Bruvold's California study was
published, a nationwide survey found that four of ten
Americans would have no objection to drinking recycled
waste water if their community health authorities said it
was safe (Wilkinson 1975). But more recently 85 percent
of Denver's residents said they would drink recycled water
if its quality was the same as Denver's present supply
(WiTkinson 1975). Clearly these new trends are still
tentative, but the results do indicate that under certain
circumstances people's attitudes about recycied water can
change.

Certainly it is possible to change the prevalent attitudes
toward recycled water, Bruvold notes that those with more
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education showed a more positive attitude. He feels

that exposure both to the benefits of reclaimed water
and to additional educational material will be helpful

in obtaining its acceptance. Bruvold also believes that
new uses of reclaimed water should start with those for
whom there is the least opposition "and then move upward
step by step as desirable, and as reclamation technology
improves."” He states that domestic use of reclaimed
water should therefore start with lawn irrigation.
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RAINWATER AND GROUNDWATER

Imagine 2 perpetual motion machine -- gigantic in proportions

-- that pumps water out of the oceans, filters and desalinates
it, 1if*s it above the highest mountaintops, and sernds it back
down filling all of our storage a-4 collection systems. That
machine, of course, is our p’anet s solar powered hydrologic
cycle, which provides the rain th2t fills our rivers and ground-
water aquifers.

The hydrologic cycle is a collection of all the processes
involved in the exchange of water among the atmosphere, the
earth, and the oceans and other bodies of water. In its most
basic form, it can be described as the sequence in which water
from the oceans evaporates intc the atmosphere, precipitates
from the atmosphere as rain or snow, and eventually returns

to the sea through the drainage systems of streams and rivers.
This sequence occurs within the hydrosphere, a layer surround-
ing the earth from about one mile below the crust to about
nine miles above the surface.

As water evaporates, not only from oceans but also from soil,
vegetation, and other bodies of water, it changes state from
1iquid to gas. Once the evaporated water has lifted into the
colder upper layers, it begins to condense into very smali

water droplets. Concentrations of these droplets result in

cloud formations. As the air becomes saturated with water and
the water vapor continues to cool and condense, larger droplets
form around nuclei of ice crystals or dust. Finally, when

the weight of the drops becomes too great for the air to support,
it falls to earth as rain, hail, or snow.
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MANHATTAN:

1.6 million people

22 square miles

42 inches of rain annually 10
Thus annual rainfall is 15.7
billion gallons.

If indoor consumption is 70 gallons
par person per day (Milne 1977),
then annual consumption is 40.9
billion gallons.

Thus: rainfall equals 38% of
indoor needs.

LOS ANGELES:

2.5 million people

452 square miles

11.5 inches of rain annua'l]_y]0
Thus annual rainfall is 88.5
billion gallons

If indoor consumpticn is 70 gallons
per person per day (Milne 1977),
then annual consumption is 63.9
billion gallons.

Thus: rainfall equals 139% of
indoor needs.

Much of the water that hits the earth infiltrates into the ground
where it is held in the shallow "root zone" for use by the plants.
Water which infiltrates deeper into the ground, or "percolates",
will ultimately enter underground reservoirs, the "aquifers".
These aquifers may exist in large hollows below the surface

or within layers of permeable rock. In either case, the water

in aquifers is constantly moving toward streams, lakes, or

cceans where the evaporation process occurs again (Sayre 1950).

Municipalities tap both precipitation and groundwater sources

to provide water for the individual homeowner. Most often,
water is collected from surface runoff, and transported great
distances at great costs. What is often overlooked by homeowners
is the fact that precipitation and groundwater are viable on-
site sources of household water supply -- sources which only

need to be recognized and developed to provide an alternative

to dependence upon increasingly scarce and costly city-supplied
water,

Rainwater as Residential Resource

It is ironic that homeowners do not think of rainfall as a
viable source of water, when in fact it is their only source.
Rainwater is considered instead a nuisance and is drained off
our cities' impermeable roof and street surfaces and channeled
away in special sewers before it has a chance to soak into
the ground. The earth's 36 billion acres of land receive an
average of 26.3 inches of rain each year. But Manhattan re-
ceives about 42 inches annually which equals about one third
of the city's indoor residential consumption. Los Angeles
recaives only about 12 inches annually but it's larger area
means that rainfall is almost 1-1/3 times residential con-
sumption.

Rainwater, collected and used on-site, can r=duce the demand
on existing community water supplizs by providing either an
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Example:

tarth's average 26.3 inches

rainfall

If roof area

1800 sq.ft.
Rainfall collected

30,000 gal.

Daily equivalent = 81 gal.
If 13% evaporates = 70 gal.
National average

daily indoor

consumption per

person (Milne 1977) = 70 gal.

(Toilets consume about 45% of this)

alternative or a supplement to household water needs. For
example, the earth's average annual rainfall collected from

an 1800 sq.ft. roof could provide all of one person's indoor
needs (only 1000 sq.ft. would be needed if toilets use re-
cycled household greywater). In areas with greater or less
precipitation, the collection or "catchment" area requirements
change proportionately. An obvious advantage is that since
the supply (precipitation) and demand (domestic use) for water
occur on the same site, costs for transfer and delivery (in-
cluding household utility hookup) are reduced.

American homeowners are becoming less confident of their water
supply systems as industrial pollution, droughts, and increased
demand take their toll. Yet because of their past sense of
security, homeowners gave up the practice of storing water

for shortages. Before city water supply systems became the
rule, rainbarrels, cisterns, and wells were common sights
outside American homes (as were waterless privies). In many
forelgn countries today, the inhabitants are still largely
dependent upon rainwater collection for fresh water supplies.

In Hawaii and on other Pacific islands, rainwater collection
has been in practice since long before westerners first
arrived, and now rainwater cisterns are regaining attention
as a "new" source of residential water (Fok 1979).

Fog is a more effective source of water in some parts of
the world than rain, although specially designated 'fog
catchers' are required for on-site collection (Ekern 1979).

It is ironic that while the Middle East must use revenue
from oil exports to buy expensive technology to desalinate
sea water, regions only slightly more abundant in rai.fall
enjoy free water by performing the ancient ritual of rain-
water collection and storage. On Greek islands roofs and
courtyards all slope to the center so rain drains into a
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The Flick-Reedy Corporation in Ben-
senville near Chicago needed more
water. To have it piped from the
mains (two miles away) would cost
them $0.75 per 1,000 gallons. So
they built large rainwater lagoons
into which stormwater from the whole
plant was channeled. The cost came
out the same, with a plus of soft
water. One pool, 40 by 60 feet,
served as a swimming pool and also
a reservoir for fire-fighting. Two
other pools were stocked with fish
(Tonides 1977).

cistern buried below the house where the water stays cool

and dark, free from plant and animal growth (Steadman 1975).
The island of Hong Kong has an elaborate rain catching sys-
tem to help serve the needs of its 4.2 million inhabitants.
In times of water shortages, Hong Kong is one of many cities,
including Calcutta and Mexico City, that pump water into the
mains for only a few hours each day (Milne 1965). Therefore,
every family has to use barrels and cisterns to store enough
water until the mains are filled again. In San Francisco

the brick outlines of the huge underground fire department
cisterns are still visible in many streets.

Few people realize that large volumes cf water are commonly
stored in tanks or cisterns inside most tall buildings.
Throughout the United States, virtually every building over
9 stories tall holds huge water storage tanks on the roof or
in the upper level mechanica! equipment rooms which pressur-
ize the domestic plumbing system and store a 20 minute
supply of water for fire-fighting standpipes and sprinkler
systems. The reason is that the pressure in street level
water mains averages about 50 psi, which cannot raise water
much higher than 100 feet. High pressure pumps in the base-
ments of highrise buildings maintain water level in the
cisterns on the floors above.

In Adelaide, as in many Australian cities, rainwater is
collected as a matter of course off the roof of virtually
every house. The rain gutters run directly to a large
prefabricated metal tank mounted on stilts or integrated
into a porch roof or attic space. A single pipe or tube
from the bottom of the tank leads to a tap at the kitchen
sink, where it is used for drinking, cooking, and making
tea. The piped-in city water is perfectly safe to drink,
but people in Adelaide think the rainwater tastes better.
Thus, Australians use rainwater in the same way as Americans
use delivered bottled water, but of course the cost is much
less. Maintenance on such systems is apparently quite
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minimal. Silt is hosed out of the tank at the same time
the gutters get their semi-annual cleaning. A little cook-
ing 0il is kept floating on the surface of the water to
reduce evaporation and keep out insacts.

Groundwater as a Residential Resource

Of course the most environmentally appropriate way to re-
use rainwater may be simply to recharge the groundwater
aquifer then pump it out later as needed. The critical
ijssue is the nature of the underlying soil and its ability
to safely receive and hold rainwater (discussed more fully
in the chapter on Garden Uses).

The architectural design of the home and its surroundings
can easily integrate groundwater recharge features: dry
wells at the end of each downspout, lawns contoured to
act as rainwater settling basins, driveways and patios
designed to allow rainwater to filter into the soil slowly
without causing erosion, and permeable ground coverings
1ike gravel or wood chips used instead of concrete or as-
phalt.

The key is to leave intact as much of the site's natural
drainage pattern as possible, and to minimize the velocity
of the runoff so that surface erosion is reduced (Cahn 1976).
To do this, minimize the amount of paved or impervious sur-
faces, keep slopes as flat and level as possible; don't
funnel or collect large areas of runoff at one point.

Cuntuur drainage depressions to act as gentle natural swales
and plant tough turf grass to help prevent erosion. This
kind of design treatment is especially effective on the down-
slope side of patios, driveways, and streets. It takes very
1ittle to make drainage swaies and recharge basins a wonder-
ful community amenity.
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In the Village Homes project in Davis, California, the
rainwater collection and recharge system which winds through
the community is beautifully designed to resemble a dry
stream bed using plant materials, rocks, rip-rap, and occa-
sional dry sand 'ponds'. Of course these sandy bottom reten-
tion ponds are the kiddies most popular play areas during
both dry and wet seasons. The builders calculate that it
costs less to build this system than installing the pipes

and pumps that would otherwise be required.

Underground buildings have potentially serious problems with
rainwater percolation and high groundwater levels. Malcolm
Wells, an architect who has designed many underground buildings,
has developed a number of ingenious details to solve these
problems. Most of the buildings he designs incorporate rain-
water percolation beds and retention basins in the form of
sunken gardens (Wells 1976).
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Catchments

Gutters and Downspouts

Cisterns and Storage Tanks
Purification and Water Quaility

Sizing Rainwater Systems
Rainwater Collection System Per-
formance

DESIGNING RAINWATER COLLECTION SYSTEMS

A basic rainwater collection system built by the homeowner
requires a surface which collects rainfall (catchment),
channels it (gutters or downspouts), and stores it (tanks
and cisterns). In addition, some form of pumping system
will be necessary if water is not stored above the point
of use and fed by gravity, or if it must be distributed
to remote sites. If rainwater is used for human consump-
tion, some type of treatment may be required (filtration
or purification), which could range in complexity from a
simple screen or sand filter to one of the modern chemical
treatment systems.

Catchments

While much of the earth's surface absorbs water into the
aquifer, impermeable formations such as rock and clay function
as huge catchment areas. Most city surfaces are also vir-
tually impermeable -- roofs, roads, and parking lots -- sur-
faces which can also perform the function of catching rain-
water. Thus the homeowner can use the roof to do more thar
just keep the rain out, or the driveway to transport more

than the family auto. The slope, permeability, and possibility
for contamination of the catchment are the significant design
variables of a collection system. Asphalt can be safely used
as a lining for rainwater catchments, but deterioration may
be a problem (Chinn 1965).

Roofs are the most common catchments. The advantage of course
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The Systems chapter describes many is that most buildings come alread. equipped with a rainwater

projects which incorporate rainwater collection and delivery system. Tre elevation of the roof

collection and reuse: provides natural gravity flow so that water is transported

- Hawaiian Energy House Into the cistern without additional energy input for pumping.

- Living Lightly Proposal In addition, water collected on the roof has less chance of

- Key Largo Proposal being contaminated by contact with numans. However, other

- Malibu Self-Sufficient House Pro- possible roof-top sources of contamination include air pollu-
posal tion, materials used in constructing the roof, debris from

- McGill Ecol House Proposal nearby vegetation, and bird droppings.

- Cambridge Autonomous House Proposal

- Rainwater Roof Flat Roofs: Flat roofs are ideal “or collecting and even

- Rainwater Room storing rainwater, but unless propc -1y designed and main-

- Patio Cistern tained problems can occur, includir; leakage, overflow,

collection of debriss clogging of *-e drainage system,

and structural failure due to over'-ad. In some areas, the
collected, still body of water on --oftops is an ideal breed-
ing ground for mosquitoes and other insects. Evaporation is

Each square foot of catchment area also a problem where the water stands too long in the open on
will provide: the roof.
Annual Rainfall ‘Water Yield Flat roofed buildings designed specifically for the coliection
(in inches) {in gallons) of rainwater have fewer of these problems than if an existing

building is retrofitted to hold water on the roof. Proper

10 4.7 flashing and layering of roof materials will minimize leakage.
15 7.0 Most areas which receive snow have sufficient structural load
20 9.4 requirements already. Water weighs about 62.4 pounds per
25 1.7 cubic foot, and so roofs designed with 1ive Toadings of 40
30 14.1 pounds per square foot would be able to safely hold about 8
35 16'4 inches of water. Overload problems are minimized with the
’ - 1nstallation of overflow drains and scugpers which allow
40 18.7 " for the buildup of water only to the calculated depth.
45 21.1
50 23.4 Pitched Roofs: In general, the best system for collecting
rainwater is a pitched roof with a gutter leading to an
Losses of 25% of the annual rainfall enclosed cistern. The smoother, more impermeable, and cleaner
have been deducted. the roof surface, the better the collection and quality of
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the water. However, certain roof surfaces can contribute to
the contamination of water. Thatch or other rough surfaced
roofing materials tend to collect dust and other debris;
asbestos shingles, chemically treated wooden shingles, and
lead roofs can release toxic substances into the collected
water (Steadman 1975).

Losses: Yield will vary with the size and surface texture

of the catchment area. Losses from smooth concrete or asphalt-
covered ground catchments average less than 10 percent; for
shingled roofs or tar and gravel surfaces losses probably will
not exceed 15 percent; and for sloped sheet metal roofs the
loss is negligible (EPA 1973). A reasonable rule of thumb

for the design of a rainwater collection system is that 75 per-
cent of the total annual rainfall can be recovered for storage
and future use. This will allow for water loss due to evapor-
ation and inefficiency in the collection process.

wt

Driveways and patios are potential collection surfaces, how-
ever their adaptation for rainwater collection presents some
problems. Materials used in some impermeable driveway and
patio surfaces are a potential source of contamination.
Concrete driveways and patios are more inert than asphalt and
will reduce the problems of leacheate (tar, etc.). Automobile
"droppings" (dirt, grease, oil, detergents from washing,
decomposition of rubber tires, etc.) also affect the quality
of collectable water, as will runoff from lawn water contain-
ing chemicals or fertilizer. The seriousness of contamination
from these and other sources depends upon the various ways

the household uses its driveway or patio, how well an auto-
mobile is maintained, the quality of adjacent water runoff,
the presence of animals, etc., and of course the use for which
the water is intendad.
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Diameter of Maximum Projected
Downspout Roof Area
(inches)* (Square Feet)

2 720

2-1/2 1300

3 2200

4 4600

5 8650

6 13500

8 29000

* The equivalent diameter of square
or rectangular downspout may be taken
as the diameter of that circle which
may be inscribed within the cross-
sectional area of the downspout
(McGuinness 1971).

Driveways and patios also have to be equipped with routing

or delivery systems (gutters) to channel the rainwater run-

off to a collection point. If the driveway or patio is sloped
away from the storage point, some form of pump must be installed
to bring the water back to the storage area.

Gutters and Downspouts

The size of gutters or downspouts is determined by the amount
anc¢ intensity of rainfall per hour in the worst storm. An
annoying task for tha homeowner is cleaning the gutter of
debris periodically to avoid clogging and cverflow, but this
must be done even if the rainwater is discarded. A slight
slope of the collection troughs towards the downspout will
reduce pooling.

Metal gutters may contribute to the contamination of the
rainwater by supplying heavy metal ions to the runoff as it
passes through. This problem can be reduced by painting the
surface of the gutter with a non-toxic, waterproof paint.
Lead or lead painted gutters should never be used for potable
water systems.

Cisterns and Storage Tanks

Where natural storage basins do not exist, rainwater has
traditionally been collected in pots, troughs, hollow tree
trunks, barrels, wooden tanks, and clay or concrete cisterns
-- anything clean which will hold water for immediate or
future use. A bucket or plastic waste basket can collect
small quantities for drinking, hair washing, and other "soft
water" uses. However, to meet long term household needs a
larger tank is required (many are described in the Components
Chapter). (The Systems Chapter also describes many ingenious
cistern designs.)
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Cistern Location: Ideally the cistern should be located
as close as possible to both the supply and demand points,
either inside or outside the building, above or below ground.

Cisterns placed below ground will have the advantage of
insulation by the surrounding earth, with less chance of
freezing and cracking in cold climates and greater chance of
keeping the water cool in warm climates (an important factor
in water purity). In addition, the cistern can be out of
sight or easily disguised with landscaping. Subterranean
cisterns should be located on the highest ground available
with the surrounding earth contoured so that surface water
drains away to minimize contamination. Seepage from ground-
water tables may also contaminate the stored water. The
cistern should be placed uphill from, and not within fifty
feet of, any sewage disposal system (EPA 1973).

Construction costs are another variable in cistern location.
The added structural costs of installing a cistern on the
inside of a building should be weighed against locating the
cistern outside, either above or below ground. The size of
an indoor storage unit is limited by the amount of space
which can be economically devoted to water storage, and its
load on the structural system. Most residential buildings
are not constructed to support several tons of water, and
do not have the space required to hold an adequate supply.
Exceptions are those houses which have adequate space in a
basement or crawl space under the house where weight will
not be a problem (some of the rainwater collection systems
described in the Systems Chapter utilize such a design).

Another consideration in cistern design is how the stored
water will have to be delivered to the point of use. It
may be desirable to install a pump and pressure switch to
automatically supply the cistern water supply to the house-
hold's pressurized system, or to adapt the cistern to supply
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Water pressure increases about

1/2 psi per foot of head, which is
the vertical height from the point
of use up to the surface of water
in the cistern.

Friction losses in pipes and valves
will reduce this value.

supply an irrigation system thro.gh pipe connections and
gravity flow (see the Components Chapter and the Systems
Chapter). The gravity flow system created by an elevated
cistern (either inside or outside) may not provide enough
water pressure to run appliances (washers, toilets, shower
heads, etc.). For example, toilz: ballcock valves reguire
at least 5 psi, which means that the bottom of the cistern
must be at least 10 feet higher than the toilet tank.

Purification and Water Quality

If the rainwater is to be used irdoors, some form of
filtration or purification syster is required to remove
debris and other contaminants. Sand filters built into
or adjacent to the cistern prove juite successful (see
Components Chapter).

The water quality of rain will depend upon the atmospheric
conditions of the area, the material found in and on the
collection and delivery surfaces, and the cleanliness of
the cistern.

Rainwater has virtually no bacterial content before it
touches the earth's surface. In urban areas, however,
rainwater can react with air pollution to form "acid rain".
Acid rain is the product of sulfur dioxide (502) reacting
with atmospheric constituents and resulting in"sulfur tri-
oxide, sulfate and sulfuric acid, all of which can affect
the color, odor, and taste of the water, as well as react
unfavorably with certain crops (People and Energy). Rain-
water should be tested for quality to determine the extent
of purification necessary due to these pollutants if human
consumption or irrigation is the end use.

Any surface runoff requires some form of filtration or
purification, the degree of which will depend on the expected
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use of the water. Rainwater used to flush the toilet
requires only a simple screen filter, but the purification
process for rainwater used for human consumption must
remove biological or disease carrying contaminants, air-
polluting chemicals, and suspended solids.

The purification process can be divided into four basic,
usually sequential, stages. These are: screening, settling,
filtration, and sterilization.

Screening: In the preliminary cleaning stage a series of
screens with increasingly finer gauge can be used to remove
large particles and debris found on the collection surface.
The screens can be located together or placed at various
points in the collection system. For example, 1/4 inch
hardware cloth placed along the gutter or at the intersection
of the downspout and gutter prevents large particles (or bird
and squirrel nestings? from clogging the system. The next
screen(s) could be placed above the settling tank or cistern.
Screens will have to be periodically cleaned to ensure the
efficient functioning of the collection system and prevent
overflow.

Two ingenious components used to keep gutters from clogging
and to filter out large debris particles are the roof washer
and the Hawaiian Energy House prefilter. The roof washer,
besides screening debris, also diverts initial runoff which
is usually the most contaminated. It should hold about 10
gallons for each 1,000 sq.ft. of catchment area. Initial
water is trapped in a small tank (i.e., trash can) and
screened over a trough which filters large particles. ihe
initial, contaminated water settles to the bottom of the
tank while the less contaminated, subsequent runoff over-
flows at the top of the tank directly into a sand filter

or cistern. (The Hawaiian Energy House prefilter is discussed
in the Systems Chapter.)
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Settling: The second stage in water purification is
settling or sedimentation, which removes the gross turbidity
(cloudiness) of the water and aids in the reduction of bac-
teria. The efficiency of the sedimentation process depends
upon the type and size of the materials suspended in the
water, the water temperature, and the time allowed for
settling.

Sedimentation can take place in a special temporary storage
tank or in the cistern. Before being used water must be
allowed to remain still after it has been added to the cis-
tern. To accelerate the settling process, very small sus-
pended particles can be coagulated by introducing small
quantities of alum (aluminum sulfate). Settling tanks are
used for sedimentation where water does not have time to
settle before use (after a rain) or where household grey-
water is simultaneously introduced (see Components Chapter).
The sediment must of course eventually be cleaned from all
the places where water is allowed to stand.

Filtration: The third stage of purification involves
filtration, the percolation of water through a filtering
medium. Either gravity or pressure systems move the water
through the filter. Rainwater collection systems can use

a slow sand filter, mixed media sand filter, pressure vessel
filter, ceramic filters, or solar still, all of which are
described in the Components Chapter. The choice of filter
and any additional components (i.e. overflow valve) depends
upon the frequency and intensity of storms, the extent of
contamination, the end use of the water, whether or not a
pumping system is used, and whether or not greywater is
simultaneously recycled.

One of the most economical and efficient filters for rain-

water collection is the slow sand filter. On a large scale,
they are used by many municipalities to filter water for
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general consumption, however on a small residential scale,
water run through a slow sand filter, if used for human con-
sumption, will require additional purification. Since the
slow sand filter depends on the healthy growth of a layer
of organic material (schmutzdecke) to break down pathogenic
organisms, a regular dosing of the top layer of sand must
be ensured to prevent dehydration. Since precipitation is
most often sporadic, this may pose a problem.

The size of a slow sand filter will determine its ability
for handling storm conditions which create a fast flow rate.
To determine the size of slow sand filter needed for a storm
situation, consult the Weather Bureau's rainfall records for
an "average" worst storm. Calculate the number of inches

of rain which fell in a representative time period (24 hours
or less). Assume 6 gallons per hour per square foot of
filter surface. It can be shown that 1 inch of rain over
1,000 sq.ft. of catchment equals 623 gallons. Thus, the

following equation gives the size of filter nepded:
i
Cx %-x %-x Tg%%-= S :

where C = catchment area in sq.ft.
R = inches rainfall in T time
T = time lapsed in hours
S = sq.ft. filter surface area required

For example the record rainfall in Los Angeles is 6.11
inches in 24 hours which means that a 1000 sq.ft. catchment
area would require about 27 sq.ft. of slow sand filter. A
smaller filter would mean that in heavy rainfalls some water
would overflow and be lost.

Each of the filters described in the Components Chapter has
different flow rates and different abilities to purify water
for human consumption.
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Sterilization: An alternative to, or an additional step
in filtration is sterilization, or the disinfection of
water. This process can ensure that the water is safe for
human consumption. Boiling water or adding chemicals (chlor-
ine or iodine) are two common methods of disinfecting water.
Boiling water for human consumption means simply that a smail
amount of water will be heated to a rolling boil for

five to 30 minutes (depending upon the water source and poten-
tial for disease). The process of chlorinating or iodinating
water, and equipment which performs this semi-automatically
are described in the Components Chapter.

Distillation can be used to purify water of contaminants
that are not transportable as aerosols. Water is heated
until it vaporizes into its gaseous form, then is cooled
until it condenses again into its 1iquid form leaving behind
all non-volatile components. The 'flat' taste of distilled
water can be eliminated by trickling it over marble chips.
Simple solar stills are an energy-efficient and inexpensive
way to distill water (solar stills are described in the Com-
ponents Chapter).

Sizing Rainwater Systems

Unfortunately rainfall is not distributed evenly aover the
earth's surface. At any location the distribution is usually
uneven throughout the year; in some places the wet season
occurs in the winter and in others it comes in summer. Thus
the balance between rainfall (the supply) and residential use-
age (the demand) fluctuates from month-to-month and year-to-
year. It is the points of minimum supply and maximum demand
which determine the design of a rainwater collection and stor-

age system.

To establish normal available supply for your particular area,
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Maximum Projected Roof

g;ameter Area for Gutters of
Semi- Various Slopes
circular 1/8 inch 1/4 inch
Gutter* slope slope
Inches sq.ft. sq.ft.
3 240 340
4 510 720
5 880 1250
6 1360 1920
7 1950 2760
8 2800 3980
10 5100 7200

* Gutters other than semicircular
may be used provided they have an
equivalent cross-sectional area
(McGuinness 1971).

get a Local Climatological Data Summary sheet from your local
weather bureau. It gives both average annual rainfall and
monthly average rainfall (in some areas, such as desert areas,
even weekly average amounts). If an exposed storage area is
used (such as a pond or flat roof), annual or monthly evapor-
ation and transpiration rates should be determined and deducted.
These figures may also be obtained from the U.S. Weather Bureau,
county forestry offices, or soil conservation agencies. Pre-
dictions based on recent records may vary greatly, so longer
historical records are more reliable in determining means and
deviations.

Regardless of the volume of storzaz, the average annual pre-
cipitation represents the upper limit to the long-term yield
of the collection system. Generally, demand will determine

the needed volume of storage: as demand increases, storage
capacity must also increase. When calculating rainfall collec-
tion amounts, a good rule of thumb is that 1 inch rainfall

over 1000 sq.ft. of catchment area = 623 gallons. From this
figure deduct 10 percent or more for loss due to evaporation
and spillage, although this figure is highly dependent upon
details of the system's design.

Consult past water bills to determine your home's maximum and
minimum demand in gallons per month, for the entire year. In-
door uses generally remain consistent, while outdoor uses are
higher during hot dry months and lower or zero during cold

wet months. Assume a maximum monthly demand will persist
throughout the year for a minimum percentage yield, then

assume a minimum monthly demand will persist for a maximum
percentage of yield (R. L. Valentine, et.al., 1977). Other
factors which should be taken into consideration when designing
a system's capacity are the size of gutters and pipes carrying
the rainfall runoff, the permeability of the catchment surface,
and the extent of spillage from other sources (i.e., slope).
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Rainwater Collection System Performance

The most straightforward way to understand the interaction
of the various elements in a rainwater system is to figure
out the month-by-month performance as in the worked example
below.

This example assumes a climate with about 3-1/2 inches of
rain per month. Daily per-capita consumption is assumed at
30 gallons, which is below the national average, but is not
difficult to achieve in a household equipped with water-
conserving appliances or if greywater is used for toilet
flushing.

Notice that this rainwater system supplies 91 percent of
total demand. On the average year the 1954 gallon deficit
could be eliminated if the 2000 gallon cistern had been en-
larged to at least 3954 gallons. On half of the years which
are wetter than average there would be a much smaller deficit,
or perhaps no deficit at all. On dry years the cistern would
need to be larger still. The deficit will stiii remain, not
because the cistern is too small, but instead because net
rainfall is below total demand. From this example it can

be seen that there is a good deal of art involved in the
design of rainwater collection systems.
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Jan. 4.0 2243 1800 0 2000 443 0
Feb. 5.0 2804 1800 0 2000 1004 0
Mar. 7.0 3925 1800 0 2000 2125 0
April 4.0 2243 1800 0 2000 443 0
May 4.0 2243 1800 0 2000 443 0
June 2.0 1121 1800 -679 1321 0 0
July 1.0 561 1800 -1239 82 0 0
Aug. 1.0 561 1800 -82 0 0 -1157
Sept. 2.0 1121 1800 0 0 0 -679
Oct. 3.0 1682 1800 0 0 0 -118
Nov. 5.0 2804 1800 +1004 0 0 0
Dec. 5.0 2804 1800 +996 1004 +8 0
Annual 43.0 24,110 21,600 4466 1954

Assumes 2000 gallon cistern, 1000 square foot catchment,
10% evaporation loss, 30 gallons/day demand for 2 people

for 30 days/month.
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WELLS

The easiest way to re-use collected rainwater is to pump
it from the ground. Compared to tiny man-made cisterns,

catchments, and filters, nature's design is truely impressive.

The entire surface of the earth acts as the catchment, the
soil mantle is the best imaginable filtering matrix, and
natural storage formations within the ground offer virtually
limitless capacity.

Under a surprising number of homes the water table is within
easy reach. While not all homeowners are legally entitled
to the groundwater beneath their residences many do have
water rights and are simply not aware of it.

Most rainwater which is not carried away in drainage systems
is absorbed by the surface soil. Once under ground, water
moves freely by gravity in the "zone of saturation" where
all openings in the rock or soil are filled with water, the
upper limit of which is called the "water table" or "ground
water level." The zone of saturation changes with stratum
contours (not always the same as surface contours). It may
be close to the surface or several hundred feet underneath,
and may rise or fall, depending upon precipitation. Ground-
water collected in mountains and hills moves constantly to
Tower elevations where it may surface in springs, streams,
or lakes.

Groundwater aquifers are classified as either water table
or artesian aquifers. An artesian aquifer is one which is
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confined by an overlying, impermeable layer which is at

an elevation lower than the piezometric surface (the
imaginary surface to which water will rise in a well).
Because the pressure in an artesian aquifer is greater

than atmospheric pressure, a break in the earth's surface
will yield flowing water at the surface, called an artesian
spring or well. Where the water table aquifer is not con-
fined by an upper impermeable layer, it is only under normal
atmospheric pressure. The groundwater level represents the
highest level to which water will rise in a well sunk in
this type of aquifer.

In many residential areas, the water table remains untapped
in spite of favorable costs and ease of access. Where ponds
or springs exist, water may be diverted, collected, and puri-
fied in the same storage and purification system used for
rainwater (although there are usually more impurities in
pondwater than in rainwater). Where a water table is within
easy access, a well may be an extremely attractive alterna-
tive to rainwater collection and above-ground storage, or

to imported water.

Quality of Groundwater

The movement of water through as 1ittle as four feet of
aerated ground purifies it by removing suspended particles
and micro-organisms. (This process is discussed in detail
in the chapter on Garden Uses.)

Groundwater may also contain high concentrations of minerals,
especially in arid regions, or where the aquifer is deep
beneath the earth's surface. Such substances affect the -
taste and odor of groundwater although some people prefer
the taste of water which has higher mineral content.
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A chemical analysis of groundwater should be made before and
periodically during use, The two most important considerations
in reducing contamination are the distance of the well from the
source of contamination and the direction of groundwater move-
ment. Many factors influence the determination of a safe dis-
tance from a source of contamination including the nature of
the contaminant, the depth of disposal of contaminants, the
limited filtration caused by consolidated formations, the voi-
ume of contaminants, and concentration of contamination sources.
Excreta and toxic chemicals are the most potent, but water
soluable chemicals may travel greater distances because they
are not filtered out naturally. As a rule of thumb, 50 to 2900
feet is usually recommended as an adequate distance, but the
shorter separation applies only to deep wells in heavy less-
porous soils.

Proper design, construction, and installation of the well will
reduce the possibility of contamination, as will adequate
filtration and purification of the well water.

Percolation Beds

Rainwater from roof gutters is usualiy discharged into a

city storm sewer. Instead much of this water can be made
available for reuse by diverting it so that it percolates

into the ground if the soil is sufficiently permeable and

if the terrain is relatively flat. Rainwater recharge is

not recommended on sloped land, or where there is any possi-
bility of earth movement, or where there is dense, impervious,
or expansive clay,

The simplest way for rainwater to recharge the aquifer with-

out eroding the topsoil is to lead roof downspouts to a
splash pan or a dry well made from a large gravel-filled
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Although 1t rains only a few inches

a year in the Negev Desert, rain-
water catchments and percolation

beds once made agriculture possible.
Long ridges carved out in V-shaped
patterns up the gently sloping

desert hi11ls made it possible to

grow a single fruit tree in a shallow
depression at the bottom of each
catchment.

pipe (McGuinnes 1974). If the ground is insufficiently per-
meable (i.e. clay), a percolation bed may be constructed to
provide a permeable basin where water is stored until there
is sufficient time vor it to be naturally absorbed.

The best household percolation bed is a garden or lawn. But
if the absorption rate is too slow so that surface runoff
occurs, a trench or basin filled with gravel may be required.
A percolation bed may be constructed almost anywhere and in
any shape: for example, a horizor” -1 trench alongside a drive-
way., a circular trench around an orchard, or a decorative
square or round basin in the center of a yard. A layer of
topsoil and landscaping may be planted on the surface, pro-
vided that the slope of the ground or intensity of rainfall
will not cause erosion. Clay pipes can serve to distribute
rainwater to or alongside a percolation bed, and if flow is
not too great, can percolate water themselves,

Well Construction

The construction of wells is an ancient and wide-spread form
of rainwater collection. Before the advent of modern drilling
equipment, all wells were dug or driven by hand. Wells are
the preferred water supply system for rural areas for, unlike
surface rainwater cisterns, they usually provide a year-round
unlimited supply of water. In many places in the country it
is still feasible for a homeowner to construct a well, at a
cost which is often comparable to or even less than that of
city supplied water.

In the United States, in 1962, there were approximately
14,185,000 domestic water wells in use, 8,831,000, or over
half of which were non-farm wells (U.S. Bureau of the Census
1976). Compared to other groundwater supply systems wells
are usually less subject to contamination and provide a
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generally unlimited supply of water for a constant price.

Factors which influence the type and feasibility (both
physical and economical) of well development are: legal
restrictions on water rights, the proximity and yield of
an aquifer, and the geologic composition of the stratum
i1 which the well is to be located.

Many cities now have restrictions on water rights which
prohibit private development of what is considered to be a
commonly owned natural resource. Indeed, residents of
Chesapeake Bay have long been fighting legal battles for
the right to continue to use their existing domestic wells.
Governmental restrictions usually prohibit development of
wells except in areas which have no other water supply.
Before incurring cost to determine well feasibility, a
thorough investigation of water rights restrictions in

the proposed area should be made by consulting the local
water department, local well-drilling firms, and state and
local government agencies.

Well Location

Groundwater is present almost everywhere, but Tocating an
aquifer suitable for well development is not a simple task
of water witching (U.S. Department of the Interior 1966).
Water must be found reasonably close to the surface, in
sufficient quantity, and of good quality. While locating
large-scale well development requires scientific expertise,
most domestic well Tocatioms can be determined by the lay
person through careful analysis and common sense.

The easiest approach is to establish the location and depth

of all the neighboring wells. But the easiest method is
not always the most reliable.
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The next step in determining well feasibility and location

is to survey the available geclogic data, well logs (data
submitted to local government agencies on each well developed),
and surface evidence of groundwater location (Department of
State, Agency for Internationai Development, 1969).

Geologic Data: Geologic data is preovided by geclogic maps,
cross sections, and aerial photographs. Geologic maps pro-
vide information on rock formations and fault and contour
lines which may indicate the location and extent of an aqui-
fer. Geologic cross-sections show the character of under-
lying stratum and the depth and thickness of the aquifer if
it is known. Aerial photographs display surface featuies
such as erosion, vegetation, drainage patterns, and alluvial
plains which indicate subsurface water distribution. This
information may be obtained from government geologic surveys,
universities, libraries, or private engineering firms.

Well Logs: Well Togs are perhaps the most valuable of all
geoiogic tools in determining location, depth, and yield of

a potential well. Well logs record complete descriptions

of rock formations penetrated, water level variations, yields,
type of well construction, and water quality. Logs for wells
located near the proposed site are most pertinent, and may

be obtained from local government agencies, well owners,

and well developers.

Surface Indications: Surface indications of groundwater
include the presence of deep rooted water-loving vegetation,
streams, springs, lake patterns, seeps and swamps. These

can be determined by making a surface survey on foot. Valleys
are usually sites of large quantities of groundwater, espe-
cially those filled with eroded wastes or porous alluvial
material (the same is true of coastal and river plains).

While the existence of any of these signs does not in itself
mean an abundant supply of water, when combired with other
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geologic data and well 1og information, a good idea of the
existence and depth of an aquifer may be obtained (Department
of State, Agency for International Development, 1969).

Well Yield

The yield of a water well will depend upon the permeability
and thickness of the aquifer, the number of wells using the
aquifer, seasonal variations (which have more effect on water
table aquifers than artesian aquifers), the depth to which a
well is sunk into an aquifer, the diameter of the well, and
pumping capacities.

Drawdown: When water is being pumped from the aquifer through
a well, the water table level will be lowered in the vicinity
of the well. If no impermeable strata exists near the well

and the aquifer is of even permeability, the resulting lower-
ing of the water (called drawdown) will result in an inverted
"cone of depression". The size of the cone of depression

is affected by the pumping rate, the permeability of the aqui-
fer, and the existence of nearby wells. Where the slope of

the cone of depression meets the upper limit of the water

table (static water table), the radius of influence occurs.

The greater the drawdown, the greater the pumping costs, for
additional pumping 1ifts are required, so that the extent of
drawdown will have a direct bearing on well yield. Well yield,
therefore, is described as gallons per minute per foot of draw-
down (gpmpfd) (EPA).

Size: Increasing the depth of a well (if feasible) will have
more effect on its yield than will increasing the diameter of
the well. Most domestic well casings are from 2 to 6 inches
inside diameter with 4 inches being the average. The well
casing diameter is sized according to the pumping depth and
rate required. Also affecting the yield is the type of well
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point inlet and size of inlet area exposed to the aquifer;
slot types are cheaper with less yield than screened types,
which cost more and yvield more (Department of State, Agency
for International Development, 1969).

Methods of Well Construction

There are five common methods of well construction: dug
wells, bored wells, driven wells, jetted wells, and drilled
wells. The first three can be done "by hand", if the well
depth is less than 50 feet, using a minimum of materials and

a Tot of physical exertion. Jetted and drilled wells require
more equipment, hence greater cost and expertise, although
they can be developed to much greater depths (which usually
requires hiring a well drilling team). The methods of develop-
ing wells "by hand" are discussed here, however, since well
development requirements vary greatly with geologic conditions
it is suggested that the homeowner who intends to construct
any but the simplest of wells consult the manuals Tisted in
the bibliography, any of which adequately describe all aspects
of well development for the layman.

Dug Wells: Dug wells are excavated by hand and usually cannot
extend more than a few feet below the static water table. Due
to the dangers inherent in digging any size well, it is recom-
mended that this type of well be developed only under the
safest possible conditions under the supervision of a well
expert. Dug wells are lined with concrete pipe, stone, con-
crete, brick, or other inert materials, either as the well

is dug (if formation is unconsolidated) or after (if the well
is shallow and the formation consolidated). However, some
form of shoring must be used to prevent caving while digging.
Power operated tools may be used to aid excavation, and dirt
and rock are carried out in a bucket. Dug wells are most
subject to contamination since the well will be at least 3
feet in diameter, so the surface around the well must be
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adequately protected from runoff and animals, and fenced for
human safety.

Bored Wells: Hand-turned earth augers can bore wells for
depths of less than 100 feet (some authors say less than 50
feet). Wells deeper than 15 feet require the use of a light
weight tripod or platform so that the auger shaft can be taken
out, emptied, and reinserted without disconnecting all shafts.
A spiral auger can be used to remove rocks. Bored wells can

be developed further into the aquifer than dug wells. They may
be 1ined with steel casing, concrete pipe, tile, or other ma-
terials (excluding lead and other contaminating materials).

Driven Wells: Driven wells are the easiest and least expensive
because they are simply a special drive-well point attached

to the end of a pipe section driven by hand into the ground
with a heavy sledge hammer. Driven wells can only be developed
in rock-free, unconsolidated formations. Hand driving is
effective for wells less than 30 feet deep; machine driving

is suitable for wells up to 50 feet deep (Department of State,
Agency for International Development, 1969). A starting or
pilot hole must be made, using an auger or excavating tool,
slightly larger in diameter than the point and pipe sections
(which also form the casing). If possible, this hole should
extend down to the water table for easier driving. The pipe

is capped and weighted, and attached to the point, which is
driven into the ground with a heavy driving tool. The neces-
sary components are readily available at all large hardware

and department stores and catalog outlets. A driven well can
be used to extend the depth of a bored or dug well.

Jetted Wells: Jetting uses a high velocity stream of water

to break up the formation and force it to the surface. Jetted
wells require the use of a pressure pump, a source of water,

a small tripod, pulley, and a jet drive-well point. Water at
50 to 70 psi is pumped at 150 gallons per minute into the

pipe section and through a slot in the drive-well point. The
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water then emerges up from the hole and is drained into a
settling pit where the pump picks it up and recirculates it
(Department of State, 1969?. Jetted wells can be developed
to a depth of 100 feet if caving does not occur, and is
suitable for unconsolidated formations.

Drilled Wells: Drilled wells are developed through either
percussion or rotary drilling. Drilling a well is usually
faster then other methods, which can save in manpower and
cost when a well is to be developed deeper than 50 feet.

If wells are to be developed in consolidated materials, the
only option 1S to drill, although wells may be drilled in
unconsolidated formations as well. Drilling a well requires
a great deal of expertise - and often the use of expensive
heavy equipment - so that most drilled wells are contracted
out to professional well developers.

The percussion (cable-tool) drilling method involves crushing
the consolidated formation by repeated impacts of a heavy
drill point and stem, raised and dropped from a drilling .
rig. A bailer (a valved pipe) is then dropped into the hole
to remove cuttings which are mixed into a water slurry at

the bottom of the hole. A casing, slightly larger than the
bit, is driven into the ground to prevent caving, except
where consolidated material is encountered,

The rotary drilling methods use either water pressure or air
pressure to remove cuttings. Rotary drilling employs a
revolving table which rotates the drill stem and rotary bit,
2 pump, hose, and engine. A rotary drill bit (unconsolidated
formations) or roller-type rotary bit (consolidated forma-
tions) breaks up the formation as it rotates, and water
pumped down the piping carries slurry up and out of the

hole. Casing is usually driven after the hole is completed.
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Sanitary Protection of Wells

The two most common routes by which contamination can
enter a well are through the upper terminal ground level
outlet of the well and the space between the pipe or casing

and the borehole.

Casing Protection: The well must be protected with a sealed
casing for the entire length of the borehole as it passes
down through the "zone of contamination". With a well which
is built in unconsolidated formations, the space between the
pipe or casing and the borehole will quickly fill up with
caving material, so that contaminated water will not be able
to drain down around the outside of the casing. In consoli-
dated formations, however, irregulair spaces between the
casing and the borehole must be filled with cement grout
(Department of State, Agency for International Development,

1969).

Upper Terminal: The outlet end of the well must extend 2
feet above flood height to protect it from surface runoff
contamination. The well should be closed with a water-
tight seal or cap and, if possible, enclosed in a pump-
house. In addition, a 4-inch thick concrete slab should
slope away from the well terminal in every direction to
drain water away from the well and into a ditch which dis-
charges some distance from the well site. In regions where
freezing temperatures do not permit the terminal or water-
bearing point to be above the frost line, pits are often
dug and a discharge pipe laid underground. Pits are very
easily contaminated, however, and a pitiess adaptor should
be used so that casing may be terminated above ground.
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Well Development

Wells built in unconsolidated formations (other than dug
wells) must be "developed", which is the process of surging
water through the well point or screen to remove fine par-
ticles from the water bearing material. This decreases
drawdown and increases yield by increasing the permeability
of the material immediately surrounding the inlet and per-

mitting better flow, and also corrects any clogging which

results from developing the borehole (U.S.D.A. #2237). The
borehole should first be washed out (a hose and a pump or
bucket will do the job). A plunger is then inserted into

the borehole to just above the screen or well point, and
moved up and down, first slowly and then more rapidly as

flow becomes smoother. Periodically, the plunger is removed
and the sand residue bailed cut, and this process is repeated
until 1ittle or no sand is removed by continued surging.
Plungers are available commercially, or, for small diameter
wells, may be made by wraeping cloth around the drill pipe
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Well Pumps

Pump capacities are determined by well yield, rather than
vice versa. A pump which can draw more water than the well
can yield is a waste of money. A well can easily be tested
to determine its yield and then the appropriate pump selected.

A deep well or submersible pump is used when the pumping

water level is greater than 25 feet and the well is large
enough in diameter to accomodate it, otherwise a surface

pump will do. Commonly used types of well pumps are dis-
cussed in detail in the Components Chapter.
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Selecting a Well-Driller

Call three or four well-drillers for estimates. Well drillers
should visit the site, and if there is disagreement about
where a well should be drilled, find out why. Ask the driller
what type of drill rig he plans to use, and with the preceding
information, see if you agree as to its appropriateness. It is
best to obtain a contract, and be sure that the cost (per foot
or per job) includes move-in, gravel, casing, cement seal, and
cost of mud. Get a starting date and a completion date. It is
good to be present during drilling to see that drilling resi-
dues indicate the type of geologic formation expected, and so
that you can order a stop to the drilling anytime you feel you
have enough water (drillers sometimes drill deeper than needed).
Before you pay the remaining cost, test the well for four hours
at the rate stated on the well log, and be sure you keep a copy
of the well log (New West Magazine, April 9, 1979).
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Ponds
Springs

FONDS AND SPRINGS

Ponds and springs are not a common source of residential water
supply except perhaps for irrigation around sururban or rural
homes. Before using any surface water a sanitary survey should
be made. including water quality testing.

Ponds

Other than natural ponds, two man-made types are useful for
collecting surface water. An embankment nond or dam is built
across a Sstream or other watercourse. An excavated pond is
made by scraping out a pit or dugout in a nearly level area
where the water table meets the earth's surface, and piling
the excess dirt around the water perimeter.

Design of a pond will depend upon land costs, space availability,
physical and aesthetic characteristics of the area, topography,
climate, and other local factors. Design also depends upon the
volume of water available and required (U.S.D.A. #387).

Water can be drawn from a pond by digging a trench at the
lowest point. Perforated pipes are then laid and surrounded
by two or three layers of gravel wnich is gradually finer in
size, and the remainder of the trench is then filled with sand.
A valve regulating flow can channel water into a small holding
tank from which it can be pumped or drained by gravity to
appropriate residential uses (Feachman 1977). A1l ponds
should be fenced to protect children and to keep out animals.




Ponds and other surface catchments are often eligible for
state or federal funding from agencies responsible for
flood control, fish and game, agriculture, or irrigation.
For more specific information on how to construct or use a
surface water storage pond consult any of the government
manuals listed in the bibliography (especially EPA 1973).
(The Garden Uses chapter discusses treatment lagoons,
another appiication of surface storage.)

Springs

Where groundwater is forced to the surface by pressure

(artesian) or gravity, water is generally of good quality,
RING TANK: FLATLAND WATER STORACE although it is subject to contamination from polluted sur-
face water, animals, etc. Before using a spring, dig a
ditch at least 10 yards up hill from the spring to divert
surface runoff, and erect a fence (animals should not be
permitted within 60 feet). If frequent flooding of the area
occurs, the spring's overflow should be above flood level.
A cistern can be constructed on site (springs are generally
inconveniently located), or water may be channeled into a
surface pond. The best source of more detailed information
on building spring-fed water supply systems will be found
in the government manuals listed in the bibliography
(especially EPA 1973).

DETAIL: 24ND $ &RAVEL. FILTER
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GARDEN USES

One of the oldest and most logical ways to reuse household
wastes nas been to irrigate and fertilize gardens. In many
rural areas dishwater is routinely thrown onto the kitchen
garder., Vegetable peelings are buried or composted. Even
blackwater or nightsoil is carefully collected and used by
farmers in many parts of the world. However, because black-

water can pose health hazards to the average homeowner,
this chapter will discuss only the use of greywater in the
garden. Also if kitchen greywater is used, this chapter
assumes the system contains some type of grease trap or
filter.

In California greywater use in gardens apparentiy occurs
almost everywhere. A survey in early 1977 revealed that
over half the county health officials believed that home-
owners' laundry and bath water commonly bypassed septic
tank systems for surface discharge (OAT 1977). Only 10
percent of these officials believed that it never occured
in their counties. Typically greywater surface discharges
were discovered only as a result of a complaint and the
official response was to order the homeowner to replumb
the system.
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THE CLEANEST GARDEN IN TOWN

"I launder the clothes in a less-
than-one-percent phosphate soap
like Ivory Snow, then drain the
wash and rinse water into a tank,
then pump it into the garden."

"My vegetables and flowers thrive
with the extra watering while the
mild scapy mixture helps keep down
insect and fungus infections.
(Remember grandmother's prize
roses that never saw a modern
chemical fertilizer, but got dish-
water thrown on them three times

a day?)"(Kilbourne 1976)

PLANNING A GREYWATER GARDEN

Irrigating plants with greywater offers the homeowner
distinct advantages:

It conserves water.

It may save money.

It makes gardens possible in water-short areas.

It captures nutrients for plant growth that would
otherwise be lost.

It provides water for recharging groundwater table.
It reduces wastewater flow to the septic tank or
municipal sewage treatment system.

Gardeners in Marin County who used soapy water for irri-
gation stated unanimously that it seemed to cause no damage
to their plants (Sunset 1977).

The success of greywater irrigation depends on the inter-
action of the soil, the climate, the quality of the water,

and the type of vegetation selected. In nature, each of
these factors are balanced one against the other so that
indigenous plants evolve which are well matched to the soil,
rainfall, and temperatures in their own particular "micro
environment". However, in the cultivation of non-indigenous
plants, sometimes called exotics, man must adjust these
factors by augmenting natural rainfall with artificial irri-
gation or amending soils with fertilizers and other additives.

The use of greywater for irrigation is different from any
other artificial irrigation program in two important ways.
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First, greywater may be produced b/ the household in
frequency and volumes which might not match the garden's
needs. Second, it contains varying amounts of materials
that can be either beneficial or detrimental to the gar-
den.

Most people would not notice anything unusual about a garden
designed to be irrigated with greywater. There are in fact
a few specific issues which the homeowner must consider
before making such a switch. This chapter discusses these
factors.

However, before launching into this topic, a note of caution
must be sounded. Problems inevitably crop up initially,
even for experts. For example in a greywater irrigation
project at the Farallones Institute Rural Center, grease
and solids clogged irrigation orifices, and the greywater
equipment aiso developed sirong anaerobic odors. They
reported:

"Our preliminary assessment of greywater was somewhat
naive. It was felt that eliminating toilet flushing
from the waste stream would reduce the level of con-
tamination and the remaining waste water would be
easier and safer to deal with...After a year and a
half of working with greywater we realize that the
problem is much more complex and will require a longer
term investigative effort." (OAT 1977).

But apparently most of these problems proved to be solvable

because later reports from the Farallones Integral Urban
House are much more optimistic (Javits 1978).
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EVALUATION OF SOILS FOR GRFYWATER USE

Soil is the major determinant of the frequency and amount

of water required for irrigation and the type of plants

that can be cultivated. Because soil is an excellent filter
and treatment medium, it is also the key factor in the
conversion of organic materials and disease-causing organisms
to beneficial soil materials. The importance of soil in
planning and practicing greywater irrigation suggests that
acquiring a first hand knowledge of the avaiiable soils’
characteristics would be the first order of business in
designing such a garden.

The complete evaluation of soils is a very complex science

and considers a variety of soil properties and characteristics

depending on the intended use. The evaluation of soiis for
greywater use, however, is concerned with only a few key
characteristics.
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The amount of organic material present in soil affects
the soil's fertility and the amount of water it can
hold.

The soil texture or particle size is the key factor in
the removal and treatment of impurities in the water.

Soil structure, or the way the particles stick together,
affects the permeability of the soil to air and water.

The infiltration rate is an indication of how quickly
water can be absorbed into the surface of the soil and
conversely how much water will run off.
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Percolation is the rate at which water can travel
down through the soil, beyond the surface layer.

Togograghz effects the potential for runoff and surface
erosion.

Subsurface geology affects the ability of water to
safely enter the underground water table or to cause
soil movements.

Organic Material

There are two primary components of soil, organic materials

and mineral fragments. The minerals are further classified

as clays, silts, and sands. The relative proportions of the
mineral and organic components is the most important factor

in determining the character of a soil.

Soil often includes significant amounts of organic materials
such as roots, humus, and decaying matter from plants and
animals. Fresh organic matter helps physically by keeping
soil open and spongy which allows the free movement of water
and air. The organic material also holds water in the soil
so that it has more available water capacity for plant growth
than would a similar soil with less organic matter.

The presence of humus can be determined by visual inspection
of the soil. Organic material is usually dark in color (a
very rich Toam will be almost black), and bits of organic
particles will be apparent.

The top 5" to 6" of soil is where most of the biological
filtration processes take place (Stevens 1974). This thin
Tayer of earth contains huge populations of microbes which
do most of the work in rendering greywater safe tec enter
the water table.
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Soil Texture

The proportion of each mineral component in a given volume
of soil determines the "texture" of the soil. The mineral
components are classified as sand, silt, or clay according
to the diameter of the individual particle. In a formal
laboratory evaluation of soil texture all organic materizls
are removed from the soil sample, and the remaining mineral
particles are separated according to size bty screening; a
process called "mechanical analysis." The various size
classes are called "separates" and they are distributed

as follows:

Soil Separate Microns Diameter Range (mm)
Very coarse sand 2,000 - 1,000 2.0 - 1.0
Coarse sand 1,000 - 500 0.1 - 0.5
Medium sand 500 - 250 0.5 - 0.25

Fine sand 250 - 100 0.25- 0.10
Very fine sand 100 - 50 0.10- 0.05

Silt 50 - 2.0 0.05- 0.002
Clay less than 2.0 less than 0.002

The proportion of mineral particles that fall in each size
classification, or "soil separate," determines the textural
name of the soil.

No two soils will have precisely the same distribution of
mineral particle sizes: the possible combinations of pro-
portions of material in each size class is virtually in-
finite. However, the U.S. Department of Agriculture has
established a classification system based on differences
in the physical properties between various combinations of

136




The common name for organic soil
is "loam". By definition, loam
includes about 40 percent sand, 40
percent silt, and 20 percent clay
for the minera! component, plus
some unspecified amount of humus
(Donahue 1971).

1. Sand

2. Loamy sand

3. Sandy loam

4. Loam

5. Silt Toam

6. Silt

7. Sandy clay loam
8. Clay loam

9. Silty clay loam
10. Sandy clay
11. Silty clay
12. Clay

SOILS CLASSIFIED BY INCREASING
FINENESS

particle size classes. The more common class names, in
ordey of increasing fineness, are listed at left (Donahue
1971).

The texture class name of any soil with given proportions
of sand, silt, and clay can be determined with a diagram
developed by the Department of Agriculture. A percentage
range of 0 to 100% is distributed along one side of the
triangle for each of the three components. The percentage
of each component (known from the results of the mechanical
analysis process) is located along the appropriate side of
the triangle. A line is then traced from each side at a
60 degree angle toward the center. The point of intersection
of the three lines locates the name of the soil texture.
For example, a soil that is 45% silt, 25% sand, and 30%
clay will intersect in the area marked "clay loam".

Testing Soil Texture: The evaluation of available soil
texture is an important step in planning for the use of
greywater. A complete evaluation of soils can be obtained
for a fee from a commercial soils engineering firm, or by
contacting the County Farm Advisor or similar government
extension service. However, there is a simple technique
that provides the homeowner with a general idea of the
soil characteristics, most importantly texture, without
going to any trouble or expense.

This test, desc.ibed by Olkowski (1975), is based on the
consistency of the soil when it is moist and gauges the
response of the material to simple manipulation,

1. Take a small amount of soil (about a tablespoon) and
moisten it slightly.

2. Make sure that the moisture is well mixed with the soil
and that any granules are broken down by kneading the

137




%

PERCENT SAND
Pac=isl o A L

Soil Textural Classes

soil with your fingers. The mixture should be firm
and not so moist that it is runny. Clay particles may
take a little while to become saturated and break down
and they will feel grainy until they do.

3. Roll this mass between your palms until a ball is
formed. Then roll it into as thin a wire as possible.
The sandier the soil is, the harder it will be to form
a ball and any wire you can make will quickly dis-
integrate. As the percentage of clay increases, the
more easily the wire keeps its shape and the thinner
the wire can become without falling apart. With a very
high percentage of clay you can roll a very thin wire
that can be picked up by one end. When the amount of
clay reaches 35 percent or more a wire 1/4 inch in
diameter can be picked up by one end without breaking.

4. Rub the mixture out thinly against your palm. Clay
gives the soil a shine when you press down firmly and
spread it out, and it feels slippery. If the soil is
sandy it will not shine and will feel gritty. Silt
gives soil a greasy quality, yet it is not plastic the
way clay is.

Accurately evaluating soil texture is a skill which is
acquired with practice. It is helpful to test a number of
different soils in order to become acquainted with the
variety of textures one will encounter. In this way a
relative scale can be established which will help to deter-
mine the character 7f any particular soil.

Soil Structure
Whereas soil texture is the relative propertions of

individual particle sizes in a soil mass, soil “structura"
is the manner in which thase particles clump together into
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aggregates. Soil structure is important because it influences
the way water and air move through the soil. Well structured
soil with large spaces between aggregates, and aggregates

that keep their form when they become wet or compacted will
allow air and water to circulate freely.

Soil structures are identified by shapes and arrangements,
and by the size of the aggregates. The aggregates are called
"peds" when they occur naturally, and "clods" when they are
the result of human activity, such as plowing. There are
four principal types of structures:

1. Platy: Peds exhibit a matted, flattened, or compressed
appearance.

2. Prismlike: Peds exhibit a long verticle axis and are
bounded by flattened sides.

3. Blocklike: Peds resemble imperfect cubes 1ike baby
blocks, but are usually smaller.

4, Spheroidal: Peds are imperfect spheres 1ike marbles,
but are usually smaller. This is also called "granular".
(Donahue 1971)

The type of structure that is present in soils can be
approximately determined by examining a handful of dry soil
that has been crushed between the hands to break up the
mass into small crumbs or aggregates. The shape of the
aggregates should be visible to the naked eye.

Granular (spheroidal) and single grain soils, (uniform,
small grain aggregates with no clear structure) have rapid
water infiltration rates; and platy and massive soil
structures result in slow infiltration rates (Donahue
1971). A moderate to rapid infiltration of water is
desirable for greywater application.
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Infiitration Rate

Infi1tration refers to the movement of water into the
surface of the soil. By contrast, "percolation" is the
movement of water through deep subsurface soil. Surface

soil should provide channels down through which water may
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fall or irrigation. Water that cannot enter the soil will

move off over the surface, often carrying soil with it

resulting in sheet erosion of the suyrface and los
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soil.
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For the use of greywater it is essential that all of the

water enter the soil and none be allowed to leave the irri-
gation site as surface run-off. Greywater may contain

materials that are a hazard to public health, or may become
a nuisance if not proper]y handled. Therefore it is impera-
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nfiltrating all greywater app11e to its surface.

1. The percentage of sand, silt, and clay in the soil.
Coarse sands encourage increased infiltration.

2. The structure of a soii. Soiis with Targe, water-
stable aggregates have higher infiltration rates.

3. The amount of organic matter in the soil. The more
organic matter and the coarser 1t is, the greater the

GIIIUUIIL UT WdLEV‘ l..m;erlng l'.ﬂ('.‘ SUII- Urgdl!IL 5urruu:
mulches are especially helpful in increasing infiltra-
tion.

4. The depth of the soil to a hardpan, bedrock, or other
impervious layer is a factor in infiltration. Shallow
soils do not permit as much water to enter as do deep

s5071s.
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5. The amount of water in the soils. In general, wet
soils do not have as high an infiltration rate as do
moist or dry soils.

6. The soil temperature. Warm soils take in water faster
than di cold soils. Frozen soils may or may not be
capable of absorbing water, depending upon the kind of
freezing that has taken place (Donahue 1971).

Infiltration rates may be classified as follows:

1. Very low: Soils with infiltration rates of less than
C.1 inch per hour are classified as very low. In this
group are soils that are very high in percentage of
clay.

2. Low: Infiltration rates of 0.7-0.5 inch per hour are

considered iow. This group includes soils high in clay,

soils low in organic matter, or shallow soils.

3. Medium: Ratez of infiltration 0.5-1.0 inch per hour
are classified as medium. Most soils in this group are
sardy loams and silt loams.

4. High: High rates include soils with greater than 1.0
inch per hour of infiltration. Deep sands, and deep,
well-aggregated silt loams and some virgin black clays

are in this group. (Donahue 1971)
na

Infiltration Testing: The rate of infiltration can be
approximated by a simple test. Remove both ends from a
large coffee can or similarly large, round cylinder. Jamb
one end into the soil in the area to be tested remembering
that the purpose is to estimate how quickly water will
enter the surface of undisturbed s0i1. Make sure that the
edge of the can is buried deep enough so that water can't
simply seep under the edge and flow out over the soil
surface. Fill the can with water to a level of about 6

inches and mark the level on the inside with a grease pencil
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or laundry marker. At one hour, again mark the inside of
the can at the water level and measure the amount of drop
for comparison with the classification outlined above. Con-
sidering that the soil surface will prebably be broken up
and the infiltration rate changed by cultivation, the
percolation rate of water below the surface is an even

more important concern.

Percolation Rate

The rate at which water peicolates through the deep sub-
surface soil determines how quickly the greywater will be
carried downward through the ground and therefore how much
water can be applied before the _0il becomes saturated and
cannot accept more water. Permeabiiily, the capacity to
transmit water through subsurface soil, 15 the common
measure of water percolation. Permeability is o ten ex-
pressed as the rate that water passes through soil in inches
per hour.

For irrigation with greywater, sites with impermeable layers
near the surface should be avoided. Preferable snils are
deep, well drained loams. Soils of moderate permeability
are better than soils with either very slow permeability,
such as clays, or very rapid permeabiiity, such as course
sands and gravels. Soils with very low permeability are
generally unsuitable because they may waterlog and create
run-off problems, whereas soils with very high permeability
might result in inadequate "treatment"” of greywater because
of the retention time required to break down pathogens
before entering the water table. The optimum rate of soil
permeability will vary somewhat with the application but
generally the desired permeability will be moderate to
rapid.
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Percolation Testing: A simple test can be conducted on
site to determine the permeability of the soil. This is
generally referred to as a percolation (or "perc") test.
Comparing the test results to the char. provides an indi-
cation of the permeability class of the soil.

1. Dig or bore a hole with hand tools either 12 inches
square or 13 to 14 inches in diameter. One hole should
be dug to about 12 inches deeper than the depth of the
intended greywater irrigation system, (this includes
surface irrigation systems). Dig a second hole in the
same vicinity to a depth of about 48 inches.

2. Remove any smeared surfaces from the sides of hole to
provide as nat~ral a soil interface as practical to
infiltrating waters. Remove loose material from the
bottom of the hole and add an inch or two of coarse
sand or fine gravel to prevent the bottom from scouring.

3. Presoak the hole carefully, never filling it deeper
than about 8 inches with clean water. Do not drop the
water into the hole from much distance. Ease it in
gently. If it is known that the soil has Tow shrink-
swell potential and clay content is low (perhaps less

Permeability Rate In Inches

Classes Fer Hour than 15%), groceed with the test. If not, let the hole
Very slow Less than 0.20 rest over night.

Slow 0.20 to 0.63 4. Fill the empty hole with clean water to exactly 6 inches
Moderate G.63 to 2.0 above the soil bottom of the hole (do not consider the
Rapid 2.0 to 6.3 layer of protective gravel as the bottom of the hole).
Very rapid More than 6.3 The level of water can be most easily gauged with a

wooden yardstick held vertically in the hole,
* Undisturbed, saturated soil

5. Wait one hour and measure the amount of drop in the
$g:§s°2"3§§e$ co?ggzgﬁug.?g7]) water level in ihe hole. Without taking into account
) the gravel in the hole, you will get a faster rate of
drop than actual water absorption. Out of 1 inch drop,
Permeability Class of the Soil a portion will actually be space occupied by the gravel.
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The effect of the gravel.can be determined in advance
by estimating the volume of the gravel and subtracting
that volume from the volume of water absorbed by the
soil  (Warshall 1976).

As a general rule, if the hole has 2 inches of gravel in

the bottom and 6 inches of water, it is estimated that

40% of the volume of the first inch of drop in water

level is actually attributable to the volume of the gravel.
Thus, a 2 inch drop is actually only 1.6 inches. A number of
factors, including size and shape of the gravel, and the
shape of the bottom of the hole will affect the influence
of the gravel on the rate of drop. Precise estimates are
therefore rather complicated and application of the general
rule is acceptable for most purposes.

Topography

The slope of the irrigation sita (combined with the soil
infiltration and percolation ratas) is an important factor
in controlling surface runoff and the amount of greywater
that can be used for irrigation. Steep slopes and poor
soil infiltration will result in su,7vace runoff leading

to surface erosion and loss of soil. In all cases, the
loss of greywater from the irrigation site through surface
runoff is to be avoided.

Surface irrigation is easiest with soil that is flat or
gently sloping. The recommended slope for agricultural
irrigation is no more than 4%; for a sodded field, incliuding
Tawns and dense landscape materiais (such as ivy ground-
covers) no more than 8%; and for wooded areas, no more

than 14% slope (Herson 1976). Where soils have a high
infiltration rate these recommendations can be amended
sTightly upwards.
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It is also important that the irrigation site be relatively
smooth and +ree of low spots. The water will tend to

drain toward these low areas resulting in a concentration
of water at these points. The concentration of greywater,
particularly if the subsurface drainage is poor, will hasten
accumulation of salt in the soil and perhaps change the

soil acidity. These changes could ultimately damage the
plants in the area.

Subsurface Geology

The structure and composition of the earth below the level
which can be easily explored with hand tools can pose
problems for greywater use. First, the subsurface geology
can affect the rate at which the greywater moves downward
through the earth. Badrock or impermeable layers rear

the surface can halt percolation, and therefore should be
avoided. The existence of bedrock or impermeable layers
close enough to the surface to cause problems should be
evidenced by nearby rock outcroppings or the exposure of
bedrock in percolation test holes.

Subsurface geology can also cause too rapid percolation

of greywa’er such that it reaches the water table before
the soil has completely removed all potentialiy harmful
materials. This would occur where tnere are open fractures
in bedrock, carbonate or glacial deposits, or where ex-
tensive cut and fill has occured. These conditions may

be very difficult to detect because there may be no mani-
festation at or near the surface. In order to minimize
the possibility of too rapid percolation it is recommended
that a soil specialist be consulted if the groundwater
table is within 10 feet of the level of the irrigation
system.
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The disposal of water under ground causes the water to
temporarily form "mounds" below the surface resulting in
horizontal radial outflow. This radial flow can sometimes
travel horizontally great distances before it can drain
downward again or reach another pocket of fresh ground-
water. Once the disposed water reaches a subsurface
pocket of groundwater, pollutants are relatively free to
move long distances, although their movement may not be
uniform due to the configuration of subsurface geology
(Herson 1976). Moreover, little additional removal of
dissolved solids, such as pesticides, salts, and detergents
takes place. Thus, once pollutants from greywater reach
the water table, there is a chance of polluting other
locations.

An additional problem is the effect that water can have
on the stability of subsurface geology. Soil conditions
that are reasonably stable when dry can become quite
unstable when unusual amounts of water enter by surface
irrigation, or by subsurvace irrigation or disposal
systems. This potential problem is not peculiar to
greywater use, rather it exists whenever water in excess
of natural precipitation is applied to the land for
irrigation or any other purpose. Thus, if greywater
irrigation will simply augment or substitute for existing
irrigation practices there is no need to regard grey-
water as a special case,

Excess water in the soil can act in a number of ways to
disrupt the existing soil stability. Water in certain

clay soils (montmorillontic clays) can cause swelling

and heaving which can cause pressure against foundation
walls resulting in their failure, and can cause buckling
and cracking in driveways, decks, and other paved surfaces.
Most building departments prohibit any type of construction
on such expansive soils. Excess water can cause subsurface
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eresion resulting in soil depression or sink holes as the
surface collapses into the eroded void below.

The greatest potential hazard exists in hillside areas
where the steep hillsides and 1ikelinood of extensive
grading (for dwelling construction) poses the hazards

of soil slump, creep, or landslides. Soil creep is a

very slow movement of a soil mass that is too heavy for
the steepness of the hill on which it rests; trees and
fences lean downhill on suchk slopes. Slump is a more
rapid collapse of a soil mass downhill that essentially
retains its sh=pe and is displaced only a matter of inches.
Lands1lides are muihi mcre severe in that displacements

are much greater aqid trne shape of the soil mass is completely
destroyed. Obviously any of these types of soil movement
can cause expensive damage to buildings and utilities.

A1l three hazards can occur as a result of two events.
First, water enters the soil increasing the weight of the
soil mass until it can no longer resist gravity, and moves
downhill. Second, water lubricates the soil at the inter-
face between the fill and the natural slope, or the “"slip
plane", and the soil mass begins to slide as the force

of gravity overcomes the friction between the soil mass
and the hillside. In some instances both the additional
weight of the water and the lubrication of the interface
combine to cause the earth to slide.

Although soil movements are a natural part of geologic
history, they begin to occur much more frequently once

man touches the land. Tne primary reason is that suddenly
a great deal of water is flowing down into the soil from
new gardens and lawns, from septic tank leach fields, from
local concentrations of runoff from roofs and parking lots,
and from leaking water pipes, sewers, and swimming pools.
This latter factor is the most incidious not only because
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it is unseen but because it can be so huge. Most utility
companies can account fcr only 90% of the water and sewage
they pump, which means that at least 10% is leaking out
of their system somewhere. It is reasonable to assume
that many of these leaks are in geological zones where
there has already been a certain amount of soil movement,
and hence the problem compounds itself,

For most homeowners this will not be a problem, simply
because they live in relatively flat areas. But for

those 1living in hilliside areas it is important to irrigate
with caution. Areas of obvious instability, gqullying,

or active landsliding should be irrigated only as necessary
to allow growth of indigenous plants to hold the soil.
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CLIMATIC INFLUENCES

Seasonal patterns of temperature, humidity, rainfall and
wind determine the climate for an area and, to a large
degree, determine how much supplemental irrigation is
beneficial to a garden, especially if it contains non-
native plants.

Greywater can be expected to be a fairly constant supply
with only minor seasonal variations due to changes in
household cooking, washing, and bathing routines. On the
other hand, the irrigation needs due to annual climatic
variations can be expected to vary radically. The quantity
of water required by a vegetable garden in the midst of
winter is substantially reduced when the temperature is

too low to grow crops and the perennial plants are dormant.
In fact, when the ground freezes in extremely cold winter
climates, an alternative use for greywater must be found.

In parts of the country where rainfall is relatively
evenly distributed throughout the year, greywater can be
easily used to supplement the natural supply. Most areas,
however, have unevenly distributed annual rainfall patterns
with identifiable wet and dry seasons. In these cases the
rate of greywater irrigation required to meet the needs of
plants during dry months may become excess and may actually
waterlog the soil in the wet months.

In Tocations where the seasonal variations in rainfall are

great, the native vegetation has adapted to these alter-
nating periods of wet and dry, and artificial irrigation is
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ANNUAL GREYWATER

Average residential
lot size (50 x 100)

. A
nuwiiv. N

5000 sq.ft.

Average house covers 1600 sq.ft.

Driveways, sidewalks

and other non-irri-

gated areas

= 1000 sq.ft.

Irrigated landscape

areas

Average family size

Average greywater
produced per day

Household daily
average

Days per year

Annual greywater
produced

Thus,
Annual greywater
or

National average
annual rainfall

= 2400 sq.ft.
4 people

35 gpcpd

= 140 gallons
365

51,000 gal.

21.3 gal/sq.ft.
34.0 in./year

34 inches/year

generally unnecessary and may even be harmful. Such is
the case, for example,in Southern California where regular
irrigation practices have actually altered the natural
microclimate in many household yards and gardens to

allow the habitation of many exctic species to the exclu-
sion of native dry-summer plants. Irrigation of the yards
during the winter is normally minimal, if done at all,
because the winter rains are more than adequate for the
survival of both native and exotic plants. If greywater
is continuously applied during this period the effect is
to even further modify the microclimate, perhaps making
it suitable only for exotic wet-land plant species.

Applications of greywater can be quite significant. For
example, the average production of greywater per person

in the household is about 40 gallens per day. For a family
of four this results in a total annual production of 58,400
gallons. One gallon is equivalent to 2/3 inch of water
over one square foot. Assume now, that the family has
1,000 sq.ft. of garden and landscape area that must be
irrigated. This means that the greywater supplies an
additional 58 inches of water for irrigation each year.

If the family lives in a warm temperate zone and the average
annual rainfall is between 10 and 20 inches, the plants

and animals native to the region would belong in the "thorn
scrub" biome. The addition of 58 inches of water annually
would change the microclimate in the irrigation site to a
"moist forest" biome with an entirely different complement
of native plant species. These eoffects, which are obviously
quite significant, occur whenever irrigation is practiced.
The primary difference with greywater is that the source

is fairly constant throughout the year and cannot be
readily adjusted to seasonal variations in demand for
water due to the seasonal characteristics of plants or

the variations in rainfall.
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Greenhouses are an efficient way *o use greywater in spite
of seasonal variations. They allow plant cultivation of
any species year round and provide an excellent opportunity
to match greywater flows exactly to plant needs. An inter-
esting demonstration of how to design a greywater irrigated
greenhouse will be described later as part of the Clivus
Multrum system (Stoner 1977).

Irrigation Greywater Diversion Strategies

In some cases it may not be possible to continue year
round irrigation. During the wet season when the house-
hold supply of greywater excesds the irrigation require-
ments, the homeowner must find a way to divert or reduce
the flow of greywater. For example:

In-house water conservation techniques could be stepped-
up to reduce tha amount of greywater produced, although
most families find this difficult to sustain for long.

Indoor uses of greywater might be increased, although
normal demands such as toilet flushing are fairly un-
changeable. If greywater is already in use it will be
difficult to increase the demand for more.

Dumping the excess greywater into the sewage system

is perhaps the simplest solution, but it wastes the
greywater resource as well as significantly increasing
the load on the sewage system at the very time when it
is heavily stressed due to rainfall entering the
system. (Note that both public and private systems
must be sized to accommodate this peak load.)

Short-term storage of greywater can help alleviate
the problem of peak storm loading until the ground
can again absorb water. A septic tank performs the
function automatically because no effluent will flow
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into the leach field if the soil is already saturated.

Long term storage of greywater from wet season to dry
season is usually impractical due to the size and cost
of a storage tank, and is compounded by the organic
material in greywater which may become septic over

any extended period of time. However, storage is not
totally unfeasible, for example, in a dark air-sealed
storage tank treated with chlorine or other disinfec-
tant.

Greywater which is in excess of plant requirements
during wet months can recharge the groundwater table
(if it is deep enough) through a deep subsurface leach
field or dry well, in this way avoiding the problem of
saturated or frozen surface soils. In one example,

two 100 ft. leach lines were installed with a switching
mani{old to divert greywater from the garden (Kroschel
1977).

In soils where waterlogging or saturation never occurs,
even during the rainy season, it may be possible to
continue to use greywater for irrigation if special
care is taken to prevent surface runoff.

In warm climates where the rainy period occurs during
the growing period it may be possible to divert excess
greywater from the year around garden to a seasonal
vegetable or ornamental garden which is allowed to

go dormant during the dry period.

If it is too cold for plant growth during the dry
season, it may still be possible for evaporation beds
to get rid of greywater. Under ideal circumstances
it may be possible to evaporate one gallon for every
5 sq.ft. of evaporation bed.
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In subfreezing temperatures it is still possible to
vaporize a lesser amount of greywater that is sprayed
and allowed to freeze above ground, although to date
this has only been done experimentally.




PLANT SELECTION

Selection of plants toc be irrigated with greywater is an
important part of planning the irrigation system.

Faced with water shortages or droughts in years ahead,
homeowners need no longer think only in terms of drought
tolerant plants. Because the supply of household grey-
water is virtually constant all year long, gardeners can
use almost any kind of plant material they wish, even
wetland exotics, should they decide to concentrate all
their available greywater on a small area.

There are two key factors to be considered: the plant's
tolerance for salt and other chemicdls typically found

in greywater, and the degree to which the plant's water
demand corresponds to the greywater supply. The questions
regarding the most tolerant plants are taken up at the

end of this section, but first this section discusses
plant characteristics which influence water demand.

How Plants Use Water
How Plants Use Water

Evapotranspiration Characteristics Plants work with the soil and climate to move water up
Rooting Depth from the soil back into the atmosphere. The rate and
Seasonal Variations amount of water moved in this cycle is controlled by the
Salt Tolerance and Alkaline Soils processes of evaporation and transpiration (shortened to
Lawns ) evapotranspiration) determined by the plant's physical
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Try to use greywater only on well
established plants; seedlings less
easily tolerate the impurities in
household wastewater (Javits 1977).

characteristics. These processes are further controlled
by external effects of wind, temperature, soil type, and
the surface conditions. Proper selection of plant species
and management of the soil with due consideration to the
climate make it possible to complement the garden irri-
gation demand with the amount and quality of the available
greywater supply.

Water demand in the plant is primarily determined by two
sets of characteristics, the root system and the leaf
canopy. The characteristics of the leaf canopy are most
impoitant in the rate of evapotranspiration, that is, the
total amount of water required. The root system which
supplies the water from the soil reservoir determines how
large the reservoir shall be and hence how often the plant
needs irrigation.

In general, the larger the plant, the larger the root
system to explore for water. Many common landscape plants
are "water spenders" because their evapotranspiration rates
are quite high. They have extensive root systems and as
long as some of their roots are in moist soil they can
survive drought but if irrigated still use relatively
large amounts of water. Among the many examples are euca-
lyptus and black walnut trees. Succulents are another
interesting example. During dry periods they go dormant
but whenever water is available they can consume great
amounts. If irrigated all year long they will exhibit
amazing growth.

Evapotranspiration Characteristics
The pathway for water from the soil, through roots and

stems and out of the leaves to the atmosphere is a con-
tinuous one. Leaves will develop a deficiency of water,
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called a "water deficit," if the loss of water through evapo-
transpiration exceeds the uptake by roots. The magnitude
of the leaf water deficit depends on the rate of water
loss balanced againsc the rate of uptake. The latter

rate depends in part on the root resistance, which varies
greatly among different plants. Those with dense,finely
divided root systems generally have lower root resistances
and can take up water much faster than those with simple
elongated systeins. During hot dry windy periods of high
evapotranspiration, plants with high root resistances may
undergo leaf water deficits even in fully wetted soil.

On a warm July day (85°F, 40% relative humidity) a single
corn plant growing in a cubic yard of wet loam soil would
use about 1.4 gallons of water per day. If that same

plot were covered by annual herbs with their characteristic-
ally high transpiration rates, such as desert evening
primrose, water use would jump to about 4.3 gallons per

day. However, if the plot were filled with many stalks

of corn, daily water use would increase still further to

7 galions (Gulmon 1977).

Under these same conditions, evaporation alone from the
surface of a fully saturated cubic yard of soil would be
about 2.3 gallons per day. However, after 2 days, the
dry surface soil would form a natural mulch and greatly
reduce further evaporation (Gulmon 1977). Thus soil
watered deeply and infrequently loses 1ittle water from
the surface.

There are many possible characteristics which indicate
how plants are adapted to certain moisture levels. The
majority of common garden and landscaping plants are in
the great middle grouping of plants which are adapted

to neither a very moist nor a very arid climate. These
plants are called "mesophytes" and are Tlikely to exhibit
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a blend of characteristics which reflect its particular
native origins.

Tough, rigid leaves are an indication of drought tolerance.
When Teaves on any plant reach a point of water deficit
there is insufficient water to maintain cell turgor and
the leaf wilts resulting in a corresponding decrease in
transpiration and photosynthesis in the leaf. Plants
native to dry habitats can frequently sustain much greater
leaf water deficits without wilting than those from moist
areas. Moist area plants tend to have thin, flexible
leaves.

Drought tolerant plants, xerophytes, exhibit character-
istics in their leaves and canopy which act to reduce the
flow of moisture from the plant to the atmosphere:

Leaves are often light in color or may be covered on
the underside with short, lightly colored hairs to
trap moisture and reduce evaporation from the leaf
surface.

. Leaves may be covered with cutin, a dense, waxy
substance excreted by the plant. Cutin is effective
in reducing moisture loss from the epidermal layers
of the plant. Representatives inciude oak, sumac,
madrone and most evergreens. Plants without this
protective layer, such as beans and tomatoes, can
experience significant water losses through the leaf
surface in a single warm afternoon.

Leaves are often small and have a small surface area
to volume ratio. The small surface area reduces the
transpiration rate and water loss.

The stomata, or "breathing holes," of the leaves are
small and sunken in pits in the leaf surface. Large
numbers of wide apertures allow rapid water loss and

E
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: concomitant rapid carbon dioxide entry. In addition,
% plants control water loss by closing the stomata in
response to an increasing water deficit. When stomata

i i 1 d d
[ =4
are completely closed, transpiration losses are reduced

i: and leaf water content begins to rise. Many cereals

: and other grasses of dry habitats rarely open their
stomata at all. Still others, including the potato,

cabbage and onion, do not shut their stomata until

the Teaves wilt. Such plants are not drought adapted,

but are cool climate species which seem to have evolved

in areas where water shortage seldom occurs.

The leaf canopy is often sparse because simply having

Normal Crop Rooting Depths . fewer leaves reduces water loss. Examples are ceanothus,
f manzanita and olive.
Crop Feet . Some plants simply drop their leaves when water is

inadequate. New leaves are produced when moist con-

ﬁ]:?]:ak 2'10 ditions return. Many coastal California native plants,
e iC10Kes 2 n such as the sages and the bush sunflower, as well as
Beans 3.4 the California buckeye are drought deciduous.

Beets (sugar) 4-6 Similarly, some plants will simply fold or collapse
Beets (table) 2-3 their leaves to reduce the interception of energy
Broccoli 2 from the sun and consequent heat load on the leaves.
Cabbage 2 Many species of the pea family with double rows of

Bush berries 4-6 leaflets can be observed to fold the pairs together
Carrots 2-3 in response to water stress.

Cauliflower 2

Celery 3

Citrus 4-6 Rooting Depth

Corn (sweet 3

Corn {fie]d 4-5 The depth from which a plant will normally extract water
Deciduous orchards 6-8 varies greatly with the species of plant as well as with
Garlic 1-2 the structure of the soil and how easily roots can penetrate
Grapes 4-6 it. More importantly, root depth varies with the frequency
Grain 3-4 of watering. If watered weekly or less frequently, the
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Normal Crop Rooting Depths (Cont.)

Crop

Grass pasture
Hops

Ladino clover
Lettuce
Melons

Onions

Peas

Peppers
Potatoes (Irish)
Pumpkins
Radishes
Spinach
Squash
Strawberries
Tomatoes
Walnuts

(California Inteiagency Agricultural

Feet

2-4
5-8

Information Task Force, 1977)

roots will go deeper seeking additional moisture. Con-

versely frequent watering will result in shallow root
systems.

The depth to wet the soil for the best response of plants
will vary with the normal rooting depth of the plant.
Probably the best rule is to irrigate to a depth where

90 percent of the plart roois are growing (Donahue 1971).
Water normally moves almost straight down in soil with
very 1ittle lateral movement. Therefore, water applied
outside the root zone can ba: expected to have little
effect on the plant, and the majority of water applied
over the root zone can be expected to be distributed down-
ward.

In general, the main root zone for lawn grasses and

leafy vegetables is the top one foot; for corn, tomatoes,
and small shrubs the top one or two feet; and for small
trees and large shrubs the top two or three fzet. Some
large trees go down 20 or 30 feet (Olkowski 1975, Plant
Science #6009).

Drought tolerant plants exhibit three specialized types
of root systems: shallow, horizontally spreading roots;
deep penetrating tap roots; or combinations of both.
Shallow, diffuse-spreading root systems are character-
istic of true desert plants which must take advantage
of the sporadic and sparse precipitation in order to
survive. Some plants also tend to have enlarged fleshy
roots or stems in which water is stored.

Evergreen species such as California 1ilac, coffee berry,
toyou and manzanita, plus other species from dry climates
such as oleander, olive, and strawberry tree all have deep
root systems which help make these plants more drought
resistant. Shrubs with deeper root systems will need
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less frequent water than those with surface root systems
such as rhododendrons, azaleas and camellias.

Seasonal Variations

Most plants are inherently accustomed to a seasonal
variation in available moisture which corresponds to

the rainfall cycle in their native environment. For
many plants the seasonal differences in available water
are moderate, and they have grown accustomed to a relatively
constant moisture level. Many other species, however,
are inherently acclimated to radical seasonal moisture
fluctuations which may include a period of drought during
more than half the year. For these plants the continu-
ation of irrigation through normally dry months might
result in root rot, mildew, and other conditions which
can be seriously damaging to the plant.

If the landscaping and garden plants are all native
species, the need for greywater irrigation will be limited
to unusual periods of extreme drought. During these
periods it may be necessary to provide supplemental
irrigation even to drought resistant plants in order to
ensure their survival.

In general, drought resistant species need not be pro-
vided for in an irrigation plan, particularly where they
are native species to a climate characterized by seasonal
dry periods. These species can be expected to survive
without supplemental water and may actually be harmed by
excessive watering.

The amount of water which is required for any plant will

vary from location to location and even from day to day.
Rough formulations have been developed for commercial
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agriculture applications where the crop is uniform, the
soil conditions well managed and experience with water
demand for specific crops is widely shared. The wide
variety of plantings and conditions found in the home
garden would render a formula approach less useful.

For established plantings the best guide is prior
experience with tapwater irrigation. For selection of

new plants the characteristics of the plant as a water

user should be considered in light of the amount of grey-
water available. For new plant groupings it is recommended
that high water using plants should not be mixed with
drought tolerant species. The higher water dewezrding
plants become the controlling factor and consequently the
drought tolerant species are over watered and will probably
die. New plantings should be small to test the effects

of greywater use and to provide a number of test areas

for trying various levels of irrigation (Beaty 1977).

Salt Tolerance and Alkaline Soils

Plants which grow best in acid soils, at pH below about
5.0, are likely to be quite sensitive to the alkaline
character of greywater. Unless the greywater has been
neutralized before being applied it would be best not
to use it on these plants, especially rhododendrons,
azaleas, and citrus fruits.

The Interagency Agricultural Information Task Force (1977)
has studied the relative salt tolerance of many common
fruits and garden vegetables. These are expressed in
terms of the decrease in percent of yield for increasing
levels of soil salinity. Generally grasses are the most
tolerant, which points to the value of greywater for lawn
irrigation. Cantalope, broccoli and tomato are quite salt
tolerant, whereas fruit crops (particularly peaches and
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apricots) are quite sensitive as are certain vegetables
(most notably beans, perhaps the most sensitive of all
common vegetables). Additional information regarding

the salt tolerance of garden species can be obtained from
the County Farm Advisor, the U.S. Soil Conservation Service
or University Cooperative Extension Service. Advice re-
garding tolerance characteristics of landscape species

can be obtained from a local nurseryman.

Seashore plants obviously are salt tolerant and so the
homeowner might consider iceplant, sea grape, dune grass,
and pampas grass. Desert plants are well adapted to alka-
line soils and send down extremely deep tap roots, thus
ignoring salt accumulation in the surface soil layers.

As a starting point in selecting new plant materials, species
should be selected which are indigenous to climates which
have fairly constant rainfall all year round, which have
more rainfall than the local climate, and better yet, which
have slightly higher amounts in the corresponding season

as the local climates highest rain.

Lawns

Americans spend an immense amount of their money, effort
and time coaxing a particular tiny plant to grow over a
large percentage of their property, then regularly hacking
it to within an inch of the ground. When drought occurs
these brave little plants are the first to feel its effect;
in fact laws have been passed preventing them from getting
the water they need.

Clearly the American lawn needs help. Everyone agrees that

lawns are among the thirstiest plant materials. Some
experts suggest that lawns soon will disappear because
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they simply do not make sense in an environment of 1imited
resources (McAllister 1977, Beatty 1977). Ideally lawns
need a year round supply of free water that hopefully

also contains valuable nutrients supplied by a system that
is silent, invisible, automatic, and requires no energy

and very little maintenance. Happily it turns out that
gravity fed underground drip or trickle greywater irrigation
systems do just that (as explained in the section on irri-
gation methods).

The challenge is to size the lawn (or train it) to consume
greywater at just about the same rate that the household
produces it, year around, rain or shine. A1l grasses

have high transpiration rates although there are differences
between species. This is one of the reasons they make
excellent cover for evapotranspiration beds. In dry
weather the lawn can be cut shorter or more frequently to
reduce the area of leaf surfaces. During the rainy season
fertilizer should stimulate plant growth and increase the
evapotranspiration rate somewhat.
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Available Water Holding Capacity of
Soils

Measures of Soil Moisture

Testing Soil Moisture

Estimation of Water Demand

DETERMINING IRRIGATION NEEDS

The cardinal rule of irrigation is to water thoroughly and
infrequently. MWater for irrigation is used most efficiently
by applying just enough water to fill up the soil reservoir,
and then waiting until the plants have used up at least half
of the available moisture before adding more. Sufficient
time between waterings is necessary because the plant must
have oxygen at root level as well as water, and when the
soil is saturated it in effect suffocates. An exception

to this rule is the use of drip irrigation discussed in the
section on Methods of Irrigation. Drip irrigation is in-
tended to constantly maintain the proper water/air mixture.

When the volume of free water reaches the point where it
totally fills the interspaces between soil particles, the
supply of oxygen to roots is cut off and they begin to
"drown". Root elongation stops and nutrient absorption is
hindered. If soil continues low in oxygen long enough,
harmful organisms thrive, producing toxic substances and
beneficial aerobic bacteria are killed off. Roots become
susceptible to fungus diseases. Plants vary in the length
of time they can resist these conditions, but many plants
continuously require air in the soil (Sunset 1976{.

Available Water Holding Capacity of Soils

The frequency and amount of irrigation required for a given
plant is determined by the water holding capacity of the

165




soil and the normal root depth of the plant. Plant roots
will grow toward moist soil, and will not grow into dry
soil. Thus, the plant root zone is limited and defined
by the extent that moisture has peneirated the soil.

Plants with a large, deep root system, corresponding to
large soil water reservoir, will require less frequent
but larger amounts of water with each irrigation. By
the same token soils with greater holding capacity will
require less frequent but greater amounts of irrigation.
Thus, the total amount of water that is required for all
irrigations through a season is primarily determined by
the climate and the type and age of the vegetation, but
the amount and frequency of individual irrigations is
determined by the water holding characteristics of the
soil and the normal rooting depth of the plant.

Water is held available for plants in soil against the
force of gravity by the attraction of water molecules to
the surfaces of soil particles. Large soil particles such
as sand have rather small surface areas in relation to
their volumes and therefore have relatively less surface
area to attract moisture per cubic foot of soil than would
an equal volume of smaller grained material such as clay.
The capacity to hold water increases with the fineness of
the soil and the percentage of clay present. For this
reason, soil texture, and the amount of organic material
present are probably the most influential factors in
determining available water capacity.

The soil texture is the relative proportions of each of

the mineral particle size classifications, sand, silt,

and clay. Sand particles, the largest mineral particles,
fit together in such a way that large pore spaces result
and they have the least surface area per volume of material.
Thus sandy soils drain quite rapidly and have lTow water
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Available Water Capacity Per Foot
of Depth for Various Soil Textures

Soil Type

Available Moisture

Range
in./ft.

Very coarse 0.5-1.25
sand
Moderately 1.25-1.75
coarse sandy

loams and

fine sandy

loams

Medium tex- 1.50-2.30
ture - very

fine sandy

loams to silty

clay loam

Fine and very 1.60-2.50
fine texture
silty clay
to clay
Peats and 2.00-3.00
mucks

Average
in./ft.

0.90

1.50

1.90

2.10

2.50

(California Interagency Agricultural
Information Task Force, 1977)

holding capacity. Sand holds only about 3.5 to 16 gallons
en at "field capacity"
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(Plant Science #6009, Gulmon 1977).

"Field capacity" is the amount of moisture that remains
after soil has been saturated and allowed to drain for two
or three days. It is the greatest amount of water that the
soil can hold under conditions of free drainage.

Clay, with the smallest particle sizes, holds up to 120
gallons per cubic yard (Gulmon 1977). Due to the size of
the particles, the surface area is very large. Warshall
(1976) estimates that the surface area in a pound of clay
can be the equivalent of 25 acres. But many of the pore
spaces between clay particles are too small for roots to

enter, so that over half this water is unavailable to plants.

Loams, soils that contain a substantial amount of organic

material in addition to their predominantly sand texture,

are the best compromise between total water storage capa-

city and interparticle spaces. The organic material helps
physically by absorbing and holding moisture as well as

by keeping soil open and spongy, which in turn allows the

free movement of water and air.

A representative loam soil in a cultivated field contains
approximately 50 percent solid particles of sand, silt,
clay, and organic matter, 25 percent air, and 25 percent
water. Only about half of the water is available to plants
at any time; the other half is held in thin films and
gaseous forms which plants cannot absorb (Donahue 1971).
Silt loams can have an available water capacity more than
twice as great as fine sand. When fully saturated, one
cubic yard of loam soil contains from 60 to 90 gallons of
water (9" to 14") of which as much as 55 gallons may be
available to plants (Gulmon 1977).
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Well drained soils have tremendous capacity to accept water
sprayed irrigation. At Saybrook Farms Company in New Jersey,
in the classic of all the early land treatment projects, a
clover field could accept only 2" of water before pools formed
and surface runoff occured. But forest land in the same

soil accepted 4 feet of water in 16 hours all of which
vanished into the earth (Stevens 1974). Forest spraying
proved to be a safe and efficient means of returning
industrial wastewater to the environment, although all the
native plant materials are soon replaced by moisture loving
herbs and shrubs. :

Measures of Soil Moisture

S011 moisture is most commonly measured by the "soil
moisture tension" which is based on the amount of energy
required by plant roots to absorb moisture. When the
meisture content of the soil is low, the energy or tension
that must be exerted by a root is high. At the point at
which a plant will permanently wilt the soil moisture
tension is usually about 15 atmospheres of pressure.

At field capacity the soil water tension is less than .
atmosphere pressure (usually about 1/3 atmosphere) and so
water is absorbed easily by plant roots. The best soil
water conditions for plants is at, or just below, field
capacity. Above field capacity the soil tends toward
water saturation and the soil water becomes unavailable
to most plants because of too little available oxygen.

Available water is the range of soil moisture between

the wilting point and the field capacity. Soils have
differing capacities to hold water, therefore the amount
of water it takes to get from the wilting point to the
field capacity (called the available water capacity) will

168




vary with the soil. Available water capacity is usually
expressed as the number of inches of water it takes to bring a
layer of soil one foot deep from the wilting point to the field
capacity. :

Testing Soil Moisture

| Determining when irrigation is required can be accomplished
directly in one of three ways: plant observation, tensio-
meters, or the soil hand-feel test.

Plant symptoms provide a guide to the moisture condition of
the soil. This is particularly true in timing the first irri-
gation of the season, when you may not know how much moisture
is in the soil reservoir or how fast it is being used.
Symptoms include wilting leaves, changes in appearance of the
Teaves (shiny leaves become duil, bright green leaves fading
or turning grey-green); and heavy leaf fall and sometimes
death of young leaves.

Measuring the moisture level directly in soils is easily

done with a device calied a "tensiometer". This is a

porous clay cup filled with water and connected to a vacuum
gauge or mercury manometer. As the soil dries out it draws water
from the cup creating a vacuum which is measured by the gauge;
the drier the soil becomes, the higher the vacuum. Tensioneters
can be used to override automatic sprinkling systems by pre-
venting the automatic timing device from turning on the water

if soil moisture content is too high (Milne 1976).

Another method is to use a shovel or soil sampling tube to
~ollect soil sampies from various depths and locations around
the garden. Take a small sample of soil in your hand and try
to roll or squeeze it in a ball. If the soil will not mold
into a ball, it is probably too dry to supply water to plants.
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Rub the ball with your thumb and if it will crumble the
soil moisture is probably about right. If it will not
crumble it is probably too wet.

Estimation of Water Demand

Given a soil with known water penetration characteristics,
and a vegetation type with known rooting depth character-
istics it is possible o approximate the amount of water
that is required to wet the soil to a desired depth.

Just as soil texture will determine the amount of water
that a given voluma of soil can hold, it also determines
how deeply a given amount of water will penetrate a column
of soil. Three inches of water will penetrate approxi-
mately 4 times further into a column of coarse sand than
into a column of clay.

The application of one inch of water is equal to about
2/3 gallon per square foot of soil surface area. There-
fore the amount of water required to soak a 100 sq.ft.
garden bed of spinach, a shallow rootad vegetable, for
example, to a depth of 2 feet would depend on the soil
type as follows:

sandy soil would require about 125 gallons;
loamy soil would require about 190 gallons; and
clay soil would require about 330 gallons (Sunset 1976).

These figures are for bringing soil from the wilting point
to the field capacity. Assuming that the soil is not
allowed to reach the wilting point between irrigations,
somewhat less water is required in each subsequent irri-
gation. A good rule of thumb is that a square foot of
loamy soils, rich in organic matter, is capable of handling
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PRACTICAL INTERPRETATION CHART FOR SOIL MOISTURE

Sand

(gritty when moist,

almast like beach
sand)

Sandy loam

(gritty when moist;

dirties fingers;
contains some silt
and clay)

Clay Toam
(Sticky and plas-
tic when moist)

Clay
(very sticky
when moist;
behaves 1ike
modeling clay)

Moisture available*

Feel or appearance of

soils

Close to 0%
Little or no
moisture
available.

Dry, loose,
single-grained,
flows through
fingers.

Dry, loose, flows
through fingers.

Dry clods that
break down into
powdery con-
dition.

Hard, baked,
cracked surface.
Hard clods diffi-
cult to break,
sometimes has
loose crumbs on
surface.

50% or less.
Approaching
time to irri-
gate.

Still appears
to be dry; will
not form a ball
witn pressure.

Still appears
to be dry; will
not form a ball.

Somewhat crumbiy,
but will hold
together with
pressure.

Somewhat pliable,
will ball under
pressure.

50% to 75%
Enough avail-
able moisture.

Same as sand
under 50%.

Tends to ball

under pressure
but seldom will
hold together.

Forms a ball,
somewhat plastic;
will sometimes
stick slightly
with pressure.

Forms a ball;
will ribbon out
between thumb
and forefinger.

(continued on next page)

171




PRACTICAL INTERPRETATION CHART FOR SOIL MOISTURE (continued)

Sand
(gritty when moist,
almost like beach
sand)

Sandy loam
(gritty when moist;
dirties fingers;
contains some silt
and clay)

Clay loam
(sticky and plas-
tic when moist)

Clay
(very sticky
when moist;
behaves like
modeling clay)

Moisture available*

Feel or appearance of

soils

75% to field
capacity.
Plenty of
available
moisture.

Tends to stick
together slightly
sometimes forms a
very weak ball
under pressure.

Forms weak ball,
breaks easily,
will not become
stick.

At field capacity.
Soil won't hold
any more water
(after draining)

Upon squeezing, no
free water appears
but moisture is
Teft on hand.

Same as sand.

Forms a ball

and is very
pliable; becomes
slick readily if
high in clay.

Easily ribbons
out between
fingers; feels
slick.

Same as sand.

Same as sand.

Above field
capacity. Unless
water drains out,
soil will be
waterlogged.

Free water

‘| appears when

sail is bounced
in hand.

Free water will
be released with
kneading.

Can squeeze out
free water.

Puddles and free
water forms on
surface.

* Amount of readijy available moisture remaining for plants.
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Approximate Days Between Required

Irrigations*

Vegetation Soil Type
lype

Sandy Loam Clay
Shallow 4-6 7-10 10-12
rooted
Medium 7-10 10-15 15-20
rooted
Deep 15-20 20-30 30 or
rooted more

(Interagency Agricultural Infor-
mation Task Force, 1966)

* The frequency of irrigations
required in individual gardens
will vary over the growing
season and therefore it is
important that irrigations be
determined by actual demand
rather than a predetermined
schedule.

1/2 gallon (3/4 inch) of greywater per week on the average.
Sandy, well drained soils will accommodate more water;
clayey, poorly drained soils, less (Javits 1977).

The majority of common garden plants have root zones
within the top 2 to 3 feet of soil. The diagram shows
that the depth of penetration of water in loam to sandy
loam is 2 to 3 feet for a 3-inch irrigation. It is
reasonable to assume that the soil in a typical well
maintained garden will be loam Or sandy loam. The table,
"Approximate Days Between Required Irrigations," indicates
that loam soil with shallow to medium rooted plants will
require an irrigation every 7 to 15 days. If we assume
an average irrigation span of 10 days and a per person
daily production of 40 gallons we can make the following
calculation:

2/3 inch of water = 1 gallon over 1 sq.ft.

In 10 days at 40 gallons per capita per day a family of 4
would produce 1600 gallons of greywater. This would be
adequate to irrigate 800 sq.ft. of garden or landscaping
every 10 days.

This is a rough approximation but a similar calculation
will serve as a starting point for a homeowner beginning
to design a greywater irrigation system. Other factors
act to adjust the water demand in a given situation. In
addition to the soil texture and rooting depth of plants
included in this calculation water demand is affected by:

The age of the plants; early growth generally requires
more water than mature plants.

Evaporation from the soil surface can be substantially
reduced by use of mulches.
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Rules of Thumb: A square foot of
lcamy garden soil with good organic
matter can handle 1/2 gallon of
waste water per week. Sandy
lighter soils can hancle more;
clayey heavier soils less. This
rate will ke greater in summer,
less in winter (Javits 1974).

This means that 500 sq.ft. of
garden or lawn can handle all the
greywater produced by an average
family. This area represents only
10% of the average 50 by 10C ft.
residential lot.

Irrigation methods which can be used vary significantly
in their efficiency. Losses from evaporation in open
irrigation systems, for example, can be substantial.

Additional water may be required in some cases simply
to leach accumulated salts from the soil.

A11 of these factors make it difficult to estimate water
demand precisely. With a 1ittle preliminary planning and
gradual accumulation of experience it should be possible
to approximately match the gerden demand for water with
the greywater supply.
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METHODS OF IRRIGATING WITH GREYWATER

There are a number of ways in which greywater can be
applied to the soils for irrigation. The most common
irrigation methods are:

flooding either in furrows or basins

sprinkling or spraying either by hand or sprinkling
heads

drip or trickle irrigation systems which convey water
in tubes directly to the point of use at or above
the plant's root zone

subsurface irrigation through multiwalled tubes or
perforated pipes

underground dispersal through gravel-filled trenches
. ponds and lagoons

. land flooding.
Furrows and Basins

Sprinklers and Sprayers Each method has characteristics which make it more or less
Drip Irrigation suitable for a specific type of greywater use.
Subsurface Irrigation
Pond, Marsh, and Lagoon Systems The key points to consider in selecting a method of greywater
Land Flooding irrigation are:
Pretreatment of Irrigation Greywater
Design Problems of Residential Grey- ’ ;3;}3?;;‘§§1$5r§2e system and the probability of
water Irrigation Systems
Typical Systems Being Developed . amount of maintenance required
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Approximate

Range of
Irrigation Application
Method Efficiencies
Furrow 70-85%
Basins 75-90%
Sprinklers 70-85%
Drip (trickle) 80-90%

Irrigation Application Efficiencies
Under Good Management

efficiency of the method in getting the water to the
plant's roots

control of the greywater to prevent runoff from the
irrigation site, particularly in soils with low infil-
tration rates or on relatively steep sloping terrain

control of the greywater to restrict human contact
when disease causing organisms are a potential constit-
uent of the greywater supply. :

Furrows and Basins

Furrow and basin irrigation are by far the simplest methods
and require very little equipment. With hand tools furrows
are simply dug out between row crops or basins scooped out
around the root zones of individual plants. In the most
rudimentary systems, the greywater can be hand carried in
buckets, but far easier is transporting it with a conventional
garden hose supplied either from a buffer storage tank or
directly from the greywater source drain pipe.

The furrow or basin method provides great flexibility in
changing the irrigation site and poses a few problems of
reiiability, but requires regular attention. A very simple
filter for grease and particulate matter can be provided by
simply tying a cotton bag or old sock over the end of the
hose. This simple filter only needs to be turned inside
out, washed, and left out in the sun to be renewed.

When watering trees or large plants, keep water away from
the base of the tree where it can cause "crown rot"; instead
put the furrow or basins out around the "drop line" of the
outer branches where feeder roots are located (Ayres 1977).
If possible make a watering basin only on one side of the
plant. That way only a small area of soil will be affected
by sodium build up.
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The disadvantage of furrow or basin irrigation is that more
water is lost due to evaporation than most other methods.
There is also a potential for slop-over and surface runoff
if the furrows and basins are poorly constructed or are
allowed to overflow. In addition, if the presence of patho-
genic materials in the greywater is a matter of concern, the
open water could allow contact by small children. Therefore,
furrow or basin irrigation should be restricted to areas

that are not generally accessible, or unless it is reasonably
certain that there are no harmful materials in the water.

Sprinklers and Sprayers

Untreated greywater is really not safe to sprinkle overhead,
but if it has been treated in some way, irrigation with a
sprinkler head is more efficient than furrow or basin methods
to apply water evenly over a large surface such as a lawn

or a firebreak. The application rate should be slow enough
S0 t?gt the water soaks into the soil immediately, without
runoff.

The amount of water delivered by a sprinkler and the pattern
of distribution can be determined by placing a row of coffee
cans or similar, equally sized containers in a straight line
away from the sprinkler (Sunset 1967). The sprinkler should
then be run for a pericd of time and the amount of water in
each can measured. Equal amounts of water in each can indi-
cate that the sprinkler head is very efficient in distri-
buting water. Sprinklers lose 3 to 15 percent of water to
evaporation and this can increase the salinity of the water
actually hitting the ground by 10 to 20 percent (Merriam

in CDWR 1976).

For irrigating individual plants, hand held hoses are better
than stationary sprinkler heads because the water can be
put where needed. Also there is less tendency to overwater
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using this method as contrasted with methods where water is
turned on and the device is left to be repositioned at some
later time. However, the hand waterer may not have the
time or patience to make sure that the ground is adequately
soaked.

Problems: Oprinkling, either by hand or with a sprinkler
head, presesnts two problems for the residential greywater
user. First, greywater systems are likely to be at very
Tow pressures. This is simply because most systems operate
on gravity flow from plumbing fixtures that are not much
higher in elevation than the irrigation site. Without the
pressure of normal household taps (anywhere from 25 to 50
psi) most sprinkler heads cannot work. This makes it al-
most inevitable that a pump is required, which in turn leads
to problems of initial cost, periodic maintenance, energy
consumption, higher pressure fittings, etc.

Second, sprinkling presents the possibility that pathogenic
viruses and bacteria could be spread beyond the irrigation
site in airborne droplets of water. Many authorities (e.g.,
California Department of Water Resources, 1977) flatly
recommend against spraying greywater for this reason. The
only other option is to disinfect the greywater, which is
not necessarily beneficial to the garden. But, in instances
where the irrigation site is isolated from potential points
of human contact or the greywater is not likely to contain
any pathogenic materials, sprinkling could be considered

as an effective method of irrigation.

Examples: Spray irrigation with greywater is becoming

more common. The first important studies of spray irrigating
forests and meadowland with treated sewage effluent occurred
at Penn State in the 1950's (Stevens 1974). For example, in
Southern California the Las Virgenes sewage treatment plant
sprays pastures as a means of disposing of tertiary treated
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effluent in dry weather. More recently disposal of treated
effiuent by sprinkler systems in the forests of the Lake
Tahoe basin was practiced until completion of a tertiary
sewage treatment plant about 1970. A1l effluent is now
pumped out of the basin where it is used for crop irrigation
on the eastern slope of the Sierras.

In central Florida sewage from Disneyworld is treated by
filtering it through a tract of low lying forest and crop
land on the outskirts of the amusement park. Vegetation
from the farm provides feed for the park's animals as well
as wood pulp.

Penn State University scientists originated the term "living
filter" in 1950 to characterize their precedent-setting
experiments in spray irrigation of agricultural and forest
land with secondary treated effluent from the university's
sewage treatment plant (Stevens 1974). They were delighted
to find that many plant species grew twice as fast and that
the 1iving filter successfully removed virtually all of the
nutiients and pathogens from the wastewater.

Spraying greywater as a method of irrigation might be
considered for fire breaks in wildland areas or for planting
beds where the vegetation is so dense or thorny that people
are discouraged from entering the area. Fenced in wood lots
or meadows where access can be strictly controlled might
also be considered. Hillside areas steep enough to dis-
courage access present another alternative. However, steep
slopes pose a potential for surface runoff, erosion, and
earthslides. Use of sprinkler irrigation on a hillside .
requires that a solid groundcover be established, that the
hillside is never irrigated to the point of soil saturation
and that periodic checks are made for signs of erosion and
soil slump or creep.
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In any case where spraying or sprinkling of greywater is
contemplated it is important to consider the uses adjacent
to and nearby the irrigation site. Vegetable gardens or
children's play areas, for example, which are close enough

to be reached by airborne particles of spray, should pre-
clude spray irrigation.

Drip Irrigation
Drip, or trickle irrigation systems can actually be cate-
gorized in two different ways. They can be located on or
below the soil surface, and they can release water only

at specific points along the distribution system or an
entire length of distribution line can “"ooze" water. In
all cases the fundamental concept and objective is the
same: to distribute water where it is most needed, at the
plant roots, and at a slow and frequent rate which approxi-
mates the soil's loss of water through evapotranspiration.

In general a drip irrigation system includes a pipe or
hose which carries the water from the source to the irri-
gation site. From this point smaller tubes inserted in
the lateral lines discharge greywater at the base of the
plants. The discharge lines may be 1aid directly on the
surface of the soil (if ultraviolet resistant) where they
can easily be moved, or they may be buried a few inches
below the surface in a more permanent arrangement. The
actual discharge of water may occur through holes drilled
or poked into the tube, through nozzle-like fittings called
emitters, spaced along the distribution lateral, through
the clipped off end of 1/8 inch diameter tubes inserted

in the supply tube, or the distribution tube itself may be
made of a porous material, or have a continuous series of
small hones every 4 to 12 inches along its entire length.
The purpose of these discharge methods is to achieve an
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Kits typically contain a 20 gal/hr
flow control hose fitting 100 feet
of quarter inch tubing, a punch and
insertion tool, various lengths of
smaller diameter tubing for emitters,
plus end caps, plugs, and couplers

as required. (See Drip Irrigation
Equipment in Components chapter.)

even distribution of water around a plant and relatively
constant flow.

An extremely simple trickle system was built in New England
by Abby Rockefeller. She simply ran her household greywater
cut through 30 feet of 1 1/2 inch plastic pipe with 1/4 inch
holes drilled every foot laid over a 3 foot high pile of
leaves. In the winter she added another foot of leaves for
insulation, although this was not really necessary because
greywater leaves the house at about 60°F. It handled 60
gallons of greywater per day until it was diverted two years
later into a newly constructed greenhouse (Stoner 1977).

At the other extreme are the highly sophisticated drip
irrigation systems such as might be installed in a commercial
greenhouse or orchard. In these systems the amount and rate

of flow of the water is carefully centrolled with tensio-
meters buried in the soil, timers, and electrically controlled
flow and sequencing valves to replenish the water supply in

the soil at the same rate it is lost through evapotranspiration.

In recent years a number of kits for home gardeners have
appeared on the market. These kits and comparable component
parts are now available from nursery supply, hardware, and
farm supply stores. (Refer to the Components section of

this report and to Milne, 1976, for more detailed information.)

Advantages: The use of drip irrigation methods provides
some distinct advantages over some of the other methods,
particularly when greywater is being used. Drip irrigation
provides more efficient use of water. The distribution
system is closed and therefore evaporation losses are
reduced. The closed distribution system also means that

it can be used in almost any situation without concern

for the potential contact of people with greywater. It can
easily be distributed and discharged without being openly

181




Gophers and other rodents reportedly
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is not clear whether they find the
plastic tasty, intriguing, or annoy-

ing. One 1arge system suffered 13

Anba =

leaks a day until embarking on a
rodent eradication program (L.A.
Times 6/30/78).

accessible on the surface.

ds only 5 to 14 pounds fer

ter systems easily provide

of supply, the househo]d

0 20 feet above the point of discharge.

er systems can be designed to operate
s. Drip irrigations need to be fre-

S. Tharafara i+ 3¢ wall matrha

P ]
O X O C O
3 D "3 ¢t TN =

d

T A
iV nereTiéreg, 1V 1S wesr mactened

production characteristics of greywater. Periodic

loads fr o m the laundry or bath can be temporarily held in
a small storage tank for cooling, settling, and slow dis-

charge to the irrigation field. Other irrigation methods
are effective if discharges are made infrequentiy and in
volumes sufficient to saturate the soil root zone. Thus,
when the greywater supp]y is ava1]ab1e only 1nterm1ttent1y
dn(l ]n smau quanumes 'IE WOUIG DE necessary to pl"OV'IOE
sufficient storage capacity to accumulate a suitable amount

of water to operate these other methods.

£

L B N hW W I

o
ot

The system is designed to maintain the soil above field
capacity in most of the wetted area. This has the advantage
aila

of making the water av ble to the plan

stress levels.

i
"

o
+
D
S
<
vl
2
£

An added benefit of drip irrigation system use with greywater
is that it works well with water which initially is highlv
saline. Water in arid-areas often is, and greywater may often
be, quite high in salt concentrations. As discussed in the
section on Sa]t Accumulation in Soils, this can be a ser?ous
detriment to pIdHLb Becaiuse u?iﬁ irrigation maintains the
moisture content of the soil at field capacity in the root
zone, this causes almost constant downward flow of moisture
past the root zone because the soil never dries out to the
point where evaporation at the surface causes a net upward

flow of moisture. The constant downward flow Teaches the
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salts in the water through the soil and carries them to the
outer reaches of the wet zone beyond the plant roots. Thus
salts are never allowed to build up to the point that plants
are affected.

Drip systems are adaptable to uneven terrain which allows
greywater use on some irrigation sites where it might be
infeasible with other methods.

Disadvantages: Drip irrigation poses some problems for
greywater users. The system requires a higher initial invest-
ment, both in labor for installation and in purchase of
materials, than any other commonly used irrigation method.
These costs are partially offset by the reduced labor
requirements of daily operation and the more efficient use

of increasingly costly water.

Burial of the discharge lines and emitters can sometimes
result in damaging them with tools in the process of culti-
vating, planting, aerating lawns, or even with tent stakes
or croquet wickets. In small scale operations such as a
home garden this problem can be avoided by burying the
tines in permanent beds below the level of normal tilling
and weed control operations. A second, perhaps simpler,
alternative is to lay the lines on the soil surface where
they can be easily moved out of the way when necessary.
This also allows for ease of inspection to observe their
operation and detect failures before crop damage occurs.

A third method is to staple tubes to the underside of a
piece of wood (bender board) and bury both in such a way
that the wood protects the tube. In any case damaged pipes
and tubes are easily repaired with a new connector or
repair coupling.

The biggest problem of using drip irrigation systems with
greywater is the presence of particulate matter, food
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If there is no danger of freezing
lay the subsurface lines as shallow
as possible. This is where more
plant roots plus the most active
and diverse bacteria and inverte-
brate ecosystems help metabolize
organic wastes and keep the soil
open (Lindstrom 1971). Drill

1/4" holes in 1-1/2" diameter pipe
and bury it 2" deep.

particles, lint and silt, which can clog the distribution
lines and emitters. Grease from the kitchen can be par-
ticularly troublesome because as it cools it hardens in
the tubes and can totally block them. The presence of
particulate matter is especially significant with these
systems because of the low pressure, small orifices and
Tow velocity of the water flow.

The pfob]em can be minimized by a few simple improvements
to the system and by a few management practices.

Avoid small diameter tubes and openings, especially
“micro tubes".

A simple "roughing" filter of gravel or sand will remove
much of the particulate matter before it is sent into
the distribution system. A description of this type

of filter can be found in the Components section.

Orient the orifices in the emitters or discharge hoses
upward if possible. The orifices are small enough
that particles of soil will not enter.

Flush out blocked tubes with a surge of higher pressure
water to force through any accumulation of particles

in the line. But be extremely careful not to blow

the system apart because the tiny plastic tubes are
held in place only by friction.

If slime begins to form inside the lines from material
in greywater, treat it by mildly chlorinating the water
for 20 minutes per day at a concentration of 10 ppm
(Shoji 1977). Chlorine also controls the bacteria

that flourish on iron and sulfur in water in certain
areas but this probably will not be necessary because
household greywater may already contain small concen-
trations of chlorine from municipal pre-treatment and
from bleach used in the laundry.
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Blockages will often disappear spontaneously with
regular use, especially if they originally occurred
after a long period of nonuse.

Subsurface Irrigation

There are at least three different strategies for irrigat-
ing with greywater below ground: perforated pipes, gravel-
filled trenches, and evapotranspiration beds.

= Perforated Pipes: There are at least four kinds of simple
J buried perforated pipe irrigation systems. The cheapest
} is simply an old soaker hose. Perforated dual wall tubing
is $ssentia1}y a tube wit?in aitubg;]gh? 1nn§r one ensures

uniform supply pressure along its fu ength, the outer
PUAL WALL TUBING, UED IN tube is perforated every 4 to 12 inches to emit water
41”3;%2223§§; ﬁﬁﬁ:.ﬁzz?izgj;;fﬁggﬁij? uniformly underground. The third type is "foamed" PVC
tubing, sometimes called MPT (multi-porous tube), which
simply oozes water evenly all along its surface (Sunset
1977). Fourth is plastic pipe with drilled holes.

However, none of these tubes withstand very high pressures.

So if using a pump be sure it has a pressure 1imit shut-off,
and when backflushing the system be sure to uncap the plugs

at the end of each line.

Underground systems apply "invisible" amounts of greywater,
therefore timing the period of application is critical.
Initially water every other day for 2 hours with MPT tubes
or 1/2 hour with dual wall tubing. If stripes of healthy
grass appear over the tubes increase the time 15 minutes,

if stripes of healthy grass appear only between the tubes
you are overwatering so cut back the time 15 minutes (Sunset

FOROUS FOAM PVC TUBING CRIFS 1977). An automatic timer is a great convenience for
WATER WWIL—Y EVERYWHERE controlling the flow to underground irrigation systems
AlLne e 2URFACE from a storage tark. But complicated valves and timers
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can be avoided if the irrigation system is designed to use
greywater at approximately the same rate as it is produced
by the household. In fact a buried, gravity fed system
comes closest to being a zero cost, zero energy, completely
automatic, invisible, low maintenance system for watering

a lawn or garden.

Gravel Filled Trenches: For greywater irrigation these
may prove to be the most reliable and need the least main-
tenance of any of the on-site greywater irrigation methods.
A possible disadvantage is that they primarily provide
moisture for trees and other deep rooted plants.

Gravel trenches were originally developed as leach fields

to dispose of septic tank wastes. Large diameter open

tubes or perforated pipes can distribute unfiltered grey-
water with less 1ikelihood of clogging than systems using
smaller diameter tubes and orifices. But the most important
thing is they must be laid level. If the trench has at
least 12 inches of gravel or crushed rocks under the distri-
bution pipe there should be no problems with roots (Winnen-
berger 1974). Larger diameter gravel works better. The
trench bottom and sides should not be compacted or smeared,
which reduces absorption, so do not dig when the ground is
wet. Arn impervious barrier such as sheet plastic or tar
paper should cover the gravel to discourage surface water
from flooding and silting up the trench. This barrier in
turn keeps the trench from "stealing" surface irrigation
water from shallow rooted plants in the topsoil above.

If for any reason the trench is opened up, it 1s likely
that at the gravel-soil interface there will be a layer of
organic-microbiological slime. Depending on {its thickness
this s1ime mat probably slows down the infiltration rate,

but not to worry, because it actually increases the efficiency

of the filtering action by removing coliforms and other
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EVAFOTRANEFIBATION BED

EVAPOTRANSPIRATION
WATER RATE (AEROBIC)
TABLE Gallons/Sq.Ft./Day
DISTANCES @ o )
BELOW SURFACE S& g8 &
SURFACES  TREAT- o E S 55
Inches MENT o <= 2

2 to3 Grass & 22 .10 .16

shrubs
2 to 3 Bare .13 .04 .08
6 to 9 Grass & 13 .02 .08
shrubs
6 to 9 Bare .07 .01 .05

(This data was originally developed for
use in Southern Canada: Rernhart 1972)

bacterial pathogens (DWR 1975). However, assuming that
this slime might build up too much, Winnenberger (1976)
suggests building two separate fields of trenches then
alternating the flow from one field to the other, always
allowing one of the fields to "regenerate while resting".
On the other hand, Laak (1974) found that this mat will not
clog to ultimate failure but reaches a long term equi-
librium, and that the efficiency of the field is not
increased by short resting periods, as,for example,by using
3-day dosing cycles.

Evapotranspiration (E.T.) Beds: These provide yet another
simple method of subsurface irrigation. They were developed
originally as an alternative method of disposing of septic
tank effluent on land where the water table was too high

or percolation rates were too slow. You will understand

how E.T. beds work if you have ever grown a house plant in

a pot without a drainage hole: The plant "pumped" all of
the irrigation water you gave it into the air by the process
of evapotranspiration.

E.T. beds are quite simple to construct (Stewart 1977).
First excavate a flat bed 12 to 24 inches deep and line it
with 10 mil polyvinyl chloride sheet, the type used for
plastic above-ground swimming pools. Then i1l it up to
ground level with gravel topped with 4 inches of sand.
Cover this with a mound of 4 to 8 inches of topsoil. The
mound must be high enough to ensure good surface runoff so
that the subsurface bed will not be flooded during the
rainy season. Effluent is distributed evenly throughout
the gravel by large diameter drain tubes. To keep the bed
from becoming anaerobic, air can be introduced into the
gravel through 2 inch diameter perforated pipes laid
between the drain tubes just below the soil cover angled
at either end to stick up above the surface of the mound.

In arid climates calculate the volume of the bed to hold at
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least two weeks of household effluent (Mara 1976). Re-
member that the gravel alone takes up 70 percent of the
volume. If the water table is 6 to 9 inches below the
surface of the bed, the evapotranspiration rate for sandy
soil cover with grass and shrubs averages .08 gallons/sq.ft./
day, but can range from .02 in subfreezing weather to .13

in mid-summer (Bernhardt 1972). The E.T. rate is much less
if the fluid level falls much below 12 inches. But the big-
gest drawback is the large amount of land required. Almost
any kind of plant materials can be grown on E.T. beds, al-
though grasses, perennials, and shallow rooted shrubs are
particularly successful.

Notice that except for the vinyl waterproof membrane, an

E.T. bed is similar to the leach field of a septic tank
which means that many of the same problems and design solu-
tions apply (Winneberger 1974). Certainly this raises the
possibility that conventional leach fields could be converted
to E.T. irrigation systems.

Root Intrusion: The biggest threat to subsurface greywater
irrigation comes from active, agressive ronts, paradoxically
the very thing the system is designed to encourage. A
couple of strategies have been suggestead:

Use plant materials, such as grasses, which have
limited voot depth, then place the irrigation tubes
below that depth. However, some turf plants such as
Bermuda grass have extremely deep roots, which is why
they are one of the most drought tolerant lawns.

Use plant materials that do not like "wet feet", whose
roots will not enter zones of continuous wetness but
rather seek well aerated soil.

The subsurface distribution system sits on top of a
layer of at least 12 inches of gravel with no moisture
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holding capacity. The greywater will sink rapidly
away from the distribution pipe.

Shutting the system down for a few weeks may kill
intruding roots, provided some form of surface irri-
gation keeps the rest of the plant roots hLealthy.
However, root intrusion in septic tank leach fields

is usually greatest when the system has been shut

down for an extended period. (Apparently when deprived
they progressively seek out their expected daily ration.
Winnenberger 1974).

Experiment with difierent length dry periods in the
schedule to discourage root intrusion.

If the situation is serious, consider using some of
the root killers developed for use in sewers and
septic tank leach fields (Leonard 1971).

Pond, Marsh, and Lagoon Systems

For raising plant materials (and animals) that thrive in
aquatic environments, greywater ponds, marshes, and lagoons
have great potential.

In Southern California a series of ponds or "aqua-cells" in
a greenhouse are being tested as a means of treating sewage
while at the same time producing food and fodder. 1In the
first pond water hyacinths metabolize the nitrogen, phos-
phorous, and other nutrients. In the next pond water ozone
is injected to kill bacteria. 1n other "aqua-cells" fish,
freshwater shrimp, and aqueous plants thrive. The final
effluent is said to be comparable to conventional secondary
treatment, but longer retention times would reportedly
produce even better quality effluent (Rain 1977).

If the lagoon 1s more than about 6 feet deep, it will separate
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out with a stable anaerobic layer on the bottom and an
aerobic layer on top. If it is too shallow the anaerobic
layer will cause odors and will not treat completely. If

it is shallow enough for plants to grow, it will become
anaerobic and insect problems will be much more severe.

About 40 days detention time is required, so a typical house-
hold would require two 4,000 galion ponds (OAT 1977). If
necessary a wind-powered aerator can increase the oxygen
content to encourage aerobic digestion.

Lagoons and waste stabilization ponds are inexpensive to
build and operate, and so have great promise for food
production, especially in grotein-short third world countries.
In addition to rice farming, ducks and algae-eating fish
thrive in these maturation ponds, especially tiladia,

carp, catfish, and mosquito fish (Mara 1975). The people
from the New Alchemy Institute probably have the most
experience using the effluent from fish tanks for garden
jrrigation (McCarney 1976).

Although it sounds like heresy, raw household sewage in-
cluding blackwater is being sprayed and fiooded on meadows
and marshes in dozens of experiments and demonstration
projects in many different parts of the country (Hartigan
1975). The results are extremely encouraging.

On Long Island, Brookhaven Laboratory has been experimenting
since 1972 with various direct land application sewage treat-
ment systems. Each system is designed to treat the sewage
produced by 100 people. Raw sewage is pumped into a holding
pond where it is continuously aerated by a floating agitator.
From here it is pumped to flood a meadow which slopes down
gradually to a marsh which in turn drains into a pond. The
effluent from the pond "will generally be potable water
without anv further treatment" (Small 1975, 1977). The
meadows pr iduce fodder which is harvested and fed to
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apparently contented cows. The marsh and pond also produce
cash croups; the pond is stocked with native aquatic animals.
The discharge from the pond is used for irrigation and ground-
water recharge. A family of four people producing about 100
gpcpd total sewage, would need about 1,400 sq.ft. of land

area for such a system, or about 350 sq.ft. per person.

In another experiment Brookhaven eliminated the meadows but
produced approximately the same result. Thus, although

the land area was cut in half (to about 175 sq.ft. per
person) the cash fodder crop was eliminated and so it

is not clear which approach is the most cost effective.

It must be emphasized that at Brookhaven none of the partially
treated effluent in this system could enter the aroundwater
table because all the land was underlaid with an impervious
sheet of plastic.

Pond treatment was rediscovered somewhat by accident in 1928
when the town of Fessendon, North Dakota, ran out of money
and was unable to complete its new sewage collection system.
As an emergency measure the town piped its sewage into a
huge natural pothole. Surprisingly as the months went

by and the pothole filled up, nothing happened. It did

not smell, evaporation and seepage kept the level about
constant, and analysis showed that the raw sewage was
actually purified by the pond just as well as by the pro-
posed primary-secondary plant. The town never did buy

the plant (Stevens 1974).

It is important to realize that although ponds and lagoons
might play a role in the on-site reuse of household waste-
water, obviously for most urban homeowners their application
is limited.
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Rule of Thumb: Land area requivrements
for sewage farming is 1 acre per 1,000
people; aerated oxidation ponds is 1
acre per 5,000 people; trickling acti-
vated sludge is 1 acre per 50,000
people (Van der Ryn 1970).

Land Flooding

Almost 500 municipalities treat their wastewater by some

type of land application, often by simply flooding gently
sloped grassy fields. In most cases some type of income

generating crop is produced (Stevens 1974).

For example, all of the sewage from the city of Melborne,
Australia, 100,000 gallons per day, is treated by simply
fleoding the pastures of a huge sheep and cattle ranch
at the rate of about 4 inches every 18 days.

But interestingiy encugh, the majority of these land
application systems are now operating in California. Appar-
ently the main reason this method is not more popular is that
conventional sewage treatment plants require much less land
and appear more technologically sophisticated, thus are
seemingly easier to manage. The biological treatment of
wastewater by land application uses more time and space

but uses much less energy and at the same time produces food
and reusabie water.

Stevens cites dozens of cases of how plants and soil safely
treat municipal wastewater, without any odor problems. All
of the systems he discusses contain blackwater wastes, but
nopefully if blackwater can be safely treated by land
flooding, then greywater could be just as successfully
handled. Unfortunately, no such greywater systems appear
as yet in the literature. On the other hand it may be that
a certain amount of nutrient is necessary in order to en-
courage microbes to digest the less appealing substances
found predominantly in greywater, such as detergents and
other cleaning products. Without toilet wastes or at least
kitchen wastes present, some kinds of greywater may prove
less susceptible to biological treatment (OAT 1977). One
imagines tricking the poor 1ittle microbes into eating the
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bad tasting stuff by mixing it with their favorite food.

Pretreatment of Irrigaticn Greywater

Ideally household greywater should be able to flow directly
into the garden, without intervening hardware, but sometimes
there are good reasons why that just is not possible.

Buffering and Cosing: In order to prevent the soil from
being continually soaked, it may be necessary to store up
a certain volume of water and then release it 1n one big
dose. The momentum of a large dose can help distribute
the greywater over a larger area. This is done easily
enouch with a storage tank and dosing siphon. Temporary
storage also allows a certain amount of mixing, diluting,
or buffering of various household effluents, and of course
particulate matter will settle out, which reduces problems
in the distribution system but adds problems of periodic
cleaning of the tank.

Filtering: Ideally particulate matter can be passed
directly into garden soil. But if for some reason removal
is required, there are many types of filters available,
ranging from small screw-on cartridge type, high pressure
swimming pool type, and large gravel filled trickle filter
tanks, to huge underground sand filter beds. If the only
reason to filter greywater is the aesthetics of eliminating
hair, 1int, and strange objects from the garden, then use
the easier strategy of buying strainers for the household
fixtures or installing a cloth bag or sock on the outlets.
However, if a buffering tank is used, settling wilil
probably eliminate the need for filtering.

Aerobic Pretréatment: However, something else goes on
inside a filter. It acts as a matrix in which aerobic
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bacteria can attack and break down pathogens in the grey-
water, and depending on public health requirements, this
may be the primary reason for needing to install a filter
in the first place. Of course, aerobic bacterial action
occurs automatically in the upper layers of the garden
soil, but then the only problem is how to get the greywater
into the soil without intervening human contact which is
Judged to be dangerous. Here subsurface distribution sys-
tems have a big advantage.

Anaerobic Pretreatment: If anaerobic bacterial pretreatment
is required before irrigation, a septic tank system is just
about the only choice. The operation of underground tanks
is fairly simple, although they do have initial cost and
maintenance problems. However, if the tank receives only
the household greywater it can be about 60 percent smaller
and should require less maintenance (Winneberger 1974). A
pump will probably be required to 1ift the treated effiuent
back up to the level of the garden.

Disinfection: Chlorine or other disinfectants can be
injected into the greywater flow or into the storage tank.
But it is hard to imagine irrigation greywater so patho-
genic that it needs such complex treatment. Certainly
these added chemicals cannot be particularly beneficial

to the garden. It shculd be possible to redesign the
collection or distribution system to avoid the need to
disinfect the greywater.

Grease Trap: If kitchen wastes are included in the irri-
gation greywater, most experts believe some form of grease
interceptor must be installed. Septic tanks, storage tanks,
or filters all will entrap at least some of the grease
which must be removed during regular maintenance. How-
ever, a grease trap installed in the system just down
stream of the kitchen sink should simplify maintenance
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problems somewhat. The simplest solution, however, is not
to use kitchen greywater in the garden. Since kitchen grey-
water represents a very small percentage of the total house-
hold flow, 1ittle is lost by not using it in this manner.

Design Problems of Residential Greywater Irrigation Systems

The recent severe drought conditions in the West have prompted
a great deal of experimentation with different kinds of grey-
water irrigation systems. A few of these have been the work
of established research groups with long standing interest

in water conservation and/or agricultural methods. The

great majority, however, have been the efforts of individual
homeowners interested in utilizing a heretofore wasted
resource to maintain their landscaping and gardens.

While no single best system has yet emerged, the innovations
of these home experimenters have often been quite success-
ful and much useful information is available. Prompted by
the need to provide irrigation water for their plants and
with due consideration to the potential hazards, many home-
owners have found ways to intercept greywater before it is
drained away into the main waste line.

Odor Control: When greywater is allowed to stand for long per-
jods, odors will begin to develop, most often the smell of meth-
ane produced by the action of anaerobic bacteria. This usually
occurs in the holding tank. Remember that the function of

the holding tank is to allow the greywater to cool so it

will not harm plants and so that any grease will harden,

and to allow particulate matter to settle out. It also
facilitates periodic dosing by accumulating the necessary
volume of greywater.

Thus, the simplest solution to the odor problem is not to
let greywater stand too long. Aerating the holding tank
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with something like an aquarium pump will undoubtedly
help, but it uses energy unnecessarily. Other solutions
are less desirable. Eliminating organic matter from the
greywater or disinfecting it would not necessarily be
good for the garden.

Pumping: Moving greywater from one location to ancther
can be a problem, particularly when the source and the
irrigation site are at about the same elevation. In one
example a small inexpensive submersible pump, such as that
used in a landscaping fountain, is used to 1ift the water
from the bathtub or laundry tray to storage tanks outside
from which a water line leads to a soaker hose layed in
the garden (Sunset, Sept. 1977). Standard sump pumps
are designed for maximum relijability under adverse con-
ditions and are capable of 1ifting greywater to even
greater heights.

In a similar application the reversible pump inside the
washing machine is able to raise laundry greywater to the
height of the house eaves. There, an old sock tied over
the end of the inlet hose filters the greywater as it
enters the storage drums. The water then flows by

gravity to the garden where it is distributed with a simple
garden hose (Sunset, Sept. 1977).

Where the source of greywater is at least a few feet above
the irrigation site the system can be much simpler. In
such cases it is possible to divert the water from an
existing plumbing fixture drain 1ine with a simple "Y"
connection into a hose and directly into the garden by
gravity.

Sprinkling: It is notable that no small residential
systems using spray or sprinkler irrigations have been
reported in the popular literature. Although such an
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See Components chapter for detailed
descriptions of pumps, pipes,
filters, etc.

approach is feasible and has been used with treated municipal
sewage effluent, it seems that the higher pressures required
and the potential health hazards of aerosols make it un-
attractive to the homeowner.

Piping: PVC components have become the standard material
for landscape irrigation systems, principally because they
are the least expensive and easiest to assemble. The major
disadvantages are the threat of mechanical damage (from lawn
mowers, shovels, croguet wickets, etc.) and the lack of
durability caused by the decomposition of the material by
ultraviolet radiation, although new compounds have recently
been developed with increased UV resistance. Above ground
systems are easiest to move and repair, but probably will
last only about 5 years, about the same as a good garden
hose left outdoors. But a well designed underground system
eliminates most of these problems.

Filtration: To prevent clogging pipes, it may be necessary
to filter the greywater, and filtration also helps to
reduce bacteria. But the primary disadvantage of filtration
is the need to regularly clean out the filter. It should

be possible to design a greywater irrigation system that
needs no filter. This usually means some type of subsurface
distribution, large diameter pipes and openings, cleanouts
at the end of all lines, and if necessary, a settling tank
or grease trap which also requires maintenance although
much less frequently. Winnenberger produces a simple in-
expensive settling tank and check tank system built out of
plastic garbage cans which performs this function and is
very easy to maintain (OAT 1977).

However, if bacteria removal is a problem, before resorting
to disinfection, consider using a sand filter or a com-
mercial cartridge filter. They are often more effective and
less expensive, and are clearly better for the garden.
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See Systems chapter for more examples
of greywater irrigation systems.

Typical Systems Being Developed

Some of the most extensive testing of various methods

of using greywater has been carried out at the Farallones
Institute Rural Center in Occidental, California (Krosche}
1977). Here a series of systems was built over a period
of about two years. Some were improvements on previous
designs and others were designed for specific applications.
One of the earliest ... a simple design which carried grey-
water from the house to a 55 gallon storage drum via rigid
plastic pipe. Water was distributed in the garden with
buckets by hand. This proved too laborious and the water
in the drum became septic within about a month because no
means of filtering or otherwise treating the water was
provided.

An improvement over the first system was distribution of
the water through 3/4 inch black plastic tubing which was
buried under a heavy mulch layer atop an intensively culti-
vated planting bed. This system developed problems of
clogging from kitchen grease and accumulation of particu-
late material. It became necessary to periodically flush
the tubing with hot water which was considered wasteful and
time consuming.

A third system approached the problem of clogging by laying
the perforated tubing 1n a trench, triangular shaped in
section, and filled with gravel. This trench was built
along a permanent bed of asparagus. The system is useable
but the distribution of water along the trenrch tends to be
uneven.

With a fourth system a settling tank was added ahead of the
distribution tubing to remove suspended solids. The re-
sulting greywater flow to the garden was less concentrated
and allowed use of 1 inch perforated tube irrigation 1ine
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layed in a 4" by 4" trench filled with pea gravel. The
system is ccnsidered to be successful for crops with a

high water demand such as asparagus, artichokes, raspberries
and blueberries.

A fifth system was devised for intensively cultivated beds
with annual vegetables such as squash and beans. Rigid 3/4
inch black plastic pipe is perforated with holes 1/8 inch

in diameter spaced at 6 inch intervals along the pipe. The
pipe is 1aid down the center of a planting bed with the

holes facing up. Low pressure in the pipe is supplied by

a drum set on a platform at the head of the bed and 18 inches
above the level of the pipe. The tank {is connected to the
distribution hose with flexible hose.

A new subsurface irrigation system has been developed at
the USDA's Snake River Conservation Research Center in
Idaho by Robert V. Worstell, an agricultural engineer. The
new method yielded 35 percent more silage than a field re-
ceiving twice as much water by conventional irrigation.

The system consists of 2-inch plastic pipes buried 12 to

15 inches deep. Gravity flow of water through the pipes

is controlled by low-pressure valves connected to a control
system that automatically applies light, frequent irrigations
to match water use of the crop being grown (Solar Energy
Digest, April 1977).
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Nitrogen, Phosphorous and Potassium

Composition of Greywater

Phosphorous and Nitrogen Balance

Detrimental Chemical Constituents of
Irrigation Greywater

Sewage Effluent Fertilizer

PLANT NUTRIENTS IN GREYWATER

Greywater typically contains various quantities of nearly
all of the 16 elements known to be essential for the growth
and reproduction of higher plants.

Each of the 16 elements are equally important in contri-
buting to plant growth; however, in terms of the amount of
nutrient typically found in plant tissues, the most impor-
tant nutrient elements are nitrogen (N), phosphorous (P),

and potassium (K). These are called the “primary nutrients".
They are classed as "macronutrients"; that is, plants
typically contain them in portions greater than one part

per million (ppm).

Nitrogen, Phosphorous and Potassium

Nearly all soils contain an adequate supply of all nutrient
elements except the three primary nutrients, and therefore
it is only necessary to add more of these by fertilizing
(Sunset 1967). These elements are most often deficient in
naturally occurring soils because they are taken up by
plants in the greatest quantities and are not readily re-
leased by the soil to the plants. Consequently, these three
elements are typically the key elements in commercially
produced "complete" fertilizers.

The percentage of each is indicated by the three numbers
on the label of commercial fertilizers in the order N-P-K.
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For instance:
10-8-6

means that the analysis shows this fertilizer contains 10
percent nitrogen, 8 percent phosphorous (phosphoric acid),
and 6 percent potassium (water-soluble potash).

Different "recipes" of fertilizers are blended for different
special purposes. For instance a check of the garden store
shelf may show Citrus Food (10-12-4), Rose Food (5-10-5),
Azalea Food (10-8-7). Fertilizers which have very little
or no nitrogen tend to force plant bloom without stimulating
further growth.

Nitrogen in the soil speeds up vegetative growth, the green
tender parts of the plant such as tips of buds and opening
leaves. It helps give the plant a rich green color. Phos-
phorous is essential for photosynthesis and is the means by
which energy is transported in the plant and tends to en-
courage blooming. Potassium is essential to the manufacture
of sugars and starches and plant growth by cell division.

Organic fertilizers such as fish emulsion, blood meal, and
bone meal tend to be high in just one of the three primary
elements. There is still some controversy whether these

are more useful for specific purposes. Manure is a complete
fertilizer with equal percentages of the three primary
elements, although compared to commercial fertilizers it
seems weak. Even though manure's NPK ratios are approximately
1-1-1, 1t has other values as a soil conditioner and mulch.

The chemistry of fertilizers and their effect on soil and
plants is explained in much more detail by household garden
encyclopedias such as those published by Sunset, Better
Homes and Gardens, etc.
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GREYWATER (ppm)

TAP- Se
WATER & = ol
ELEMENT (ppm) = S 25
Copper .08 .16 .08 2:1
Sodium 8.0 93.0 68.0 10:1
Ammonia .06 .80 .05 12:1
Nitrate/ 0.2 2.1 0.1 10:1
Nitrite
Phos- 1.0 68.0 50.0 68:1
phates
Sulfates 40.0 160.0 83.0 3:1

Nutrients Available in Greywater

Without Garbage Disposal Solids
(Hypes 1975)

Composition of Greywater

Greywater that does not include garbage disposal solids
still has picked up many of the elements essential to
plant growth (Hypes 1975). Of course other elements exist
in greywater in similar concentrations as in ordinary tap
water.

The most significant increases in the elements found in
greywater are the phosphates, sulfates, nitrate/nitrities,
and ammonia, and sodium. Sodium becomes a problem for

soils and plants when it reaches high concentrations, but
the rest of the elements can be considered beneficial.

Iron and calcium, notably, actually have lower concentrations
(on the average) in greywater than they do in tap water,

thus greywater's influence is negligible for these two
elements.

Phosphorous and Nitrogen Balance

Nitrugen is considered most important for plant growth.

In fact it is taken up at 5 times the rate of phosphorous.
But phosphorous is the most plentiful nutrient element
found in greywater. It is approximately € times the
concentration found in a sampling of plain tap water, or
about 60 parts per million (ppm) on the average. Greywater
has 1ittle or no potassium. Nitrogen, although in 10

times greater concentration than found in tap water, repre-
sents only small amounts of nutrient. In Hypes' sampling,
all forms of nitrogen combined (ammonia, nitrites, and
nitrates) had an average concentration that was 4 to 5
times stronger than tap water, but this amount of additional
nitrogen represents only a very tiny percentage compared to
the amount of phosphorous found in the same samples. The
relative amounts of each element in commercial complete
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fertilizers would typically provide a much closer ratio
between the elements. Greywater can be considered a source
of phosphate but is not a substitute for a complete ferti-
lizer. And so when using greywater for irrigation, the
home gardener should anticipate adding high nitrogen ferti-
lizers to restore the balance and to take ¥ull advantage

of the available phosphorous. If kitchen wastes or black-
water was added to greywater the relative amount of nitro-
gen would sky-rocket and nitrogen buildup in groundwater
becomes a serious problem requiring plants which are un-
usually good at nitrogen-nitrate removal such as corn,

soy beans, alfalfa, red clover, and especially reed canary
grass (Stevens 1974). ‘

Recall that "high phosphate" detergents in wastewater were
identified in the early 1970's as the villain causing the
algae blooms or entropholation which choked the nation's
waterways. As a result manufacturers reduced the amount
of phosphate in detergents significantly.

The amount of phosphorous being applied to plants in grey-
water can be very roughly estimated by keeping track of

the amount of detergent that is being used in the laundry
per week. The phosphates applied to the soil will be
approximately equal to the percentage of phosphates in the
detergent compound (indicated on the box side panel) times
the weight used. For example, a typical "low phosphate"
detergent may include 6 percent phosphates. If 2 pounds

of detergent per week is used in the laundry, the phosphates
applied will be approximately 0.12 pounds per week, or about
6 pounds per year.

To put these figures in perspective, we can compare them
to some recommended applications for common fertilizers
preparad by the University of California Division of
Agricultural Sciences (1974).
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Percentage*

Suggested Amounts
of Material (pounds)

Type of Manure Nitrogen Phosphorus Potassium

or Fertilizer (N) (P205) (K20) Total Phosphorus

chicken manure, dry 2 to 4.5 4.6 to 6.0 1.2 to 2.4 125 5.75 to 7.5

steer manure, dry 1to2.5 0.9to1l.6 2.4 to 3.6 450 4.00 to 7.2

dairy manure, dry 0.6t0 2.1 0.7 to 1.1 2.4 to 3.6 600 4.2 to 6.6

calcium nitrate 15.5 0 0 16 to 25 0
(15.5-0-0)

ammonium sulfate 21 0 0 12 to 19 0
(21-0-0)

ammonium nitrate 33.5 0 0 7 to 12 0
(33.5-0-0) '

urea (45-0-0) 46 0 0 5to 9 0

19-9-0 19 9 0 13 to 21 1.2 to 1.9

16-20-0 16 20 0 16 to 25 3.2 to 5.0

12-12-12 12 12 12 20 to 35 2.4 to 4.2

* P205 actually contains only 44 percent phosphorus, and KZO contains only 83 percent potassium.
The percentages for the oxide may be converted to percentages of the element by multiplication:
PZOS x 0.44 =P KZO x 0.83 = K.
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The amount of phosphorous compound that is recommended
ranges from about 1.2 to 7.5 pounds per year. It was esti-
mated above that weekly use of 2 pounds of laundry detergent
will yield about 6 pounds of phosphate a year. It is
apparent, allowing for these rather rough estimates, that
the phosphate compound in greywater can be a significant
factor in improving soil fertility.

The amount of nutrient taken up by a plant is dependent

on a number of external factors affecting the availability
of nutrients. Internally, the plant's requirement for
nutrients is generally controlled by a set of fixed ratios
between nutrient elements. For example, a plant may require
20 times more carbon than nitrogen. Nutrients in excess of
these ratios are simply in excess of the plant's requirements
and will not be taken up by the plant. Thus, the rate and
quality of plant growth is regulated by the element present
in the minimum required quantity. The relatively large
amounts of phosphorous available in greywater are likely to
be in excess of plant requirements unless the soil is also
supplemented with the other key nutrients in the form of
commercial fertilizers.

Other Nutrients Needed for Balanced Growth: The amount of
other nutrients found in greywater is not great, but their
presence does provide some advantages over normal fertilizer
applications. First, the nutrients in greywater are applied
almost continuously as opposed to normal fertilization which
may be applied only once or twice a year. A small but
relatively continuous flow of nutrients in the form of grey-
water can provide a sustained supply of nutrients when other
fertilizers have been depleted. Plants use nutrients at
varying rates depending on the state of growth of the plant,
but most nutrients, particularly nitrogen, are needed every
day. Nutrients applied only once during the year can be
lost in time: nitrogen can be leached by watering and used
up by soil organisms; phosphorous may have been just enough
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to satisfy the soil minerals that "fix" it; soluble potassium
may be used up quickly creating a hard pull on what exchange-
able potassium exists in the soil (Sunset 1967).

Second, the nutrients in greywater are already suspended in
solution and therefore may be more readily taken up by plant
roots. To acquire calcium, potassium, and magnesium, plants
feed through ijon exchange with the particles in the soil,
notably the clay and humus (organic matter). That is, they
release an ion (for example, an anion such as hydrogen, Ht)
and absorb a cation (such as calcium, Ca**) which has been
released by a nearby clay or humus particle (Donahue 1971).
Soil water is the carrying medium in this exchange and there-
fore the presence of nutrients in greywater reduces the need
for readily exchangeable nutrient ions on the soil particles.

Nitrates, sulfates, phosphates, and borates are made avail-
able to plants in a somewhat different manner. T[hese nutrient
elements are hard for the plant to acquire because they are
held in minerals which are only very slowly soluble and
supply too few ions for normal plant growth, thus creating
the need for fertilizers which make these ions available in
certain soils. Organic matter also serves as the principal
storehouse for these ions, and they are made available to
plants through the decomposition of organic matter by bac-
teria, fungi, and subsequent oxidation. Therefore, a high
organic matter content is important for plant absorption of
these essential nutrients.

Upon decomposing, organic material releases important plant
nutrients which then become available for absorption by
plant roots. Decomposition also releases carbon dioxide
(C02) which acts as a solvent on soil minerals so that
plant nutrients held by those mienrals become available

to plants. The process also provides carbohydrates as
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food for microorganisms in the soil which are important

in breaking down organic material such as beneficial

viruses and bacteria. The chemical compounds found in
greywater also help convert these carbonates to stable
chemical compounds beneficial to the soil. The nutrients

in decomposing organic niatter are released in harmony with
the needs of the plants, because environmental conditions
favorable for rapid plant growth, also favor a rapid release
of nutrients from the organic matter.

Soils that are quite alkaline, a pH value above about 7.5,
may not release enough iron, zinc, or manganese for normal
plant growth, and may require some form of supplement.
Usually the deficiency of one or more of these trace elements
is indicated by "chlorosis", a condition in which the plant
leaves turn yellow. Greywater contains very 1ittle of these
elements and thus correction of this condition should be
handled in the normal way through application of readily
available garden products such as chelated iron.

Bio-Degradable Cleaning Products: Special soaps have been
developed which will not harm the microorganisms 1iving

in septic tanks, or which degrade quickly in the natural
environment (Kaye 1977). However no studies have been pub-
1ished on the composition of greywater using these products.
No information is available on their relative value as plant
nutrients compared to standard detergents or soaps.

Detrimental Chemical Constituents of Irrigation Greywater

Detrimental chemicals exist in greywater in greater con-
centrations than typically found in tap water. These
chemicals are found at all sources of greywater but

the most troublesome chemicals genera1?y originate in the
laundry or wherever household cleaners are used. Many of
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Rule of Thumb

In General: Detergents are worse
than soap; products with "softening
power", boron, or "enzyme action"
are the worst detergents; chlorine

is worse than ammonia (Javits 1978).

these chemicals can be directly harmful to plants or can
cause undesirable structural and chemical reactions in soil.

Treatment of greywater to remove these chemicals before
applying it to the soil is quite complex and well beyond
the capability of the homeowner. Indeed, the removal of
many of these chemicals can only be accomplished by costly
advanced wastewater treatment, and in fact, they are usually
not removed by most municipal treatment systems before the
water is sent back to the natural water system. The best
approach to avoiding accumulation of chemicals in plants
and soils is to manage the quality of greywater that is
applied to the soil; that is, to control the type and quan-
tity of chemicals that are used in the home.

Most of the problem chemicals can be avoided through the
use of comparable, safe bio-degradable substitutes. In
some cases where a chemical cannot be entirely avoided it
may be necessary to minimize its effect by diluting with
greywater from another source, or with fresh water, or by
alternating the greywater applications with irrigations of
fresh water. Periodic monitoring of the effects of grey-
water by simply observing the condition of irrigated plants
should provide adequate safeguard against sustained damage
to either plants or soil.

Comparison of the greywater samples taken by Hypes (1275)
with tapwater samples taken in the same experiment indicate
that only about a third of the chemicals tested showed con-
centrations in greywater significantly higher than tapwater.
(For the comparison,the highest greywater concentration
values are used, rather than the average.) The chemicals
found to increase significantly were copper, lead, sodium,
nitrates/nitrites, ammonia, chloride, phosphate, and
sulfate. The greatest potential damage to plants is Tikely
to come from excessive amounts of chlorine and sodium.
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Tap- Grey- Irrigation
water* water* Standard**
mg/1 mg/1 mg/1

Arsenic <0.01 <0.01 0.05

Barium <1 <1 1.0
Cadmium <0.01 0.01 0.01
Chloride 19 30 500.0
Chromium <0.05 <0.05 0.0%
Copper 0.08 0.16 1.0
Fluoride 0.75 0.95 6.0
Iron 0.18 0.20 1.0
Lead <0.01 0.10 0.05
Manganese <0.05 <0.05 0.5
Nitrate 0.2 2.1 180.0
Suifates 40 160.0 500.0
Phosphates 1.0 68.0 N.A.
Sodium 8.0 93.0 N.A.
Boron not not N.A.

measured measured

* (Hypes 1975)

** (Withee 1973)

N.A. Means that water quality stan-
dards are available for drinking
water but are not applicable to
irrigation water.

CHEMICAL CHARACTERISTICS OF GREYWATER
AND TAPWATER COMPARED TO SUGGESTED
IRRIGATION WATER STANDARDS

Boron can also be toxic to some plants in concentrations
found in laundry greywater. Plant damage will appear as

a "burning" on the leaf edges (Ayres 1977). Many laundry
products contain smaill amounts of boron, but the ones which
have the highest amounts and are most likely to cause

plant damage are those with "boron" or "boraxo" in the
product name. Packaged water softeners which are added
directly to the wash are also very high in boron and should
be avoided.

Chlorine, the active ingredient in most household bleach,
can damage plants, particularly if it comes in contact
with the foliage. If an excessive amount of chlorine is
taken up by the plant it will cause new or expanding leaves
to appear "bleached out" (Ayres 1977). The suggested irri-
gation water standard is 500 mg/1 of chloride (Withee 1973).
The strongest concentration found by Hypes (1975) was

30 mg/1, well within the recommended standards. It is
1ikely that this concentration was diluted by greywater
from other sources and it is conceivable that an undiluted
slug of wash water taken directly from the washing machine
may be much closer to the maximum concentration. The
presence of chlorine can be beneficial if it does not
exceed about 10 mg/1. As noted in the sections on Particulate
Matter, and Viruses and Bacteria, chlorine can help control
pathogen growth and the buildup of slime which can clog

the distribution system. Generally, however, bleach should
be avoided in the wash if possible. If used, the resulting
greywater should be allowed to stand for several hours

to allow the chlorine to dissipate into the air. Exposure
to 1ight and moving afr will speed this process (Ayres
1977). The chlorine should have the added advantage of
preventing the standing water from becoming septic.

Sodium presents two problems for the greywater user. First,
sodium can reach a concentration which is toxic to plants
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if it cannot be leached away from the root zone. Second,
sodium reacts chemically to "seal up" soil particles
rather than clumping together into crumbs. The spaces
between particles become smaller, and air and water can-
not pass as easily, thus the soil becomes impervious
(Sunset 6/1977). Soil that is sandy or low in organic
matter will not have the problem because the sodium will
not readily attach to the soil particles and will be more
readily leached out. The effects of sodium in the soil
may not be easily detected in a short period of time.
Unfortunately, sodium is not easy to avoid. It is a
common element in laundry detergents because when combined
with phosphates it softens water so that more suds are
produced. For this reason it is also found in water
softener tanks and packaged washing machine additives.
These sources of sodium should be restricted or avoided
entirely if possible.

If water is slow to percolate through the soil the

effect can be counteracted by the addition of gypsum. As
explained,it can be added directly to the soil either as
dry gypsum (calcium sulfate) at a rate of up to 25 pounds
per 100 sq.ft. by 1ightly raking 1t in; or it can be
spread as 1iquid gypsum (calcium polysulfide, or lime
sulfur) with a sprayer or watering can. The liquid form
can take several weeks to become effective (Sunset 1977,
California Department of Water Resources, 1977). The
addition of gypsum also supplies calcium for plant growth,
but unlike other lime products, gypsum does not affect
alkalinity of the soil. Therefore, gypsum is safe to

use even when excessive sofl alkalinity is a problem.

A separate section on Salt Accumulation and Soil Alkalinity
explains this problem in greater detail.

Phosphates, also a common ingredient in household cleaning
products are a serious problem when dumped into water
courses with the effluent from conventional primary and
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The Denver suburb of Northglenn has
an agreement with Farmers Reservoir
and Irrigation Co. which will allow
Northglenn to borrow stored irriga-
tion water from Stanley Lake, use
it for municipal purposes, treat it,
add some water from other sources,
and return the same amount to the
company -- plus a 10% bonus. North-
glenn won't have to bear full treat-
ment costs because the farmers want
some nutrients left in the water for
their fertilizing effect (Conserva-
tion Foundation 1979).

secondary sewage treatment plants. As mentioned above,
the fertilizing property, which is a problem in water,

is a benefit when applied to soil, and the amount of
phosphorous produced by the typical household consumption
patterns is not a matter of concern in the land appli-
cation of greywater. However, low phosphate detergents
are preferable because they usually contain less sodium
(Javits 1977).

Other household cleaners include a great variety of
caustic and toxic compounds which could be damaging to
plants, particularly if they are allowed to flow directly
to the irrigation site in an undiluted slug. Generally,
it is best to minimize the use of such products in the
home, and when their use becomes necessary, to make sure
that they are sufficiently diluted before allowing them
to enter the garden, perhaps by using a holding tank.

Sewage Effluent Fertilizer

Compared to greywater, the effluent from sewage treatment
plants is much richer in nutrients, especially nitrogen.
It seems inevitable that soon it will be recognized as

a valuable natural resource for soil reclamation (Goldstein
1977). By now everyone must know that the bags of "Mil-
organite, the Natural Organic Fertilizer" which you buy
at the garden supply store is dried sewage sludge from
Milwaukee, and "nitrohumus" comes from the Los Angeles
county. In Chicago dried sludge accumulated at the rate
of 330,000 tons a year until the city hit upon the idea
of delivering free "Nu-Earth" to any gardener or farmer
that wanted it.

In their study of the feasibility of using secon@ary
treatment municipal sewage effluent for maintain1ng.p1ant
growth in fire protection greenbelts, Youngner and Williams
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(1976) cited the conclusions of a number of other researchers:

"Acting as a fertilizer, the effluent stimulates
vegetative growth in most plant species. The effects
can be dramatic as illustrated by Day and Tucker
(1959). They found that effluent irrigation with

no fertilizer additions increased bariey, wheat,

and oat yields from 200% to 300%. This is comparable
to the results obtained following normal fertilizer
practices but with one important exception, the

cost of fertilizer, ..., is eliminated. Sopper
(1968) showed similar growth increases for forest
tree species. Kardos %1967) determined the fertilizer
equivalency of normal municipal effluent. He found
that a 2 inch per week application of effluent for

1 year was equal to 1 ton of 14-15-14 fertilizer

per acre. The benefits derived from this application
are potentially of great importance in food and
pasture crop production, in that the difficult and
costly problems of waste treatment and disposal

are reduced while crop yields are increased."
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Greywater Effects on Soil pH

Greywater tends to be slightly alkaline with a pH range

typica]]y betweeﬁ'6—§ and 9.0 (Hypes 1975) Extended use
of greywater for irrigation could ultimately cause soil to
become progressively more alkaline.

The relative acidity, or "pH", of a soil is an important
determinant of the type of plants that can be successfully
grown. Plants grow best when the soil is within specific
pH ranges. For example most plants tend to do well in the
slightly acid range between 6 and 7, but very few dc well
at 8 or 9. The most common range of soil pH is between 4

and 8 (Donahue 1971).

When the soil becomes aikaiine, various minerals such as
iron, manganese, and copper become fixed in chemical com-

pounds and unavai]able to p1ants. The p1ants may show Symp-
toms of manganese or iron deficiency, or chlorosis, a con-
dition where leaves turn yellow. When these minerals are

held fixed due to high alkalinity, the plants will show
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deficiencies even though testing the soil may indicate
plenty of the mineral ?01kowski 1975).

In acid,soils iron, manganese, and aluminum all become
easily available, sometimes toxic to plants. Important
nutrients such as phosphorous may become fixed in compounds
unavailable to plants in either acid or alkaline soils.

It is most available in the pH range 5.5 to 7. This
slightly acid range also provides the best conditions for
the dacteria that rot plant residues and those that take
nitrogen out of the air, both essential processes to plant
growth (Olkowski 1975).

The pH of most common household detergents is about 9.0,
Since these will often be found in irr{igation greywater, it
is wise to monitor the soil pH and take corrective measures
if the pH begins toc rise above the optimum range. Naturally
ogcurring limestone has a pH of 8.3 and any pH above that is
likely to be the result of excessive sodium buildup (Donahue
1971). Sodium is a major component of many laundry deter-
gents and, thus, a high pH may signal that greywater is ad-
versely affecting the soil. If the soil is already alkaline
the application of greywater will exacerbate the problem.

In arid regions where use of greywater is 1ikely to be of
greatest value, the 1ikelihood of naturally occurring alkaline
soils 1s also greatest, and extra care {s required in grey-
water appiications. The hydrogen 1on (H+) is able to dis-
place other {ons such as calcium or magnesium on the surface
of clay particles. Thus 1n naturally occurring soils subject
to significant amounts of rainfali;~the soil is 1ikely to
become gradually more acid. In other words, natural forces

- The entire pH range is from G to 14 tend to reduce soil pH because rain both supplies the hydrogen
7 ‘“-#%%#-Lh§~migggjg£, or neutrality jons, and leaches away the mineral and base ions which the
at 7.0. A pH beiow 7indicates acid hydrogen displaces. In arid regions, where 1ittle water is
reaction, above 7 is alkaline. ~T—avallable to wash them away, clay surfaces may be covered
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with calcium, magnesium, and sodium ions, thus creating
alkaline soils (Olkowski 1975).
M
dal Evaluation of Soil pH
particle P
N ——— Determining the acidity of soil is quite simple. Rolls or
ANION strips of test paper called PHydrion are readily available
from garden supply or chemical supply houses. The tech-
nique is to simply make a solution of water and soil (half
-4}- and half), dip the paper in the solution and compare it to
the color chart provided. A color scale is equated to the
O pH scale and indicates the pH of the soil solution. Generally,
Qib if the soil is outside the range of 5.5 to 7 it should be
0 ® amended by addition of compounds that will have a neutral-
® @ izing action. :

Salt Accumulation in Soil

CATIONS

To the home gardener, salts are the white crusty substances
that build up on the top of soil around plants and on the
outside of pots.

Chemical salts are carried into the soil dissolved in {rri-
gation water. These salts, which are typically ionized
chloride, sulfate or carbonate compounds of sodium, mag-
nesium or calcium, are present to some extent in virtually
all water. The salts become dissulvad in the water as it
passes through soil. When water is used for irrigation the
portion of water that d:ains away gill Eickdup1?1lgad of
ARTI salts from the soil as it passes through and w ecome
€f%?tf%iﬁ?é;;ﬁigfgc§%;§§1C,ng more saline than it was. On the other hand, water that
evaporates from the soil surface or is taken up by plant
roots will leave a majority of its salt load in the soil.
The combined flows of water down through and up from the
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EVAPORATION

" DRAINAGE VIA GRAVITY

soil controls the movement of salts within the soil anc the
residual salt load after irrigation. The net effect may be
an accumulation of salts within the soil well beyond that
which naturally occurs.

The accumulation of salts around plant roots can be very
detrimental to plants. It can inhibit germination of seed,
stunt growth, and cause leaves to scorch and turn yellow or
leaf margins to turn brown and wither (salt burn). These
symptoms can be caused by two effects of salt. First, many
salts are toxic to plants once a certain concentration is
reached. Second, the dissolved salts increase the specific
gravity of the water and inhibit the movement of water into
the plant roots.

The excessive accumulation of salt is also indicated by the
buildup of a crust of white salts on the soil surface. These
crusts occur when the net movement of soil moisture is upward
and the salts are left as the water evaporates from the sur-
face.

Salt accumulation is a matter of concern to all home gardeners

and landscapers regardless of the water source. The matter

is of even greater importance to commercial growers who must

maintain the fertility of their soil and often must use water
that has already irrigated a crop upslope and consequently
garries a higher than natural salt load because of evaporation
osses,

The use of greywater for irrigation calls for special vigi-
lance because it often carries a higher salt load. These
salts originate primarily in laundry detergents but can

also come from bathing water and kitchen cleaning compounds.

If a water softener is used in the home it will be the major
source of salts (primarily sodium) and it is recommended that
water treated with a softener not be used for plant irrigation.
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Salinity of Some Natural Waters

Dissolved Water

Solids Classi-
Source (ppm) fication
Rio Negro 10
Lake Tahoe 70
Lake Michigan 170
Yukon River gy Fresh
Missouri River 360
Colorado River 700
Pecos River 3,000
Baltic Sea 7,000 brackish
Black Sea 20,000
Oceans 35.000 Salty
Dead Sea 250,000 Brine

Great Salt Lake 266,000

(Giddings 1973, p. 316)

Greywater Compared to Tap Water

The salt concentration of greywater (without softening) is
generally about two to three times as high as regular tap
water. Hypes (1975) found the total dissolved solids in
samples of greywater averaged 358 ppm without garbage dis-
posal solids compared to 108 ppm for sampled tap water. The
inclusion of garbage disposal solids in these samplings
raised the average total solids to 559 ppm. To put these
figures in perspective a table of salinity of some natural
waters is provided. Assuming an average satinity for grey-
water of 400 to 500 ppm, it is s1lightly more salty than the
Missouri River but somewhat less than the Colorado River.

Another, more definitive, measure of salinity is the electrical
conductivity of a soil sample moistened to the consistency of
a fine paste. While such a measure will rarely be used by the
homeowner, the results of some studies are expressed in this
manner and provide a useful indication of the relative salinity
of greywater. Electrical conductivity is expressed as milli
reciprocal ohms per centimeter or mmhos/cm. Soils are classi-
fied as saline {f they have a value of 4.0 mmhos/cm or more
(Donahue '1971). Hypes (1975) reported a conductivity of 0.20
mmhos/cm for samples of plain tap water and an average value
of 0.417 mmhos/cm and 0.358 mmhos/cm respectively for grey-
water samples with and without garbage disposal solids. Thus,
greywater can be expected to accentuate the potential for

salt accumulation in the soil but the 'salinity is not so much
greater than ordinary tap water that it presents a major
obstacle to its use for irrigation.

Methods of Dealing with Salt in Garden Soil

Salt accumulation has been a continuing problem for farmers
throughcut the history of irrigated agriculture, particularly
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in arid regions. The methods for dealing with this problem
can be readily applied in home gardening situations.

Leaching salts down to below the root zone is the primary
method used. The idea is to keep the salts in solution and
moving dowrward so that they do not come out of solution

and accumulate in the root zone. To accomplish this, farmers
rely on rainfall or supplemental irrigations to maintain a
net downward flow. Deep, thorough waterings are more effec-
tive than frequent, shallow irrigations. Leaching is limited
by the drainage characteristics of the soil. A slow draining
501l may not allow the salts to be carried quickly or far
enough away from the root zone. Excessive leaching can also
be a problem because it can carry away nutrients in solution
as well as the salts. Both nutrients and salts may ultimately
be carried all the way down to the water table which will
become contaminated. This problem can be minimized by avoid-
ing excessive irrigation and regulating the amount of each
irrigation such that the water saturates the soil to no more
than a foot or two below the root zone.

Dilution of saline water with less salty water is another
preferred method which is accomplished by rainfall or supple-
mental irrigations. Dilution of greywater can be accomplished
either by premixing greywater with a high quality water

source (1.e., tap water or collected rainwater) or by alter-
nating greywater irrigations with tap water irrigations.
Either method should satisfactorily mitigate the higher salt
content of greywater.

Selection of salt tolerant plant materials provides a third
alternative for combating salt accumulation. The homeowner
may choose to plant exclusively salt tolerant species and
use greywater throughout the garden, or simply to use grey-
water first on the sait tolerant species and 1imit tap water
use to the sensitive species. Sensitive species might be

218




The following appeared in Sunset
Magazine, June 1977.

An antidote for
gray water

" One problem with gray water is that it
often contains sodium, an element that
may have a bad cffect on soil and conse-
quently on plants. Here is the lowdown
on where sodium comes from, what it
does, and how you can counteract the
effects in your soil.

Sodium is an important component of
most houschold detergents: Combined
with the phosphates, it combats hard
water to produce suds and work under
dirt and grease. From the kitchen sink
and laundry the sodium goes down the
drain or, if you are using gray water, out
into your garden soil.

The two sodium chasers

If you've found that water is slow to
penetrate your soil (a symptom of excess
sodium) you can correct the problem
with either of two soil amendments. The
most widely used is gypsum (calcium sul-
fate). In powder form, it requires light
raking into the soil to provide long-

used as an early warning of salt buildup by scattering them
throughout the garden. The i11 effects of salt accumulation
should be evident in these "sacrificial" plants long before
salts reach harmful concentrations for more tolerant species
and remedial action can be taken.

Treatment Strategies

If it is ne<essary to counteract the alkaline character of
greywater there are three general approaches that can be
taken: to treat the soil after the greywater is applied,

to neutralize the greywater before it 1s applied to the soil,
or to eliminate alkaline inputs to household greywater.

Treatment of the Soil: The first approach would involve
application of an acid compound such as sulfur or gypsum
(calcium sulfate) directly to the soil, mechanically mixing
it in, and monitoring the soil pH to determine the amount
and frequency of applications. This treatment should be
supplemented by periodic flushing of the soil with clear water
to leach out accumulated salts. Soil overloaded with sodium
can be restored by spreading 2 pounds of gypsum per 100
square feet each month (Javits 1977). If the soil is really
"tight" and resists soil penetration use up to 25 pounds per
100 square feet (Ayres 1977). Another choice is calcium
polysulphide, sold under many different brand names. Being
1iquid it 1s easier to apply; use a watering can or sprayer
(Sunset 6/1977). In some cases (e.g., lawns, and other
permanent landscaping) the application and mi:ing of a
neutralizing agent may be impractical.

Another factor to be considered in amending soil pH is the
percentage of clay and organic material in the soil. These
materials tend to buffer the soil, that is, they resist any
change in pH regardless of whether the change is toward
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lasting benefits.

The other choice is calcium polysulfide
(also called lime sulfur or liquid gypsum,
and sold under many brand names).
Being liquid, it's easier to apply than
gypsum: You simply apply it with a
sprayer or watering can and water it in
lightly. It may. however, take weeks or
months to become cffective.

The problem with sodium in the soil

In the soil, sodium—being a positively
charged element—hooks onto the nega-
tively charged soil particles. When the
sodium hooks onto enough charges, it
exerts a greater influence on soil struc-
ture than soil calcium.

Rather than holding soil particles in large
crumbs and allowing for pore (open)
spaces betwe~n them as other bonds do,
the sodium bonds let the particles dis-
perse, resulting in climination of pore
spaces. The lack of pore spaces yields an
impervious condition where air and
water have difficulty cntering the soil.
The calcium that you add with either
gypsum or calcium polysulfide provides
strong bonds between soil particles, pro-
ducing large crumbs and pore spaces. It
displaces the sodium, which ends up in
the water around the soil particles. An
occasional soaking will be needed to
leach the sodium beyond the root zone.
You may discover that gray water
doesn’t cause any problem in your soil.
If so0, that’s because the soil is sandy or
low in organic matter, and sodium will
not readily attach to it. a-

JUNE 1977

acidity or alkalinity. Thus, highly organic, clay soils
will be most resistant to the alkaline effects of greywater,
but will also be most difficult to amend the pH if that is
required.

Treatment in Storage: Direct treatment to neutralize the
greywater would involve adding an acid compound to the solution
as 1t is being transported, stored, or treated for some other
purpose. The simplest method would be to test the pH, using

a common swimming pool testing kit, or pH test paper, while
the water is in temporary storage, such as a buffer tank. The
pH could then be adjusted to the acceptable range by the
addition of non-harmful common pool chemicals or some other
neutralizing agent. Dispensing the chemical could be accom-
plished automatically using a device that dispenses a given
amount of neutralizing agent when the tank reaches a given
level. Various devices are discussed in the chapter on Com-
ponents. This assumes that for a given volume the average

pH would fall within a fairly narrow range, a reasonable
assumption considering the tank will contain a blend of house-
hold discharges.

In treatment of the water the reaction is instantaneous
compared to the weeks or months it may take in the soil, and

it provides much more control over the reaction and the ability
to make necessary adjustments before the water is released.

If the greywater is not stored at any time, but is trans-
ported directly from source to application the problem is
more difficult. Such a system would have to be capable of
automatically monitoring the pH and volume of the flow, and
dispensing the appropriate amount of neutralizing agent.

The problem is somewhat compounded by the fact that the pH
will fluctuate with the various loads that are placed in

the system. For this reason, among others, the inclusion of
a buffering tank is recommended.
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The Irvine Ranch Water District
sent this request to all its
customers:

"PLEASE help our piants, shrubs,
trees, lawns and other growing
things from being 'aSALTed' by
that illegal invader, the self-
regenerative water softener. (The
type you fill with rock salt.)"

"This villain loves salt to such an
extent that one unit deposits up to
600 pounds of brine each year into
the sewer system. That might not
appear to be a problem unless you
realize that the Irvine Ranch Water
District reclaims and reuses every
drop of wastewater. Those beautiful
greenbelts and parks that blanket
our city are kept green with this
water. We can't get the salt out
of our wastewater, so we ask you,
PLEASE, don't put any in. With
your cooperation we'll never have
to see our plants withering away

in salt-laden soil." (June 1977)

Eliminating Alkalies: The most straightforward approach,
although not necessarily the most foolproof, is simply to
eliminate the input of alkalies to the greywater that is to
be used in the garden. The strategy is simply to dispose
of high sodium and high boron household cleaning products.
Other alternative products are readily available. Un-
fortunately mary products are not accurately labeled. The
acid/alkaline balance of household wastewater can be upset
by a whole host of unexpected occurrences and so the home-
owner who is counting on abstinence to control pH is advised
to keep a watchful eye on the health of the most sensitive
plants as an indicator that something has upset his system.
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Preventing Septic Storage

Dunavantina M1amesd o~
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Reopening Clogged Soil

PARTICULATE MATTER IN IRRIGATION GREYWATER

The solid particulate materials in greywater pose signifi-
cant problems in the day to day maintenance of a greywater

system Particulate matter includes solid narticles of
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organic and inorganic materials from all greywater sources.

This particulate matter can cause maintenance problems in
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two ways First, organic material can become septic if
coiiected and stored for more than a few days. The septic
material produces objectionable odors and provides a breed-
ing environment for harmfu] bacteria and viruses. The
second problem is that both organic and inorganic material
can clog both the greywater system and the soils receiving

the greywater. A particular problem is grease from the
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digested by the bacteria in the soil. Thus, the grease
along with other materials, is capable of clogging the

pipes and other apparatus of the greywater distribution

system Also, once in the soil these materials are cap-
able of filling in the spaces between the soi1 particies
and actually clogging the soil so that no more water can

infiltrate, causing the system to backup to the greywater
source.

Preventing S
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The problem of organic material becoming septic can be
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hours unless 1t has been filtered to remove the particulate
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material and has been disinfected. Disinfection typically
implies the use of chemicals that will be harmful to plants,
so it is not recommended for water that will be used in the
garden. The length of time that water should be held is
somewhat variable depending on the ambient temperature and
the content of the greywater. Greywater with a high organic
content (such as kitchen waste) may not be stored for as
long a period in warm weather as it can be in cool weather.

The use of a "buffer" tank for short term storage is recom-
mended. A buffer tank is simply a small tank with capacity
to hold about one day's production of greywater (about 25
to 40 gallons per capita per day) so that the waters with
heavy pollution loads can be diluted with less polluted
waters (e.g., the bathwater), and warm water can cool be-
fore being applied to the soil.

Preventing Clogging

The second problem, clogging of the distribution system
and the soil, can be avoided in a number of ways:

Reduction of Kitchen Wastes: The kitchen accounts for a
fairly small percentage of the total water consumed in the
household, about 9 percent, yet it produces one of the
highest pollution loads (Laak 1975). Thus it may be worth-
while to avoid the problem altogether by not connecting
the kitchen waste to the greywater system. However, one
loses the benefit of the additional water and some useful
nutrients it carries by doing so. It is possible to use
the kitchen water and reduce the damaging load of particu-
late matter at the source. The most important step is to
stop using the garbage grinder. The grinder reduces

the solid material to soft chunks or a foamy substance
which can easily clog the system. Instead of using the
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grinder, left-over food and vegetable trimmings should be
disposed of as solid waste in the garbage can, or prefer-
ably, composted for later application as organic material
in the garden.

Reduction of Grease in the System: The most important
factor in improving the quality of kitchen greywater is
the careful handling of grease. For example, keep a
small container near the sink for collecting grease drip-
pings for later disposal as solid waste. Greasy water
from washing dishes, and particularly cooking utensils,
should not be allowed to enter the greywater system.
Whether a dishwasher is used or dishes are done by hand
in the sink or a basin, the water should be diverted to
the sanitary sewer rather than the greywater system when
a load of greasy utensils is being washed. This can be
done by installing a diverter valve in the drainline so
that the user can select whether the water produced will
go the greywater system or the sanitary sewer.

Grease Trap: An alternative for those who want to allow
the kitchen waste to enter the system directly is to install
a grease trap in the kitchen drain line. Grease traps

are readily available products designed for commercial
kitchens, or one can be fabricated by the homeowner (see
Components chapter)}. The problem inherent in grease traps
is the frequent maintenance required to keep them clean and
operating. Periodically the trap must be cieaned and the
accumulated grease disposed as solid waste, or the trap
will clog and cease to operate. It is recommended that,
rather than install a trap, the homeowner first attempt to
reduce the amount of grease entering the system.

Reduction of the Laundry and Bath Waste Load: Installing

simple mesh screens in the drain to capture lint, dirt,
hair, and other particulate matter is effective in removing
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the larger particles that would cause clogging problems
further along in the system. They can be easily cleaned by
removing the particles by hand and disposing of them in a
wastebasket.

Dilution: Perhaps the easiest method of dealing with par-
ticulate matter once it has entered the greywater system is
to dilute it. Additional water, either from other greywater
sources or from freshwater supplies, if necessary, will re-
duce the clogging potential by reducing the concentration

of the particles and increasing the velocity of the flow.
Dilution can be designed into a greywater system by placing
a buffer tank ahead of the distribution system.

Settling: The heavier particles will settle out if the
effluent is aliocwed to stand quietly long enough. The
buffer tank can also serve as a simple settling tank to
allow the removal of the larger particles that will sink

to the bottom. An automatically controlled valve mechanism
can be installed to drain away these solids to the sanitary
sewer on a periodic basis. The buffer tank could also be
used for removal of grease and other floating materials by
including a skimming device at the top of the tank. The
skimming device would remove hardened grease and scum for
disposal in the sanitary sewer or an aerobic compost digestor.

Filter: As with the grease trap, a filter provides an
alternative to reduction of the particulate matter at the
source. But, also 1ike the grease trap, there is a certain
amount of periodic maintenance required to keep the filter
operating efficiently (see Components chapter). A simple
sand or fine gravel filter may be desirable if the greywater
is to be applied to particularly tight clay soils, or if

it is applied in a trickle irrigation system using small
feeder tubes and small orifices. A sand or fine gravel fil-
ter should be effective in removing the particulate matter.
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Furthermore, they are relatively easy to maintain with
periodic flushing, or in the case of a sand filter, Ly
periodic removal and composting of the top layer of sand.

Reopening Clogged Soil

Once greywater reaches the soil, the soil itself provides

an efficient treatment of both organic and inorganic par-
ticulate material. Particulate matter which is too large
to be passed between the soil particles is held for de-
composition by biological microorganisms or chemical reduc-
tion by reaction with elements in the soil. As long as

the biological and chemical processes can keep up with the
amount of material captured in the pores, the soil will
remain open and will allow water and oxygen to pass through.
This is important both to sustain plants growing in the soil,
and to maintain an aerobic (oxygen rich) digestion process.
If the soil captures more material than can be digested
readily there is a danger tiat the soil will become clogged
with material. Oxygen will not be able to enter the soil
and the aerobic digestion will become anerobic (lacking
oxygen). A layer of gelatinous slime will form from an-
aerobic digestion and this slime, known as the "organic
mat", will substantially restrict the infiltration of water
(Warshall 1976).

The biological treatment or digestion actually includes two
distinct processes. The aerobic process (with oxygen)
occurs in well aerated soils. The anaerobic process (with-
out oxygen) occurs in compacted or waterlogged soils, and
in slow moving water courses. Anaerobic digestion is the
fundamental process in conventional sewage treatment. The
two processes are quite different in their ability to break
down effluent to stable chemical compounds, the speed with
which the digestion occurs, and the end products of the
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process. The ideal soil for removal of particulate matter
will have lots of air and be moist but not waterlogged.

The "failure" of most land systems (including the common
backyard septic tank and disposal field) is a result of
soil clogging and concommitant reduction of both water
movement through the soil and aerobic digestion activity.
In most cases the failure can be remedied by reducing the
pollutant load on the soil and allowing the soil pores to
be reopened by the biological and chemical digestion processes.

Well aerated soils allow more oxygen to be dissolved in the
soil's water. The more dissolved oxygen, the faster food
and other organic wastes can be consumed by the bacteria.
The consumption process releases heat which warms the soil.
Water and nutrients travel up, out of the ground into the
stems and leaves of higher plants. Here, part of the water
is transpired through the breathing pores of the plant and
a smaller part is evaporated from the leaf surface. This
process of evapotranspiration accounts for up to 20 percent
of the water in the s0il (in humid-temperate regions) and
is one of the major ways in which water is cleaned and
returned to the atmosphere. Under aerobic conditions evapo-
transpiration is strong. The end products of aerobic
digestion are all stable chemical compounds which benefit
soil fertility.

In anaerobic digestion the bacteria and other soil microbes
that need lots of oxygen die or go dormant. The predators
(protozoa) also die or go dormant and in their place an an-
aerobic comunity of bacteria, fungi, actymycetes and other
organisms take over. Without oxygen, nutrient and water
recycling by higher plar*s slows drastically. Some pollu-
tants are changed to chemical compounds that can be toxic

to higher plants. Nitrogen, carbohydrates, sulfur, iron,

and manganese are all changed to entirely different compounds;
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the carbohydrates may change to acids rather than sugars
(Warshall 1976).

The end products of anaerobic digestion, ammonia, methane,
and hydrogen sulfide are compounds that demand oxygen

from other natural communities. The problems commonly
associated with sewage treatment- methane gas, odors and
the high Biological Oxygen Demand (BOD) - are the result of
anaerobic digestion processes. The advantage of anaerobic
digestion is that it is easily monitored and controlled

in the conventional treatment facility and its by-product,
methane, might be captured and used as fuel for electric
generation or heat. For land irrigation uses of greywater
the chief advantage of anaerobic digestion is that the
bacteria are more stable and less suscepiible to sudden
die-off from an overload of toxic material than are aerobic
bacteria.
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VIRUSES AND BACTERIA

Depending on who you talk to you will learn that the health
problems of greywater irrigation are either 1) too complex
and dangerous to be trusted to the layman, or 2) a matter
of logic and common sense that has been intentionally com-
plexified in order to perpetuate bureaucratic control.

The public health literature is so extensive that only a

few topics can be touched on here and the reader with a
specific question is urged to consult the original sources.
Unfortunately the popular literature, although more acces-
sible, contains lots of oft-told anecdotes, many generalities
and a few flat out errors. There are, however, a few excel-
lent technical yet readable sources on this topic (see
especially DWR 1975 and DWR 1977).

Public Health

Greywater irrigation worries public health officials with

two kinds of problems. The easiest to solve are the potential
nuisance conditions of ponding and runoff which might create
odors, attract flies and rodents, and create mosquito breed-
ing grounds (DWR 1977). If unchecked, these conditions help
breed and spread disease. Also, greywater storage containers
become tempting hazards to small children. The argument can
be made however that homecwners environmentally concerned
enough to want to reuse greywater will also be sensitive
enough not to allow such nuisance conditions to occur in

their gardens.
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The second kind of health problem focuses on the composition
of greywater itself. These are the four water quality fac-
tors which must be considered in any type of water reuse
(DWR 1975):

Microbiological (viruses, bacteria, parasites)

Total minerals (salts, household chemicals, etc.)
Heavy metal toxicants (arsenic, lead, etc.)

Stable organic substances (pesticides, solvents, etc.)

However, considering only domestic greywater, the latter
three factors are apparently so unlikely to create health
hazards in garden reuse that no standards have been published.
However, the hazards of microbiological contamination are

well understood and documented, except that there is very
little information with regard to the fate of viruses in
response to treatment and in the environment. Therefore,

of necessity, the focus will be on the other microbiological
pathogens.

Indicator Organisms

Not all microorganisms can be easily or reliably isolated
and counted, so public health officials use "indicator"
organisms whose presence is easily detected. For example,
fecal coliform bacteria (E. coli.) commonly Tive in the
digestive systems of humans and other warm blooded animals,
and although they are not themselves pathogenic, their
presence detected outside their host indicates the presence
of fecal matter and therefore the presence of other poten-
tially pathogenic microbes. However, other strains of coli-
form bacteria occur naturally, outside animals, and so their
presence does not indicate fecal contamination. There is
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Ratio of
Concen-
tration
Grey- Black- (Grey:
Analysis water water Black)
BOD 206 2353 1: 1
(pm‘r%)
Non-
filterable
fixed 25 588 1:23
residue
(ppm)
Coliforms
35’8 7.0% 56.5 1:8
(10°/100 m1)
Coliforms
44°g 1.4*% 44.7 1:32
(10°/100 m1)
Plate
Count 68.3* 732 1: 1
35°8

(10°/100 m1)

*The averagc of the weighted arith-

metic averag> values for the greywater

from kitchens. bathrooms, and the
combination group kitchens and bath-

rooms.

The laundry is not included
(adapted from Withee, 1973).

COMPARISON BETWEEN KITCHEN GREYWATER
AND BLACKWATER POLLUTIONAL STRENGTHS

some disagreement in the literature about how to separate
these two, although different strains tend to thrive at
different temperatures. Every human expels about 20,000,000
E. coli. every day. However, realistically it is impossible
to seek zerc concentrations of all microorganisms in water.
Drinking only 1 E. coli, with 100 mi of water is not con-
sidered dangerous, nor is bathing in water containing

200 or less per 100 ml (DWR 1975).

Methods of Counting Coliforms

A simple method to measure coliform counts above 1,000
involves dipping a special slide in the sample for 30
seconds, then incubating it and comparing the number of
tiny dots or colony that appear. For coliform counts less
than 100, membrane filtration field kits are available
(Milipore 1976).

Viruses and Bacteria in Irrigation Greywater

Public health officials consider all water once used in
the household to be potentially hazardous as a carrier of
pathogenic material regardless of the source. They resist
sanctioning the use of greywater except in emergency situ-
at:ons.

Admittedly pathogenic material can occur in any household
function that produces greywater: bath and shower water
might carry organisms from the skin, laundry water might
carry pathogens from soiled underwear and diapers, and
kitchen water might carry biological or chemical contami-
nants from the surface of vegetables, dishes and utensils,
or from spoiled food. But the level of potential danger
varies significantly with the source.
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Reclaimed Water Use

Health Standard

Food crops:

spray or surface
irrigation

Landscape irri-
gation, lawn, parks,
playgrounds or dairy

pastures

Orchards and vine-
yards, fodder,
Fihavr and caad

T IarnT Q@i Jnou

crops, surface
irrigation only

Extensively pro-
cessed food crops

Recreational lake
public contact

Median coliform

et ¥ SR

count 2.2 per

100 mi

Median coliform
count 23.0 per
100 ml

0.5 m1 per liter

per hour settle-

ahla ecnlide (3 &
awvi€ 50165 (1.€..

primary treat-
ment)

Exception to
above may be
granted by Dept
of Health

Median coliform
count 2.2 per
100 ml

Median coliform
Arntind 22 N nan
WUMIIL o e o/ Pcl

100 ml

§aseq on current Wastewater Reuse
Standards (California Environmental
Health Code, Title 2¢, Chapter 4,

1975)

When greywater is compared to toilet wastewater (black-
water), the differences between the two sources become

ouite clear. The concentrationg of nollutants in tailet
HM I Ve TN i WwHLGHIvi AL iUl VI Y TuLUNILO (R X} LUIICU

waste range in magnitude from 6 to 144 times greater
than the concentrations found in greywater (Withee 1973).

Standards for Environmental Health

The Nationa] Technica1 Advisory Committee recommends that

UdLHIHg WdLE! (..Ulll.dlll IEbb L"d" CUU LUI |TUY'|“5 per‘ IUU ml,
and arinking water less than 1 coliform per 100 m1 (DWR
1975). State health departments establish their own
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example, the current California Environmental Health C
standards 1imit bathing iakes tc 2.2 coliform per 10

0
and landgcane 4rrin:+inn to 23 per 100 ml Unfortunat
0
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coliform levels in non-kitchen greywater exceed 1,00

Thus, the State standards are nnf pa<i1v arhipvahlp

ever, orchards, vineyards, seed and fiber crops can be
irrigated with untreated greywater and stiil meet the State
standards. But for all other uses chemical disinfection of
kitchen greywater is just about the on]y economical way to
achijeve the required reduction in coliform count. Care-
fully maintained sand filters may be able to achieve the

required coliform reductions in non-kitchen greywater.
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maintenance, is to install a greywater septic tank (Warshall
1977).

In any case, the apparent inconsistency between the Federal

and the State standards should be clarified. The current
State standards effectively outlaw the reuse of greywater

for above ground 1rrigation by the average homeowner, even

though a survey of “outiaw" irrigation systems has never
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Analysis o a 3 =
BOD, 17 5 3 20
Non-filter-
able fixed 13 3 2 30
residue
Non-filter-
able volatile 12 2 1 25

residue

Wastewater Characteristics: Grams
per capita per day (Withee 1973)

found a case of illness caused by greywater (Warshall 1977).
None of these codes mention subsurface distribution so
apparently greywater may be legally used in this way.

Another difficulty for the conscientious homeowner trying

to reuse greywater is the State Health Code requirement

for automatic alarms, emergency power supplies, and emergency
backup wastewater storage or disposal systems, unless alter-
natives are approved by the Department of Health. Samples
must be collected daily and analyzed by an approved lab

and a careful engineering record must be kept.

Sources of Pathogens

The potential for carrying pathogenic materials is highly
dependent on the source of the wastewater. The kitchen
garbage disposal stands out as the primary source of organic
pollutants in greywater. Siegrist (1976) found only 2000
coliforms per 100 m1 in greywater from only the bath,
shower, and laundry. But notice that on a daily basis
surprisingly high values for bath and laundry water are

due to the proportionately higher volumes generated. Bath
and laundry concentrations are not significantly different
from each other. Thus, in the words of Warshall (1977),
while it is not innocuous, "greywater may be no more danger-
ous than kissing a friend's wife." Of course 1f handled
badly, either could be quite dangerous.

The quality of greywater is subject to the control of the
homeowner. The pathogens that are allowed to enter the
greywater stream and the uses that are made of the grey-
water from the various sources are at the discretion of

the household. For example, discontinuation of the use of
the garbage grinder/disposal urit or not adding its outflow
to the greywater system would substantially reduce the
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pathogen content in greywater. Any source which is considered
a special hazard due to the lifestyle or preferences of the
household can be diverted to a use which minimizes the poten-
tial for human contact, such as subsurface irrigation

How Soil Organisms Destroy Foreign Pathogens

In greywater used for irrigation, bacterial and viral patho-
gens must compete for survival with the multitude of "native":
organisms which are so much more at home in the soil environ-
ment. Even if pathogens survive it is unlikely that they
will be taken up by plant roots and then translocated to

the edible portions of the plant (Javits 1977). Nonetheless,
for safety, greywater irrigation should be restricted to
ornamental plants. However, there is some evidence that

a certain amount of the chemical and organic nutrient material
should be 1eft in the greywater in order to encourage the
meny different favorabie soil organisms to thrive (OAT 1977.)

The majority of pathogens prefer to live in warm bodied
animals and when introduced into soil do not compete
well. However, some organisms can survive in soil long
enough to cause public health concerns. For example,
salmonella survives up to 2 1/2 months, coliforms up to 5
months, tuberculosis up to 6 months, and certain ova and
cysts 5 to 7 years (DWR 1975).

Soils play host to a rich polyculture of 1ife forms, in-
cluding bacteria, invertebrates, algae, and plants, each of
which does its part to eliminate some particular pathogen.
This is one of the reasons why conventional sewage treatment
processes, which are essentially monocultures, cannot de-
toxify many of the most ~angerous constituents of wastewater
such as pesticides, herbisides, phenol, and other complex
chemicals (Van der Ryn 1978).
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A simple way to test the biological
stability of filtered effluent is
to store it for a day in a tightly
closed container. A foul odor
means it has become septic
(Lindstrom 1977).

The ability of vegetation and soils to remove specific
components of effluent irrigation has been demonstrated by
numerous researchers. Kardos (1967) and Sopper (1968),

among others, found that sewage effluent irrigation applied

to crop and forest vegetation underwent significant reno-
vation in the soil and presented no problems of groundwater
degradation. The studies showed a stimulation of crop and
forest growth and a recharge (about 80 percent of the total ef-
fluent applied) of the groundwater. While soils alone have sub-
stantial renovative abilities, the combination of vegetation,
especially grasses, with soils, provide the most effective
renovation system (Younger 1976).

How Soil Itself Destroys Foreign Pathogens

Once in the soil the pathogenic viruses and bacteria are
not in a favorable environment and their 1ifespan is
limited. Soils have a great capacity to assimilate them
and render them harmless (Chen 1975). Two different mecha-
nisms operate. Soil particles, particularly clay and humus
in the colloidal range (between 0.5 and 1.0 millimicron in
diameter), have a negative electric charge. As the viruses
percolate through the soil they are electrically attracted
and held to the surface of the soil particles by a process
called adsorption.

In addition, a fairly common type of clay, known as mont-

morillonitic clay,expands when wet. As it expands spaces

open within the material and the viruses can become 1odged

in these spaces. When the soil begins to dry, the clay

5?rt1c1e contracts and the viruses are trapped and quickly
e.

Bacteria are larger particles and not as much affected by
the surface attraction phenomena as are viruses, but the
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Compostinig is one way to dispose of
sewage sludge. Currently about 8
percent of the sewage from the Na-
tion's Capitol's sludge is being
turned into a rich, dark compost
which is being spread on the White
House grounds and at various govern-
ment buildings (People and Energy
6/78).

effect is similar. The bacteria also are trapped by adsorp-
tion, but they may be able to travel a few feet further
through the soil depending on the soil particle size, and
velocity of water moving through the soil.

Soils with the greatest surface area per unit volume are
high in both clay particles and organic matter (humus),
will exhibit the highest degree of the surface attraction
phenomena and are therefore more efficient in removing the
pathogenic material than are sandy, inorganic soils.

Lateral movement through the soil is primarily a function
of groundwater velocity, but if the soil particles are
fine enough it is 1ikely that all viruses will be absorbed
within 2 or 3 feet (Winnenberger 1973). Similarly, in the
famous Flushing Meadows study, secondary effluent with
coliform counts o 1,000,000 per 100 m1 were reduced to
less than 100 per 100 m1 by filtering downward through 2
feet of sandy loam and sand and gravel, while similar
results were obtained in 4-5 feet of soil at Lodi and

3-7 feet at Whittier and Azuza (DWR 1975).

Comparative Hazards of Land Spreading of Blackwater Residue

This study of water reuse in the garden has been explicitly
limited to greywater, but the reuse of blackwater residue
receives much more scientific attention. One of the most
recent comprehensive summaries suggests that sewage sludge

is a wasted natural resource and cites dozens of cases in
which the set*led solids produced by municipal wastewater
treatment plants were safely and beneficially used as soil
amendments (Goldstein 1977). The land spreading of "septage",
the residue pumped from septic tanks, also has been shown

safe (Moore 1978). A1l of these sewage effluent reuse studies
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were done by professionals under controlled conditions,

and are well beyond the expertise of the average homeowner.
However, because greywater poses so 1ittle health hazard
compared to blackwater residues, these examples suggest
that with reasonable care the homeowner can quite safely
reuse greywater in his garden.

Composting Toilets

One of the primary arguments in favor of waterless toilets
is that they produce a clean, odorless compost suitable as
a soil amendment. Much has been written about their eco-
logical appropriateness because of their ability to safely
recycle human wastes (OAT 1977, Van der Ryn 1978, Stoner
1977). Clearly then, if composted human feces are safe
for garden use, then greywater properly managed should not
be considered any more hazardous.

in one of the most severe tests,Rutgers University scientists
grew tomatoes, lettuce, and carrots irrigated with raw
sewage "souped up" with added pathogenic organisms (Stevens
1974?. They concluded that no evidence could be found that
pollution penetrated the surfaces of healthy plants or
caused internal contamination.

Reducing Hazards with Greywater Irrigation
A few simple guidelines can substantially reduce the
potential hazard of pathogen contaminatfon in irrigation
greywater:

The preferred use for greywater is on ornamental rather

than food producing plants. Lawns and other landscaping
areas should be the first choice. As noted by Youngner,
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Crops for Human Consumption Irri- et.al. (1976), irrigation of perennial grasses provides

gated with Municipal Wastewater one of the most effective means of renovating polluted
(Usually Secondary Effluent) waters.

Number of . Where greywater is used for food crop irrigation it
Crop Instances stiould not be sprayed or allowed to come in direct contact

with the edible portions of plants. It is not clear

Asparagus 1 whether irrigation of root crops such as carrots and
Avocados 1 radishes poses any special hazard, but it is recommended
Barley 10 that these be avoided if there is any reason to suspect
Beans 2 that the greywater is carrying pathogenic materials.
Carrots 1
Citrus Crops 1 The distribution system should be entireiy closed if
Corn 5 possible to minimize potential human contact with
Cucumbers 11 greywater. This can best be accomplished by using drip
Grapes 1 irrigation or subsurface distribution which makes it
Cats 6 possible to keep greywater enclosed in either a storage
Olives 3 tank or distribution tube for the entire journey from
Onions 1 plumbing fixture to garden soil.
Potatoes 1
Rye 1 Greywater should not be stored any longer than necessary.
Spinach 1 In storage, the concentration of pathogens sometimes
Squash 1 increases rapidly. Greywater should be stored only
Sugar Beets 3 long enough to moderate the effect of surge flows,
Tomatoes 1 await additional input to dilute the concentrations of

8 household cleaning chemicals, or to allow cocoling or

9 dissipation of chlorine. None of this requires longer

than a few hours, or a day at the very most.

Disinfection

In some cases 1t may be desirable to disinfect the greywater
before it is applied to the soil. For example, it may be
necessary to store the greywater longer than normally advis-
able or some unusual circumstances may make the greywater
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particularly suspect, such as a case of diarrhea in the
family.

The common approach to disinfection has been to add chlorine
or other chemical agents to the water. Chlorine bleach

works fine. In fact virtually all municipal sewage treat-
ment facilities disinfect the effiluent by addition of chlorine.
The dosage applied in conventional treatment systems ranges
from 1 to 25 ppm depending on the type of process used. An
activated sludge plant, for example, one of the more common
treatment processes, typically uses chlorine concentrations
of 2 to 8 ppm (Metcalf and Eddy 1972). Devices for injecting
chlorine into the greywater storage are readily available and
the various types are described in the Compunents chapter
under the heading Chlorinators.

Chlorination must be practiced with caution. As discussed
in the section Chemical Constituents in Irrigation Greywater,
chlorine can be damaging to the plants and soil. Recently
it has come into question as a disinfectant in sewage
treatment due to undesirable side effects. However, it is
likely that a certain amount of chlorine is already present
in greywater from other sources, notably the laundry.

Hypes (1975) found concentrations ranging from 20 to 30

ppm in his samples. Notice that this range is higher than
that typically applied to treated sewage effluent just prior
to discharge.

Therefore, further chl rination of greywater 1is not recom-
mended unless specia® circumstances exist.
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Container Gardening

... Greenhouse Greywater

Hydroponics

The French Intensive Gardening
Method

Groundwater Recharge
Irrigation with Septic Tank
Effluent

Firebreak Greenbelt Irrigation

Winter: What Happens Then

SPECIAL RECYCLING APPLICATIONS

There are a number of ingenious ways to use greywater for
irrigation that might be of intercic to the homeowner in
special cases. They indicate uses which will become more
common in the future when greywater is more widely recognizad
as a valuable resource.

Container Gardening

Growing plants in pots, tubs and other large containers 1is
a common practice for many home gardeners, and for many
people 1iving in small quarters,such as apartment dwellers,
it may provide the only way to enjoy 1ive plants in tne
home. In general, the use of greywater is as suitable for
potted piants as it is for plants grown in open soil.

Contz iner gardens require a bit more care than do open
ground gardens, but there are also certain advantages.

With a potted plant the gardener has more control
over the three major determinants of the plant's
successful growth: The type and character of the
soil, climatic influences, and the type of plant.
It is much easier to monitor the condition of the
soil and the plant root system in a container than
in open ground.

It is easier to take remedial action with a potted
plant. If trouble develops, additional sunlight,
humidity, or whatever is required can often be
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Greywater Still

"Another creative idea (not tested)
would be to build a simple green-
house over an evapo-bed or part of
a mound on which a forage crop such
as comfrey is grown.
water (essentially distilled) would
condense and run down the green-
house sides where it could be col-
lected for reuse. The crop could
be harvested as animal fodder or
mulch for the garden. Having the
greenhouse as a lean-to scuth wall
of a barn or house could make the
investment pay double dividends as
a solar heater." (Stoner 1977)

The transpired

achieved by simply moving the plant. Even a complete
change of soil and regeneration of the root system
can be done if necessary.

Potted plants require frequent waterings because the
root system can go no further than the boundary or

the pot in search of water. In some cases even daily
watering may be required. This frequent demand for
water is well matched to the daily supply pattern of
greywater from household activities. It is likely
that only a small storage capacity would be required
because the greywater could be used almost immediately
on potted plants.

Use of greywater on potted plants would not require
an elaborate distribution system. Watering cans are
fine. In most homes water is always carried by hand
in small containers from the source to individual
container plants, so greywater is just as convenient
to use as freshwater.

The primary disadvantace of irrigating potted plants with
greywater comes from the fact that their roots are limited
and the plant is totally dependent on water and nutrients
put in the container for its survival.

241

Because the root area is small and restricted, the
potential for salt accumulation and damage by toxic
chemicals is greater than for plants growing in open
ground. Plants in containers need to be closely
watched for signs of salt, chlorine, or boron concen-
trations in the soil. Indicators of these conditions
are traces of white powder (salts) on the surface of
the soil or sidas of the pot, and yellowing and wilting
of leaf edges. Tenerally, periodic flushing of the
pot with fresh water will leach out any harmful salts
and minimize salt buildup. Some water-conserving
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gardeners save cold water from the shower (before it
warms up) for the‘r potted plants.

A closely related problem is the potential buildup of

51ime and narf culate matter in the csnoil, This con-

LLE R ¥ Wi 1112 wwn-

dition blocks 1je passage of air into the soil and can
suffocate the plant roots. It is caused by poor drain-
age and is made potentially worse by the relatively

h1gh levels of organ1c and part1cu1ate matter in grey-
water. The solution is to make sure that the pot aliows
adequate drainage and the so0il mixture includes vermicu-
lite or similar material which makes the soil porous

3 - -~ e ] d oo
to both air and water. It 1s a good idea to periodically

use a small trowel to aerate the soil of potted plants.
This will assure that the pot drains freely with each

irrigation. Furthermore, irrigations should not be so

f“eqpent that the soil remains soggy from one irrigation
to the next.

Rapid drainage through a smail quantity of soil is

not likely to change the charactevistics of greywater

a great deal. Most plants should rot be over 1rr1gated
to tne ﬁﬁTﬁt Wﬂ?f@ water ura1ns cnrougn the DO*EON OT

the pot or overflows the sides. However this sometimes
happens. Therefore, it is necessary to have some way of

di 4 tha duad = g +had
CG}}ECtiﬂg or diverting the drainage water so that

it can be put to further use and 9ses no potential
problem of collecting in the open. For outdoor pots

LY L]
on balconies, consider relying on the rainwater collec-

tion system to take care of any overflows; gutters and
down spouts are often connected directly into sewers,
or otherwise provide safe disposal. For potted plants

TRt Ve @ R LA

at ground level it may be safe to allow the excess to
simpiy flow on into the soil to nurture other root
systems below. If this isn't possible, the pots should
be placed over a container to catch the water.

Plants which have some type of pan or container below
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the pot to catch greywater drainage pose special
problems. Whether this water can be allowed to
stand and be evaporated or taken back up into the
soil depends on the quality of the water. If the
greywater carries a load of organic materials it may
begin to sour and cause odors after a period of days.
Generally it is recommended that some means of col-
lecting the water either by removing, siphoning, or
draining the container be provided. Greywater should
not be allowed to simply evaporate away from a hard
surface such as a patio or deck.

Greenhouse Greywater

One of the most interesting year-around uses of greywater
for irrigation is in a greenhouse built in a small urban
back yard by Abby Rockefeller (1977). About 80 gallans of
effluent per day from the kitchen, laundry, and bathroom
are firsu treated in a Clivus Multrum trickle filter, then
pumped into perforated pipes running just below the surface
of 4 foot deep planting boxes. The bottom of the boxes is
filled with gravel and a second perforated pipe runs down
the center. After the greywater filters down through the
soil it is collected by these pipes and is discharged to

a standard scaled-down leach field. Supplemental heating
is provided in the winter by a set of flat plate solar
collectors (Miran 1978, Stoner 1977). The soil is mostly
composted leaves and Abby reports that the vegetables and
earthworms are all doing fine. This home also has a Clivus
Multrum composting toilet which means it does not need to
be connected to a municipal sewer or a septic tank.

Hydroponics
Recall that initially the motivation for writing this
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report was to examine simple residential scale systems
which reused water cn-site. And sc, by that criterion,
hydroponics is the perfect system because irrigation
water is collected and reused continuously.

Hydroponic gardens have no soil. Instead, plants grow in
an inert aggregate. Periodically a nutrient solution
containing all essential elements is pumped through the

mix and when it drains back into a sump tank the cycle is
ready to repeat again (Smay 1978). In the extreme, hydro-
ponic systems could theoretically eliminate all residential
irrigation which has been estimated at about 70 gpcpd
(Milne 1976). In a UCLA greenhouse, hvdroponic beds are now
growing vegetables in secondary treated municipal wastewater
(Berry 1977). However, some feel that household greywater
cannot be used for hydroponic irrigation if there is to be
periodic sterilization and accurate pH control.

The French Intensive Gardening Method

The most obvious attributes of French intensive gardens

are raised beds of well worked soil with dense planting.
Ecology Action of the Midpeninsula, Palo Aito, California,
provides a good example of water requirements for a special-
ized but appropriate type of agriculture for small scale
greywater applications. The group is noted for its experi-
mentation with the Biodynamic/French Intensive gardening
method and ¢laims to achieve a reduction of 1/3 to 1/7 the
normal water requirement per pound produced with this
technique (Jeavons 1977). Tests were conducted on a garden
plot of 88 net sq.ft. (excluding pathways). Water require-
ments were 10 to 30 gallons per day, depending on crop
maturity, type of crop, soii condition and weather con-
ditions. The average requirement of 20 gallons per day
amounted to about 1.7 inches per week. This compares to a
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An On-Site System for Disposiag of
Kitchen Scraps Strained from Grey-
water:

“It's maintenance free, odor-free,
rather handsome, and extremely con-
venient. It's the California Blue
Jay. It's only drawback is the
noise factor. My wife has tried
lubricating with meat grease but
that had no apparent effect."
(Letter reprinted from Co-Evolution
Quarterly).

normal water reciirement of about 1.5 inches per week, Thus,
the water daiand is higher for the French Intensive method,
but the yield is 4 to 8 times greater than normal methods.
Therefore, the water required per pound of vegetables pro-
duced is only 1/3 to 1/7 of normal.

The characteristics of the French Intensive method which make
it especially attractive for greywater irrigation are:

The enclosed raised planting beds make management of
the greywater distribution system easier.

This method requires a skilled gardener which reduces
the 1ikelihood that the greywater wiil be handled
unsafely: Presumably in knowledgeable hands it would
be treated 1ike any other garden product such as ferti-
lizer, insecticide, etc.

. Beds are heavily composted and compost holds 6 times
its weight in water. Therefore, less greywater will
irrigate more plants.

Plants are spaced evenly and closely over the entire
bed so that when mature their leaves will touch,
covering the ground and keeping moisture in. This
creates its own microclimate and reduces evaporation
by 13 to 63 percent, depending on soil type. It also
allows surface irrigation by flooding or soaking hoses.

. The intensive method results in high soil fertility.
Therefore, yreywater's particular nutrient imbalances
can be compensated for.

. Water is applied two hours before sunset when it is
"~ less subject to evaporation and has 16 hours to sink
down to the root zone before the afternoon sun appears.
Such regular automatic dosing is quite compatible with
greywater systems containing a holding tank.
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The French Intensive method recommends watering with an
overhead spray to simulate the effect of rainfall. The
spray tends to cool and humidify the environment around the
plant, and to wash down the leaves. However, because it is
not a good idea to Tet greywater come in contact with the
edible portions of plants, the intensive method would need
to be modified to use surface or subsurface irrigation on
everything except root crops.

Groundwater Recharge

Any discussion of outdoor uses of household greywater must
acknowledge that some of this greywater will eventually
trickle down into the water table. Long experience with
septic tank leach fields and with wastewater recharge pro-
Jjects has shown that 4 or 5 feet of fine soil can remove
enough contaminants so that the effluent is safe to enter
the water table.

Research has shown that water reaching the groundwater
table as a result of surface irrigation with secondary
(sewage) effluents is adequately treated for biological
pathogens, organic material, trace elements, and heavy
metals. However, because of evapotranspiration losses,

it actually has higher concentrations of dissolved salts
and very 1likely still, has an unacceptably high nitrogen
concentration (DWR 1975). Fortunately, when jrrigating
with household greywater these two problems can be elimi-
nated. First, most of the nitrogen never enters greywater
because of the elimination of toilet wastes. Second, most
of the dissolved salts are attributable to sodium from
water softeners, or from detergents and some soaps. There-
fore, careful management of the cleaning products used in
the home can eliminate the potential threat to the aquifer.

Protecting the quality of the aquifer is of crucial concern
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to the millions of people in the country who rely on wells
for their water supply. In California for example, 48
percent of the total municipal and industrial demand is

met by groundwater. There are thousands of water utilities
and countless thousands of individual household wells which
rely on the quality of groundwater. Thus, over 80 percent
of the state's population is exposed to groundwater (DWR 1975).

Rainwater which is not immediately channeled into storm
sewers but is instead allowed to soak into the soil also
eventually trickles down into the water table. Except

for houses on hillsides, encouraging this type of recharge
is logical and environmentaily responsible.

For the homeowner who makes the effort to safely recharge
the aquifer under his home, the final logical step is to
sink a well and pump this safe, pure water back up for his
own (re)use. This, after all, is the ultimate on-site
water recycling system (see chapter on Groundwater Collection).

Irrigation with Septic Tank Effluent

Blackwater systems can produce treated effluent comparable
to greywater, which can be of considerable value for on-site
irrigation. A conventional septic tank with a four day de-
tention time (800 gallons for a family producing 200 gallons
of greywater per day) has low initial cost and almost no
operation and maintenance costs (OAT 1977). The great ad-
vantage of a septic tank is that while it cuts BOD in half,
it will not remove nitrogen and phosphorous. This is exactly
what a gardener needs, since these nutrients help defray
fertilizer costs. For subsurface or ridge and furrow irri-
gation on non-edible crops, no further treatment may be
necessary. For trickling or spray irrigation, some kind

of filter is necessary to prevent clogging. Such systems
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are usually designed with a below ground overflow tank and
?ggg)pump to get the effluent back up to grade (Siegrist

Firebreak Greenbelt Irrigation

The great majority of home gardeners need never be concerned
about providing their cwn greenbelt as protection against

brush or forest fires. But many bomeowners living in rural

and subuiban areas adjacent to open land may feel the need

to provide a measure of protection which will substantially
reduce the potential hazard of brushfires. This is important

in arid areas where native grass and brush have become extremely

dry and susceptible to fires.

One means of ?roviding protection is to establish an irri-
gated greenbelt of fire resistant plants as a buffer between
dry grass or brushland and the dwelling. Use of greywater
for irrigation would help to maintain these greenbelts. In

addition to maintaining the necessary moisture levels, grey-

water provides nutrients to the plants and some species,
notably perennial grasses, which flourish with greywater
irrigation,also provide the most effective firebreak.

A five year study was conducted by the University of
California and the U.S. Forest Service (Youngner 1976)

to determine the feasibility of using secondary treated
municipal sewage effluent to maintain fire suppressive
plant growth. The study was conducted in a mountainous
area in San Bernardino County, California, at an elevation
of about 4,700 feet. The terrain is gently sloping in the
test area, averaging about 10 percent slope, and the domi-
nant native plant life is chaparral, a low growing but highly
flammable brush. Effluent irrigation was tested in three
types of areas; uncleared, brush cleared, and introduced
plant materials.
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The practice of clearing chaparral brush and convei'ting
areas to perennial grasses for use as fuel breaks has been
followed by fire officials in the beljef that grasses pro-
vide less fuel and would therefore retard the spread of
fire. These conversions have been successful under actual
fire conditions. Theoretically, irrigation of the grasses
should improve the fuel moisture content of the grasses
yet maintain a low growing cover, thereby enhancing the
effectiveness of the fuel break.

The chief coﬁc]usions of the study are:

Rates of irrigation less than 1 inch per week had
little effect on native brush growth, fuel moisture
or sofl moisture content. At rates of 3-1/2 inches
jrrigation per week, brush species exhijbited sub-
stantially increased growth and moisture content
in direct relationship to elevated soil water levels.

Regrowth of vegetation on brush cleared sites was

significantly altered under 3-1/2 inches of irrigation
per week with mullein (Verbascum thapsus) proliferation

and inhibition of native brush regrowth most evident.
Under lesser irrigations no major alterations were
apparent.

. Perennial grasses, notably Alta tall fescue, flourished

under 3-1/2 inches per week irrigation providing a
relatively low growing, high moisture plant cover.
Survival at rates less than 3-1/2 inches was poor.

. Several introduced coniferous trees (Scotch, Ponderosa,

Knobcone, Jeffrey, Japanese Black Pines, and
Incense Cedar) survived well and exhibited increased

growth over lesser irrigated trees. Sugar pine,

Red, White, and Douglas Firs, Sequoia, Big Cone Spruce,

and Coulter Pine exhibited very poor survival.
. Effluent irrigation appeared to have no significant
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effect on the quality of water in the surface or ground-
water systems.

Renovation of effluent at 3-1/2 inches per week appli-
cation rate appeared to occur in the following manner:

a) Alta fescue vegetation effectively removed large
quantities of nitrogen, potassium, chloride. and
sulfur, and lesser amounts of phosphorous and boron.
No significant additional uptake of sodium, magnesium
or calcium above levels normally present in the
plants appeared to exist. No toxic effects were
evident.

b) Chaparral soils accumulated sodium, chloride,
phosphorous, boron and magnesium at significant,
but not toxic, levels. Excess chloride levels
occurred in late season. Nitrate nitrogen in sur-
face soils increased due to increased organic litter.
Nitrogen and potassium may have been depleted from
the soil by vegetative growth. Soil pH and electri-
cal conductivity (indicating salt accumulation)
“increased significantly.

In a greenbelt design, Alta fescue vegetation under
3-1/2 inches per week irrigation provides the best
combination of fire suppression qualities (high
moisture, low fuel quantity, survival) with effective
effluent renovation characteristics. Additionally, the
grasses provide excellent forage.

With adequate information on the hydrology, soil
physical and chemical properties, and climatic data

of the site, the disposal and rennovation of sewage
effluent can be carried out in chaparral areas through
the establishment of a perennial grass greenbelt.

These conclusions, of course, cannot be adopted as a general
statement because they reflect a particular relationship of
soils, climate and vegetation type. They do provide a
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guideline for establishing a fuel break greenbelt and help to
set a level of expectation for its success. The application
of 3-1/2 inches of water is equivalent to slightly more than
2 gallons per sq.ft. per week. Assuming that a person
produces about 40 gailons of greywater per day, a family of
four should be able to irrigate about 560 sq.ft. of greenbelt
area. The exact amount depends on the soil physical and
chemical characteristics, the vegetation type, the climate
and the irrigation method used.

Winter: What Happens Then

If the ground freezes, irrigation systems must be drained
and the greywater will have to go elsewhere. Returning it
to the sewer or the septic tank alang with the household
blackwater is the easiest opticn. However, a study at Penn
State showed that evaporation and infiltration still operate
even when the landscape is covaered with ice from sprinkler
applied wastewater (Stevens 1974),

Of course, if all the greywater was used in a greenhouse
or on protected container plants, some reduced volume of
irrigation will occur, as the plants become somewhat dor-
mant during the shorter days.

Because household greywater is initially quite warm, sub-

surface irrigation may be possilLle year around if winters
are mild enough.
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PROPRIETARY SYSTEMS

OPERATING EXPERIMENTAL SYSTEMS
HOME-BUILT SYSTEMS

DESIGN PROPOSALS

SYSTEMS

Many on-site water recycling systems have already been
designed. The collection of systems described in this
chapter fall into four categories based on their stage

of development. Proprietary Systems are those currently
being manufactured or tested for future marketing. Oper-
ating Experimental Systems have been custom-built for one
installation. Published technical data for these systems
is available. Home-Built Systems are those which have
been assembled by individuals and successfully installed
in their own homes. Design Proposals are untested systems
which are still on (or never made it past) the drawing board.

Operation of the proprietary systems is, by necessity,
described only briefly; but all of the others are described
in enough detail so that they could be reproduced with
Tittle difficulty. A1l of the items needed to assemble
these systems are described in the components chapter of
this report.

Installation and Service

Homeowners should be able to install and majintain most of
these systems by themselves. In a few cases, however, it
is specifically stated that this not be attempted. Home-
owners wishing to have someone else install the system
should contact efther a plunbing contractor or a general
plumber, as they are experienced in working with the pumps,
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filters, chemical feeders and other components used in
these systems. Periodic maintenance could be performed
by local swimming pool service companies.

Additional technical data, an annotated bibliography, an

index of manufacturers, and other references are included
in the appendix.
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5.1

CLIVUS MULTRUM

AQUASAVER

PURE CYCLE

GREAT CIRCLE

THETFORD CYCLE-LET
CONSERVAGATOR

HANDBASIN-TOILET

ENVIRO-PAK RECIRCULATING TOILET

PROPRIETARY SYSTEMS

Proprietary systems are those which have been developed
for manufacture and sale as complete packaged units.

Some of these systems are already on the market. Others
are being test marketed and will become available in the
near future. Still others are currently being tested and
are awaiting approval by health authorities. Very little
information is available for most of these systems because
the manufacturers are anxious to protect their ideas from
competitors.

The scale of the proprietary systems covers the entire
spectrum, ranging from a simple kit for temporary operations
to a large and complex system requiring maintenance oper-
ations by specially trained personnel.
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CLIVUS MULTRUM SYSTEM

The Clivus Multrum System is a complete waste treatment

and recycling system that is assembled in an individual
household with components manufactured by Clivus Multrum,
Inc., a Swedish firm with U.S. offices in Cambridge, Massa-
chusetts. The two primary components of the system are
Clivus Multrum's composting toilet (see Milne 1976) and
their Washwater Roughing Filter (see Components chapter).
The system specifically described below is in operation

at Clivus Multrum's experimental house in Cambridge and

was reported by Lindstrom and Rockefeller (1977, 1978).
However, with the exception of the greywater-irrigated
greeni:ouse, it represents a typical Clivus Multrum system
which could be installed in any new house (designed to
accommodate it) and in some cases, an existing house as
well. The Clivus Multrum System was also an integral part
of the Naturhset Stockholm (the Nature House), a proposal
for a self-sufficient house by Swedish architect-philosopher
Bengt Warne (1977). In addition to recycling its wastes,
the Naturhset was solar heated and collected rainwater for
indoor uses.

Operation

Greywater from the laundry, showers, tubs, bathroom sinks,
and kitchen sink (excluding food wastes) is collected and
delivered to the large sand and gravel Washwater Roughing
Filter. From the filter, the greywater is pumped to a

greenhouse, where it irrigates two plant beds as it drains
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through the soil and drainage material (see chapter on Out-
door Uses). From the greenhouse the greywater flows to a
small leachfield. Theoretically, at least, this house does
not need to be connected to the municipal sewer system.

The plant beds were modified in a number of ways because
they were designed also to serve as leachfields. The beds,
which have a total surface area of 54 sq.ft., were made 3
feet deep rather than the usual 9 inches, in order to absort
the approximately 80 gallons of greywater which is produced
in the house each day. Thus, even if the beds are saturated, .
water introduced rapidly will drain out slowly. The soil
boxes have drains at the lower end of their slightly sloping
bottoms and are lined at the bottom with a 2-inch layer of
crushed rock to facilitate drainage. The excess depth of

the beds also eliminates plant root depth as a 1imiting
factor in what may be planted and has a stabilizing influence
on the soil environment. As a result, a much more diverse
and balanced population of organisms can thrive, whereas

they could not in shallow beds where moisture and tempera-
ture fluctuations are too great,

The dosing occurs as soon as any of the contributing fix-
tures are used because Lindstrom and Rockefeller found that
the filtered greywater would turn fully septic if allowed
to stand for even a day. The greywater is distributed
along the entire length of the growing beds through 1-1/2
inch pipes having 1/4-inch perforations every foot.

Toilet wastes and organic wastes from the kitchen, garden,
and greenhouse, are deposited in the composter which is
located in the basement directly below the bathroom and
kitchen. Wastes enter by gravity through sealed vertical
pipes -- one beneath the toilet seat and another beneath
an opening in the kitchen counter top. In the composter
the organic wastes undergo aerobic decomposition and are
transformed, after a couple of years, into a nutrient-rich
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soil-1ike humus which is used as a fertilizer in the green-
house and garden.

The collection and treatment of combined kitchen and toilet
wastes in a composter offers a number of significant advan-
tages. The first, and most obvious, is that because the flush
toilet and garbage disposal are eliminated, household water
consumption is immediately reduced by about 40 percent. The
second is that these wastes, which constitute the most
troublesome pollution load to water leaving the house in

a traditional water-borne sewage system, are instead turned
into a beneficial garden product. The third is that the
separated and relatively clean greywater can be passed through
the roughing filter rather than a septic tank, since it is

the large size and slow decomposition of fecal material which
makes a septic tank necessary in the on-site treatment of
combined wastes. This is important because the effiuent

from the roughing filter is relatively aerobic, whereas

the effluent from the septic tank is anaerobic and may pro-
mote anaerobic processes in the soil which would be harmful

to plant roots.

The greenhouse provides an ideal way to irrigate and feed
plants through a subsurface distribution system. Because
they are sheltered by the greenhouse, the plant beds provide

a highly favorable environment for the further purification
of the greywater in the soil: the warm and stable climate
promotes the healthful activity of the decomposer micro-
organisms in the soil and enables the plant beds to be

active year-round, even during the height of the rainy season.
Because there is no danger of flooding or freezing, the per-
forated pipes can be located close to the surface where

the greatest biological activity takes place. As a result,
the soil remains aerobic even directly around the leach lines,
and shallow plant roots have the opportunity to absorb the
nutrients in the greywater which have been made available

by the microorganisms in the soil. In addition, pipes near
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e easily accessible for inspection and cleaning.

ndstrom and Rockefeller note, the greenhouse, when
combined with the composter and the roughing f11ter closes
the cycle of waste conversion, nutrient recovery, water
purification, and food production in the home.

Maintenance

The primary maintenance required by the Clivus Multrum
system is the periodic cleaning of the trickle filter and
the distributing of the humus produced in the composter to
the plants. It should be noted, however, that if it is

to function properly the composter must receive regular
feedings of organic material, a nearly continuous supply
of fresh air, and it must be kept under steady temperature
conditions.

Cost

A Clivus Multrum composter serving the kitchen and one

toilet on the first floor costs about $2,000. A Washwater
Roughing Filter costs about $450. The total cost of the

total system will vary with the lengths and type of collection
and distribution pipes employed.
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AQUASAVER

The Aquasaver is a commercially available greywater re-
cycling appliance designed to be installed in new homes
and, if drain pipes are accessible, in existing homes as
well. The Aquasaver system processes wastewater from the
washing machine, tub, shower, and bathroom sinks. It is
not intended to treat wastewater from the kitchen.

Operation

The greywater is first collected into a single pipe and

then delivered to the Aquasaver storage tank. As the
greywater enters the tank, coarse materials are removed

by a strainer located on the end of the inlet pipe. From
the outlet located near the tank bottom, the greywater

in the storage tank is drawn through a cartridge filter by

a 1/3 HP shallow well jet pump. At the pump, a small
portion of the filtered greywater is diverted through a
tablet chlorinator and then returned to the storage

tank. The remaining greywater in the pump {s discharged

to the point of reuse. The chlorinated greywater mixes with
the greywater in the storage tank to provide a uniform chlo-
rine residual in the tank of 5 parts per million (ppm).

The treated greywater may be reused for toilet flushing,
irrigation, or other non-drinking purposes.

In addition, the Aquasaver system has a provision for auto-
matic freshwater supplementation should the supply of
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greywater fall below a certain level. Flow of freshwater
into the storage tank is controlled by a solenoid valve
located in the freshwater supply 1ine and actuated by a
float switch. The float switch is mounted on the tank
wall, approximately 3 inches above the cutiet to the filter
and pump. Thus, the level of the greywater in the storage
tank may fall until the arm of the float switch drops to
its lowest position. At this point, the solenoid valve
opens and freshwater flows into the tank.

The storage tank is also equipped with an overflow outlet
and a drain valve. The overflow outlet is located near
the top of the tank, but below the level of the greywater
and freshwater inlets. In this way, excess greywater is
discharged to the sewer system before it can backflow into
the freshwater or greywater inlet pipes.

According to the manufacturers, greywater recycled through
the Aquasaver is odorless, free of discoloration, and
contains no solid material greater than 25 microns in size.
It reportedly has an average turbidity level of 60 ppm and
contains an average of 31 ppm suspended solids.

The manufacturer recommends a storage tank capacity of 150
gallons for an average family of four, with an additional
25 gallons of capacity added for each additional person in
the household. The system requires about as much space as
a washer and dryer. The system has been certified by the
National Sanitation Foundation (NSF) and is currently being
marketed. Prospective owners should check with local
authorities for acceptance of the unit in their area.

Maintenance

The principle maintenance requirements of the Aquasaver
system are replenishment of the chlorine tablet supply,

261




replacement of the filter cartridges, and cleaning of the
storage tank. These maintenance operations should be
performed approximately every 90 days.

Cost

The Aquasaver system will cost approximately $2,500.
Maintenance costs for the system result primarily from
replenishing the chlorine supply and replacing the filter
cartridges. Thus, annual maintenance costs will vary largely
with the volume of water recycled. These maintenance costs
may be expected to range from approximately $45 to $120,

with the breakdown as follows:

Chemical replenishment $32
Cartridge replacement $12
Electrical power %%g
Total 9
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PURE CYCLE

Pure Cycle is a proprietary household wastewater treat-
ment and recycling system which processes both black-

water and greywater and reportedly delivers pure potable

water as its end product, thus allowing 100 percent re-
use.

The system is designed for installation in individual

dwelling units. However, because it requires semi-annual
maintenance by specially trained personnel, a service
center nust be established in the v1c1nity of the homes
employing the system. As a resuit, the syStem is eco-
nomically feasible from the manufacturer's point of view
only when enough homes use the system to effective]y
utilize a service center. Thus, the system is intended

for installation in groups of 200 or more homes. Currently

the system has been approved for demonstration and use in

il dham Das Purn
two Colorado counties. In these counties, the Pure Cycle

Corporation has established service centers and is marketing
prototypes of their product on a 1imited basis.

Operation

To date, the Pure Cycle Corporation has been very vague
about how their system operates. It appears that house-"
hold wastewater from all sources., flows into a "biological

reactor" 1n which organic materials are oxidized through

biological digestion and inorganic solids are settied out.
The digested wastewater then moves through an "ultra-
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filtration stage" in which most bacteria, viruses, and re-
maining suspended particles are removed. From there, the
water moves through an organic adsorption system which
removes organic contaminants. The water then moves through
a demineralization stage in which resins remove heavy
metals and inorganic salts. At this point, the water con-
tains less than 10 ppm dissolved solids and is passed
through a sterilizer as the final stage in the process.

The purified water is then stored in an underground storage
tank and delivered to the household at standard pressure.

The system operates with the aid of a micro-processor
computer which monitors and analyzes the quality of the
wastewater as it moves through the various stages of
treatment. The micro-processor is capable of shutting

down the system if a malfunction is detected. 1In this
event, it would then automatically inform the local service
center of the problem through the dwelling's telephone
system. Under normal conditions, the system requires the
attention of service personnel once every six months to
remove accumulated solids, replenish materials, and perform
other maintenance chores.

The system costs approximately $5,000 and requires an initial
input of 1,500 gallons of water. Once the system is in
operation, it reuses 100 percent of the wastewater and thus
requires no additional water input except to make up for
losses due to evaporation and the 1ike. The system can be
replenished with rainwater, snow-melt, sea water, or any
number of other sources in addition to water from the tap.
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GREAT CIRCLE

The domestic wastewater system developed by Great Circle
Associates collects wastes from all sources in the house-
hold (both blackwater and greywater) and treats them in a
batch-type filtration process to obtain an effluent suit-
able for irrigation purposes.

Two prototypes of the Great Circle system are currently

in operation. However, because it is one of the most
complex systems discussed in this report, this description
can provide only a general idea of its operation.

Operation

Wastewater from all sources in the household flows into

a single collection pipe and is delivered to the system's
input pipe. When the influent reaches the bottom of the
input pipe, a liquid level sensor starts the system's
centrifugal pump. The pump draws wastewater processed in
the previous cycle from a "power reservoir" and discharges
it into a "return reservoir" located immediately above.

A slime-retarding oxidant is injected into the return
reservoir concurrent with pump operation. The air volume
above the water in the power reservoir is connected by a
pipe to the air volume above the water in a third reservoir,
known as the "buffer reservoir". Through this connecting
1ine, the suction created by drawing the filtered waste-
water from the power reservoir is transferred to the buffer
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reservoir and 1ifts the batch of wastewater from the
bottom of the input pipe to the buffer reservoir.

When the buffer reservoir becomes filled, a second liquid
level sensor actuates solenoid valves which seal the power
reservoir and return the buffer reservoir to atmospheric
pressure. With the buffer reservoir at atmospheric pressure,
the weight of the wastewater within opens the flap valve

and the wastewater is dumped into the trough below. Because
the power reservoir is ncw sealed, a suction accumulates
within it as the pump continues to withdraw water from it.
The pump continues to operate until a third liquid level
sensor determines that the power reservoir has nearly

been emptied. When this occurs, the sensor shuts off

the pump and opens a solenoid valve to apply the suction

in the power reservoir to the bottom of the trough. The
applied suction draws the wastewater through the filter
paper, conveyor net, and perforated suction plate and
discharges it into the power reservoir.

The system contains a mechanism to automatically change
the filter paper when clogged. The clogged filter paper
and accumulated solids can be composted and later reused
as humus in the garden or otherwise disposed of in a safe
manner. It totals about 6 cu.ft. per household per year.

A11 the while the pump is in operation, it continues to
discharge filtered wastewater into the return reservoir.
After the return reservoir is filled, any additional
filtrate flows through the overflow pipe into the irrigation
system. When the filtration process is completed and the
trough is empty, the filtrate in the return reservoir is
dumped into the power reservoir by means of a solenoid-
actuated flush valve. This recharges the power reservoir
with a "fresh" supply of filtrate for use in the next
treatment cycle.
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The Great Circle system is intended for use with a sub-
surface irrigation system. The system's developers claim
that the effluent is high in nutrient content, low in
bacterial content, and free of heavy metals and other
toxins; although at this time, no test data has been seen
which would either support or refute these claims. The
system is intended for both single and multiple household
appiications. :

Maintenance

Because aof its complexity, maintenance on the Great Circle
system should be performed only by specially-trained personnel.
Cost

The manufacturer's initial estimates of $700 per household

plus $26 per year operating cost, based on a 6-household
installation, seem highly optimistic.
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THETFORD CYCLE-LET

The Thetford Corporation, manufacturers of a sophisticated
water recycling toilet system, are currently experimenting
with processing greywater as well as blackwater in their
unit and discharging all recycled water that is not reused
in toilet flushing to a subsurface leachfield or irrigation
system.

Operation

Thetford's system, the "cycle-let", is a self-contained

waste treatment system which continually recycles its own
water for flushing toilets. Depending on the model selected,
toilet wastes are transferred by gravity or air pressure to

a sump. From the sump, wastes are transferred by vacuum to
the "waste treatment system".

Within the waste treatment system, wastes progress through
an anoxic reactor, an aerobic digestion chamber, and a sedi-
mentation chamber. From the sedimentation chamber, the
water enters the "water recovery system".

In the water recovery system, the effluent passes through
membrane filters, activated carbon absorbers, and a dis-
infection unit. The disinfected water is stored in the
flush water storage tank and then moves on demand to the
water pressure tank. With each flush, water from this tank
is piped back to the toilet, thus completing the water
recycling process.

268




REAHWATER. || FREAMAIER

ELACKWATER.
~~~~~ ¥
| |
| |
L& _:l—_ﬁ____l
PRCEZAED
WATER WATER
-
P LEAHPELD OR
IRREATON onrTEM

CZ—PKX<M#‘TE32:4$t7tﬂEE13MBWE¥Z IN

THE otCie-Ler

In their work with greywater, the Thetford Corporation is
apparently experimenting with collecting blackwater and
greywater together and discharging the entire volume to
the Cycle-let unit. The combined wastewater goes through
the same process as would the separated blackwater, and is
renovated to the same level of purity, which the manufac-
turers claim is "crystal clear, odorless, colorless, and
coliform bacteria-free."

A portion of the recycled water in these tanks 1s reused

for toilet flushing. The remainder is discharged to a sub-
surface leachfield or irrigation system. One of the advan-
tages over the completely closed blackwater recycling system
i{s that the average pathogen level in the system is lower,
and the final effluent is treated blackwater rather than
untreated greywater (which the manufacturer undoubtedly
believes is safer).
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THE CONSERVAGATOR KIT

CONSERVAGATOR

The Conservagator is a simple, commercially available,
portable kit designed to enable the homeowner to recycle
greywater from the bathtub, Taundry tub, or other basin
directly into the garden or toilet bowl without altering
the home's plumbing. It was initially marketed during
California's recent drought as an alternative to hand-
carrying buckets of household greywater.

Operation

The kit consists of a standard portable submersible sump
pump, 20 feet of soaker hose, and a sprinkler nozzle with
an integral shut-off valve. The portable sump pump is
cimply placed in the tub, basin or other volume of water
that is to be reused and a standard garden hose is con-
nected to the pump outlet. For reuses involving irrigation,
the garden hose is run out through a window and connected

to the soaker hose or sprinkler nozzle. The 1/6 HP centri-

fugal pump may be plugged into any home convenience outlet.

The Conservagator is designed to pump clean, dirty, or
salt water at temperatures up to 120°F. The flow rate
produced by the pump is a function of the height above
the water level at which thie water is dicchargad, plus
any frictional losses in the pipe or hose. The Conserva-
gator pump is capable of pumping 20 gpm at 3 feet of head
or 5 gpm at 20 feet of head.
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The unit may be completely submerged, however, it
requires only 1/2 inch of water to begin pumping. Once
pumping has begun, the unit will continue to draw water
until the depth drops to 1/8 inch, although it does not
shut off automatically when no more water is left.

Maintenance

The Conservagator pump is a sealed unit. Thus, the only
maintenance required is keeping the bottom screen free of
debris. If the pump should become clogged with sand, it
can be cleaned by backflushing the pump with a garden hose
or by dipping the unit up and down in a bucket of clean
water,

Cost

The Conservagator kit costs approximately $65. Portable
submersible pumps a‘one are available from about $30.
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HANDBASIN-TOILET

The "handbasin-toilet" is the name we have given to a
disarmingly simple, commercially available device which
is indeed a self-contained residential water recycling
system. It is a standard flush toilet with a sink and
faucet built into the top of the tank. After the toilet
is flushed, the user washes his hands in the water that
is refilling the tank through the basin.

Operation

In the most basic form of this device, the water delivered
to the tank after the toilet is flushed flows from the
faucet, into the sink, and then drains into the tank. The
faucet has no turn-off valve and the sink has no stopper.
When the user washes his hands undvr this flow of water,
the greywater that is produced also flows into the tank
and is reused in the subsequent flush. This form of the
device is currently in wide use in Japan.

A variation of the device has recently been developed at
McGill University. In this version, the faucet contains

a valve much 1ike a typical bathroom faucet. The valve
provides water upon demand, rather than only after a flush,
and thus enables the tank-top sink to serve all of the
functions of a bathroom sink. As a result, all of the
greywater normally produced by the bathroom sink can be
discharged to the tank and reused in toilet flushing.
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Maintenance

As yet, no data has been published regarding the maintenance
record of either the Japanese or Canadian designs. However,
there remeins some question of whether or not soap scum
builds up in the toilet tank. If it does, one solution is
simply not to use soap when rinsing the hands. Another,
perhaps more desirable, solution is to find a non-scum-pro-
ducing cleaning agent, possibly a mild detergent. A third
possibility is that tank mechanisms have been redesigned

and are indifferent to scum build-up, or automatically
scour it away durirg the fi1ling or flushing cycle.
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ENVIRO-PAK RECIRCULATING TOILET

Enviro-Pak has developed a modular "recycled flush water
treatment system" called "STP". It was specifically de-
signed as a small mobile toiletwater water recycling system
to process blackwater and greywater by a series of sub-
treatments; the grinding of combined sewage, the aerobic
digestion of the same, the physical separation of particulate
matter, the clarification of waste, and finally, the disin-
fection of the effluent now processed and ready for reflush.
This operates together with an evaporator for the removal

of excess water.

This effluent treatment plant was designed as a relocatable
"comfort station and sewerage treatment plant". Mounted on

a flat-bed semi-truck trailer, it was designed to accommodate
twelve separate toilets and four sinks in two separate sets
of restrooms.
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9.2

MCLAUGHLIN SYSTEM

COHEN-WALLMAN SYSTEMS
FARALLONES INTEGRAL URBAN HOUSE
FARALLONES RURAL CENTER

POINT BARROW, ALASKA

HAWAIIAN ENERGY HOUSE
MIRAFLORES DEVELOPMENT

OPERATING EXPERIMENTAL SYSTEMS

The systems described in the following sections were
actually constructed and either are or have been in
operation. These systems are classified as "experimental"
because they were assembled not by typical homeowners, but
by persons or organizations researching the feasibility of
on-site water recycling. Technical data has been published
on each of these systems. This classification, however,
does not imply that such a system is beyond the scope of
the typical homeowner.
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MCLAUGHLIN SYSTEM

One of the first, and still one of the best, greywater
recycling systems was designed and installed in a residence
by Professor Everett R. McLaughlin of Pennsylvania State
University in 1967. Realizing that the various functions
performed by water in a residence have different require-
ments for initial purity and for volume of water used,
McLaughlin determined that wastewater from the laundry

and tub-shower could adequately meet the average needs for
toilet flushing and that recycling this amount of water could
result in as much as 39 percent reduction in total consumption.

Operation

In this system, the drains from the Taundry and tub-shower
were disconnected from the sewer and reconnected to a
storage system. The sewer connections were sealed. The
storage system initially consisted of two 55-gallon drums,
painted on the inside with an asphalt paint to inhibit corro-
sion. The useable capacity of the two drums was only about
70 gallons because the outlet to the filter was located 4
inches above the bottom of the drum and the overflow outlet

2 inches below the top. The storage tank overflow 1line

was connected to the sewer system.

A diatomite spin filter having a surface area of 20 sq.ft.

was included in the system to remove 1int and other debris
that might otherwise foul the pressure tank or toilet
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control valves. Water from the storage tanks was drawn
through the filter and discharged into a 15-gallon pressure
tank by a conventional shallow well pump. The pressure
tank supplied water at pressures between 10 and 40 psi,
as needed by the standard flush toilet used in this system.
In order to measure the volume of water being recycled, a
¥ater meter was located in the precsure tank discharge

ine.

After three months of operation, two additional storage

drums were integrated into the system to provide a total
useable storage capacity of 140 gallons. Storage is a

critical factor since the laundry provides large volumes

of water at relatively infrequent intervals, whereas the
?oilet ?ses small volumes of water at short, fairly regular
ntervals.

This system operated for one year, during which time 11,674
gallons of wastewater were recycled. The house water

meter indicated that, during this year, 40,074 gallons

of water had been consumed. The sum of the volumes of
freshwater supplied and greywater recycled is 51,748 gallons
and represents the total volume of water consumed in the
house during the year. Thus, the recycled greywater repre-
sents 22.6 percent of the total consumption.

Maintenance

The system was designed to be virtually maintenance-free.
After the year of operation, the system was shut down and
inspected. The drum into which the laundry water was dis-
charged had accumulated a layer of lint and soil approximately
four inches thick. This material required substantial di-
lution before it would flow through the 1/2-inch diameter

pipe to the sewer. The other storage drums showed little
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sediment accumulation. If suspended material were first

collected in a separate, easily flushed settli ing tank, much

of the effort associated with cleaning out the tanks would
have been eliminated. Alternatively, a drain facilitating
easy sediment removal could have been installed in the
bottom of the main storage tanks.

The first drum into which the wastewater was discharged also
experienced peeling of large pieces of the asphalt paint which
coated the interior. The exposed metal rusted severely.
Peeling of the asphalt paint appears to have been induced
primarily by the fluctuating water level within the tank.

McLaughlin reported that the toilet water was slightly grey
in color and had a barely noticeable soapy odor but that

it created no problems with the operation of the float mecha-
nism. The filter elements showed a 1ight grey deposit of
wash water solids, but in no way appeared overloaded. This
observation lead McLaughlin to feel that with adequate
settling facilities, the need for a filter is questionable.
It appeared, in this case, to contribute very little to

the operation and was one of the most expensive components
in the system. He determined that, in any event, the filter
was oversized and could have been smaller, as could the pump
(McLaughlin 1975).

McLaughlin concluded that the conditions in the storage
tank were conducive to bacterial growth and odor production,
and that a disinfecting agent should have been included in
the systenm.

Cost

At the time of installation, the McLaughlin system cost
approximately $500.00. The breakdown of this cost is as

follows:
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Storage Drums $ 40
Filter $150
Pump $ 60
Pressure Tank $ 50
Piping $ 50
Installation $150
Total $500

The only operational cost encountered during the experiment
was that of the electricity required to operate the pump.
Based on a unit cost of 3.0 cents per kilowatt-hour (kwh),
the pumping costs were calculated to be 14.7 cents per 1000
gallons. The pump required an average of 4.9 kwh of elec-
tricity per 1000 galions. McLaughlin noted that this cost
was higher than indicated by a single cycle of the pump and
attributed the difference to pump recycling as required to
maintain pressure during long periods when the check valve
permitted some backflow through the pump. The unit cost
of water is not known.
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COHEN-WALLMAN SYSTEMS

The Cohen-Wallman systems, as they are collectively known,
recycled greywater for toilet flushing and lawn watering

in three Connecticut homes in the early 1970's. The three
homes were part of a project conducted by Sheldon Cohen and
Harold Wallman and sponsored by the U.S. Environmental
Protection Agency to evaluate the effectiveness of various
water conserving devices and practices. The program moni-
tored the water consumption of eight volunteer families in
whose homes various plumbing modifications were made using
commercially available components. For purposes of identi-
fication, the homes with the recycling systems were given
the numbers 6, 7, and 8.

Operation

The three recycling systems differed only with respect to
the design of their filtration and disinfection systems.

In each case, wastewater was collected from the bathtub,
shower, and i{aundry and discharged into a storage tank.

In the storage tank, the water was disinfected by the addi-
tion of chlorine on either a continuous or intermittent
basis, depending on the system. From the storage tank,

the wastewater was drawn through a cartridge or diatomite
filter, again depending on the system, and into a pressuri-
zation tank by a shallow well jet pump. The pump, mounted
atop the pressurization tank, was controlled by a pressure
switch. Upon pressurization, the treated greywater became
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by a specially designed and fabricated float rod assembly
mounted within the tank and protruding through the top. The
Tow level control system was, in each case, adjusted so that
it would initiate freshwater input when the water level

in the tank dropped to 3 inches above the top of the outlet
pipe. At this point, sufficient water remained to meet the
requirements of 3 to 4 toilet flushes. Freshwater input

was terminated when the water level reached a height of

5 inches above the top of the outlet pipe.

Disinfection: On the basis of cost and disinfecting power,
chlorination was selected as the best means of removing
pathogenic and odor-causing bacteria from the greywater

- stored in the tank. Two different techniques of administering

the required amounts of chlorine were employed in these
recycling systems. Both were relatively simple and inexpen-
sive (see section on Chlorinators).

The first of these techniques was an air 1ift feeder which
introduced a solution of diluted laundry bleach (NaOC1)

into the water on a continuous basis. The air 1ift feeder
consisted of a bubbler immersed in the bleach solution
which was contained in a plastic feeder bottle. Air forced
through flexible plastic tubing by a standard aquarium air
pump entered the side of a "tee" connection to 1ift dropiets
of the bleach solution through polyethylene tubing to the
top of the storage tank.

The rate of ¢hlorine administration was controlled by adjust-
ing either the solution's concentration or feed rate. The
concentration of the bleach solution was varied between .85
percent and 1.70 percent NaOC1. The feed rate averaged .85
ounces/hour and was a function of the level of the solution in
the feeder bottle. The appropriate level of soluticn in the
feeder bottle was maintained by a simple apparatus which
automatically introduced additional bleach solution into the
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feeder bottle when required. The supplemental bleach solu-
tion was contained in an airtight plastic aspirator bottle.
Flexible plastic tubing from the aspirator bottle was in-
serted into the feeder bottle to the level which produced
the desired flow rate. As long as the end of the tubing
remained immersed in the bleach solution, no solution was
transferred to the feeder bottle because of the vacuum which
existed in the aspirator bottle. When the level of solution
in the feeder bottle dropped so as to expose the end of the
tubing, the vacuum was broken and the solution was transfer-
red, via gravity flow, to the feeder bottle with air bubbles
displacing the fluid transferred from the aspirator bottle.
Flow continued until the end of the tubing was no longer
exposed and the vacuum reestablished in the aspirator bottle.

The second chlorination technique employed a commercially
available chlorine tablet feeder, manufactured for use with
swimming pools. This mechanism was installed and tested

in homes 6 and 8. The tablet feeder consisted of a plastic
basket filled with chlorine tablets and a small water reser-
voir, into which the lower portion of the basket was im-
mersed. Upon contact with the water circulating through
the reservoir, the tablets in the bottom of the basket
slowly dissolved. The resulting chlorine solution then
flowed from the reservoir into the storage tank. The rate
of chlorine administration was controlled by adjusting the
depth to which the tablet basket was immersed and the rate
at which water circulated through the reservoir.

When water circulated through the tablet feeder continuously,
as in home 8, problems were encountered due to the rapid dis-
solution rate and incomplete solubility of the tablets. At
normal circulation rates, over-chlorination resulted. At
lower flow rates, initiated to prevent over-chlorination,

the tablets failed to dissolve completely and, instead,
tended to coalesce, preventing further dissolution. The
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extent of tablet immersion was found to be critical and
necessitated frequent adjustment.

In order to eliminate the problems associated with the
tablet chlorinator, a solenoid valve actuated by the exist-
ing jet pump pressure switch was incorporated into the
system in home 6. With this modification, filtered,
pressurized greywater was delivered to the chlorinator
concurrent with pump operation. Immersion depth and flow
rate were adjusted to provide an average dose of 20 to 30
ppm. With intermittent operation, the tablet chlorinator
performed satisfactorily, however, over-chlorination could
have occurred in the event of excessively long periods of
pump operation.

Filtration: From the storage tank, in each system, the
chlorinated greywater was drawn through a filter. In
home 7, a cartridge filter was employed, while in home 8,
a diatomite filter was used. In home 6, both filtar-
types were examined at different times during the test
period.

The cartridge filter used in the system in home 7 consisted
of a stainless steel tank containing four cartridges sur-
rounding an internal center post. This model was selected
primarily on the basis of ease of maintenance, avajlability,
corrosior resistance, and the relatively large number of
cartridge types and porosities available. Two filter

types were chosen for testing in this system: disposable
depth-type cartridges made of wood fiber embedded in phenolic
resin, and disposable surface-type cartridges made of
pleated cellulose (see the section on Cartridge Filters).

A 1-1/4 inch diameter bypass line with an in-Tine strainer
was included in the system in the event of filter breakdown.

The cartridge filter used in the system in home 6 was an
epoxy-coated steel filter tank designed to accept a single
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large cartridge. Again, two cartridge types were available
for testing: a surface-type made of pleated cellulose, with
nominal solids removal down to 5-15 microns, and a depth-
type made of glass fibers, with nominal solids removal down
to 10 microns. In this case, a second filter was located

in the bypass line. The filters in both systems were equip-
ped with vent and drain plugs to faciiitate cleaning and re-
starting.

The system installed in home 8 employed a diatomite filter
which consisted of a steel tank containing a pagoda-shaped
element made of woven polypropylene. The surface area of
the element was 18 sq. ft. This system was necessarily some-
what more complicated than the systems involving cartridge
filters because of the additional plumbing required to pro-
vide for backwashing and recirculation.

To facilitate backwashing, a PVC reciprocating slide valve
was connected to the filter inlet and outlet lines. Chang-
ing the position of the slide valve reversed the direction
of flow through the filter and flushed the dirty diatomite
from the filter element to the drain. Each backwashing
operation consumed approximately 20 to 25 gallons of waste-
water. Prior to starting the filter cycle after each back-
washing, the filter had to be coated with a diatomite slurry
(see section on Diatomite Filters). In this system, the
slurry was mixed in a bucket and then drawn to the filter
through a separate, valve-controlled feed line; the end of
which was simply placed in the bucket. About 1.5 pounds of
diatomite were required for each pre-coating operation.

Preliminary testing of this filter yielded poor results with-
out the condition of continuous flow which would exist with

a swimming pool. In the absence of flow, the diatomite cake
fell from the element to the bottom of the filter. Each

time the jet pump was activated, the diatomite was reapplied
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to the element; however, sufficient time elapsed to permit

a significant portion of the washwater to pass through un-
filtered. A Tow rate of continuous recirculation was re-
quired to keep the filter cake intact. In order to achieve
adequate recirculation rates (1to 2 gpm/sq.ft.) with minimum
operating costs and noise levels, a 1/30 HP recirculation
pump was incorporated into the system. In addition to the
recirculation pump, a bypass line with an inline check valve
was required to prevent cavitation dur1ng pressurization of
the filtered wastewater.

Fluid Transfer and Pressurization: The shallow well jet

pump was included in each system to draw the greywater through
the filter and to pressurize it for use in toilet flushing
and lawn watering. A pressure of 20 to 40 psi was considered
to be an adequate supply pressure for the intended uses.
However, an additional 10 psi was required to draw the water
through the filter. To meet these pressure requirmments at
flow rates compatible with the filters employed, a 1/3 HP
model, which operated on 115 VAC, was selected. The pump

was mounted on either a 12 or 30 gallon pressure tank, de-
pending on the consumption requirements of each home. Also
included in each pressurization system was an air volume
control, which maintained the required volume of air within
the tank. The pressure switch was set to maintain tank
pressure between 20 and 40 psi.

Performance

In general, all of the recycling systems performed success~-
fully and resulted in substantial reductions in water con-
sumption. The maximum amount of water that could be saved
was, of course, equal to the total amount normally used for
to11et flushing and/or lawn watering, the two forms of re-
use employed in this project. The actual amount of water
saved was equal to this amount minus the amount of supple-
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mental freshwater supplied to the storage tank during periods
of insufficient supply, and minus the amount of surplus grey-
water which was lost as overflow to the septic system. In
homes 6 and 7, greywater was initially reused only for toilet
flushing. During this time, there was a substantial surplus
of greywater, and the average household water savings was

only 70 gallons per day (gpd). The incorporation of lawn
watering as a supplemental form of reuse increased the average
household water savings to 81 gpd, a 16 percent increase. On
a per-capita basis, the average flow reduction for these homes
was 12.6 gpcpd. In home 8, the volume of greywater produced
by the laundry and bath was not sufficient to meet that house-
hold's water requirements for flushing conventional toilets.
As a result, dual flush toilets were installed, thereby re-
ducing demand to a level which could be satisfied by the grey-
water supply. The average daily per-capita flow reduction

for home 8 was 11.3 gallons.

Overall, the average daily per-capita water savings for

toilet flushing and/or lawn watering for the three homes was
11.6 gpcpd. This corresponds to a 26 percent decrease in
water consumption. These savings were not as substantial

as they could have been, however, in view of the fact that

an average of 8.3 gpcpd were lost as overflow to the septic
system, Although freshwater make-up averaged only 5 percent,
it 1s clear from the amount of overflow that greater water
savings could be incurred with changes in homeowner lawn water-
ing habits -- to use the treated water as it became available.

"Continual chlorination of the stored wash water effectively
inhibited bacterial growth, and no unpleasant odors were
detected in any of the bathrooms during normal operation"
(Cohen and Wallman 1974).

"The clarity and color of the recycled water attained by the
diatomite (swimming pool) filter proved to be satisfactory
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in terms of &esthetic a tance by the !} e

achieved with relatively low operating co nd maintenance
requirements. The residual suspended solids in the recycled
wash water did produce temporary stains in the toilet bowls
which resulted in increased cleaning requirements. Since
dissolved soaps and detergents were not removed by the dia-
tomaceous earth, the foaming tendency of the wash water was
not significantly reduced. However, no problems due to
foaming were observed at the toilet inlet valve during

refill of the water closet tank" (Cohen and Wallman 1974).

ccentance bv the h
Uh" - A L}

Additional Benefits: The recycling and reuse of greywater
for toilet flushing and/or lawn watering provided tangible
benefits to two of the three homeowners in addition to the
reduction in water consumption: in both homes 7 and 8,

the septic systems performed poorly prior to recycle system
installation. By minimizing the surges in outflow to the
septic system associated with laundry and bath discharges,
as well as by reducing total waste flow, the recycling sys-
tems allowed the septic tanks and soil absorption systems
to operate more effectively. In home 7, the normal annual
septic backup and associated odors were noticeably absent
despite record rainfalls during the year. Inspection of
the septic system at the end of the test period indicated
that all lines were clear with no sign of clogging or back-
up. In home 8, before and after installation of the recycle
system, the household experienced difficulty laundering a
number of wash loads in succession without causing the
septic system to back-up. This difficulty was not exper-
{enced during the test program.

Maintenance

As was described above, the storage tank was designed to
allow suspended solids to settle out and accumulate on the
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tank bottom. This supplenmental function made periodic re-
moval of the settled sludge necessary. An alternate config-
uration which did not facilitate settling would reduce the
frequency of required tank cleaning operations. This would
increase the load placed on the filter, and thus, increase
the filter cleaning requirements instead. However, it is
probably a good deal easier to clean the filter than it is
to clean the storage tank. In addition, Cohen and Wallman
feel that this would reduce disinfection requirements be-
cause of the decreased potential for bacterial growth with
the absence of the settled sludge.

Disinfection: For the airlift feeder system installed in
home 7, replenishment of the bleach solution in the aspirator
was required approximately once a month. This corresponds

to an annual requirement of household bleach of about 11
gallons. The chlorine tablet feeder held approximately 200
tablets and required replenishment approximately once every
8C days. This corresponds to an annual requirement of ap-
proximately 8 pounds of tablets.

Filtration: The cartridge filters required disassembl
and cleaning or replacing the cartridges when dirty. f;
home 7, cartridge 1ife ranged from a Tow of 18 days to a
high of 108 days. Average life for the cartridges was 71
days. In general, depth-type cartridges had longer 1life
spans than did surface-type cartridges (see Cartridge
Filters in Components section).

The filter used in home 6, which accepted a single large
cartridge, experienced generally shorter life spans. Cart-
vidge 1ife, in this case, ranged from a low of 8 days to a
high of 52 days. Average cartridge life for this filter
was 48 days.
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The diatomite filter achieved the best overall performance.
The f{1ter provided an average capacity of approximately
4,800 gallons per cycle and a corresponding backwashing
interval which ranged from 56 to 124 days, with an average
of 86 days.

In all cases, for all typeé of filters and cartridges,

cycle 11fe diminished more rapidly as sludge accumulated
in the bottom of the storage tank.
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FARALLONES INTEGRAL URBAN HOUSE

The Farallones Institute is a small, independent association
of scientists, designers, horticulturalists, and technicians
who are carrying out one of the country's first research and
education programs in appropriate technology. The Integral
Urban House is a result of the Farallones Institute's objec-
tive to produce a totally integrated illustration of environ-
mentally sound 1iving in an urban setting.

To achieve this objective, the Institute bought an aging
Victorian house in Berkeley, California, and redesigned

both the structure and the surrounding grounds to show what

a motivated family of four persons could achieve in resource-
efficient 1iving under the normal urban constraints of time,
space, and light. One of the many energy and resource-
conserving systems in cperation at the Integral Urban House
is a simple gravity-fed greywater recycling system.

Operation

In order to circumvent the need for filtration, only grey-
water from the bathroom sink and shower is collected for
reuse at the Integral Urban House. The underfloor plumbing
carrying wastes from the bathroom was modified so that water
from the sink and shower is diverted to a storage tank,
while wastes from the toilet continue to be discharged to
the municipal sewer (although at various times experimental
composting and recycling toilets are also used).
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The storage tank, a 55-gallon steel drum mounted horizontally
on a wooden stand, holds the greywater until a valve in the
outlet pipe is opened. When this occurs, the greywater

flows by gravity through a 3/4 inch hose to the garden. The
end of the hose is connected %o a "Y" fitting which, in turn,
is connected to two more "Y" fittings. Each coupling of

the two Y's is connected to a length of garden hose which

has a cloth bag tied around the end. In this way, the grey-
wat$r is partially filtered and evenly distributed over the
soil.

The hose ends are periodically moved to distribute the grey-

water over a large expanse of soil and to allow irrigation

of the garden plots with fresh water on a rotating basis.

The greywater irrigated plots contain ornamental crops and

iood groups of which only the above-ground part of the plant
s eaten.

Residents of the Integral Urban House hold the greywater
in the storage tank for a period of not more than 12 hours
to permit warm greywat2r to cool and to permit relatively
clean wastewater to dilute the occasional discharge which
is heavily laden with contaminants. ’

Maintenance

The primary maintenance requirements for this system are
cleaning or replacing the cloth bags tied around the ends
of the four hoses, and occasionally removing settled solids
from the bottom of the storage tank. To facilitate easy
cleanout of the tank, both the inlet and outlet pipes are
equipped with clean-out fittings.
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Cost

Information concerning the cost of this system was not
available. The only items involved in the system are a
55-gallon drum, ABS pipe and fittings, three "Y" fittings,
the hoses, and the wood making up the tank stand.
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FARALLONES RURAL CENTER SYSTEMS

The Farallones Rural Center in Occidental, California,
under the direction of Max Kroschel, is currently conducting
three experiments involving the use of recycled greywater
for irrigation.

The experiments are testing subsurface irrigation of per-
ennial plantings using settled greywater from segregated
sources, and drip irrigation of perennials and annuals
(excluding root and leaf vegetables) using filtered grey-
water mixed from various sources. In all three systems,
greywater flows by gravity only to avoid the cost and
maintenance of hydraulic pumﬁs. However, as Kroschel points
out, most residences do not have the elevation changes
necessary for a gravity system to function properly and
there 1s good evidence that pump-assisted systems afford
simpler and more uniform distribution, Each system was
designed to minimize labor and maintenance requirements.

Operation

In the first system, greywater from the shower and bathroom
sink is used to irrigate raspberries and boysenberries.

The 25 people at the Rural Center produce an average of

50 gallons of greywater per day. From the showers and
bathroom sinks, the greywater flows into a 40 gallon poly-
ethylene storage tank where suspended solids settle out.
From the settling tank, the greywater flows to a 50 gallon
dosing siphon which gradually fills and then discharges

into the subsurface distribution network. This distribution
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system consists of three perforated pipes, each 20 feet
in length, buried 2 inches below the surface and 8 inches
from the berry plants. In winter a switching manifold -
diverts the greywater to a standard subsurface disposal

£3a1d
rigiu,

In the second subsurface irrigation system, greywater from
the kitchen sink is used to irrigate forage crops. An

average of 180 gallons of greywater per day is produced by
the preparation of food for 25 peopie. From the sink, the

greywater flows into a 50 gallon grease trap and then into a

1,200 gallon settling tank made from a commercial septic

tank. From the settling tank, the greywater flows to a 20
gallon dosing siphon which discharges it to two irrigation
fields; one consisting of four rows of corn silage and the

o
N Th £ N
other consisting of two rows of comfrey. The comfrey was

chosen for its high tolerance of raw wastes. This system
also has a switching manifold and a winter disposal field.

Without the’ dosing siphon Kroschel noted that gravity flow
at Tow head is totally ineffective; the first two holes of
the pipe at the lowest elevation got all the greywater.

In the third system, greywater from the dairy kitchen, a
utility sink, and a bathtub and bathroom sink, is collected,
filtered, and used to irrigate a number of "blocks", each
of which contains a different type of plant. In the dairy
kitchen, water is used for washing milk buckets and equip-
ment. The utility sink is used for hair washing. From
these sources, the greywater is collected and delivered to
a storage system consisting of three 40 gallon plastic
tanks. Designed for a flow of 75 gallons per day, the
storage system provides 24 hour retenticn and 45 gallon
sludge storage. From the storage system, the settled grey-
water flows into a 25 gallon dosing siphon made from a
concrete laundry sink with a redwood 1id. When filled, the
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dosing siphon discharges the greywater into a homemade
5 gq.ft. slow sand filter. This occurs about three times
a day.

From the filter, the greywater flows into a 75 gallon dosing
siphon, which delivers a charge of water through a 1-1/2 inch
polyethylene pipe to a distribution manifold made of two ABS
"T" fittings. Each "T" contains a valve that connects it

to a drip irrigation block. The blocks are rotated through-
out the week to receive water and then rest. This system
does not include a winter disposal field. Instead, the
system is shut down in the fall and the filter is scraped

to remove the scum mat and allowed to rest (oxidize trapped
organic matter) for 5 to 7 months. \

Maintenance

In the two systems involving subsurface irrigation, the
primary maintenance required is keeping the distribution
pipes unclogged. Kroschel points out that clogging must

be anticipated and the pipes must be designed for ease of
clean-out. This is accomplished by installing fittings such
as "T"s and crosses with cleanout plugs. In addition,
settled sludge must periodically be removed from the bottoms
of the storage tanks, and grease and other floating debris
must be removed from the grease trap.

Cost

The costs of these systems are not given. Pipes and
storage tanks were purchased, while the filter and dosing
siphons were homemade. As a do-it-yourself project, the
sand filter was estimated to cost approximately $300 in
1977 (OAT 1979).
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POINT BARROW + ALASKA . PARTIAL RECYCLING SYSTEM

The system constructed at the Point Barrow, Alaska,weather
station 18 not specifically a greywater recycling system;
rather, 1t 18 a complete sewerage system which collects
and treats combined wastes (both blackwater and greywater)
in 2 commercially available aerobic unit and then recycles
a portion of tha treated effluent for reuse in toilet
flushing. The system services a small, isolated compound
of four houses and a duplex which has a total population
of about 25 people. .

Until the introduction of this system, the high cost of
water (6 cents per galion) precluded the use of a water-
borne waste system. The "honey bucket", a primitive

waste collection method, was used instead. However,

when added to the {solation and bitter weather associated
with the remote location, the inconvenience of using the
honey bucket became the proverbial "final blow", and made
2haffing of the Point Barrow station with highly trained
technical personnel a constant problem. As a result, the
National Weather Service received, in 1970, an appropriation
from Congrill for a complete sewerage system for the Point
Barrow Statfon (Buchanan 1972).

Operation

Without flush toilets, the 25 inhabitants of the Point
Barrow weather station consumed a total of approximately
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500 gallons of water per day (gpd) or 20 gallons per capita
per day (gpcpd). This figure was predicted to increase to
approximately 1,200 gpd (50 gpcpd) with the implementation
of a water-borne waste system. This is still less than

the 70 gpcpd we use as the national average. In order to
handle peak loads and account for the water returned '
as sewage, the new waste system was designed to collect
and treat 1,500 gpd, with the capability of easy expansion
to 2,000 gpd.

In the Point Barrow system, combined sewage from each of

the dwellings is gravity-fed to an ejector unit to begin

the treatmsnt process. The ejector unit delivers the influent
to the main sewage treatment unit, a 7,500 gpd batch-type
extended aeration plant. From this unit, the effluent is
discharged into an 880 gallon secondary settling tank. After
additional settling, the effluent flows to a 1,280 gallon
holding tank. From the holding tank, the effluent (which

is now clear and odorless) is pumped through a° heat ex-
changer and then returned to the dwellings for reuse in
toilet flushing.

In addition, a 1,400 gallon overflow tank was provided as
an alternative to the high cost of installing the long line
which would have been required to pipe the effluent away
from the weather station. Instead, approximately once a
week, the overfiow tank is emptied and the contents hauled
to a salt water lagoon off the Arctic Ocean. A short
blast on a horn, followed by a continuously burning red
light, notifies the operator that the overflow tank must
be emptied soon.

Utiliducts

A unique feature of the Point Barrow system is the utiliducts
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which are used to transport the water and sewage through-
out the system. Because of the permafrost which exists
beneath Point Barrow, the pipes could not be buried. The
heat which would be required to prevent the 1ines from
freezing up would eventually flow through whatever insul-
ation was employed and cause the permafrost to melt. This
would result in the buried 1ines sinking into a trench of
water.

As a result, the utiliducts employed in this system are
located above ground and are supported by non-conductive
wooden cradles.

The utiliducts consist of a gravity sewer 1ine and a two-
pipe recirculation system. The 4-inch sewer line and the
1-inch treated effluent supply and return lines are bound
together and then surrounded by two inches of urethane
foam insulation. The entire assembly is covered with a
protective casing of aluminum culvert pipe.

Steel pipe was used in the three 1ines to provide struc-
tural support to the utiliduct assembly and to facilitate
heat transfer from the recirculation pipes to the sewer
1ine. The warm, treated effluent is circulated continuously
to prevent the utiliduct from freezing up.
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HAWAIIAN ENERGY HOUSE

The Hawaiian Energy House is an experimental house-labora-
tory on the Manoa campus of the University of Hawaif.
Architect James Pearson, assisted by a team of students

and professionals, designed and built the house to respond
to local climatological conditions and minimize the consump-
tion of natural resources. Of the many resource and energy
conserving systems existing in the project, two are of par-
ticular interest here: a rainwater collection system and

a greywater recycling system,

Operation

The city-provided household water supply is supplemented

by the collection of rainwater. Rain falling on the corru-
gated aluminum roof flows into the continuous gutters
surrounding the house and is then channeled through a small
pre-filter and into a 2,800 gallon storage tank. The pre-
filter is simply a plywood box suspended beneath the gutter
bridging from the house over to the storage tank. Leaves,
dirt, bird droppings, and other material that accumulates
on the roof between rains, falls into the box through a
4-inch wide slot in the bottom of the gutter, while the
water continues on to the tank.

On demand, the rainwater is pumped through a pressurized
cartridge filter and delivered both indoors, where 1t is
used for general household purposes, and outdoors, where
it 1s used for garden irrigation. Indoor water consumption
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1s reduced by household fixtures and appliances which were
selected on the basis of low energy and water consumption.

Water consumption is further reduced by the greywater
collection and recycling system which is connected to the
tub, shower, and bathroom sink fixtures, as well as the
laundry tubs. Greywater from these sources 1: directed
into a 55-gallon drum which serves as both a sand filter
and a storage tank. The bed of sand is suspended above
the bottom of the drum by - fine grid. From the bottom
of the drum, the filtered creywater is reused to irrigate
the herb and vegetable gar<en through a trickle irrigation
system,

Wastewater from the toilets, garbage disposal, and automatic
dishwasher is treated in a septic tank and discharged
through a Teach field benezth the front yard, Septic tank
overflow 1s discharged intc the city sewer system.

Maintenance

The principle maintenance requirements of these systems
are keeping the gutters free of debris and periodically
cleaning the various filters.

Cost

The Energy House was constructed in 1976 and cost approximatel
$52,000. This price includes the dwelling and the carport

as well as the special equipment and plumbing associated
with the energy conserving systems in the house. It does
not, however, include the cost of the land, nor the wind-
generator used in the house's electrical system.
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MIRAFLORES DEVELOPMENT

Each house in a new development built in Tiburon, California,
by the Miraflores Development Company,is provided with a
simple system which recycles greywater for reuse in toilet
flushing. Unfortunately the developers hgve veleased very
little detailed information about their greywater system.

Operation

In the Miraflores system greywater from the tubs, showers,
and bathroom sinks is collected and flows by gravity to a
small (300-500 gallon) settling tank. The tank, which is
located in the basement, is equipped with a vent and an
overflow pipe which discharges excess greywater to the
existing municipal sewer system. After settling, the grey-
water is drawn through a cartridge-type swimming pool filter
by a standard swimming pool pump and delivered to the toilets.
It appears that the pump is actuated by a float switch in the
toilet tank, as the system does not have a pressure switch

or control. '

Maintenance

The Miraflores System wi]l require periodic cleaning or
replacing of the filter cartridges (depending on the type
of filter) and occasional removal of accumulated solid
material from the bottom of the settling tank.
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5.3

JAQUETTE SYSTEM
ZUCK SYSTEM
SCHMIDT SYSTEM
LAJEUNESS SYSTEM
MERLONE SYSTEM
ROICE SYSTEM
STRAMBI SYSTEM
GREEN SYSTEM
MALLOW SYSTEM
PUGH SYSTEM
CLANCY SYSTEM
HANEY SYSTEM
BRANDIES SYSTEM, RAINWATER ROOM
CISTERN PATIO

HOME-BUILT SYSTEMS

Many simple straightforward systems have been designed and
assembled by homeowners using inexpensive and readily avail-
able parts. Each of these systems was installed in an
existing house and therefore does not involve major house
modifications or special features that might be designed
into a new house specifically to accommodate a water re-
cycling system.

The majority of these systems were identified by Fred Nelson
of Sunset Magazine. Sunset became interested in the possi-
biiity of recycling greywater in the Spring of 1977 when,
after a winter of minimal rainfall, it became apparent that
California and the rest of the west would be very short on
water in the months ahead.

As a result, in its March 1977 issue, Sunset invited its
readers to submit descriptions of any greywater recycling
activities they were already undertaking. With the exception
of the Jaquette system, the Brandies Rainwater Room, and the
Cistern Patio, all of the following systems are "Sunset
systems".
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JAQUETTE SYSTEM

During the height of the recent California drought David
Jaquette, of Santa Monica, modified the plumbing in his house,
salvaged a few items no 1onger being used (including an

old water bed), and assembled a system which collected

and reused greywater for lawn irrigation.

Operation

In the crawl space underneath his house, Jaquette first
disconnected the soil pipes of the tub in the childrens'
bathroom,and the tub and sink (which were connected together)
in the master bathroom, from the house drain. After plugging
the connections to the house drain, he connected the soil
pipes to a new drain 1ine and ran this 1ine to the inlet

port o; an old water bed mattress which he located underneath
a porch.

In the kitchen, Jaquette modified the drain beneath the
double sink so that one basin, which he 1abeled "garbage",
discharged its wastes to the house drain and municipal
sewer, and the other, which he labeled "non- garbage", also
drained into the water bed.

Jaquette also diverted the drain hose from the washing

machine to a small holding tank which he installed immediately
above the washer. From the holding tank the washwater
drained by gravity through a small diameter pipe to the

water bed. The holding tank was necessary because the
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small diameter pipe could not carry the water away from

the washer fast enough to allow it to drain completely
between cycles. In addition, if a direct connection

existed between the washing machine and the water bed, wash-
water would be siphoned from the washer, even during the
midgle of a cycle, whenever water in the storage bag was
used.

Jaquette connected the water bed drain to a pump, which
he salvaged from an old washing machine. Once every four
days or so Jaquette simply switched on the pump delivering
the greywater to hoses serving the front and back lawns.

According to its creator, the primary problem with this
system was the odors which were generated inside the water
bed. Jaquette noted, however, that these odors disappeared
soon after the water was applied to the lawn. In an
effort to reduce this problem, Jaquette employed a small
aquarium air pump to aerate the water in the bed. This
action reduced the odors, but did not eliminate them
entirely. As the drought waned, Jaquette disconnected

the kitchen sink and later the washing machine in an
effort to further reduce the odors.

Maintenance

During its operation, Jaquette‘s system required no
maintenance. The few particles that accumulated in the
water bed were pumped out by the old washing machine pump
which, of course, is designed to accept small amounts of

particulate matter.

Cost

Jaquette spent approximately $40 assembling his system.
n




This price, however, does not include the washing machine
pump or the water bed, which were salvaged. The primary
expense in this system, Jaquette noted, was his own labor,
which amounted to somewhere between 40 and 100 hours.
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ZUCK SYSTEM

Thomas and Susan Zuck of Larkspur, California use a tiny
submersible fountain pump to 1ift greywater from the upstairs
bathtub out the bathroom window. On the roof below the
window, the greywater is stored in four ?lastic garbage

cans reinforced with strapping tape and 1inked together with
short sections of plastic pipe. The pipes are located abo