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spread. However the discussion of the
general subject of pollution and
contaminants in water will be limited
to their effects on the use of water
as an irrigant on golf courses.

Waters are contaminated by two
classes of material, inorganic and or-
ganic, Organic materials are usually
encountered as a result of sewage
effluents, either municipal or indus-
trial. While rivers and lakes tend to
free themselves from organic mater-
ials through gradual oxidation, it
follows that these materials are oxy-
gen depleters. If they are present in
excessive quantities, the effect is to
use up virtually all of the oxygen
available, to the extent that most
aquatic life cannot exist.

Other organic materials are oils
found mainly in industrial effluents,
insecticides usually introduced as
runoffs into streams, and detergents
which ecan be introduced through
either municipal or industrial sewage
or can appear as seepage from septic
systems. A highly critical contami-
nation can be pathogenic or disease-
causing bacteria, the source of which
would be untreated or poorly treated
sewage.

In the inorganic classification, most
pollutants would be classified as salts,
although a majority of the salts to
be considered break down in solution
as ions. Sometimes a specific ion is
highly toxic to animal or plant life,
or both,

Salinity, or the total concentration
of salts, is probably the most im-
portant single factor to be considered
in the use of water for irrigation. The
problem of salinity has long been
known in the arid regions of this
country, but has had little signifi-
cance in the East or Northeast. When-
ever water percolates through soil
or rock formations, certain soluble
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materials are dissolved, usually as
salts.

Conversely, when water is ab-
sorbed into the roots of plants or
evaporated into the atmosphere, the
salt content remains to increase the
concentration in that portion of the
water remaining. Sometimes it ex-
ceeds the saturation point, as salt is
cast out of the solution as a solid.
Constant repetition of these cycles
account for the high concentration of
salts in sea water and in certain land-
locked lakes such as the Salton Sea,
Great Salt Lake and the Dead Sea.
It also accounts for the high con-
centration of salts in some alkali
soils or salt flats.

Certain rivers, such as the Rio
Grande, show a marked increase in
salinity as they progress from the
head waters to their mouths. Since
the waters of the Rio Grande are
withdrawn in large quantities from
the river for irrigation purposes and
a portion of this water returns to the
river carrying high concentrations of
salts, the lower portion has become so
saline that it cannot be used for the
irrigation of many crops.

It will be apparent from the fore-
going that if irrigation water con-
taining salt is repetitively placed on
land in such quantities that it does
not penetrate below the root zone, the
process of evapotranspiration will re-
sult in a build-up in the concentra-
tion of the salts in the root zone and
near the surface. As the total con-
centration of the salts increases, the
ability of the plant to utilize water
is progressively decreased until at
some point, depending upon the sus-
ceptibility of a particular plant, its
growth is completely inhibited.

As previously stated, salinity has
seldom posed a problem in the North-
east since in the humid regions heavy

USGA GREEN SECTION RECORD







Since boron compounds are commonly
used in washing processes in many
types of industry, its presence should
be checked if sewage effluent is con-
sidered.

The above discussion is extremely
cursory. For a full understanding
many excellent papers are available
through the Department of Agricul-
ture, certain state agricultural ser-
vices and from some university de-
partments working in these fields.

Estimate Needed

Any plan contemplated to provide
the necessary water with which to ir-
rigate a golf ecourse must have as its
basgis an estimate of the quantity of
water which will be required. This
estimate, as you will soon see, is
bound to be fraught with many as-
sumptions. How much effective rain-
fall (the amount which enters the
soil but remains in the root zone),
how well is it distributed, shall the
turf be kept green or shall it be kept
in a condition allowing recovery when
normal moisture conditions return?
Traffic aggravates drought condi-
tions, and areas of traffic concentra-
tion must receive special attention.
Another factor to be considered is
that many irreplaceable major trees
may be lost if they are not supplied
with water.

Unfortunately, little is actually
known and much research needs to
be done to learn the water require-
ments of turf grasses. The type of
grass, the depth, type and structure
of the soil, the underlying drainage
conditions, fertilization practices, to
say nothing of actual sprinkling
practices, all have a bearing on the
water requirements. In a recent work
by the Department of Agriculture
there has been developed a modifica-
tion of the empirical Blaney-Criddle
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formula for estimating water require-
ments.

Formulization is helpful in under-
standing the overall problem. How-
ever, at this stage of development it
is not a very useful tool for the aver-
age person involved in making a de-
cision on the quantity of water re-
quired for a given golf course. At the
risk of being called wrong by 90% of
the experts, I will make the following
practical suggestion:

Without the help of rainfall, the
average well-drained fairway in the
Northeast needs a minimum of one
inch of water per week in order to
maintain reasonable appearance and
vitality during the summer months.

If we make this basic assumption,
and assume further that it is possible
to experience 17 weeks with little ef-
fective rainfall, we are on our way
toward estimating a minimum season-
al irrigation water requirement under
maximum adverse conditions.

How to Calculate

If we assume that the average full-
size golf course has 40 acres to be
irrigated, and that irrigation will be
required for 17 weeks at the rate of
1 inch per week, we calculate a need
for 680 acre inches of water. This
amounts to more than 18 million gal-
lons. This quantity may be visualized
as a pond six acres in size averaging
a depth of 10 feet.

In determining sources of water,
we first consider rainfall. We have
mentioned its faulty distribution and
the lack of its reliability. In any case,
if it has not proved sufficient in the
past, we must seek to supplement it
by one of the following:

The easiest supplement is, of
course, to be able to buy water at a
reasonable price from a municipal
water system. Unfortunately, many
such systems are severely taxed dur-
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available, one should not overlook the
use of sewage effluents. Many prob-
lems are involved, but their flow is
among the most reliable. Municipali-
ties will always find and have first
claim on a source of water, and a
large percentage of this water al-
ways shows up in the form of sewage
effluent. Similarly, as long as an in-
dustry requires water, practically all
of that water will be available as an
effluent. We have spoken of sewage
effluent, which technically means that
the sewage has had some kind of
treatment prior to its outflow. Raw
sewage, either municipal or indus-
trial, should in general be avoided
unless the industrial sewage specifi-
cally originates from processes such
as heat exchangers or air conditioners
which introduce no contaminants. The
sanction of public health officials
should be an early part of any plan
contemplating the use of sewage for
irrigation purposes.

We now come to the most inter-
esting, and for many water-starved
courses, the most practical solution to
the problem of developing a water
source. That is the building of a lake
or lakes. Lakes can be classified into
source lakes or holding lakes. A
source lake can sometimes be built
in a low swampy area with natural
seepage and a high water table.

If such a fortunate circumstance
cannot be found on a particular
course, we must resort to a holding
lake which simply serves as a
storage reservoir for supplementary
water that may be available from
other sources. Supplementary water
can usually be obtained in one or
several of the following ways. Topo-
graphically many courses slope to a
low point, and if a holding lake is
built at that point, winter-spring run-
off from 100 or more acres of your
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property will probably be sufficient
to fill the lake.

A second source of supplementary
water is from a stream which may
flow through the property. Depending
upon the flow of this stream, it would
be highly probable that the holding
lake could be filled during the winter-
spring season from the excess water
flowing at that time.

A third possibility is from wells,
which while too small to service di-
rectly your sprinkler system, may be
adequate on a twenty-four hour
basis constantly to refill a lake or to
add enough during the season so that
an otherwise inadequately sized lake
satisfies the requirement.

The other supplemental source is,
of course, municipal water which may
not be available in sufficient quanti-
ties during the summer season. It may
be available at other times of the
year, or perhaps may be restricted
at a particular time of the day, even
though available in quantity during
the season.

Avoid Seepage

It is necessary to emphasize here
that it is useless to construct a hold-
ing lake unless it is essentially im-
pervious to seepage. Such an im-
pervious structure will sometimes oc-
cur naturally if the lake is excavated
from a typical hardpan formation. It
is much more likely that the lake will
have to be lined with a naturally im-
pervious material, such as a clay, and
it is even possible that a synthetic
lining, such as polyethylene, must be
used. Certain chemical treatments
have been developed which upon re-
action with water and/or soil will
create an impervious layer. The De-
partment of Agriculture will provide
a source of helpful information on
this topic. Do not, however, make
the mistake of not solving this sealing
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problem during the original construe-
tion. Otherwise the natural materials
necessary may have been lost, or the
surfaces or contours left in such a
condition that subsequent sealing be-
comes completely impractical.

The practical problem of the de-
sign and construction of a lake can
be most difficult if one simply seeks to
purchase the end result. First, it is
difficult to find a specialist in this
field and the cost of drawing specifi-
cations would in most cases be pro-
hibitive. The best results can be real-
ized if it is planned and supervised
by a dedicated amateur who has a
good gift of common sense, and is
willing to become familiar with tech-
nicalities. He must also be willing to
spend an adequate amount of time
closely supervising the job. Hope-
fully, the amateur will have good
aesthetic sense and will also have a
good feeling for golf and the effect
on play if the lake becomes an inte-
gral feature of the course.

The design of a lake should really
be an exercise in three departments
which may sometimes conflict. First,
how can the job best be done for the
lowest cost? This is far from saying
which contractor will give you the
lowest bid for digging a hole. In some
urban areas, gravel, topsoil, subsoil,
and even fill have become scarce and
carry a high price. By careful con-
servation during construction, some
of these commodities may be sold and
may more than pay for the total con-
struction cost.

However, the net lowest cost will

result first from conservation of all
materials needed properly to finish
the lake itself; i.e., topsoil and sub-
soil for the banks, clay for sealing
or for dam cores, fine materials for
dressing and covering if plastic seal-
ing is necessary, etc.

Second to conserve and stockpile all
materials that will be needed else-
where on the course in the reasonably
near future. This particularly applies
to topsoil, subsoil and gravel which
may be needed for roads, bases for
tees, greens and so forth.

A second part of the economic
planning will be a decision as to what
portion of the work can be done by
your own green crew, which in turn
depends upon their skills. It is quite
possible that with thoughtful design
and supervision, such otherwise cost-
ly things as spillways, inlet systems,
control boxes and so forth can be
done by your own crew if some of
them are familiar with concrete or
masonry work.

One word of caution is essential at
this point. Under the law, he who
impounds water is completely respon-
sible for any damage caused by the
release of that impounded water. The
building of dams or spillways is a
highly technical field, which should
be avoided by an amateur, if the level
of water impounded is more than two
or three feet, and if the area of the
lake is more than one or two acres.

In any event, a spillway should al-
ways be designed with a wide margin
of safety to more than handle maxi-
mum possible flooding conditions. An

COMING

June 21

May 24

EVENTS

Central Plains Turfgrass Field Day
Lincoln, Nebraska
Turfgrass Research Field Day

Rutgers University
New Brunswick, N. J.

MAY, 1966









Other Systems

By E. J. HUNTER, Sprinkler irrigation Association

prinkling systems must be designed

to meet the extreme climatic con-
ditions that one expects to encounter.
The climatie conditions and the area
to be watered determine the minimum
amount of water applied each week.
Somewhat more water than this
minimum will actually have to be ap-
plied, depending upon the efficiency
and uniformity of distribution. If the
sprinkling system is wasting water
through runoff or uneven distribu-
tion, an equivalent additional amount
will have to be applied. Generally
speaking, a well-designed fully auto-
matic system will be the most efficient
because the human element in timing
the run of each sprinkler is elimi-
nated. The desired running time can
be preset.

All types of systems under con-
gideration here require a main line
to distribute water. They require a
source of water, either a tie-in to
city mains, or pumps and a well or
reservoir. The cost of this distribu-
tions system will be essentially the
same for all types of systems, with
the exception of the full automatic
which, with its more efficient use of
water, would in some cases permit
use of slightly smaller distribution
lines and pump. Even in a full auto-
matic system, the cost of pumps and
main distribution lines represents, ap-
proximately 509% of the total cost.
This means that the cheapest type
of system using hoses and movable
sprinklers will cost somewhat more
than 50% of the cost of the full auto-
matic system.

Any design necessarily has to be
a compromise in the cost-perform-
ance equation. The designer must
understand the factors involved and
he must be provided with certain
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basic. decisions that can be properly
made only by the people operating
the course.

The design of the system must start
with answers to the system specifica-
tions.

1. Amount of water to be applied.

2. Area to be covered.

3. Hours available for watering.

4. Type of system.

The first point is determined by
climatic conditions alone; the other
three involve the cost-performance re-
lationship,

Area to be watered: For example,
some members may want to water
from fence to fence. Others may say
greens and tees, while others will say
fairways 150 feet wide. Balance what
you would like against the cost and
reach a decision.

Hours available for watering: A
system that will deliver all the water
required in a 6-hour period will cost
a lot more than one which requires
24 hours. If your members don’t mind
playing when the sprinklers are run-
ning, the 24-hour system might be
best. If the course is to be open from
5 AM. to 10 P.M. and not get the
members wet, 7 hours would be the
time available.

Type of system: In many cases the
automatic system will save money.
The decision then can be made purely
on the basis of money available. How-
ever, in some areas where irrigation
is a supplemental thing involving
only 4 to 8 weeks per year, often the
automatic system cannot be justified
on cost alone. Consideration then
should be given to the fringe benefits
of the automatic system, matters such
as more uniform watering, better
turf, less fertilizer, and elimination
of night watering-crew problem.
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tems. The cost is higher, roughly, in
proportion to the increase in area. A
single row system with large heads
will water about a 150-foot-wide fair-
way. A three-row system using
medium size heads will water about a
210-foot fairway at about 40% in-
crease in cost.

Q. Comment on the cost of a semi-
automatic system?

A. This system costs less for heads,
but more for pipe and quick-coupler
valves. A block system uses very large
groups of heads which add consider-
ably to pipe cost, and results gener-
ally in a very serious back drainage
problem, Its cost is generally over
90% of the full automatic system.

Q. ¥ you already have a manual sys-
tem and wish to convert to an auto-
matic system, can it be done? What is
required and of what cost approxi-
mately?

A. Yes, if the system is adequate.
That is, can it deliver the required
volume and pressure? Is the piping
in good shape? If so, it can be con-
verted to automatic and the previous
system quotation will give you some
idea of the cost. These figures, plus
about $3,000 extra installation labor
should cover it.

Q. Can a system be part manual and
part automatic?

A. Yes. Sometimes greens and tees

only are automated and sometimes
fairways only. The trend in fully

automatic systems is toward provid-
ing more flexibility in manual oper-
ation.

Q. Is it economical for a club to use
ifs crew, or is it more economical to
contract out?

A. Many qualified and capable in-
stallers are in the business. If the bid
list is limited to qualified contractors,
you can be certain of expert installa-
tion work at a competitive price,
probably lower than if you were to
install it yourself. It is recommended
that you contract out the installation,
limiting bids to a selected list of con-
tractors who have the experience, the
personnel and the equipment to do
the job.

Q. Suppose you have a potential capa-
city of 2,000 GPM output. Should you
gear to the maximum outpui? Where is
the dividing line between excellence
and exiravagance? Excellence of sys-
tem and being so thrifty that it hurts?
What should water velocity be?

A. These are questions the system de-
signer must answer. A good designer
will give you what you need—no more
and no less. An inexperienced de-
signer might add a large safety factor
because he is not sure of his work.
Maximum water velocity depends on
many factors, such as permissible
pressure drop, valve closing speeds,
type of pipe, elevation differences.
Some situations would allow a veloc-
ity of 15 feet per second, others
mizht b2 as low as 4 feet per second.

Cost of Systems Operation

HOSE AND PORTABLE
SPRINKLER SYSTEM

Manpower and equipment costs for
moving hose and sprinklers are the
highest of any of the four systems.
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The replacement and repair costs are
high. Hoses used with the movable
sprinkler have a short life expectancy
and the movable sprinklers are sub-
ject to handling damage as well as
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normal wear. Consequently, they have
high maintenance costs.

QUICK COUPLER SYSTEM

The cost of operation is a little
lower than the hose and sprinkler sys-
tem. However, maintenance costs
might be slightly higher because of
the large number of quick coupler
valves that have to be replaced oc-
casionally. Water supply costs and
power costs are approximately the
same,

In attempting to determine the
labor cost in operating a sprinkling
system it should be kept in mind that
this is a job to be done at night. It
has to be done on a “call” basis, de-
pending upon weather conditions. A
great deal of supervisory attention
must be devoted to an “on call” labor
force. They have to be paid a very
good wage to be sure that they will
be available when called. The cost of
maintaining a good night watering
crew is considerably higher than one
might expect.

SEMI-AUTOMATIC SYSTEM

The costs of this type are generally
within 90% of the cost of a full auto-
matic, but this system requires almost
as much labor as a conventional quick
coupler, The only advantages are that
the labor can be performed at a more
convenient time and the actual run-
ning time of the heads can be set
automatically. The cost of operation
will be slightly lower than the quick
coupler system because of lower labor
costs. This will, in part, be offset by
higher maintenance costs on a large
number of sprinkler heads which are
handled twice during each watering.
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FULL AUTOMATIC SYSTEM

The cost of operation is, by far, the
lowest. Labor is completely elimin-
ated. Water supply costs and power
costs are somewhat reduced through
efficient use of water. Replacement
and maintenance costs can be slight-
ly higher because of the larger cost
of the equipment involved. However,
frequently it is found that replace-
ment and maintenance costs are actu-
ally lower.

In an automatic system, even in the
most arid climate, each sprinkler
head will only be run 100-150 hours
per year and will not be subject to
handling damage. In a quick coupler
system the sprinklers cost less, there
are approximately 1/10 as many
sprinklers, but each has to run 10
times as long. This, plus handling
damage, means increased maintenance
costs. Often the maintenance costs
are higher than for the full auto-
matic system.

It must be assumed that each type
system is adequate. A system that
cannot deliver the required volume of
water is inadequate and it will be
inadequate whether it is a hose and
sprinkler, a quick coupler, semi-
automatic, or a full automatic. Con-
version is possible only if the initial
system has adequate capacity. If it
doesn’t, additional mains and pumps
should be added before converting
and calculating costs.

SUPERINTENDENT’S RESPONSIBILITY

He will have greatly reduced his
personnel problems with an automatic
system. Recruiting, training, super-
vising of night watering crew would
be eliminated. Maintenance responsi-
bilities increase slightly.

The economic advantages are, of
course, greater in an arid climate,
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