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Using a Pressure Chamber in Winegrapes

The amount of pressure required to force water out of the cut end of the petiole equals the leaf’s “water
potential.” This is equivalent to the amount of tension the leaf is holding on to the water it contains. Leaf
water potential (LWP) is measured in units of negative bars. The more negative the number, the greater the
water tension inside the leaf, thus the more stressed the vine is.
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Important: when someone says that their pressure bomb readings were ““higher” this week, ask if they mean
more or less stress.

Factors that Influence Leaf Water Potential

The most important factors are:
« weather conditions at the time of sampling, and
« soil moisture content

For fully irrigated vines with a healthy root system, weather conditions can have a large impact on leaf water
potential. Higher air temperature and lower relative humidity is reflected by more negative values. In all
cases, hotter and dryer conditions cause more negative (more stress) water potential. For midsummer
conditions in California, the values of water potential measured on a fully irrigated grapevine will typically be
between -7.0 bars and -10.0 bars. To minimize the effect of temperature, measurements should be taken only
when average conditions exist. For example, if average midday temperatures are 92°F, measurements can be
made on days with midday temperatures of 90 to 95° with no need to make an adjustment for climate. Cloudy
or foggy days or days with high winds should be avoided. LWP of water stressed vines is less affected by
climatic conditions and more sensitive to soil moisture content.

Levels of winegrape water deficits measured by
mid-day leaf water potential

less than -10 Bars no stress

-10 to -12 Bars mild stress

-12 to -14 Bars moderate stress

-14 to -16 Bars high stress

above -16 Bars severe stress




When to Sample

The loss of water from the leaf is not constant throughout the day and varies with a number of factors
including the environmental demand. This factor can be minimized however by measuring when the leaf
water potential is relative static. Before the sun reaches the leaf in the morning, the vine has had a chance to
uptake water and translocates it to all parts of the plant. The leaf water potential is the least negative at this
time. As the sun contacts the leaf and heats the surface, the rate of transpiration increases, causing a more
negative leaf water status. During the midday (solar noon), the water potential is again static at the daily
maximum deficit. An appropriate sample period is between 11:30 am and 1:30 pm. Mid-day measurements of
leaf water potential are better related to the soil moisture content than predawn measurements.

Vine selection

« avoid vines with obvious nutritional, disease problems e want vines in area that is in a soil type or depth
that is typical for that block. If there is a lot of variability within the block, then optimally monitor more than
one site. e« Flag the row and/or vines so that you can return to same area

Sample Number

The number of vines, which are measured depends somewhat on the variability of the vineyard; however it is hecessary
to measure enough leaves to closely approximate the average condition. For a 20-acre vineyard, selection of six vines
located in all parts of the vineyard should be adequate. Select two leaves per vine for measurement.

Leaf selection

Select an undamaged fully expanded leaf from the “sun side” of the vine that has been in full sun for a few hours. This
will be the south side of east-west rows and the west side of north-south rows. Leaves in the interior of the canopy,
which are shaded, will not accurately represent the maximum leaf water potential and should not be sampled. Young
leaves, which have not achieved full size, should also be avoided.

Sample collection

* place a plastic bag around the leaf and use a razor blade to cut the petiole off close to the shoot
« insert the petiole through the seal in the lid < put bagged blade into the leaf chamber ASAP and lock lid
« typical time from the initial cut to when you begin to pressurize the chamber is 10 to 15 seconds

Measurement

« start the air flow into the chamber at a rate of about 0.3 bars per second  « watch the petiole’s cut end
with a magnifying glass and stop pressurizing as soon water STARTS to appear * QUICKLY read the
pressure gauge. A leaf water potential reading of —10 bars should take 33 seconds. A higher rate of pressure
increase followed by 0.3 bar rate near the endpoint causes a more stressed reading. .

Problems
* OPERATOR ERROR e« crushing the petiole < holes or torn leaf blade

Reproducibility
* If 2 leaves sampled per vine, they should be within 0.5 bars « if 2 or more adjacent vines sampled, they
should have values within 1.0 bar  « keep track of readings from each vine resample if necessary
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SECTION 1

DRIP AND MICRO IRRIGATION
GENERAL PRINCIPLES




CHAPTER 1

BACKGROUND TO DRIP/MICRO IRRIGATION

Drip/micro irrigation delivers water directly to relatively small areas adjacent to
individual plants through emitters placed along a water delivery line (called a
“lateral). In a vineyard, there will typically be one or two emitters per plant. In an
orchard, the number of emitters per plant may vary from one (such as with some
microspray systems) to sixteen (for a double-hose buried drip system on wide tree
spacings). Figures 1 through 4 show typical lateral installations on trees and vines.

Figure 1. Lateral hose with emitters on a vineyard. Hose is suspended above the ground.

Figure 2. Microsprayer. Non-rotating head. Photo courtesy of Bowsmith Iirigation.
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Figure 4. Double line drip. Photo shows (i) typical non-uniform wetted pattern in soils, and
(i1) typical close spacing of double hoses.

Typical ingredients for drip/micro systems include a pump, filters, chemical injectors,
main and submain lines, laterals, and emitters. A schematic of a simplistic drip
system is shown in Figure 5.
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Figure 5. Simplistic drip system layout.

For smaller plants planted in rows, such as broccoli, lettuce, peppers, melons, and
cotton, and for field crops (alfalfa and grains) the emission devices are spaced closely
enough so that the capillary action of the soil provides water to each plant root zone.
It is unusual to use drip on field crops because of the difficulties in wetting all of the
plants, and the low prices of such crops.

In the irrigation industry the preferred terminology to describe these systems varies
by individual and geography. However, "drip” irrigation generally refers to systems
that use low flow rate emitters of less than 2 GPH (7.6 LPH) from which water drips
onto or into the soil. "Micro" irrigation often refers to systems with emission devices
that throw water horizontally and vertically with a spray or sprinkler pattern. Some
persons distinguish between "microsprayers” that have no moving parts, and
"microsprinklers” that have rotating parts. “Trickle” irrigation was a widely used
term in the early days of drip/micro irrigation, as was “low volume” irrigation. This
book generally uses the term “drip/micro” when discussing topics that pertain to
both “drip” and “micro” irrigation systems.

Equipment such as hoses and emission devices typically remain in one place during

the growing season. Systems are typically permanently installed for trees and vines

and for some row/field crops, but for other row/field crops (lettuce, cotton, etc.) they
may be portable and moved to a different field after an irrigation season is complete.
Other systems are hybrid, with a buried mainline distribution system and removable

or disposable laterals and/or manifolds/submains.

Drip/micro irrigation systems require very clean water to avoid plugging of the
emission devices. Filtration components represent a large portion of the cost and
maintenance of drip/micro irrigation. In addition, chemigation is typically required
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to avoid plugging due to bacterial growth and/or chemical precipitation in the laterals
and emission devices. Filtration and chemigation for plugging prevention can only
be minimized if the water is very clean and/or if the laterals with emitters will be
discarded after a short life.

Flow rates for individual drip emitter devices are typically very small. However,
some microsprayer irrigation systems have such large nozzle diameters that it is
questionable if they should be considered sprinkler systems or drip/micro irrigation
systems. The determining factor for calling them drip/micro systems is that filtration
is extremely important. Typical ranges of emission device flow rates for drip
emitters are in the range of 0.4 - 2.0 GPH (1.5 - 8§ LPH}, and flow rates for
microsprayers are in the 5 - 15 GPH (20 - 60 LPH) range.

Irrigation water is generally applied through emission devices daily or several times
per week. Some managers pulse the systems on hourly intervals, although that
practice is not standard except on buried drip systems for trees and vines, where the
30 - 45 minute pulse durations help to prevent water from flowing to the soil surface.
Some drip/micro systems are designed to irrigate a whole field at once (in one “set”™).
However, the almost universal trend toward higher emitter flow rates (such as
microsprayers) or more closely spaced emitters (such as on row crops) usually
requires that the full pump flow rate be rotated between two to eight blocks within a
single field.

Drip/micro irrigation systems are easily automated if the water supply is readily
available and flexible. Most irrigation projects do not supply water with sufficient -
flexibility to automate the drip/micro irrigation systems unless the farmers install a
reservoir on the farm. The authors have spent many years working with irrigation
projects to automate water delivery systems so that they can provide the degree of
flexible water delivery service necessary to support drip/micro irrigation. Persons
interested in the topic of improving the flexibility of water delivery to farms should
contact the authors at the Irrigation Training and Research Center (ITRC) to learn
about the large number of short courses, publications, and projects that ITRC has on
that topic.

Drip/micro irrigation systems are ideal for irrigation managers who are interested in
fine-tuning the applications of water and fertilizer (fertigation) through the irrigation
system. Persons interested in more information on this extremely important topic can
obtain the book Fertigation (Burt et al., 1995) from ITRC. 1t is an essential
companion to this book. '

e
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Historical Drip/Micro Irrigation

Drip/micro irrigation became widespread in some areas of the U.S. by the mid-1970s.

At that time, there were two primary forms of drip/micro irrigation:

1. Row crop drip, using thin-walled "tape" products. Those products generally used
a double chamber, closely-spaced orifice design. Large acreages of strawberries
and sugarcane were converted from sprinkler or furrow irrigation to drip
irrigation because of clear advantages in water, fertilizer, and power savings.
Yields also increased with the new irrigation method.

2. Orchard and vineyard drip, using flexible polyethylene hose and molded
emitters. Those emitters were generally sized for 0.5 - 2.0 GPH (1.9 - 7.6 LPH)
each.

For some crops the dominant irrigation method now utilizes microsprayers, which
have flow rates of 10 - 20 GPH (37.8 - 75.6 LPH) each. In some areas of the U.S,,
this form of irrigation is called “microspray” or “microsprinkler” irrigation to
distinguish it from drip emitters. As stated earlier, this book uses the term
“drip/micro irrigation” for all forms of irrigation that have discharge points or
sections of hose with low flow rates and sufficiently small hole sizes so that filtration
is of primary concern.

Drip/micro irrigation has steadily increased in popularity since the first large
commercial installations of the early 1970s. The days of frequent and rapid
introductions of completely new producets siowed in the 1980s, but since the late
1980s there have been steady improvements in product quality. In the very late
1990s there were many new innovations such as pulsating emitters, completely new
designs of pressure compensating emitters, new large pressure regulators that operate
with a low pressure loss yet can maintain low pressures needed for drip tape, and
some new filter designs: In the period from 2002-2007, there was a rapid expansion
of “tape” drip (both above-ground and SDI)} on row crops such as cotton, corn, and
tomatoes. These applications expanded into non-traditional drip areas such as Texas
and Kansas.

Drip/micro irrigation now has many different forms that are sometimes defined by

the crop it irrigates and other times by the specific hardware used. These are
summarized below.

Variations of Drip/Micro Irrigation

There are many variations of drip/micro irrigation systems. Some of the differences
are due to agronomic or horticulture requirements. For example, frost protection is
very important for citrus and avocados in some regions, and microsprinklersprayer
designs offer better climate control than do emitters (but much less protection than
standard sprinklers). Drip emitters may be preferred in almond orchards because
they enable one to irrigate alternate tree rows without wetting the soil around
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adjacent rows, as would happen with microsprinkler/sprayer designs. This alternate
row irrigation is important with almonds because alternate rows may be planted with
different varieties that require stress at different dates prior to harvest.

An orchard crop with an extensive, shallow root system such as avocado, or a widely
spaced tree such as walnuts, will typically perform better under microsprinkler/
sprayer than under drip because a larger soil area can be wetted than with drip.
Conversely, closely spaced (hedgerow spacing) trees are better suited to drip
emitters, There are many emitters per acre in a hedgerow spacing. The wetted soil
volume is high, and microsprayer/sprinkler designs suffer from problems of tree and
trunk interference of the sprayer patterns. Citrus growers in some regions prune the
trees so that the leaves never touch the ground; microsprayers in these situations can
wet a large area. If the citrus is pruned so that the leaves touch the ground,
microsprayers may, in actuality, become high flow rate drip emitters because the
water hits the leaves and cannot spread out.

Drip emitters typically wet less soil area per emitter on sandy soils than on loam or
clay soils, given the same water quality (although it is quite risky to use generalized
soil characteristics to estimate the extent of lateral water movement from emitters).
Therefore, it is generally more expensive to use drip on orchards with sandy soils
than on heavier texture soils because more emitters (and sometimes an extra hose per
tree row) are needed on sandy soils to obtain sufficient soil wetted area (often desired
to be in the 60% range). Microsprayer/sprinkler systems would cost the same on
either soil type, because the wetted area is so large that the capillary spread of water
beyond the spray pattern is not very important.

Above-Ground Orchard and Vinevard Drip

These systems typically have one hose per plant row on closely spaced rows (row
spacing less than 4 meters), and may have two or more hoses per row on wider
spaced rows. Emitters are often spaced in arid regions so that at least 60% of the
potential root zone volume is wet, which provides an adequate moisture reservoir for
periods of high evapotranspiration, and as insurance against several days of
breakdowns. Less wetted area is common in areas with supplemental rainfall. When
this book was written, growers of Clementine mandarin oranges in arid areas were
promoting a very small percentage wetted area as a means of being able to quickly
control root zone conditions. However, this is an exception to general applications.

The emitters used in orchards and vineyards are often manufactured separately from
the hose, and those “on line” emitters may be instalied on the hose either at the
factory or in the field, depending upon the emitter configuration and design. The
general trend, however, is to purchase “in line” emitters that come pre-installed in
hose; this reduces the labor required for field installations. Most hose is
manufactured from polyethylene, with common diameters of 0.58” — 1.05” (16 — 30
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mm). Hose lengths (in one direction from the hose inlet) vary from about 300 — 1300
ft (100 — 400 meters).

In the case of orchards or vineyards with a single hose per row, the hose is generally
installed down the plant row. It is placed on the soil surface next to the tree trunks
with only a small percentage of extra length (1.5 — 2.5%) to accommodate hose
expansion and contraction due to temperature changes. Recent designs rarely use
spaghetti tubes to move water from the emitters to distant locations, although this
was common in earlier designs. The use of spaghetti tubes has been discontinued
because it was found that after time, the spaghetti tubes were typically wind-blown or
kicked together. If a single line of emitters will not provide sufficient soil wetted
area, it is common to install two hoses, one on each side of the tree row, but out of
the way of tractor traffic.

L T

Figure 6. Double line drip system on almonds.

On vineyards a single hose per row is almost universal because the rows are tightly
spaced. Usually one or two emitters are used per vine. Depending upon the region
and harvesting/tillage equipment, the hose may be placed on the soil surface next to
the vine trunks, or be suspended in the air at a height of approximately 1 ft (0.3
meters) (refer to Figure 1). Suspension requires the existence of a trellis system with
wires onto which both the vine branches and the hose are attached. Suspension
provides the ability to till under the vines without damaging the hose and emitters.
Because the hose often sags between the vines, it is quite common that the flow from
one emitter (on a high point) will move laterally along the hose to the low point —
combining with the flow from the emitter at the low point. This creates only one
wetted point rather than two; clamps must be placed on the hose near the emitters to
ensure that the water drips down at the emitter location.
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Orchard and vineyard drip systems were well established on large acreages in many
areas of the world by the early 1980s. The equipment has continued to improve, with
excellent choices of well-designed emitters and hoses now available. Most emitters
are now of one of two designs: tortuous path or pressure compensating. Tortuous
path designs are popular because they provide relatively large passageways and
reduced plugging problems compared to vortex or laminar flow emitter designs.
Tortuous path designs also provide a reasonable degree of pressure compensation
(flow rate changes are approximately proportional to the square root of pressure
changes). Because they have no moving parts, emitters with tortuous designs tend to
be relatively inexpensive, well-made, and durable.

The second most popular emitter design incorporates some type of pressure

compensation provided by a moving part that progressively restricts the passageway
size as the pressure increases. This is described in more detail in Chapter 6.

Subsurface Orchard/Vineyard Drip (SDI)

Buried drip systems (also known as subsurface drip irrigation, or SDI) on orchards
and vineyards have a limited acreage, but they are the subject of a considerable
number of discussions. They are handled in more detail in Section 3 of this book.

Figure 7. SDI on walnuts. Root growth above and below the hose can be seen, indicating
potential root pinching problems in the future.

10
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Microspray and Microsprinklers in Orchards

Microspray and microsprinkier systems became very popular in the western U.S. in
the early 1980s, and many drip systems were converted to “micro” at that time.

Micro systems typically have larger hose diameters than drip because the flow rates
of the emission devices are much higher than for drip. They tend to have smaller
lateral hose lengths than drip for the same reason. Because of the high application
rates, a micro field is often divided into 3 or more sets with only one set being
irrigated at a time, whereas many drip systems are only divided into two sets. The
net result is that micro systems are often more expensive than drip systems because
micro requires more valves and manifolds, and shorter/larger hoses than drip. An
exception would be on widely-spaced plants such as walnuts, in which case several
drip hoses would be required per tree row compared to only one hose for micro.
Another exception would be a comparison of a single hose micro system against a
double hose drip system on almonds, where the double hose is needed to provide
adequate wetted soil volume. In California, about half of the almond acreage with
drip/micro is double line drip with six to eight emitters per tree; the other half is
microspray with one or two sprayers per tree.

Microsprayers and microsprinklers are typically attached to a stake (poked into the
ground) that is connected to the lateral hose with a spaghetti hose of 1 -3 fi (0.3 - 1.0
m) in length, This allows the lateral hose to move due to temperature changes or
equipment contact, yet the emission devices remain standing undisturbed. There are
many designs of stakes to support the microsprayers and microsprinklers above the
ground (typically 1 - 3 ft (0.1 - 0.3 m) high). Some growers prefer to slightly bury
the lateral hose and connect the emission device risers directly to the hose, from
which they protrude above the soil surface. Such an installation minimizes some
picker damage, coyote damage, and also keeps the hose cooler and eliminates the
shrink/expansion of the hose length. However, there have been problems with roots
crimping the hoses with even relatively shallow burial depths.

Microspray/sprinklers can also provide some frost protection, plus give a larger soil
wetted volume than a single hose drip system. Frost protection is achieved in some
areas by actually placing the microsprayer in the citrus canopies during periods of
frost, The microsprayer is re-positioned on the ground for the irrigation season.
Note that the use of microsprayers for frost protection should be done with extreme
caution, as a severe frost (especially with dry air and some wind) can quickly convert
the microsprayer discharge from a protective mechanism to an evaporative cooling
mechanism.

The disadvantages of microspray/sprinkler, as compared to drip, include the higher

cost in some designs, somewhat higher relative humidity in the air, and an inability to
easily restrict the wetted area during certain times of the year.

11
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Figure 9. Inverted microsprayers used for
both irrigation and freeze protection on
peaches.

This is an unusual application because of
its high costs and because of disease
problems associated with wetting the
leaves and fruits during the summer.,

12

Figure 10. Microsprayer with weight
suspended upside down on vineyard.
Microspray is used by some table grape
growers to increase the soil wetted area.
Once the grapes are older, the spray
pattern will only be below the leaves.
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Above-Ground Row Crop Drip (crops other than orchards and

vines)

Above-ground row crop drip irrigation was one of the earliest forms of drip
irrigation. Presently there are three major categories of above-ground drip for row
crops such as lettuce, celery, cotton, and cauliflower. All of these crops are
characterized by their ability to withstand a wet soil surface.
1. Drip with “plastic culture”, as found in Florida’s coral sands.
2. Disposable drip tape, for which the tape is used only one season and
discarded.
3. Retrievable tape or hose with in-line emitters that is used for multiple
seasons.

There is a fourth variation now used with processing tomatoes in California. Drip
tape is installed in the furrows themselves after “lay-by”. That is, the tomatoes are
germinated, or the transplants are irrigated, with sprinklers during the first of the
season. Then just before the plants begin to cover the furrows and tractors will no
longer enter the fields (lay-by), the sprinklers are removed and drip tape is installed
in the furrows.

Figure 11. Drip tape retrieval unit — widely used for surface tape.

The details of these variations are discussed in Section 2 (Row Crop Drip).

Subsurface (SDI) Row Crop Drip

There are two main categories of subsurface (SDI) row crop drip: "one crop" and
"permanent”. The “one crop” systems have typically been either strawberries or
sugar cane. The “permanent” SDI systems were in vogue in the western U.S. in the
early-mid 1990s, have been abandoned by some farmers, and are rapidly expanding
in other areas/crops. In some cases, they are used because the crops in question
cannot be grown with a wet soil surface (e.g., melons and tomatoes). The two
categories are described in more detail in Section 2 of this book (Row Crop Drip).

13
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Figure 12. Evaluation of row crop SDI system requires uncovering the emitters for flow
tests. Typical burial depth = 8-12” (20 — 30 cm).

Advantages and Disadvantages

Drip/micro irrigation systems have the following typical advantages over some other
irrigation methods:

1. They can be used effectively on extremely steep ground. No other irrigation
method can be used on extreme terrain.

2. They require minimal land grading. Land grading is necessary to prevent surface
drainage problems that might occur with rain, and to accommodate any special
tillage equipment used.

3. Itis more difficult to have gross over-irrigation during months of peak ET. This
is generally because many drip/micro systems are not designed with a large
system pump capacity, rather than just because drip/micro irrigation system
managers are inherently better than other irrigation managers.

4. The Distribution Uniformity (DU) of systems can be very high (0.93 or greater)
in reasonable terrain and with an excellent design and maintenance

5. The new system DU depends only upon hydraulics and equipment design, rather
than upon management, soil differences, and/or overlap patterns of sprinklers.
‘As the industry provides even better pressure compensating emitters, the new
system DU values will probably consistently fall in these high (> 0.93) ranges.

5. Systems can be installed on virtually any size or shape of parcel.

6. Generally, there are no runoff problems to contend with. However, runoff can be
a problem with very pure water or with high Mg/Ca ratios or high Na/Ca ratios.

7. The systems are sometimes capable of high frequency irrigation without
degradation of DU such as occurs with surface irrigation methods, and without
excessive non-beneficial evaporation losses such as can occur with sprinkler
methods. High frequency irrigation allows the maintenance of optimum soil
moisture content in the root zone, which is especially important for salty water,

14
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or for shallow rooted crops. It should be noted that very high frequencies are not
necessarily desirable for some crops such as lettuce.

8. Fertilizer can be directly applied uniformly to the root zone at any stage of
growth on any day and with any dosage, without wetting plant foliage.

9. The upper portion of the root zone can be maintained moist, which enhances the
uptake of nutrients such as phosphorus and ammonium that are typically
concentrated near the soil surface. This single advantage is probably
exceptionally important in improving yields with some crops.

The above advantages are "typical", meaning that they are not universal. As with any
other irrigation method, good results depend upon good design, good equipment, and
good maintenance. Similarly, drip/micro irrigation systems can have the following
disadvantages:

1. The DU can degrade quickly with time due to standard causes such as
insufficient water filtration, lateral flushing, and/or chemical injection. The DU
may also degrade quickly due to some unforeseen and unusual circumstance such
as fresh water clams growing inside the hoses, or an unusual insect that prefers to
nest inside a certain type of emitter. Rodent damage can be devastating in some
areas. Insect damage to thin drip tape has been extensive.

2. Drip/micro systems are susceptible to damage by vandalism, and vandalism
repairs may be complicated, time consuming, and costly. For example, brass
valves may be stolen.

3. Evaporation losses can be high with some micro designs that frequently wet large
areas of bare soil.

4. Although the potential for excellent results (water savings fertilizer efficiency,
optimization of yield) often exists, they can only be achieved with excellent
design and excellent management. Often it takes several years for irrigators and
farmers to develop even average management skills, and catastrophic failure can
result before those skills are gained. Prip/micro methods are sometimes
perceived by growers and planners as being able to provide a magical cure for
problems associated with other irrigation methods that are actually caused by the
poor management with those other methods. Unless the management style
changes when drip/micro systems are installed, the problems may change from
being moderate to being severe. Fortunately, many growers are willing to
completely re-learn irrigation operation techniques when introduced to a new
irrigation method.

5. Water must be available to the system on a very frequent and dependable basis.
Drip/micro cannot be used in irrigation projects that deliver water on a rotation
schedule (which includes most of the world's acreage) unless the fields are
supplied with groundwater.

6. Energy costs for irrigation system installation and operation are usually higher
than for surface irrigation methods (assuming similar efficiencies) on flat ground.
However, the total energy use efficiency may actually be higher under drip/micro
if fertilizer usage is reduced and if yields are improved; similarly, energy
requirements may be less under drip/micro if less land grading is required.




Section 1 Drip and Micro Trrigation General Principles

7. There are dozens of different types of essential parts (fittings, valves, etc.) in any
single system. The systems must be supported by an excellent resupply
infrastructure,

8. In very arid areas, a sprinkler system may be needed once every few years (and
in some cased more often, such as with some buried row crop drip) to leach salts
that have built up near the soil surface.

9. Drip/micro systems can have a very high initial cost in some situations.

10. Although excellent irrigation dealers abound, inept irrigation dealers also
abound. The Irrigation Consumer Bill of Rights (Chapter 12) is meant to provide
some help with this.

The hardware, prices, and management of each form of drip/micro irrigation will
vary. There are also large differences in equipment selection from country to
country, state to state, and even from county to county. Perhaps this can best be
illustrated by the tremendous variability in stakes, risers, trajectory heights, trajectory
shapes, and nozzle sizes found in microsprayer designs. Growers in a certain area of
Florida, for example, will prefer completely different models of microsprayers and
materials for spaghetti hoses than growers in California, even though citrus may be
the crop in both cases.

Nevertheless, design principles are transferable between areas. The distribution
uniformity (DU) of a system should be discussed the same way in New York as in
Hawaii, even though the crops may be completely different and the emission devices
have different shapes and flow rates. The principles of friction and filtration are
universal, although certain water quality problems may be localized.

This book is divided into four different sections:

General principles of drip/micro irrigation

Row crop drip, including variations of subsurface drip
Permanent buried drip (SDI) on trees/vines

Example drip designs

Ealb

Time and millions of acres of experience have shown that if a system is designed
appropriately, installed correctly, and managed well, it can be a success. Excellent
designers and managers with many years of drip/micro experience will sometimes
encounter problems that are very difficult to resolve; it may take several years of
experimentation to learn the best solution, and the solution is sometimes expensive.
Furthermore, history has repeatedly proven that poorly designed, installed, or
managed drip/micro irrigation systems can fail catastrophically, or at a minimum
provide substandard performance. It is essential to recognize the difference between
the words "and" and "or" in the statements above.
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Due to the many varieties, soils, canopy sizes, trellis designs, growth stages, etc. of wine grape crops,
there is no "one" optimum ETc value for wine grapes in any area with a specific ETo value. In more
technical terminology, there is no one crop coefficient "Kc" that is valid.

The Classic ""ET" Approach

One concept that is commonly mentioned by wine grape growers is that of "full ETc". This approach is
technically very sound, and is used extensively around the world on most crops. The general concept is:

Full ETc=Kc x ETo

where ETc = crop and soil ET
Kc = apublished crop coefficient, that is primarily dependent upon the
canopy size
ETo = areference ET value, computed directly from weather information
such as CIMIS

A rational approach to irrigation scheduling takes into account good records of weather and proper crop
coefficients. However, for a large operation with numerous small fields, there just isn't enough time to
take detailed real-time soil and plant measurements, process those data, and continuously modify the
irrigation schedule. So having a relatively simple process at the start of the year that will utilize weather
data has a lot of merit, assuming that plant indicators, yields, and yield qualities are assessed throughout
the season and scheduling adjustments are made for the next year's irrigation program.
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That said, there are very few crops that are as complicated to irrigate with the ET approach as wine
grapes. Four categories of complications that seem particularly apparent for Central Coast wine grape
growers who want to use the classic "full ETc" approach are:

1. There is some uncertainty as to how the Kc should be adjusted based on canopy size and canopy
shape (height, vertical density of leaves).

2. Inthe early part of the season, there can be challenges with accounting for how much stored soil
moisture (from rainfall) contributes to the ETc, versus how much needs to be supplied by the
irrigation system.

3. Most wine grape growers apply some type of "% of full ET" factor to achieve specific vine
performance via stress. The "% of full ET" factor will vary during the season, by crop variety, and by
the target wine quality.

4. The ETo data may be incorrect. One of the challenges with wine grapes in the coastal regions of
California is that the ETo varies tremendously within a few miles. Additionally, there are only few
CIMIS stations to measure the weather variations. Therefore, growers often rely on inexpensive,
private weather stations. The quality of the information can be highly variable, so the different
weather stations, on the same day with the same identical weather, will provide different values of
"ETo". As a result, the understanding of what is an appropriate "Kc" to use in other areas can be
challenging.

These challenges are discussed below, one at a time.

Crop Coefficient, Kc. With the “full ETc¢” equation (Full ETc = K¢ x ETo) rearranged, the crop
coefficient, Kc, can be defined as:

_ FullETC
ETo

Kc

One Kc formula found in California wine grape literature is:

Kc =.002 +.017x
where X = % shading at noon  (Williams, 2001)

However, at a high percentage shade (also referred to as "percentage cover"”, or "percentage canopy")
such as 100%, this formula gives a Kc of about 1.7, which is far beyond what is commonly accepted as a
possible maximum value of about 1.25 to 1.30 for any crop.

Figure 1 shows two curves: one with the formula by Williams (2001), and another showing what ITRC
considers to be a more likely Kc value for "full ET". It is obvious that this difference introduces
confusion when talking about what reduction factor should be applied to "full ETc" if the computation of
"full ETc" is different among growers.

page 2 - by Charles Burt
Cal Poly ITRC - May 2012




it UC 2001 J/
e |TRC Recommendation /

Kc for "Full ETc"

o o o R e
A O 00 N b O

A\

o

0 20 40 60 80 100

% Shading at Noon (% canopy cover)

Figure 1. Recommended Kc values for initial estimates of ""full ETc"" before the ""Percentage
of ETc" factor is applied

ITRC recognizes that there is still something to be learned in this area. For example, how does one
determine "canopy size" or canopy percentage? That is, what percentage of the ground surface is shaded
by the canopy at mid-day? It is well understood that the Kc value depends on the shape of the trellis in
addition to the percent shade at noon. One technique utilizes a solar panel that is placed on the ground
surface at various points under and between plants. This technique provides a different amperage output
depending upon the amount of shading, thus giving a simple reading of percentage cover.

The example below shows one possible method for adjusting the Kc value based on the Height/Width
ratio.

Rule: If you have an established Kc and a

Height/Width ratio
modify the Kc as follows:
for a new Height/Width ratio, FOR THE SAME % CANOPY
SHADING

New Kc = Old Kc * (1 + .55*(New HWR)/Old HWR - 1)

Where HWR = the Height/Width ratio of the trellis
and the Width = (% Canopy Shading/100)* Row
spacing
old
For example:  Old % shade = 30 gives> 051 Kc
Old Height = 6 feet
Old spacing = 10 feet
Computed:  Canopy width = 3 ft
Old HWR = 2
Assume
new height = 7 feet
new HWR = 2.3 (same width)
New Kc 0.56
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Soil Moisture Contribution to ETc. This is an important consideration at the beginning of the irrigation
season. Certainly, irrigation stress cannot be induced if there is a deep, moist soil with a high available
water holding capacity. Computations are complex because during the early season, while the canopy is
developing, the ET of the cover crop may be much greater than the ET of the grape vines. Additional
complications arise because different wine grape rootstocks have different rooting patterns; some tend to
spread out and others may go as deep as 20 feet (rare with Central Coast vineyards because the soil is
often much shallower than this).

Although there is a section later in this technical note regarding computations of a soil moisture balance,
the reality is that such a computation is problematic because of the large variations in soils and soil
depths, and the uncertainties in cover crop ET values. Therefore, the "when to first irrigate” rules for
grape growers tend to rely on plant vigor indicators rather than on soil moisture balance computations.

Percentage of Full ET. It is common practice among most wine grape growers to start with the "full ETc"
value and then apply a factor such as "70%" to that ETc, thereby irrigating to some "percentage of full
ETc". One of the most difficult things to translate from "ART" to "SCIENCE" is how growers will treat
grapes that produce $40/bottle wine, as opposed to $6/bottle wine. In general, grapes that are destined for
more expensive wine are grown with smaller berry sizes. In other words, the "% of full ETc" will vary,
depending upon the variety, time of season, and market destination.

In short, premium grape growers may use as low as 50% of “full ETc" prior to verasion, but other
growers who are focused more on volume may apply closer to 90% during this time.

Incorrect ETo data. There is no easy answer to the problem of inconsistent ETo data. Even with high-
quality CIMIS weather stations, a good analysis of weather data begins with checks of the solar radiation
and relative humidity data. The sensors for those data are subject to errors, which are even more
prevalent with inexpensive weather stations. If a grower wants to use excellent ETo data, a good option is
likely to have a few very high-quality weather stations using standard CIMIS equipment, and then to have
a more intense grid of stations that only monitor temperature and precipitation. There are techniques that
ITRC uses to extrapolate the CIMIS ETo values to other areas, based on temperature differences. This
requires some work.

Recommendations for Wine Grape Irrigation on the Central Coast

The following are guidelines to procedures and techniques for wine grape irrigation.

1. Never rely on just one tool. Use all three of these:

e Weather-based ET estimates. Utilize real-time weather data from a well-situated, neighboring
weather station to develop estimates of ETo.

e Plant observations, including leaf bomb measurements for either leaf water potential, or stem
water potential, and simple observations of berry size and vegetative vigor.

o Soil measurements. Different people prefer different devices, but the most important thing is to
actively measure different depths, and occasionally dig backhoe pits. With sandy and sandy loam
soils, or shallow soils, it is particularly important to monitor soil moisture at various depths in
addition to using leaf water potential readings. This is shown in the three hypothetical soil
moisture characteristic curves in Figure 2. The key point is that the vast majority of the
AVAILABLE water held in a sandy loam soil is held at a matrix potential between (0) and (-2)
bars. Once that soil moisture is used up, the matrix potential plummets rapidly.
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Figure 2. Example of soil moisture content curves

What this means in a practical sense is that if a manager waits until the leaf water potential equals (-12)
bars, with a sandy or sandy loam soil, there is a reasonable chance that the leaf water potential can
quickly drop because suddenly there isn’t much soil moisture remaining.

Therefore, one must always weigh the possibilities:

o Irrigate no sooner than the target leaf water potential, which is “just on the edge”, or

e Wait until the plant is “just on the edge” and risk having a hot day, an irrigation scheduling
problem, or understand that there is a DU of less than 1.0 in the field, and risk losing the crop.

2. A requirement for good water management it that it is essential that the system be blocked out by soil
types and depths as well as by variety and plant spacings because of the impact of rain storage,
differences in plant stress due to various moisture contents, and numerous other factors.

3. Itis always essential to have an excellent (better than 0.85) irrigation system Distribution Uniformity
(DU). Measure it on existing systems, and specify it (better than 0.92) on new systems.

4. Keep excellent records, by date. This means that flow rates are measured and frequency/durations of
irrigations are known.

5. Sampling locations for soil moisture and for plant water status must be near “average” emitters to
give an “average” result.

6. Although most people schedule irrigations with long intervals between irrigations, an examination of
plant physiology and photosynthesis seems to indicate that it would be best to maintain a “consistent
desired” stress for Regulated Deficit Irrigation (RDI).

7. Start the plant growth period (prior to bud break) with a full soil profile of water.
8. Do not stress the grape vines until the desired canopy size is achieved.

9. Once the desired canopy size is achieved (or just before then), and after fruit set, reduce irrigation to
stop tendril and shoot growth. Moderate stress (or somewhat higher) should be maintained until
veraison. For high value red grapes (for which small berries are desirable) it may be desirable to have
some of the basal leaves fall down just before veraison. This may equate to irrigating at "50% of full
ETc". Other less valuable grape varieties will have less ETc reduction.

10. "Full ETc" for grapes can be estimated using Table 1 on the next page.
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11. After veraison, increase the irrigation frequency to maintain turgid berries and maintain the canopy.
e Do not allow vegetative growth to restart. This means it is good to have some Regulated Deficit
Irrigation (RDI).
e Protect the fruit (do not lose leaves). This means that excess RDI is harmful.
o Continue photosynthesis, and thereby continue sugar accumulation. This means excess RDI is
harmful.

12. Talk to your good neighbors, verify results, keep good records, and use information such as this as a
starting point as opposed to the final word.

Table 1. Full ETc estimates for wine grapes.

Ballpark (Gallons per acre per day) for central coast wine grapes at various % Ground Shading - Cal Poly ITRC 2012
Typical
Daysin
May-Aug |ETo, in/day 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70%

0.11 1,075 1,329 1,582 1,836 1,955 2,075 2,150 2,224 2,299 2,373 2,448

0.12 1,172 1,449 1,726 2,003 2,133 2,263 2,345 2,426 2,508 2,589 2,671

0.13 1,270 1,570 1,870 2,170 2,311 2,452 2,540 2,629 2,717 2,805 2,893

0.14 1,368 1,691 2,014 2,337 2,489 2,641 2,736 2,831 2,926 3,021 3,116

Cool 0.15 1,466 1,812 2,158 2,504 2,667 2,829 2,931 3,033 3,135 3,236 3,338
0.16 1,563 1,932 2,301 2,671 2,844 3,018 3,127 3,235 3,344 3,452 3,561

0.17 1,661 2,053 2,445 2,838 3,022 3,207 3,322 3,437 3,553 3,668 3,783

0.18 1,759 2,174 2,589 3,004 3,200 3,395 3,517 3,639 3,762 3,884 4,006

0.19 1,856 2,295 2,733 3,171 3,378 3,584 3,713 3,842 3,971 4,100 4,228

Moderate 0.2 1,954 2,415 2,877 3,338 3,555 3,772 3,908 4,044 4,180 4,315 4,451
0.21 2,052 2,536 3,021 3,505 3,733 3,961 4,104 4,246 4,389 4,531 4,674

0.22 2,150 2,657 3,165 3,672 3,911 4,150 4,299 4,448 4,598 4,747 4,896

0.23 2,247 2,778 3,308 3,839 4,089 4,338 4,494 4,650 4,807 4,963 5,119

0.24 2,345 2,899 3,452 4,006 4,266 4,527 4,690 4,853 5,016 5,178 5,341

0.25 2,443 3,019 3,596 4,173 4,444 4,716 4,885 5,055 5,224 5,394 5,564

0.26 2,540 3,140 3,740 4,340 4,622 4,904 5,081 5,257 5,433 5,610 5,786

0.27 2,638 3,261 3,884 4,507 4,800 5,093 5,276 5,459 5,642 5,826 6,009

0.28 2,736 3,382 4,028 4,674 4,978 5,281 5,471 5,661 5,851 6,041 6,231

0.29 2,833 3,502 4,171 4,840 5,155 5,470 5,667 5,864 6,060 6,257 6,454

Real hot 0.3 2,931 3,623 4,315 5,007 5,333 5,659 5,862 6,066 6,269 6,473 6,676

Example: ETo of .25"/day (pretty warm, but not real hot)
40% ground shading at mid-day

Gallons/day/acre = 4,444
Assume a 6'x 10' vine spacing ==> 726  vines/acre
Gallons/vine/day = 4750/726= 6.1 Gallons/day

**Before applying "% of ETc" factor

Other Background Information

There has been an abundance of research on wine grape irrigation. As noted earlier, the challenge is
always how to apply it to a specific field. Publications and the notes below may help shed some light on
the theory and thinking behind some research results. Some recommended reading includes:

1. Winegrape Irrigation Scheduling Using Deficit Irrigation Techniques, by Terry Prichard.
http://ucanr.org/sites/CE_San_Joaquin/files/35706.pdf

2. Deficit Irrigation of Quality Winegrapes Using Micro-Irrigation Techniques, by Prichard, Hanson,
Schwankl, Verdegaal, and Smith. http://www.lodiwine.com/Final_Handbook.pdf

3. Irrigation of Wine Grapes in California, by Larry Williams.
http://www.practicalwinery.com/novdec01p42.htm
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Recommendations for First Irrigation Date

A "pre-irrigation™ is different from the "first irrigation”. In general, wine grape growers try to have a "full
soil profile™ of water prior to bud break. If there has been sufficient rain, then there may be no "pre-
irrigation” required. However, if there has been insufficient rain, growers will typically operate their drip
systems long enough to bring the wetted volume of soil to field capacity.

Williams (2011) noted the following for the first irrigation of the season:
e - White wine cultivars: -10 bars or more negative Leaf Water Potential (LWP) has been reached.
e -Redwine: -12 bars or more
e Date of 1% irrigation
0 This may be at the beginning of May near Fresno
o0 It may be early June or later near Napa
0 The date depends on the rooting depth, rainfall, AWHC, etc.

The bottom line is that at the beginning of the season most wine grape growers want to rapidly achieve
their desired canopy size and aren't interested in stressing the vines until that happens. Once the canopy
size is obtained, or relatively soon before then, there is a movement to "RDI" as explained below.

Regulated Deficit Irrigation (RDI)

Regulated Deficit Irrigation, known as “RDI”, simply means that during one or more stages of plant
growth, the irrigation management is regulated to deliberately achieve an ETc that is less than the
potential (100%) ETc. In the past, this has been referred to as “irrigating to some percentage of ETc”.

There are numerous reasons to use RDI. Typical reasons include:

e Reducing vegetative matter, especially prior to veraison. Excess vegetative matter can:
0 Require extra pruning
0 Provide excessive fruit shading
o0 Stimulate fungal diseases

o Controlling berry size, primarily after veraison. RDI will typically reduce berry size. Potential

benefits include:
0 A greater skin/pulp ratio, which can improve quality of wine
O Better aeration between berries, thereby reducing diseases
o0 Smaller chance of large berries that, with some varieties, will split when they push
against adjacent berries — causing disease problems.

In most cases, the total yield will be reduced with RDI as compared to irrigating for 100% ETc. The
difficulty is in quantifying these effects. Three basic questions still face grape growers:

1. What specific level of stress is best?

2. What should the timing and duration of that stress be?

3. Should there be multiple optimal levels of stress for different growth stages?

We know that the actual impacts of RDI depend upon the variety, rootstock, general vigor of the plant,
trellising technique, severity of RDI, and its timing.
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Achieving RDI

1. Reduced vegetative growth and vigor can be achieved using several techniques, including using
chemical growth regulators, selecting less vigorous grape varieties and rootstocks, and selecting
special pruning techniques. Girdling with table grapes has been used for decades as a physical means
to regulate growth. However, one of the most effective techniques to manage vegetative growth is
via the irrigation system. As one moves from a rainy area (such as Napa or the Central Coast of
California) to the desert (e.g., the southern San Joaquin Valley), careful water management is less of
an option and more of a necessity in managing vigor.

2. "Traditional" furrow or border strip irrigation wets large percentages of the soil volume. Therefore, it
is difficult to achieve RDI because one cannot manage the water for a "constant™” deficit or plant
stress. The nature of furrow and border strip irrigation is that it is possible to completely avoid stress
by irrigating frequently, but it is impossible to hold a desired level of stress — simply because a large
root zone, when irrigated, goes completely to field capacity. After irrigation with furrows or border
strip on well-aerated soils, stress disappears.

Some furrow and border strip irrigators have, for many decades, practiced "Partial Rootzone Drying"
(PRD) [this is discussed later]. When they irrigate, they only irrigate half of the furrows or border
strips at once, thereby wetting only one side of a vine row. This enables the farmers to irrigate the
whole field in half the time it would normally take if every furrow was irrigated. They then irrigate
the field again, but this time they irrigate the alternate side of each row.

With furrow and border strip irrigation, this PRD practice has the following characteristics:
a. One side of the plant is under no stress at any time.
b. One side of the plant is under stress at any time.

The result is that the plant as a whole does not experience a wide cycling of soil matrix potential
(water content). Research on PRD in Australia in the 1990's indicated that this practice is
physiologically better for the vines than irrigating both sides of the plant simultaneously. However,
we now know that PRD with drip does not work.

3. With drip irrigation in a vineyard with only a small portion of the total soil wetted (e.g., less than 30%
of the total soil volume receives water), an interesting phenomenon often occurs. With grapes, the
first irrigation (as noted earlier) is sometimes withheld to help discourage excess vegetative growth.
As a result of both grape vine ET and the ET of cover crops, the complete soil is often fairly dry when
the first irrigation occurs. Therefore, the source of the majority of the ET water for the rest of the
season will come from the wetted area supplied by emitters.

What has often (but not always) been observed in almonds and grapes is this: With a restricted root
system, even though part of that wetted area is maintained moist (soil matrix potentials are fairly
close to zero), the plant ET is reduced. Once stress begins to occur, it can be difficult to remove the
stress even though one applies what should be adequate for 100% ET.

Two important notes are related to this observation:

a. Growers often see no correlation between matrix potential (measured about 1' away from the
emitter) and leaf water potential.

b. Itis extremely important to watch deep moisture because if the active root zone is too restricted, a
few hot days can quickly cause excessive vine stress, resulting in large drops in yield.
Furthermore, it can be difficult for the grapes to "recover" to a larger ET rate once they have been
stressed excessively if there is a restricted root zone.
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4. In areas of hot climates (e.g., the Fresno, Bakersfield, and Coachella areas), some grapes can have
water stress without the growers really trying to achieve it. Furthermore, with very hot climates some
growers believe that having a large soil wetted area is quite important — hence the trend towards using
microsprayers on grapes in the Delano-Bakersfield area. Some growers believe that the combination
of a larger water and nutrient reservoir is better for the vines in those climates, especially for table
grapes.

5. Emphasizing point (4) above, when temperatures start to reach about 98 degrees in the Lodi area, it
has been found that RDI needs to be abandoned and the full ET needs to be met. During the summer
of 2005 near Lodi, growers who anticipated the heat spikes did well in keeping the foliage through
the season. Growers who did not had detrimental early leaf loss, and had difficulty obtaining the
desired sugar levels.

6. Nutrient deficiencies can cause adversely severe effects on vines that are treated with RDI.

7. Ingeneral, RDI is associated with drip irrigation. However, in order to realistically manage a
vineyard for RDI, one must be capable of supplying the same amount of water to different plants
throughout a field. This means the Distribution Uniformity of the drip system (accounting for all
factors) must be better than 0.85. Furthermore, because rainfall water storage is so important in
determining the optimum date of the first irrigation, the irrigation system must be blocked out so that:
a. There is only one soil type and depth in a block (i.e., the total available water holding capacity in

the root zone is the same throughout the block), and
b. The actual control of the blocks must be such that it is easy to control the timing of irrigation in
different blocks with ease.

These requirements of an excellent DU and proper blocking of the field will add about $100-
$1000/acre to the cost of a drip system on vines.

Partial Rootzone Drying (PRD)

The PRD concept is to alternately irrigate two sides of a vine so that the wet/dry sides alternate. The
proposed benefit has been to reduce vegetative vigor while suffering no decrease in yield or quality.
Furthermore, this was reported to be accompanied by a reduced ET, which resulted in water savings.

There is an abundance of literature from Australia and some researches in California on the topic of PRD.
Benefits were by no means consistent and appeared to be heavily influenced by the soil type, irrigation
method, percent of soil wet by the irrigation method, and whether the adoption of PRD is simultaneously
associated with other changes in irrigation management. In summary, the purported benefits of PRD
were:

1. Reduced ET

2. Reduced canopy vigor

3. No reduction in yields

4. No reduction in wine quality

The reported physiological mechanism of PRD in vines is this: Abscisic acid (ABA) is synthesized in
drying roots and leaves. The chief function of ABA is to control the closing of the stomata (the cell void
through which water vapor passes during transpiration). High levels of ABA enhance the closing of
stomata, restricting the exit of water vapor but also restricting the entrance of CO2 (and with less CO2,
there is less photosynthesis).

If part of the root system is slowly dried (and produces ABA) while the rest of the root system is kept
moist, grape berry growth is not adversely affected.
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However, since 2003 it has been generally accepted by researchers and growers in California that there is
no obvious benefit to PRD. Evidently, much of the early PRD research results were related more to
applying less water (i.e., RDI), rather than the PRD effect itself. The general conclusion since 2003 is
that good management of RDI is more effective and cheaper than attempting PRD. Two papers from
Australia and one paper from Israel, presented at the IV" International Symposium on Irrigation of
Horticultural Crops (Sept 2000, Davis CA, published in Acta Horticulturae 664, Dec. 2004) regarding
PRD on wine grapes all concluded there was no unique response to PRD when compared against the
same amount of RDI.

Timing of Stress for Wine Grapes as Reported by Three Researchers

The three examples given below are typical of what can be found through a literature search.

1. Williams, 2001
e Variety, location: Cabernet Sauvignon, Chardonnay; Napa to Edna Valley; various rootstocks.
e The research applied continuous ET reduction to accomplish 75% of full ET (when compared to
1.25 ET). Results were:
0 2-5% reduction in berry weight
0 0-19 % reduction of total yield
0 0-21% reduction in pruning weight

2. Prichard et al., 1997
e Variety, location: Cabernet Sauvignon, Dogridge rootstock, bilateral-cordon trained on 7.5 x 11'
spacing — Lodi, Calif.
e The research examined severe pre-veraison and moderate post-veraison stress. This treatment had
more impact than severe post-veraison stress. The results, when compared to 100% ET, were:
0 Reduced wine pH
0 Reduced wine potassium (K)
0 A significant increase in wine color density
0 A 19% yield reduction as compared to 100% ET

3. Mayne, 1999

e Variety, location: Results near Mendoza, Argentina (varieties not specified)

o Evidently, these were similar trials as in Prichard, above. They found slightly different results
than Pritchard. Both report an increase in wine color density and a yield reduction, but there are
differences in wine pH results. However, Pritchard induced some level of stress throughout the
season, not only before and after veraison.

e Mayne reports that RDI before veraison will:

0 Reduce growth of buds

0 Increase pH

0 Reduce total titratable acidity

RDI after veraison will:

0 Reduce yield
Reduce soluble solids
Increase pH
Reduce titratable acidity
Increase "quality of wine" because of the larger skin/pulp ratio of smaller berry sizes,
resulting in more anthocyancs and phenols and color
Berry growth is most sensitive to RDI applied 4-5 weeks after veraison

O O0OO0Oo
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Other Points to Consider for Wine Grape Irrigation

1. Stress at different times of the season will impact different aspects of vine/berry growth, as seen in
Figure 3.
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Figure 3. Growth by plant part and date (Prichard et al, 2004)

2. Figure 3 shows that vegetative control should ideally be accomplished prior to veraison by inducing
water stress. It can be difficult to accomplish this stress on heavy, deep soils because there is so much
rainwater stored in the soil. As a result, in many areas with low ET rates and a small percent canopy
cover, irrigation does not begin until veraison.

3. Expansive vegetative growth can be restricted by water stress without impacting net photosynthesis.

‘—0— Net Photosynthesis —®— Expansive Veg. Growth ‘
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Percent
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3 5 7 9 11 13 15
Midday Leaf Water Potential (-bars)

Figure 4. Relationship between leaf water potential, vegetative growth, and photosynthesis for a “typical”
wine grape

Approximate dates for Paso Robles Cabernet Sauvignon (Central Coast)

Bloom — May 20 Veraison — July 24 Harvest — Sept. 27
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Plant and Soil Sensors
"Tension" is a synonym for "Pressure”. There are many units used to describe pressure, including:

1 bar = 100 centibars
= 1.01 atmosphere, atm.
= 100 kilopascals, kPa
= 0.1 Megapascals, MPa
= 33.4 feet
=100 joules/kg

1 kPa = 0.01 bars

1 MPa =10 bars

Some reference points are listed in Table 2.

Table 2. Units of Plant and Soil Water Tension

Item Bars kPa
Soil matrix potential, at:
Saturation 0.0 0
Field Capacity (in the field) -0.02 t0 -0.06 -2to—6
Field Capacity (in a lab analysis) -0.33 -33
Permanent wilting point -15 -1,500
Leaf wate.r potentlz.al at the beginning of stress for a 10 11,000
healthy, vigorous vine
Range of leaf water potential that irrigation managers - 10t0-16

may attempt to maintain during the summer

Leaf Bomb (Pressure Chamber)

The following tips are from UC irrigation specialists Larry Williams and Terry Prichard for leaf water
potential measurement. Stem water potential is somewhat different because it involves putting an
aluminum bag over a leaf while still attached, and leaving it there for a half hour or so before cutting it
off.
e Select young, fully extended leaves on the outside of the canopy, exposed to direct sunlight (no
shading).
o Leaf must not be yellow, diseased, or have insect damage.
Take at least two samples per vine.
e Sample at solar noon (plus or minus 1.5 hour).
o First, put a plastic sandwich bag around the leaf.
o0 During the whole process, do not break any leaf veins.
0 Then cut the petiole with a SHARP razor blade.
0 Within 10 seconds of enclosing the leaf in the plastic bag, place it inside the pressure chamber.
e Pressurize the leaf at a rate of less than 1 bar per second, slowing to 0.2 bar/sec as you near the leaf
water potential.
o Use a magnifying glass to see when sap begins to exude. It should not form a drop or even a
hemisphere or lens.
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Soil Moisture Sensors

With drip irrigation, the soil moisture content (and therefore the soil moisture tension) is different at every
point. On one extreme, directly below an emitter one will find the highest soil moisture levels, and
outside the wetted soil area, one will find the lowest moisture levels. Between these two locations, in a
3D image, one finds a gradation of soil moisture contents. Therefore, if one places a sensor 1’ away from
another one (either higher or lower or to one side), one will obtain a different reading.

With drip irrigation, then, one is looking for TRENDS when one examines soil moisture tension readings.
Is the soil getting dryer, wetter, or staying the same? Is the upper part of the root zone staying moist, but
the lower part of the root zone drying out with time? (This indicates consistent under-irrigation.) When
one irrigates, is there a change in the reading for the lower sensors? (This indicates that water has reached
that depth.) How long does it take for the irrigation water to show up at the lower sensor? (If it shows up
in 1 hour, and the irrigation lasts 2 hours, this indicates over-irrigation for about 1 hour.)

Proper positioning of soil moisture sensors is important. Figures 5 and 6 illustrate the proper siting for
two or three sensors at one location.

Side View
Drip emitter
5
Data logger
IJ__I A Top of root zone
(9” depth)

Watermark ;

3 sensors

I:I B ’ Middle of root zone ‘
Root zone I:I Cc ’ Lower part of root zone ‘

Figure 5. Side view of Watermark or Capacitance probe installation

Top View
(@]
i 6in.
O—xR—0 ;
“«—>r > Drip line
6in. 6in. ]
Watermark
3 sensors " Root zone

Figure 6. Plan view of soil moisture sensor installation
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Example Results of Soil Moisture Monitoring in Solano County

The following field example used the soil water balance computations, together with observations of the
soil water volume (within the drip wetted pattern) from a capacitance probe.

Scarlett S Cab #2-2002

450 50
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L 40
Inches with
the Soil Probe,

350 1

b 35

300 1 and
Hours of Irrigation
I 30
250 \Nw N |rrigation Events

I 25 |—e—Water Stored
200 A Soil Probe
- 20
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- 15
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Dates

Figure 7. Example of successful irrigation scheduling in Solano County by Lisa Tenbrink of ITRC. Veraison

was about July 22.

Figure 7 shows the following:

In BLUE (thick zig-zag line segments on the upper part), the gallons of water (per vine) stored in the
whole root zone, as estimated by the classic water balance worksheet (see example on next page).
YELLOW triangles, showing actual inches of water measured by a vertical capacitance probe located
6” away from the emitter, with measurements every 4” in depth to a total depth of 40”.

Dark vertical lines, showing hours of irrigation events by date.

There are several observations that can be made from the figure above:

1.

N

The ESTIMATED moisture content in the soil slowly climbed in the last half of the season, as the
MONITORED (granted, in a very restricted area near the emitter) moisture content stayed relatively
constant during that time. This shows the difficulty of trying to reconcile a theoretical balance (with
numerous assumptions) with soil moisture measurements (that have a very small sample area).

In this particular case, the first irrigation was before veraison.

After getting down to 407, the moisture content, measured near the emitter, was not allowed to
significantly decrease after veraison.

**The two practices that made this successful (in terms of both quality and quantity) as compared to
“typical” irrigation were:

1.
2.

The soil was not allowed to dry down as much before veraison as is typical.
The moisture content in the wetted area remained fairly constant once veraison was reached — as
opposed to letting it decline.
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Example of a Soil Moisture Accounting Spreadsheet

Shown below is an example of a soil moisture accounting procedure. It has all of the classical
components of ETo, K¢, AWHC, precipitation, etc.

[ [ Kc - Parameters
Title: Irrigation Scheduler Date: [03-30-95 | -
Filename: SCHEDULE.WK1 |WK3 Version: 2.1 Spec Wine Grape Exp B1
Author: Don Pitts, Irrigation Engineer, IFAS, University of Florida B2
Address: PO Drawer 5127, Immokalee, FL 33934 | KC1
Description: Irrigation Scheduler Worksheet \ KC2
Inputs: N N M i i KC3
Farm Scarlett South Number of Plants in Block: 8465 Pd
Block : 2 Plant Spacing ] 8 DA
Crop Cab Row Spacing (ft).. : 10 DB
Owner Lanza Vineyards Wetted Area (sq ft). 12 DC
Irrigator: Ken & Larry Soil WHC (in/ft) 1.3 DD
Area (ac): 155 Rooting Depth (ft 6 DE
Year 2002 Emitters Per Plant.......: 2 PER
Emitter : Netafim Application Efficiency...: 95 SHADED %
k-value : 1.13 Average Pressure (psi)...: 20
x-value : -0.03 Soil-water on Day 1 (%)..: 100
Soil Sandy Loam [
Canopy (%)................ 20
Emitter Flow Rate (gph).: 0.50
Sprinkler Irrigation ETc *Total Soil-H20* Cum Water Water
Day or Rain Run-time ETo ETc Cum Soil-H20 |Soil-H20 |Use Probe Stored
(inches) (hours) (inches) | (inches) | (inches) | (percent) | (inches) (inches) (inches) Kc (gallvine)
01-Apr 0.17 0.03 0.03 100 7.77 0.03 14.2 0.38 387
02-Apr 0.13 0.02 0.05 99 7.75 0.05 0.38 386
03-Apr 0.10 0.02 0.07 99 7.73 0.07 0.39 385
04-Apr 0.05 0.01 0.08 99 7.72 0.08 0.40 385
05-Apr 0.07 0.01 0.09 99 7.71 0.09 0.40 384
06-Apr 0.14 0.02 0.12 99 7.68 0.12 0.41 383
07-Apr 0.14 0.03 0.14 98 7.66 0.14 0.42 382
08-Apr 0.11 0.02 0.16 98 7.64 0.16 0.42 381
09-Apr 0.04 0.01 0.17 98 7.63 0.17 13.5 0.43 380
10-Apr 0.15 0.03 0.20 97 7.60 0.20 0.44 379
11-Apr 0.11 0.02 0.22 97 7.58 0.22 0.44 378
12-Apr 0.18 0.03 0.25 97 7.55 0.25 0.45 376
13-Apr 0.20 0.04 0.29 96 7.51 0.29 0.46 374
14-Apr 0.17 0.03 0.32 96 7.48 0.32 0.46 373
15-Apr 0.16 0.03 0.36 95 7.44 0.36 0.47 371
16-Apr 0.15 0.08 0.02 0.37 97 7.58 0.22 13.3 0.48 378
17-Apr 0.14 0.03 0.40 97 7.55 0.25 0.48 376
18-Apr 0.15 0.03 0.43 96 7.52 0.28 0.49 375
19-Apr 0.22 0.04 0.48 96 7.47 0.33 0.50 373
20-Apr 0.17 0.04 0.51 95 7.44 0.36 0.50 371
21-Apr 0.19 0.04 0.55 95 7.40 0.40 0.51 369
22-Apr 0.21 0.04 0.60 94 7.35 0.45 0.52 367
23-Apr 0.22 0.05 0.64 94 7.31 0.49 0.52 364
24-Apr 0.16 0.04 0.68 93 7.27 0.53 0.53 363
25-Apr 0.14 0.03 0.71 93 7.24 0.56 0.54 361
26-Apr 0.08 0.02 0.73 93 7.22 0.58 0.54 360
27-Apr 0.15 0.03 0.77 92 7.19 0.61 0.55 358
28-Apr 0.15 0.04 0.80 92 7.15 0.65 0.56 357
29-Apr 0.04 0.11 0.03 0.83 92 7.16 0.64 0.56 357
30-Apr 0.11 0.03 0.85 91 7.14 0.66 0.57 356
01-May 0.13 0.03 0.89 91 7.10 0.70 0.58 354
02-May 0.16 0.04 0.92 91 7.07 0.73 0.58 352
03-May 0.14 0.03 0.96 90 7.03 0.77 0.59 351
04-May 0.20 0.05 1.01 90 6.98 0.82 0.60 348
05-May 0.22 0.05 1.06 89 6.93 0.87 12.7 0.60 346
06-May 0.20 0.05 1.11 88 6.88 0.92 0.61 343

Figure 8. Example soil moisture accounting spreadsheet
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How Much Water Should Be Applied Per Irrigation?

For a given ETo demand, it stands to reason that a certain soil moisture content and a certain active root
wetted area in the soil will create a specific root stress, which will in turn create a specific leaf water
potential at midday.

If you accept this thesis, then once the ideal leaf water potential (stress level, such as —12 bars) is reached,
ideally you would begin to replenish the soil water at the same rate as it is being removed. This is, after
all, the concept of the classic soil/water balance. However, why not just observe the soil moisture content
(down to about 6 of depth for vines) and try to maintain the same AVERAGE soil moisture content at
that location, from that date onwards?

This gives two indicators to attempt to manage simultaneously:

1. A fairly consistent leaf water potential and visual plant status.

2. A fairly constant average soil moisture content (down to 6’) near the emitter. Depending upon the soil
and root characteristics, the average soil moisture content may need to slightly rise or decline with
time after the initial irrigation to maintain a consistent plant status.

The leaf water potential measurement has already been described. The physical layout of Watermark
sensors around the emitter has also previously been described. The same layout can be used with a wide
variety of capacitance probes (that give a measure of water volume, rather than matrix potential).

In general, what one will see with proper scheduling is virtually no change is matrix potential or moisture
content at the deep sensor. If one does see an increase in soil moisture content there, there is one big
question: Did the water “just reach” that sensor, or did it continue to drain down below it for some time?
The measurement will show the same result in both cases.

The easiest way to answer this, while also keeping a record of actual irrigation dates, is to hook a drip
hose pressure sensor into the datalogger. It will indicate when irrigation events start and stop. If, for
example, the deep sensor sees a change in moisture three hours after an irrigation begins and the irrigation
continues for another three hours, then basically, the irrigation was twice as long as it should have been.
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Table Grape Quality and Dormancy in the Coachella Valley (from Neja, 1990)

Stress of 12.5% more than the "standard" irrigation treatment results in droopy vines with Perlettes
Note — table grapes are harvested in June in Coachella Valley.

"Standard" treatment definition:

- When shoot tips begin to trail the ground and the leaf canopy is uniform down the vine row (trellis is filled),
reduced the daily water application amount to discourage vigorous shoot-tip growth. Instead, encourage
only moderate tip growth during the pre-harvest and harvest period for early harvest and good berry size.

- Stop shoot-tip growth within 2-5 weeks after 15-20% defoliation of the old basal leaves, during the transition
period from moderate harvest time tip growth to the no shoot tip growth post-harvest period. Continue a
daily, but limited water schedule.

- Mid-late September, hold the leaf canopy in a no growth or no re-growth state. Allow the shoot tip (tiny
terminal leaf) to wither, but maintain about 75% of the harvest time canopy through mid to late September.
Use these post-harvest Kc values:

July 0.45-0.50
August 0.50-0.55
September: 0.45—-0.50

(Note that a Kc of 0.75 is needed with a 120 deg. heat wave; the Kc is lower with 115 deg. head. This indicates a
weakness of the vine root system in acquiring water, which may be related to a reduced rooting system.)

- Apply an "adequate amount" of water during post-harvest rains of more than 0.5" to dilute salts in the root
zone. This may delay the date of drought-induced defoliation, but it's essential.

- Terminate irrigation in mid to late September to initiate a drought-induced defoliation and dormancy. This
gives much better results than terminating in November.

- In Nov-December, after defoliation, rewet the root zone. But wait long enough to be sure that you do not
stimulate re-growth right away.

To stimulate dormancy (accumulate degree-days of dormancy), in Nov-Dec., sprinklers (typically hand move)
are placed every 4™ row and are operated during the daytime on the dormant vines. This can drop daytime
temperatures by as much as 12 deg. F.

References

Prichard, T., B. Hanson, L. Schwankl, P. Verdegaal, and R. Smith. 2004. Deficit irrigation of quality
winegrapes using micro-irrigation techniques. UC Coop Extension, Dept. of LAWR. UC Davis.
Draft.

Neja, R. 1990. CV Grape Water Coefficients Still Being Tested. Farm Water Watch. Coachella Valley
Water District. Vol 1(5):2-3.

Mayne, R. 1999. Drip Irrigation in Vineyards. International Water and Irrigation 19(4): 30-31.

Prichard, T.L., P.s. Verdegaal, and C. Rous. 1997. Improving Winegrape Quality Using Deficit
Irrigation Techniques. Proceedings of the Irrigation Management Nutrient Conference in Salinas,
CA. February. 7p.

Williams, L.E. 2001. Practical Vineyard and Winery. Nov/Dec issue. pp 42-55.

page 17 - by Charles Burt
Cal Poly ITRC - May 2012



o ATMOsp,
© > Hs'?/

National Marine Fisheries Service
Southwest Region

Fish Screening Criteria
for
Anadromous Salmonids

January 1997



Fish Screening Criteria for Anadromous Salmonids *
National Marine Fisheries Service
Southwest Region

January 1997

Table of Contents

. General CoNSIEratioNS . . . . oottt e et e e e e e e
II. Generd Procedural GUIEIINES . . . . . .ottt e e e e e e

I11. Screen Criteriafor Juvenile SAMONIAS . .. ... ..
A.Structure Placement . .. ...
B. ApproaCh VEIOCITY . .. ... e
C.OWespINg VEIOCITY . ..o
D. Screen Face Material . ... ...
E. Civil Worksand Structural Features . . .......... ..
F. Juvenile Bypass System Layout . . . .. ... oottt e
G. BYpPasSENrance . . . . . ..o e
H. Bypass Conduit DeSIgN . . . . ..ot e
. Bypass Outfall . . ... ... e
J. Operations and MaintenanCe . . .. ...ttt ittt et et
K. Modified Criteriafor Small Screens (Diversion Flow lessthan40cfs) . .................

1 Adapted from NMFS, Northwest Region



NMFES Fish Screen Criteria 1

I. General Considerations

This document provides guidelines and criteria for functional designs of downstream migrant fish
passage facilities at hydroelectric, irrigation, and other water withdrawal projects. Itis
promulgated by the National Marine Fisheries Service (NMFS), Southwest Region as a result of
its authority and responsibility for prescribing fishways under the Endangered Species Act (ESA),
the Federal Power Act, administered by the Federal Energy Regulatory Commission (FERC), and
the Fish and Wildlife Coordination Act (FWCA), administered by the U.S. Fish & Wildlife
Service.

The guidelines and criteria are general in nature. There may be cases where site constraints or
extenuating circumstances dictate a waiver or modification of one or more of these criteria.
Conversaly, where there is an opportunity to protect fish, site-specific criteriamay be added.
Variances from established criteriawill be considered on a project-by-project basis.

The swimming ability of fish isaprimary consideration in designing a fish screen facility.
Research shows that swimming ability varies depending on multiple factors relating to fish
physiology, biology, and the aquatic environment. These factors include: species, physiological
development, duration of swimming time required, behavioral aspects, physical condition, water
quality, temperature, lighting conditions, and many others. Since conditions affecting swimming
ability are variable and complex, screen criteria must be expressed in general terms and the
specifics of any screen design must address on-site conditions.

NMFS may require project sponsors to investigate site-specific variables critical to the fish screen
system design. Thisinvestigation may include fish behavioral response to hydraulic conditions,
weather conditions (ice, wind, flooding, etc.), river stage-discharge relationships, seasonal
operations, sediment and debris problems, resident fish populations, potential for creating
predation opportunity, and other pertinent information. The size of salmonids present at a
potential screen site usually is not known, and can change from year-to-year based on flow and
temperature conditions. Thus, adequate data to describe the size-time relationship requires
substantial sampling over a number of years. NMFS will normally assume that fry-sized
salmonids are present at al sites unless adequate biological investigation proves otherwise. The
burden of proof is the responsibility of the owner of the screen facility.

New facilities which propose to utilize unproven fish protection technology frequently require:

1) development of a biological basis for the concept;

2) demonstration of favorable behavioral responsesin alaboratory setting;

3) an acceptable plan for evaluating the prototype installation;

4) an acceptable alternate plan should the prototype not adequately protect fish.
Additiona information can be found in Experimental Fish Guidance Devices, position statement
of the National Marine Fisheries Service, Southwest Region, January 1994.
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Striped Bass, Herring, Shad, Cyprinids, and other anadromous fish species may have eggs and/or
very small fry which are moved with any water current (tides, streamflows, etc.). Installations
where these species are present may require individual evaluation of the proposed project using
more conservative screening requirements. In instances where state or local regulatory agencies
require more stringent screen criteriato protect species other than salmonids, NMFS will
generally defer to the more conservative criteria.

General screen criteria and procedura guidelines are provided below. Specific exceptions to
these criteria occur in the design of small screen systems (less than 40 cubic feet per second) and
certain small pump intakes. These exceptions are listed in Section K, Modified Criteriafor Small
Screens, and in the separate addendum entitled: Juvenile Fish Screen Criteria For Pump Intakes,
National Marine Fisheries Service, Portland, Oregon, May 9, 1996.

I1. General Procedural Guidelines

For projects where NMFS has jurisdiction, such as FERC license applications and ESA
consultations, afunctional design must be developed as part of the application or consultation.
These designs must reflect NMFS design criteria and be acceptable to NMFS.  Acceptable designs
typically define type, location, method of operation, and other important characteristics of the fish
screen facility. Design drawings should show structural dimensionsin plan, elevation, and cross-
sectional views, along with important component details. Hydraulic information should include:
hydraulic capacity, expected water surface elevations, and flows through various areas of the
structures. Documentation of relevant hydrologic information isrequired. Types of materials
must be identified where they will directly affect fish. A plan for operations and maintenance
procedures should be included- i.e., preventive and corrective maintenance procedures,
inspections and reporting requirements, maintenance logs, etc.- particularly with respect to debris,
screen cleaning, and sedimentation issues. The final detailed design shall be based on the
functiona design, unless changes are agreed to by NMFS.

All juvenile passage facilities shall be designed to function properly through the full range of
hydraulic conditions expected at a particular project site during fish migration periods, and shall
account for debris and sedimentation conditions which may occur.
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I11. Screen Criteria for Juvenile Salmonids
A. Structure Placement
1. Generdl:

The screened intake shall be designed to withdraw water from the most appropriate elevation,
considering juvenile fish attraction, appropriate water temperature control downstream or a
combination thereof. The design must accommodate the expected range of water surface
elevations.

For on-river screens, it is preferable to keep the fish in the main channel rather than put them
through intermediate screen bypasses. NMFS decides whether to require intermediate bypasses
for on-river, straight profile screens by considering the biological and hydraulic conditions existing
at each individua project site.

2. Streams and Rivers;

Where physically practical, the screen shall be constructed at the diversion entrance. The screen
face should be generally parald to river flow and aligned with the adjacent bankline. A smooth
transition between the bankline and the screen structure is important to minimize eddies and
undesirable flow patternsin the vicinity of the screen. If trash racks are used, sufficient hydraulic
gradient is required to route juvenile fish from between the trashrack and screensto safety.
Physical factors that may preclude screen construction at the diversion entrance include excess
river gradient, potential for damage by large debris, and potential for heavy sedimentation. Large
stream-side installations may require intermediate bypasses along the screen face to prevent
excessive exposure time. The need for intermediate bypasses shall be decided on a case-by-case
basis.

2. Cands:

Where installation of fish screens at the diversion entrance is undesirable or impractical, the
screens may be installed at a suitable location downstream of the canal entrance.  All screens
downstream of the diversion entrance shall provide an effective juvenile bypass system- designed
to collect juvenile fish and safely transport them back to the river with minimum delay. The angle
of the screen to flow should be adequate to effectively guide fish to the bypass. Juvenile bypass
systems are part of the overall screen system and must be accepted by NMFS.
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3. Lakes, Reservoirs, and Tidal Areas:

a Where possible, intakes should be located off shore to minimize fish contact with the facility.
Water velocity from any direction toward the screen shall not exceed the allowable approach
velocity. Where possible, locate intakes where sufficient sweeping velocity exists. This
minimizes sediment accumulation in and around the screen, facilitates debris removal, and
encourages fish movement away from the screen face.

b. If ascreened intake is used to route fish past a dam, the intake shall be designed to withdraw
water from the most appropriate elevation in order to provide the best juvenile fish attraction to
the bypass channel as well as to achieve appropriate water temperature control downstream.
The entire range of forebay fluctuations shall be accommodated by the design, unless otherwise
approved by NMFS.

B. Approach Velocity

Definition: Approach Velocity isthe water velocity vector component perpendicular to the screen
face.

Approach velocity shall be measured approximately three inchesin front of the screen surface.
1. Fry Criteria - less than 2.36 inches { 60 millimeters (mm)} in length.

If abiologica justification cannot demonstrate the absence of fry-sized salmonids in the vicinity of
the screen, fry will be assumed present and the following criteria apply:

Design approach velocity shall not exceed-

Streams and Rivers: 0.33 feet per second

Canals. 0.40 feet per second

Lakes, Reservoirs, Tidal:  0.33 feet per second (salmonids) 2

2. Fingerling Criteria - 2.36 inches {60 mm} and longer

If biological justification can demonstrate the absence of fry-sized salmonids in the vicinity of the
screen, the following criteria apply:

Design approach velocity shall not exceed -
All locations: 0.8 feet per second

2 Other species may require different approach velocity standards, e.g.- in California, the U.S. Fish & Wildlife
Service requires 0.2 fps approach velocity where delta smelt are present in the tidal areas of the San Francisco Bay

estuary.
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3. The total submerged screen area required (excluding area of structural components) is
calculated by dividing the maximum diverted flow by the allowable approach velocity. (Also see
Section K, Modified Criteriafor Small Screens, part 1).

4. The screen design must provide for uniform flow distribution over the surface of the screen,
thereby minimizing approach velocity. This may be accomplished by providing adjustable
porosity control on the downstream side of the screens, unless it can be shown unequivocally
(such as with aphysical hydraulic model study) that localized areas of high velocity can be
avoided at al flows.

C. Sweeping Velocity

Definition: Sweeping Velocity is the water velocity vector component parallel and adjacent to the
screen face.

1. Sweeping Velocity shall be greater than approach velocity. For cana installations, thisis
accomplished by angling screen face less than 45° relative to flow (see Section K, Modified
Criteriafor Small Screens). This angle may be dictated by specific canal geometry, or hydraulic
and sediment conditions.

D. Screen Face Material

1. Fry criteria

If abiologica justification cannot demonstrate the absence of fry-sized salmonids in the vicinity of
the screen, fry will be assumed present and the following criteria apply for screen material:

a. Perforated plate: screen openings shall not exceed 3/32 inches (2.38 mm), measured in
diameter.

b. Profile bar: screen openings shall not exceed 0.0689 inches (1.75 mm) in width.

c. Woven wire: screen openings shall not exceed 3/32 inches (2.38 mm), measured diagonally.
(e.g.: 6-14 mesh)

d. Screen materia shall provide a minimum of 27% open area
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2. Fingerling Criteria

If biological justification can demonstrate the absence of fry-sized salmonids in the vicinity of the
screen, the following criteria apply for screen material:

a. Perforated plate: Screen openings shall not exceed 1/4 inch (6.35 mm) in diameter.

b. Profile bar: screen openings shall not exceed 1/4 inch (6.35 mm) in width

c. Woven wire: Screen openings shall not exceed 1/4 inch (6.35 mm) in the narrow direction
d. Screen materia shall provide a minimum of 40% open area

3. The screen material shall be corrosion resistant and sufficiently durable to maintain a smooth
and uniform surface with long term use.

E. Civil Works and Structural Features

1. Theface of al screen surfaces shal be placed flush with any adjacent screen bay, pier noses,
and walls, alowing fish unimpeded movement parallel to the screen face and ready accessto
bypass routes.

2. Structural features shall be provided to protect the integrity of the fish screens from large
debris. Trash racks, log booms, sediment sluices, or other measures may be needed. A reliable
on-going preventive maintenance and repair program is necessary to ensure facilities are kept free
of debris and the screen mesh, sedls, drive units, and other components are functioning correctly.

3. Screens located in canals - surfaces shall be constructed at an angle to the approaching flow,
with the downstream end terminating at the bypass system entrance.

4. The civil works design shall attempt to eliminate undesirable hydraulic effects (e.g.- eddies,
stagnant flow zones) that may delay or injure fish, or provide predator opportunities. Upstream
training wall(s), or some acceptable variation thereof, shall be utilized to control hydraulic
conditions and define the angle of flow to the screen face. Large facilities may require hydraulic
monitoring to identify and correct areas of concern.

F. Juvenile Bypass System Layout

Juvenile bypass systems are water channels which transport juvenile fish from the face of a screen
to arelatively safe location in the main migratory route of the river or stream. Juvenile bypass

systems are necessary for screens located in canals because anadromous fish must be routed back
to their main migratory route. For other screen locations and configurations, NMFS accepts the
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option which, in its judgement, provides the highest degree of fish protection given existing site
and project constraints.

1. The screen and bypass shall work in tandem to move out-migrating salmonids (including
adults) to the bypass outfall with minimum injury or delay. Bypass entrance(s) shall be designed
such that out-migrants can easily locate and enter them. Screensinstalled in cana diversions shall
be constructed with the downstream end of the screen terminating at a bypass entrance. Multiple
bypass entrances (intermediate bypasses) shall be employed if the sweeping velocity will not
move fish to the bypass within 60 seconds * assuming the fish are transported at this velocity.
Exceptions will be made for sites without satisfactory hydraulic conditions, or for screens built on
river banks with satisfactory river conditions.

2. All components of the bypass system, from entrance to outfall, shall be of sufficient hydraulic
capacity to minimize the potential for debris blockage.

3. To improve bypass collection efficiency for a single bank of vertically oriented screens, a
bypass training wall may be located at an angle to the screens.

4. In cases where insufficient flow is available to satisfy hydraulic requirements at the main bypass
entrance(s), a secondary screen may be required. Located in the main screen’s bypass channel, a
secondary screen allows the prescribed bypass flow to be used to effectively attract fish into the
bypass entrance(s) while allowing all but a reduced residual bypass flow to be routed back (by
pump or gravity) for the primary diversion use. The residua bypass flow (not passing through the
secondary screen) then conveys fish to the bypass outfall location or other destination.

5. Accessisrequired at locations in the bypass system where debris accumulation may occur.

6. The screen civil works floor shall allow fish to be routed to the river safely in the event the
canal isdewatered. Thismay entail a sumped drain with a small gate and drain pipe, or similar
provisions.

G. Bypass Entrance

1. Each bypass entrance shall be provided with independent flow control, acceptable to NMFS.

2. Bypass entrance velocity must equal or exceed the maximum velocity vector resultant aong the

screen, upstream of the entrance. A gradual and efficient acceleration into the bypassis required
to minimize delay of out-migrants.

% In california, 60 second exposure time applies to screens in canals, using a 0.4 fps approach velocity. Where
more conservative approach velocities are used, longer exposure times may be approved on a case-by-case basis,
and exceptions to established criteria shall be treated as variances.
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3. Ambient lighting conditions are required from the bypass entrance to the bypass flow control.
4. The bypass entrance must extend from floor to water surface.

H. Bypass Conduit Design

1. Smooth interior pipe surfaces and conduit joints shall be required to minimize turbulence,
debris accumulation, and the risk of injury to juvenile fish. Surface smoothness must be
acceptable to the NMFS.

2. Fish shall not free-fall within a confined shaft in a bypass system.

3. Fish shall not be pumped within the bypass system.

4. Pressure in the bypass pipe pipe shall be equal to or above atmospheric pressure.

5. Extreme bends shall be avoided in the pipe layout to avoid excessive physical contact between
small fish and hard surfaces and to minimize debris clogging . Bypass pipe centerline radius of
curvature (R/D) shall be 5 or greater. Greater R/D may be required for supercritical velocities.
6. Bypass pipes or open channels shall be designed to minimize debris clogging and sediment
deposition and to facilitate cleaning. Pipe diameter shall be 24 inches (0.610 m) or greater and
pipe velocity shall be 2.0 fps (0.610 mps) or greater, unless otherwise approved by NMFS. (See
Modified Criteria for Small Screens) for the entire operational range.

7. No closure valves are alowed within bypass pipes.

8. Depth of flow in abypass conduit shall be 0.75 ft. (0.23 m) or greater, unless otherwise
authorized by NMFS (See Modified Criteriafor Small Screens).

9. Bypass system sampling stations shall not impair normal operation of the screen facility.
10. No hydraulic jumps should exist within the bypass system.
I. Bypass Outfall

1. Ambient river velocities at bypass outfalls should be greater than 4.0 fps (1.2 mps), or as close
as obtainable.

2. Bypass outfalls shall be located and designed to minimize avian and aquatic predation in areas
free of eddies, reverse flow, or known predator habitat.
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3. Bypass outfals shall be located where there is sufficient depth (depending on the impact
velocity and quantity of bypass flow) to avoid fish injuries at al river and bypass flows.

4. Impact velocity (including vertical and horizontal components) shall not exceed 25.0 fps (7.6
mps).

5. Bypass outfall discharges shall be designed to avoid adult attraction or jumping injuries.
J. Operations and Maintenance

1. Fish Screens shadll be automatically cleaned as frequently as necessary to prevent accumulation
of debris. The cleaning system and protocol must be effective, reliable, and satisfactory to NMFS.
Proven cleaning technologies are preferred.

2. Open channdl intakes shall include a trash rack in the screen facility design which shall be kept
free of debris. In certain cases, a satisfactory profile bar screen design can substitute for atrash
rack.

3. The head differential to trigger screen cleaning for intermittent type systems shall be a
maximum of 0.1 feet (.03 m), unless otherwise agreed to by NMFS.

4. The completed screen and bypass facility shall be made available for inspection by NMFS, to
verify compliance with design and operational criteria.

5. Screen and bypass facilities shall be evaluated for biological effectiveness and to verify that
hydraulic design objectives are achieved.

K. Modified Criteria for Small Screens (Diversion Flow less than 40 cfs)

The following criteria vary from the standard screen criterialisted above. These criteria
specificaly apply to lower flow, surface-oriented screens (e.g.- small rotating drum screens).
Forty cfsis the approximate cut off; however, some smaller diversons may be required to apply
the generd criterialisted above, while some larger diversions may be alowed to use the “small
screen” criteriabelow. NMFS will decide on a case-by-case basis depending on site constraints.

1. Therequired screen areais afunction of the approach velocity listed in Section B, Approach
Velocity, Parts 1, 2, and 3 above. Note that “maximum” refers to the greatest flow diverted, not
necessarily the water right.

2. Screen Orientation:

a. For screen lengths six feet or less, screen orientation may be angled perpendicular to the
flow.



NMFES Fish Screen Criteria 10

b. For screen lengths greater than six feet, screen-to-flow angle must be less than 45 degrees.
(See Section C Sweeping Velocity, part 1).

c. For drum screens, design submergence shall be 75% of drum diameter. Submergence shall
not exceed 85%, nor be less than 65% of drum diameter.

d. Minimum bypass pipe diameter shall be 10 in (25.4 cm), unless otherwise
approved by NMFS.

e. Minimum pipe depth is 1.8 in (4.6 cm) and is controlled by designing the pipe gradient for
minimum bypass flow.
Questions concerning this document can be directed to NMFS Hydraulic Engineering Staff at:
National Marine Fisheries Service
Southwest Region
777 Sonoma Ave. Room 325
Santa Rosa, CA 95402
Phone: 707-575-6050
Adopted,
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NAPA VALLEY GRAPEGROWERS
FARMING FOR A DROUGHT

January 23, 2014

In our continuing efforts to promote sustainable best practices and stay at the forefront of grower
issues, the Napa Valley Grapegrowers hosted a “Farming for a Drought” town hall meeting on
January 23, 2014 at the Yountville Community Hall.

Overview of the Current Water Situation

The last serious drought to affect the Napa Valley was in the growing seasons of 1976 and 1977, with
about a third of the normal rainfall. The NVG is optimistic that with continued communication and
awareness we can collaborate and provide feasible solutions and strategies to dealing with the
drought.

The Napa Valley's water supply is unique to our region and differs from the rest of California due to
our groundwater resources. The current water supply in the Napa Valley is comprised of two main
water sources: surface water and groundwater.

e Surface water — Surface water supplies vary significantly from year-to-year and are affected
by drought years. The 2013 calendar year was the driest in record, however, since growers
do not operate on the calendar year, we still have a few months of “rainy season” to
contribute to our growing season totals.

e Groundwater — The underground reservoir in the Napa Valley is both unique and important
to this region. It is important to note that even in drought years, the groundwater supply,
with some exceptions, has been relatively stable. This underground reservoir provides an
important buffer to the surface water levels each year and particularly in drought years.

How do other dry regions handle drought?
Decisions surrounding water use and strategies for dealing with drought can be derived from other
regions that typically experience dry weather conditions. However, most other regions rely on water
transfers from other areas or surrounding snow melt. A few applicable tips from other regions
include:

e Adequate water and adequate nutrients at bud break

e Adding compost to increase the water holding capacity of your soil

e Be aware of drip irrigation systems and the location of your roots — often not under the

emitter

The Current Weather Pattern and ENSO




We are currently in an Ef Nino Southern Oscillation (ENSO) neutral pattern. The 10 month position of
the jet stream is unprecedented and is causing a blocking high pressure system that is keeping
storms from our area. It is unclear whether this pattern will continue through winter of 2014 or into
future years as well. To learn more about weather patterns and their effects on growing conditions
in the Napa Valley, please sign-up for the 2014 Growing Conditions Report on February 6.

Tools and Resources for Napa Valley Grapegrowers:
s Growing Conditions Report — February 6, 2014
o FREE NVG Weather Alert for all Grower and Vineyard Manager members
*  NVG Discounted Services for Members:

ET medeling for irrigation scheduling

Pressure chamber measurements

Neutron probes

Soil moisture probes

Sap flow sensors

Dendrometers

Porometers

NVDI imagery

Well level sensors

Weather stations

o0 0 0 0 0 0O C 0 0

[rrigation Practices

Decisions surrounding when to irrigate and how much can be critical for the cultivation of fine wine
grapes. As with many other aspects of viticulture, the answer should always be site specific.
Irrigation protocols and run times should also be tailored to the water holding capacities of different
s0il types.

Irrigation Timing

The timing of irrigation will be critical in a-dry year and it is important to approach the season with a
plan and water budget. It is critical to address water availability throughout the growing season
while also carefully monitoring canopy size and timing of bud break. Growers should plan to time
operations early and begin a water deficit program to acclimate the vines for the continuation of a
dry season. '

Key irrigation times:
1. Bud break
2. Flowering and fruit set _
3. Begin your water deficit program between bloom and veraison

Irrigation Methods
Decisions surrounding irrigation methods in a drought year should be made with careful
consideration and planning. When deciding between drip irrigation and overhead irrigation system
growers should consider (there are pros and cons to both methods):
1. Evaporation rates — Drip irrigation has a much lower evaporation rate than overhead
systems,




2. Root zone — With standard drip irrigation we are not reaching more than 15% of the total s0il
volume. In most areas, not more than 30% of the root volume is in this drip irrigated area.
Consider determining your root zone. ,

3. When possible, irrigate at night. There is less evapotranspiration at night, so you'll conserve
water.

Other irrigation tips:

* Be sure every emitter is functioning and take the time to piug emitters where you may not
need them

* Be aware that most issues with individual weils are not because of decreasing groundwater
levels, but in the plumbing of the well. Be sure your weil is functioning efficiently.

¢ Instali meters on your irrigation systems—it is easy to see your gallons per minute and
measure efficiency

o Waterin larger, but less frequent volumes, try to water more of the soil area when watering

How do to we manage our vineyards to require less water?
To the greatest extent we can, we need to accept the fact that we are looking at a smaller crop in a
drought year. In terms of water use and conservation, growers should be aware and proactive in
performing practices that will promote smaller vines. In some cases, on rocky, hiliside sites, it will
simply not be possible to time irrigation as outlined above. The critical aspects of conserving water
inyour vineyard are:
1. Do not encourage excess root growth and thus, excess canopy growth
2. Address soil nutrition issues with excessive growth in-mind
3. When limiting the size of the vines, plan ahead and get your work done ea rly
4. Be wary of tipping shoots during active growth because it will encourage lateral growth and
evapotranspiration. It is much safer to tip once the shoots stop growing (# of inches less
relevant) '

Is dry farming the answer? -

Dry farming is much more complex than the conversion of irrigated vineyards to dry farming. Dry
farming is both a concept and philosophy that involves intensive soil care and specific cultivation
patterns. In addition, it relies on 30" of rain in the winter and is therefore not the solution to a
drought year. There are some techniques that may be applicable, but we have built a generation of
“thirsty” vineyards.

Cover Crops, Soils & Nutrition

Cover Cropping: ‘ .

Cover crops are planted for erosion control and any grower considering disking or removing a permanent
cover crop should first consuit the county. In normal years cover crops offer several benefits, however, in
drought years they can cause competition for water. The majority of cover crops adapt to the drought—
for example, we do not see many lush cover crops currently due to lack of water. The cause for concern
occurs when late rainfall in the spring allows the potential for big growth and therefore, water
consumption and competition. With that in mind, a drought year may be a good year to disk a
permanent cover crop and replant in 2015.




Soif Nutrition: Compost and Mulch
There are several pros and cons to adding compost or mulch to your vineyard.
Pros:

e Improves soil water holding capacity and {CEC) Cation Exchange Capacity
Allows vines to take advantage of native soif nutrients
e Encourages vine health, without excessive vine growth

e Mulch can cause an increase in rodent population — gophers & voles

e (Can be Expensive

e When mulch breaks down it will need water and nitrogen—be aware that it is potentiaily taking
nitrogen from your vines

Fertilizers
Typically, we deal with excessively wet soils in the springtime; in a dry year, nutrient uptake will be
difficult if we lack the roots to absorb them. If we do not have any soit moisture by the time we begin bud
break, we can see problems with nutrient uptake. In order to promote vine health and nutrient uptake
growers should consider:

1. Fertilizer injections

2. Foliar fertilizers

If you are adding nitrogen in a drought year, it is recommended to consider using slow-release nitrogen
such as; compost, fish emulsion or time-release nitrogen products that will not encourage a large growth
spurt.

Newly Planted Vineyards & Young Vines

In a drought vear, young vines are more susceptible to damage that could affect their future
productivity. Increases in “Young Vine Decline, Petri Disease, Esca” complexes can all be seen without
adequate irrigation. In order to effectively manage young vines in a drought year, you will want to
implement an irrigation program that will train the young vines to seek water. One effective strategy is to
prune back to two buds and calculate how much water you have for that particular block—work
backwards.

Skipping a Vintage—is it possible?

If you have an under-performing vineyard (in absence of disease} it is a great opportunity to t-bud.
However, this is only applicable if you were going to exercise this practice in the near future despite
drought conditions. If you wanted to “skip a vintage”, in theory, you would implement the small vine
theory to an extreme: shorten cordons, prune to one bud, remove the crop as early as practical, and
continue to exercise the same weed control to minimize water use competition, However, the farming
practices of 2014 will affect the crop of 2015 and ail growers should keep this in mind when assessing the
future productivity of your vineyard.

Frost Protection & Heat Management

Frost Protection

Frost protection and heat management are key components to retaining a high-quality crop.
Recaommendations for frost protection during a drought include:




® Pre-pruning and pruning later to suppress your growth. When the season is set-up for an early
bud break it makes us particularly susceptible to frost damage.

e Know your site and possibly start your sprinklers at 32 degrees versus 34 degrees

e Install sensors to get real-time, accurate information

e Adjust your frost protection practices in certain areas or blocks and understand the physics and
thermodynamics

Heat Protection
Cancpy management is critical in heat protection—leaf removal and size management needs to be done
strategically. When leafing, be sure the leaves you are removing are not playing a key rote in sunburn
protection. Other methods for heat protection include:
o Shade cloth — effective, but cost prohibitive. Shade cloth should be evaluated in the context of
the vaiue your crop. Costs roughly $1800/acre in the first year to purchase and install.
* Once the canopy is sized, dropping wires in July or August can be effective in protecting against
sunburn

Regulaticns

Groundwater Resources Advisory Council (GRAC)

In 2011, the GRAC did a study of 660 weils in Napa County and found that the groundwater levels are
generally stable with the exception of the Milliken Sarco Twocay district. It is key for all growers in the
Napa Valley to note the importance of our groundwater resources and continued monitoring.

In addition, a drought year attracts increased public pressure on overali water use in the state of
California and the county. [t is important to be proactive about monitoring our own usage and
communicate to regulators that we have the ability to do so effectively.

Best Practices for Consecutive Dry Seasons

There is an opportunity in a drought year to learn and implement new strategies. With that in mind, the
quickest way to reduce water use is to reduce our canopy size—one of those variables must shift. It is
also important to build in some buffers for.future vineyard developments and consider row orientation,
vine density, vine size, well sensors, and the overall sustainability of our practices.

As we enter our second consecutive dry season, the importance of quality and preserving our land and
reputation for future generations is at the forefront of our lecal industry. The biggest challenge we face is
strategizing and adapting with quality as our priority. There are opportunities in replant situations to
think about a redesign — and which varieties might be truly best suited to our diverse sites. One of the
biggest assets we have is grower collaboration through the Napa Valley Grapegrowers.




NAPA VALLEY GRAPEGROWERS BEST PRACTICES
- IRRIGATION -

Prepared by the Napa Valley Grapegrowers Industry Issues Committee

In our continuing efforts to promote sustainable best practices, the NVG offers the following
suggestions for irrigation. This is not an all-inclusive list, but includes some of the important
aspects to consider in your planning.

Decisions surrounding when to irrigate and how much can be critical for the cultivation of fine
wine grapes. As with many other aspects of viticulture, the answer should always be site
specific. While there are some areas of Napa that can be dry-farmed quite effectively, there are
other sites that certainly require water. Similarly; different rootstocks, different scion varieties
and different rootstock/scion combinations have different demands as well. Irrigation
protocols and run times should also be tailored to the water holding capacities of different soil

types.

Pre-season Preparations:

Ensure all pumps are well maintained

If using a well, check static water depth and record this number

Flush all hoses to remove fine particulates that could clog emitters

Inspect all lines for leaks

Check all emitters to ensure vines are receiving water, replace as necessary

Measure individual emitter ou'tput with a graduated cylinder to quantify uniformity,

compare calculated water use with meter readings

Remove or add spaghetti hose based on vine age and vine strength

Test all valves, solenoids and timers to ensure proper operation

e If financial means exist, consider adding a second irrigation line to irrigate weaker areas
to increase uniformity

e Given the risk of toxicity and other issues, water sources should be analyzed
periodically to confirm suitability for vineyard irrigation

During Irrigation (throughout the season):
e Double check all emitters are functioning as designed
e Check and clean filters as necessary
e Ensure that pumps and pipes can maintain adequate pressure to irrigate desired blocks




Post-season:
o Flush hoses thoroughly
s [f necessary, flush with a material that will clean mineral deposits on the emitters and
inhibit microbiological growth
s [futilizing a well, check static water depth and record this number
e Open valves if located in areas prone to freezing

Determining Water Status (Stress Levels) Of Your Vineyard
Here's a short list of some of the tools available to today’s grower:

o Sap Flow Technology
o This is a form of non-destructive vine water status monitoring
o Pros - real time vine monitoring, 24 hours a day, 7 days a week
o Cons - still expensive, as it is new technology, this limits the number of vines
that can be monitored.

s Pressure Bomb (Leaf Water Potential)
o Pros - relatively accurate, can move freely throughout the vineyard block to test
low and high vigor areas with one unit
o Cons - destructive sampling, requires a skilled technician and knowledge of
climactic variables (temp, vapor pressure deficit) at time of sampling
o Climactic variation makes threshold interpretation difficult
o Different options for measurement of Leaf Water Potential
* Pre-dawn measurements can decrease the variability in the results
Measurements should be taken before sunrise when root tissue is in
equilibrium with soil moisture
= Stem Water Potential - samples taken at mid-day from leaves bagged 40
minutes before measurement. More accurate than mid-day
measurements
* Mid-day measurements will have more fluctuations, but easier timing for
technician. Mid-day measurements reflect the effects of weather more
than the effects of soil moisture

¢ Visual and Tactile observation
o Pros - no tools necessary. Typically looking at leaf orientation, leaf temperature,
and visual cues such as general vine condition. Extremely useful during grand
growth or spring growth
o (Cons - often leads to unnecessary irrigations

e Soil Probes -
o Pros - gives an idea of soil moisture content, often used with other tools
o Cons - does not tell the stress level of vine, only whether water is in the ground
and not necessarily whether it's available to the plant

e Irrigation Consultants
o Consultants utilize a vast array of these tools and can often help as a separate set
of eyes and ears in your vineyard




2014 SUSTAINABLE VINEYARD PRACTICES - “STRATEGIES FOR USING LESS WATER”
RESOURCES

Neutron Probe

o Accurately measure water use in the soil

» Readings taken weekly and compared to previous week, past seasons, and target levels

s Field observations recorded (tips, growth stage, shoot growth, general condition) and then related to
soil measurements

o Irrigation plan created from data collected (soil, visual, weather, etc)

* Probe data can show effect of irrigation, root activity, compacted layers, subsurface drainage, and
general soil texture

Pressure Chamber

¢ Directly measure current vine water status (Leaf Water Potential - LWP)

Can be Midday LWP or Pre-Dawn LWP

Very portable (use on ATV, tailgate, or carry to sample location)

Usually compared to a target LWP

Results used with visual observations, other vineyard data, and weather to schedule irrigations

Sap Flow Sensor

» Measure vine water use directly on the plant

» Accurately assess the level of vine water needs satisfaction through sensors installed on the vine
» Direct, plant-based, continuous measurement (24 hours a day, 7 days a week)

« Non-invasive and non-destructive

s Track in real time the vine response to climate, soil, irrigations and other practices

» Relate fo fruit maturation, leaf area development and nutritional uptake

General Costs

Neutron Probe readings for a season ~$600 per site
LWP readings for a season ~$450 per site
New Pressure Chamber (PMS Instrument Co.} ~$2800
New Neutron Probe (InstroTek-CPN) ~$6000 also requires state license for ownership and use (~$1500
annually) ‘ ‘
Aquacheck Soil Moisture Probe - 6 depths with internal data logger
o ~ $1070 each, with discounts for multiple units
o Rental for 1 year ~ $420
Decagon Leaf Porometer (to measure stomatal conductance) ~ $2,575
Sap Flow Sensors ~ $5,000 per season
Consultant Services:
o Weekly moisture probe downloads, with charts ~ $360 per site depending on # of sites per
property (pricing shown is for 4 sites)
o Weekly moisture probe downloads PLUS leaf water potential (pressure chamber) and stomatal
conductance {porometer) measurements ~ $585 +/- depending on # of sites per property (pricing
shown is for 4 sites)




Before embarking on any new project please remember:

1. It is important to recognize that rainwater catchment systems require ongoing maintenance

to remain effective, and to factor this maintenance into your plans. If you have already

installed a catchment system, please review the maintenance sections of this brochure for tips

on getting the most out of your existing features.

2. ALWAYS check with applicable regulatory agencies to determine if’ a permit is necessary for
any project. Building a retaining wall, installing a large cistern, sending runoft to a creek or

stream, and directing water to a neighboring property may all require a permit.

3. CALL BEFORE YOU DIG! Call 811 or 1-800-227-2600 for assistance from Underground

Service Alert (USA).

4. Important Considerations for Properties with Septic Systems: In Sonoma County there are
many homes served by onsite sewage disposal systems (aka septic systems). Not only do these

systems have subsurface leach fields where the household sewage is treated and disposed of,
but many also have subsurface drains (interceptor drains) associated with their design. It is

imperative that any planned stormwater project be designed to not intercept subsurface sewage

or interfere with the functioning of a septic system or interceptor drain. When you are in
the stormwater project design phase, always check with your local jurisdiction first for the
location of your septic system and leach field replacement area. If there are no records
available, consult with a qualified individual to locate your system and its replacement area
prior to design and installation of the project. Septic systems also have statutory setback
requirements that you will need to consider in the planning process. The Sonoma County
Permit and Resource Management Department, see Local Resources, is a good place to
obtain information about your septic system and local regulations.

A Publication of

Rain barrels come in a variety of
shapes, sizes, and colors.

Local Resources

@LandSmart@

Productive lands. Thriving streams.

Local Resources - refer to the Resource Guide in the Slow It. Spread It. Sink It. Store It! guide.

Developing a Rainwater Catchment Project

If you are interested in developing a rainwater catchment project,

call the Sonoma Resource Conservation District for more info at 707.569.144.8

This fact sheet was prepared by the Napa County Resource Conservation District with funding from the

California Department of Fish and Wildlife, and revised by the Sonoma Resource Conservation District.

RESOURCE CONSERVATION DISTRICT

@S O N OMA  Sonoma Resource Conservation District

Slow lt. Spread It. Sink It. Store It!

Rainwater Catchment

Rainwater Collection Systems

Rain tanks and cisterns can be placed outside buildings to store water collected
trom roof downspouts. The stored water can then be used for irrigation.
Collecting and storing water from roofs is an excellent way to SLOW water
down by temporarily storing it. Captured water can be reused for irrigation or
other non-potable options or metered off slowly after storm events to allow for
infiltration and reduced flooding.

RAIN BARRELS are small to medium-sized containers placed outside buildings
and connected to roof downspouts to collect runoft for later use in non-potable

applications. Rain barrels have many advantages in urban settings. They take up
very little space, are inexpensive, and easy to install. Rain barrels conserve water

and reduce the volume of runoft moving off-site.

Water from a rain barrel can be used_for
irrigation in place of potable water.

MAINTENANCE: Rain barrels require regular draining after rainstorms
and removal of leaves and debris collected on screens. Always check that the
overflow is clear and directed to an appropriate location. Fine mesh screens should be used to seal lids and
vents. A hole larger than 1/16 of an inch can allow mosquito access and result in significant larvae production.
|

DID YOU KNOW?

It takes only one inch of rain falling on a
typical 1500-square-foot roof to generate
approximately 1,000 gallons of runoft.
Annual rainfall in Sonoma County ranges
from 20 to more than 70 inches depending on
where you live (residents at higher elevations
generally receive higher amounts of rainfall).
This means that in one winter, your roof
alone could shed between 20,000 and 65,000
gallons of water as runoft!

A local rainwater catchment system that utilizes old wine barrels.

Mosquito-Proofing For Rainbarrels

* Place a mosquito-proof screen (fine mesh - 1/16th of an inch) under the lid of each rain barrel making sure to
cover the overflow hole.

* Keep your rain barrel lid and all connectors in the system sealed.

* If possible, place your barrel on a surface that will soak up or promptly drain water that has overflowed.

* Keep your barrel free of organic materials such as leaves and debris.

* Remove water that may have pooled on the top of the barrel at least 1 to 2 times a week during the
spring or whenever mosquitos are active, or use a barrel with a self-draining lid.

* Use a downspout diverter to direct water into the barrel.

* Inspect the system on a regular basis to be sure there are no cracks or leaks and that all seals and fittings
remain intact.

* Keep gutters and downspouts clean and free of debris.

RESOURCE CONSERVATION DISTRICT

@S O N OMA  Sonoma Resource Conservation District



Slow lt, Spread lt, Sink It, Store It

Rainwater Catchment

DO DON'T

* Use water regularly. (e.g., water indoor * Allow access for mosquitos, rodents,
plants) children, pets, or debris.

* Use gravity to your advantage. * Use for drinking.

* Capture water from roofs with excessive debris

(e.g., leaves, pine needles, or bird droppings.)

* Use multiple barrels where possible.

* Keep barrels sealed and maintained
to eliminate debris accumulation and
mosquito breeding.

Large Water Tanks/Cisterns

Large water tanks or cisterns are manufactured water storage containers

for non-potable use in residential, commercial, agricultural, or industrial
applications. Water tanks can be installed both above and below ground.
Some tanks come as sectional pieces that can be put together to fit different
space constraints. Tanks can be used with most guttered roofs to collect
runoft” and reduce runoft’ volume. Both water tanks and rain barrels can be
used without pumping devices, instead relying on gravity flow. However,
depending on the desired use for the water, a pump may be necessary for
best performance.

Larger tanks can be designed to also function as privacy screens, fences, or

small retaining walls. Tanks can also be hidden under decks or serve as the 4 20,000-gallon cistern at New Technology High

. . . . School in Napa.
foundation for play structures or other landscape features. Get creative! choot in Napa

Underground tanks are excellent options for areas with limited space. However, do not install underground systems

beneath the path of vehicles or heavy machinery traffic unless they have been engineered for that purpose.
Extra precautions may be needed when placing tanks in locations with high water tables or saturated clay soils.
Contact an experienced licensed professional for tank installations under these conditions.

Mosquito-Proofing For Tanks or Cisterns

* Cisterns (above and below ground) should be completely
enclosed with no openings to the outside environment.

* Tightly seal cistern lids and connections.

* Cover all inlets, outlets, and vents with mosquito-proof
screening (fine mesh -1/16 of an inch).

* Inspect the system on a regular basis to be
sure there are no cracks or leaks and that all
seals and fittings remain intact.

* The area surrounding cisterns should be
designed to either divert or absorb excess
water from overflow.

* The inside of the cistern must be accessible for periodic
maintenance as well as inspection by mosquito control
personnel.

DID YOU KNOW?

Sediment and debris that collect in the
corners and edges of gutters support the
growth of bacteria, mosquitos and other

organisms that could contaminate rainwater
and spread disease. Because rounded gutter
systems have fewer edges than their square-
cornered counterparts, they provide cleaner

water for rainwater catchment systems.

Basic components of a rainwater collection system:

*  Catchment surface *  First-flush device/Downspout Diverter
~This is normally a roof, but there are *  Water tanks
other options. ~There are various options including
*  Gutters and downspouts manufacturing on-site.
~Round gutters are recommended because e Water tank vent
they are less likely to collect sediment in *  Overflow device
corners and edges. Accumulated sediment ~This should be equal to or larger in diameter
can support bacteria growth. than the inflow pipe to avoid backup.
* Screening of tanks or barrels and downspout *  Faucet and valve

openings * Tilters and pumps (optional)

Maintenance:

*  Remove accumulated sediment and debris annually and
inspect all components such as gutters and downspouts
regularly. The inside of the tank must also be inspected.

*  Look for system leaks and cracks. Check all connections
and hoses for wear and all screens or mesh for debris
accumulation and holes.

location. Inspect all seams for leaks.

any storage device.

A rainwater catchment system can include multiple large tanks.

DO DON'T

* Obtain necessary permits. * Place tanks on steep hillsides.

* Secure tanks with straps * Place water tanks below ground
for protection from earth unless they are
movement. approved for this use.

* Use gravity to your advantage e Collect water from cedar or
wherever possible. highly degraded roofs.

* Keep underground tanks a * Collect roof water from areas

minimum of ¥4 full at all times prone to large amounts of debris
to prevent collapsing of certain (leaf litter, etc.)
tank types. e Use or install older type cisterns

* Place tank in an accessible with open tops or sides

location

*  Make sure overflow is clear and directed to an appropriate

¢ Follow all manufacturers’ recommended maintenance for
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