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How Water is Recycled

Precipitation -

==

Water table

Water is naturally recycled
and purified through

the hydrologic cycle of
evaporation, transpiration,
condensation, precipitation
and runoff.

Disinfected tertiary
treatment including
coagulation, filtering,
and disinfection is
required for irrigation
of parks, playgrounds,
schoolyards, and spray
irrigation of food crops.
All recycled water used
for landscape irrigation
in the Bay Area has
undergone approved
tertiary and disinfection
treatment.
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Decompose organics
large particles with biologic treatment

Water covers about 70% of the earth’s surface and is
fundamental to life. The amount of water on earth never
changes. Water continually moves through the water cycle via
the processes of evaporation, transpiration, condensation,
precipitation, and runoff.

Nature recycles water through the water cycle. All of the
water we consume has been used before and cycled through

. — Y . .. .
< nature’s cleaning processes. Municipal water is recycled
TERTIARY_ \Water fows . o . . . . . .
et S using similar processes involving filtration and biological
Y ay/ocean

/ decomposition.

Recycled water, also called treated wastewater or reclaimed
water, is water that has been previously used for municipal,
industrial, or agricultural purposes and has undergone a level
of purification or treatment. By law, wastewater is treated to
meet local, state, and federal standards, making it suitable for
irrigation.

There are several wastewater treatment processes; each step
further improves the quality of the water.

¢ Primary treatment: Initial step where raw sewage flows through bar
screens, removing large objects.

6 Secondary treatment: Biodegradables and colloidal organic matter are
removed using aerobic or anaerobic biological treatment processes.

é Tertiary treatment: Any remaining particulates are removed through sand
and/or carbon filtration followed by chemical or nonchemical disinfection
(chlorine, ultraviolet light, hydrogen peroxide, or ozone).

¢ Advanced treatment: While not required by the Department of Public
Health, some agencies further treat recycled water using microfiltration
followed by reverse osmosis (MF/RO) to remove dissolved salts that cannot
be removed through previous treatments. MF/RO treatment is expensive
and energy intensive.

During tertiary recycled water treatment, particulates and other organic
materials are removed. However, many of the dissolved constituents, including
minerals, salts, and other metals, remain in solution unless they are removed
through advanced treatment described above.

Distribute for irrigation
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In the San Francisco
Bay Area, recycling
wastewater for
landscape irrigation
involves at least
three categories of
treatments: primary,
secondary, and
tertiary.

Filter and disinfect
(often with chlorine
or ultraviolet light)

Water Quality

All water contains the same major constituents, but the composition
and concentration can vary from location to location. The
concentration of the constituents is used to assess the quality of the
water for the intended use.

In the context of landscape irrigation, water quality refers to the
presence and concentration of total salts (TDS, EC ), several specific
ions (Cl,, Na*, B*), bicarbonate, pH, trace elements, and the nutrients
nitrogen, phosphorus and potassium. Water that is recycled contains
more salts than it did when it was first used unless it goes through
advanced treatment such as reverse osmosis.

Sa|inity

Salinity is the most important measure of water quality for
landscapes. Salts are compounds that dissolve in water, separating
into positively or negatively charged ions. For example, when table
salt (NaCl) dissolves in water, it separates into sodium (Na*) and
chloride (Cl). Water salinity is measured and expressed as total
dissolved solids (TDS) and electrical conductivity (EC ), where the
subscript “w” stands for “water.” Most recycled waters in the Bay Area
contain 500 to 1,000 ppm TDS and EC 0.85 to 1.6 dS/m.

Specific ion concentration

Irrigation water with elevated concentration of specific ions (Cl,, Na*
and/or B*) can injure sensitive plants even when total salinity is
within tolerable range. The concentration of specific ions is usually
expressed in ppm, mg/l, or meq/l.

Sodium and chloride concentrations are particularly important
if irrigation water will be sprayed onto foliage, either directly by
sprinklers or through drift in the wind. Many plants absorb sodium
and chloride through their foliage. For this reason, interpretation of
water quality is different for foliar-applied water (e.g., spray irrigation
that wets plant foliage) than for soil-applied water (e.g., bubbler or
drip irrigation).

Bicarbonate

Bicarbonate (HCO,") affects plants through its influence on pH and
interaction with sodium. High bicarbonate concentrations, which may
occur in both potable and recycled waters, affect the availability of
some nutrient elements, thereby affecting plant nutrition. Water that
is high in bicarbonate, calcium, or magnesium can form precipitates
that clog drip emitters and increase wear of valves.

Nutrients

One of the advantages of using recycled water for landscape irrigation
1s that it contains nitrogen, phosphorus, and sulfur which are needed
for plant growth. The need for added fertlizers is reduced.

Chlorine and Chloride:
What'’s the Difference?

Chlorine (Cl.) is a chemical element
that under standard conditions is a
gas. Commonly, chlorine is added to
recycled water as a tertiary treatment
before it is distributed. Chlorine
eventually dissipates as a gas and is
not a significant concern in
landscapes unless concentrations are
abnormally high (above 5 mg/I total
residual chlorine).

Chloride (CI) commonly occurs as a
constituent of salts, such as sodium
chloride (NaCl). Chloride salts are
soluble in water and occur in high
concentrations in seawater.

Recycled water contains chloride that
was present in the potable water
from which it was derived. Although
chloride is an essential plant element,
it can accumulate in soils and may be
too high for sensitive plants. In soils
where chloride has accumulated to
higher levels, leaching is required to
lower the concentration to a tolerable
level.

Water that is high in
bicarbonate left a white
coating on the parts of
this bronze statue that
were wetted during
irrigation.
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Improving site soil conditions

Soil treatments for landscapes irrigated with recycled water are no different than standard treatments for landscapes irrigated
with potable water, especially when soil is well-drained and low in salts. If soil is restrictive, for example, poorly draining or
already containing salts or high pH, additional treatments may be needed, especially when category 3 or 4 water is to be
applied.

A site that is less than ideal can sometimes be modified to improve plant performance and ease of maintenance. Site
modification should not be considered a substitute for designing and planting landscapes that are well matched to site
conditions, however. There are limits to what can be done to modify site conditions effectively and reasonably (see table
below). For example, efforts to change soil texture are rarely effective.

It is unlikely that a single treatment or application will significantly alter soil characteristics or soil quality. More commonly,
repeated treatments over time - possibly years - is needed to make lasting changes to soil organic matter or pH, for instance.
In most cases, the best way to improve soil structure, water-holding capacity, chemical characteristics and biological activity is
to incorporate quality compost and maintain an organic mulch on the soil surface, reapplying every two to three years.

Dealing with compacted soils

Compaction should be remediated before planting.
Cultivation and the incorporation of soil amendments can
break up compacted soils. The objective is to improve soil
structure over time and increase macropore spaces that
hold water and air. Commonly, surface decompaction is
accomplished by cultivating with tillers or backhoes. Where

Comparison of ability to modify site conditions before
and after planting

Ability to Modify
Site Characteristics Preplant Postplant

Soil texture

=Y i ) increase coarseness low low
compacted soil is present deeper than 6 to 8 in., fracturing, . i
] . . s increase fineness low low
trenching, or ripping will be needed before tilling the .
e sal replace soil good moderate to low

Soil structure
Following cultivation, it is good to incorporate organic

amendments. Combining amendments with different
decomposition rates, such as compost and fine bark, can

provide both short- and long-term benefits (see table
below). increase water-holding moderate* low
capacity

reduce compaction moderate* low
increase aeration moderate* low

Soil moisture

Importing landscape soil increase water percolation good to moderate  moderate to low

When existing site soil is poor quality, topsoil is sometimes
brought in and placed on top of the site soil before planting.
This treatment usually is not as helpful as one might hope.
Water movement and plant root development usually are
restricted between the site soil and the topsoil, even when
the interface is tilled to relieve compaction.

increase surface drainage good good to low

increase internal drainage good to low moderate to low

lower water table good to low good to low

Soil chemical character-

istics

raise pH good moderate
Topsoil is in short supply in the Bay Area. In fact, most soil
sold as “topsoil” is actually excavated from deeper in the
soil profile and then mixed with organic amendments. In
most cases, you can accomplish the same thing by amending
the site soil appropriately.

lower pH in sodic soil good to moderate  moderate to low
lower pH in high lime soil low low
lower salinity good to moderate good to moderate

lower boron moderate moderate
Note: *Effects are usually short-term.

Characteristics and principal uses of selected soil amendments

Principal use in soil

Increase Increase  Improve soil
water hold- aeration/ structure
Material ing capacity drainage over time Comments
peat yes no yes Acidic and can lower soil pH; expensive; generally texture too fine for Bay Area
soils but is useful in sands. Hydrophobic when dry (needs to be wetted).
wood sawdust no yes yes High carbon to nitrogen ratio can lead to nitrogen deficiency in plants.
and shavings
ground bark no yes yes Decomposes slowly. Has a high carbon to nitrogen (C:N) ratio.
leaf mold yes no yes Decomposes rapidly because of low C:N ratio.
composted yes no yes If not well leached, can have high salt content. Avoid amendment with salinity
manure (EC,) greater than 3.0 dS/m.
compost yes no yes Screened, mature compost with C:N of 20:1 to 30:1 is suitable as amendment.
sand no yes no Decreases drainage and aeration unless incorporated at rate of 50% or more

by volume. Not recommended for use in most soils.

Solving drainage problems

Good drainage is important to landscape performance regardless of irrigation source: plants grow and function best in an
aerated, well-drained soil. When landscapes are irrigated with recycled water, however, adequate drainage is even more
important because without it, any increase in salt in the soil cannot be removed.

Drainage issues can include surface accumulation of water in low-lying areas as well as internal drainage that may be impeded
by conditions in the soil profile. The causes should be investigated so that appropriate treatments can be incorporated into the
design and implemented.

Guidelines for improving soil drainage caused by compaction, layers, and high water table

Problem Possible causes Treatments

standing water at soil
surface (poor surface

compacted surface soil caused by Thoroughly incorporate organic matter through depth of compaction.

construction or traffic

drainage) low-lying area with no outlet for Adjust irrigation to reduce the amount of runoff.
ponded runoff Fill in low area with soil the same texture as the native soil.
Install a French drain with at least 2% fall to an area with a more
permeable soil or outlet at a lower grade (see illustration below).
dispersed soil caused by high sodium Incorporate gypsum into the soil (determine rate based on soil analysis).
concentration (SAR greater than 6, Apply several leaching irrigations; allow the soil to drain between the
pH greater than 8.3) irrigations.
high water table Install a drainage system; spacing and depth depend on depth to water
table, texture of soil, and depth of plant roots.
impervious layer beneath surface If pervious soil lies below the impervious layer, excavate holes through
prohibiting soil drainage the layer to water to drain into lower profile (see photo below).
If there no pervious soil below, install drainage system.
coarse-textured soil underlain by Install drainage system above fine-textured soil.
fine-textured soil (clay)
saturated soil beneath impervious layer less than 2 ft thick Deep-rip in two directions below depth of layer; subsoilers and slip plows

the surface (poor internal underlain with permeable soil can rip to depths of 5 to 7 ft; soil must be very dry; alternatively, break up
drainage) layers with backhoe.

impervious layer greater than 2 ft 1. Bore hole 4 to 6 inches in diameter in bottom of planting hole through
thick underlain with permeable soil or the hardpan (see photo below).

where ripping is impractical 2. Fill the hole with aggregated soil of the same or coarser texture than
site soil.

3. Irrigate to settle soil.

impervious layer less than 4 ft below  Increase soil depth by creating mounds or raised beds.

su.rlface, not underlain with permeable (j<a shallow-rooted plants.
soi

impervious layer greater than 4 ft Install a drainage system at least 4 ft below finish grade; the drain lines
from the surface, not underlain with must have a continuous fall to an outlet at a lower elevation than the
permeable soil lines.

fine-textured soil underlain by a Thoroughly mix the two layers together to create a blended soil.

coarse-textured soil Vertical mulch by digging vertical holes or trenches through the fine-tex-

tured soil into the coarse-textured soil; backfill with coarse-textured soil.

French drains can be used to improve
0% surface drainage and thereby minimize
Slope / water puddling or ponding. The French
drain on this golf course channels water
out of a low-lying area.

Compacted
slowly permeable

soil

5 : Above, impervious soil layers are being broken
Perforated s T > through using an auger. The size, depth, and

drain line R T~ spacing of auger holes should be specified for
&= the soil conditions at the site.
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