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CHAPTER 9 

The Irrigation System 

Proper turf irrigation is the most difficult 
day-to-day agronomic deci ion the golf 

cour e uperintendent make . 

A PERSPECTIVE 

Water comprise 80 to 85% of the weight of a 
gra plant. Supplemental water is needed to 
maintain quality golf turfs throughout the eason 
in mo t location . E entially all gra " gr en ar 
irrigated, a are a majority of all tee . . Fairway 
irrigation has been increa ing and is now the 
norm. with ome roughs also being irrigated. The 
irrigation of roughs may be reversed in the future 
a water upplies become more limited and costJy. 

When to irrigate i one of the mo t difficult 
deci. ion in all of golf cour e turfgra culture. 
Often the deci.. ion must be made daily for vari
ou turf and locations on the golf cour e. Golf 
our e irrigation problems are unique becau e the 

variables are numerous and many are beyond any 
rea .. on able degree of control. 

Unfortunate ly , irrigation practices and ystems 
are too often misunderstood and mi. used. Many 
go lfers tend to rate the golf course super
intendenf ability by the greenness of the turf. 
Too frequently a Ju h, green golf cour e L ex
pected at al l times. However, such a turf is not 
the most healthy or playable, with the resuJt fre
quently being oggy wet condition . . Proper irri
gation practice, are es ential for good playing 
condition. in terms of a firm fast surface as well 
as a uniform, dense turf. 

A golf cour e irrigation system is a complex, 
co tly capital inve tment. lt mu t be properly de
signed, engineered, installed, and operated to 
achieve maximum return on the investment in 
terms of a quality turf that i uniformly irrigated 
at the optimal water application rate and timing. 
The decision-making proces e involved in de
velopment of a golf course inigation sy tem are 
summarized in Figure 9.J. Thi chapter i not in
tended a a comprehensive text on the design and 
in tallation of golf course irrigation systems . 
Rather, the objective i. to di cu the procedural 
step involved in development of an irrigation 
system and the range of alternatives available in 
design, type of y terns, and y tern components, 
plus their advantage and disadvantages. The in
formation pre ented hould provide guidelines for 
those in decision-making positions to confinn they 
are proceeding in an organized manner that mini
mizes the chance of encountering unanticipated 
problem and co. tly design or construction error . 

WATER SOURCE 

The first priority in development of an irriga
tion sy tern is to secure an adequate water source 
in terms of both quantity and quality. Re triction 
in the amount of water available p r unit of time 
may alter key a pects of the system design. 
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384 TURF MANAGEMENT FOR GOLF COURSES 

Figure 9.1. Flow diagram for development of a 
golf course irrigation system. 

The total golf cour e water needed for a year 
must be estimated before as, essing the potential 
water . urces. Thi. is especially important for 
ponds. lake, . and streams. rn regions where the 
annual rainfall is highly variable the estimate 
should be based on one of the drier years rather 
than an average over the year . Also, the water 

surpJu during tlie winter and pring may be of 
no value in certain parts of the country. When 
calculating the vapotran piration (ET) loss from 
the turf ar as, be sure to make imilar evapora
tive ]o~, calculation for the ponds and lakes used 
for wat r . torage for irrigation. 

The presence of particulate matter may nece. -
, itate th installation of . etthng ponds, , trainer , 
filter., s·rnd ,·eparators, or holding tanks. Finally, 
the pr s nc - f soluble , alt: or sodium (Na) in a 
water sour e indicat s sub. tantial long-term turf
grass culture and soil managem nt problems. 
Thu , th following discussion provides the ba
sis for considering alternative water sources. 

• This , ection on water . our e. offers general 
guidelin . only. 

• The technj al ervice, of a . ·peciali. t who ha 
legal jurisdiction for the d elopm nt of wa
ter ourcc. for irrigation . hould be obt ined. 

• Appr priate steps must be tak n to (a) en ur 
full compliance with aH applicable law and 
(b) s cure any permit ·. 

Wells 

Underground water sources usually pro e t 

be excellent for turfgras. irrigation purpos s. A 
ommon sour of water for golf cours irriga

tion is from on or mor w 11 ·. Wells 20 l 50 
feet (6- 15 m) ind pth may , upply amp] quanti
tie of wat r in some locations. while in other lo
cations weJ Is must b drill d I ,500 to 2,500 feet 
( 457-76_ m) deep at a substantial cost to obtain 
an ad quat su ·tained apacity. Th water yield 
in gallons per minute (gpm) and drawdown lev I 
of the well must be determined. For example, 
wells having a flow rate in the 500- to 1 ,000-gpm 
( 1,893-3, 786 Lpm) range generalJy are adequate 
for an 18-hole automatic in-jgation ystem, which 
typically requires 2,000 gpm (7,572 Lpm) when 
in full operation. In some states. for example 
Colorado, it mu. t be ascertained whether water 
drilling rjghts are held by the prope1iy under con-
ideration and al ' O the relative priority of water 

rights assigned to the . ite. Governmental water 
allocation law are becoming more restrictive 
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throughout the arid and semiarid even 
for wells on one' own property. Most states or 
local authorities require a permit to drill a well. 

Wells usually have the advantages of in 
close proximity to where the water is used and 
having less variability in yield than most surface 
sources. Well water typically is more uniform in 
temperature and soluble mineral content. On the 
other hand, wells are more expensive to develop 
than are surface water sources. groundwa
ter levels are dropping in many areas due to ever 
increasing demands of agriculture, industry, and 
urban housing development. Finally, water qual
ity problems may be encountered in certain wells, 
with the most common concerns being high 
soluble sodium levels carbonates, and 
bicarbonates. Salt water intrusion into fresh 
groundwater supplies is becoming a problem in 
coastal areas. Processing of saline water is a 

but sometimes necessary approach. Acidu
lation at the pump and reverse osmosis (RO) are 
used to lower the salt content or offset excess 

'V'"'"~.,,.,.,., or bicarbonates in the water. 
blending of fresh and salt water may be used to 
extend the fresh water supply. 

It is imperative that an antisiphon device be 
installed to prevent backtlow into the well. Well 
water may be pumped directly into the irrigation 
··",'H"''"' or into a reservoir, and then into the irri
gation With the former, some type of 
pump station and flow/pressure regulation or re
lief valve arrangement must be incorporated into 
the system design. The latter is used when the 
water delivery rate of the we11 does not meet the 
water application rate demand of the irrigation 
system. of a reservoir also may permit use of 
smaller-capacity pumps. which may increase 
pump efficiency and decrease pumping costs. The 
]atter may be achieved by use of a small jockey 
pump or with a variable-frequency drive when 
there is demand on the system. such as dur-

manual watering. Variable-speed transmis
sions have been replaced by the more efficient 
variable-frequency drive (VFD). The VFD actu
ally operates the electric motor as a variable-speed 
motor, thereby eliminating the transmission and 
requiring less energy. This is accomplished by a 
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microprocessor and an inverter work together 
to manipulate the number of AC cycles and in 
turn operate the electric motor at different speeds. 

If an irrigation pond or reservoir is used as an 
intermediate storage source, it may be desirable 
to locate the water body where it also may serve 
as an aesthetic attribute and/or water hazard that 
comes into play on one or more holes. How
ever, if the source is reclaimed effluent water that 
may have poor aesthetic qualities, the reservoir 
should be placed out of 

Lakes, Ponds, and Reservoirs 

Surface water from a natural or man-made lake, 
pond, or reservoir, if of sufficient is an ex
cellent water source for golf course irrigation 
purposes. The water may originate from springs 
and/or surface runoff from the surrounding wa
tershed. The minimum for a lake water source 
where there is no pumping from wells is l Oto 20 
acre-feet in cooler climates and 30 to 40 acre
feet in warmer climates for a fully 18-
hole golf course ( I acre-foot equals 
gallons or I L). In relatively high-rain-
fall areas, the minimum size of a pond with a 
recovery rate could be as small as 5 
is preferable for the lake to be located entirely 
within the boundaries of the golf course property 
to avoid drawdown restrictions (Figure 9.2). A 
problem with sma1ler ponds is the periodic draw
down of several feet, which results in unattrac
tive, exposed banks and bottoms that are 
objectionable to golfers. 

One of the main problems encountered in wa
ter from lakes-particularly for an automatic ir-
rigation particulate matter, including 

aquatic sand, organic debris, fish. 
frogs. and snails. The problem usually is greater 
in small, shallow reservoirs and ponds than in 
large, deep bodies of water. Water circulation, 
oxygenation, and water temperature may be en
hanced by installation of a subsurface aeration 
device, oxygen pump, or ozone systems. Aquatic 
herbicides are available that may be used to con
trol water weeds and but are not harmful 
to fish, aquatic animals, and Certain 
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386 TURF MANAGEMENT FOR GOLF COURSES 

stream flow during both wet 'md dry 

Figure 9.2. Pond serving the dual purpose of a reservoir for 
irrigation water and an aesthetic hazard that influences the playing 
strategy of a golf hole. 

· year as welJ a the flood stage mu t 

be determined. State hydrologi al 
engin r. and the U.S. Geological 
Survey an make such a det rmi~ 
nation. A p nnit u ually is required 
for us f water from streams and 
river., especially in state wh re ri
parian rights prevail or if p'Lrl of th 
water v ntually enter. a muni i
pal water r :ervoir. To secur a per
mit vid n mu t b shown that 
adequate wat r flow wi 11 continue 
for down. trearn u er . Typi 'ally, it 
ha becom in reasingly difficult to 
obtain th r quired permit · to pump 
wat r from a riv r or str am. 

A pot ntial pr blem with now
ing tr am i. water quality. Indus
trial plants located upstre, m may 
dump wast wat r into th str am 

herbicide._ n ct t b retain d in the lak for sev
eral day. to a hi v ad quat c nu·ol and/ r av id 
turf injury . or thj , r a · n, .:om architects d -
velop a 2-Jak s st m, with b th Jake being a ail
ab]e a a wat r ·ource for g If cour e irrigation. 
Each lake shou Id b f. uffi i nt . ize to me t th 
iITigation n d: for at lea t 3 to 4 day . . Through 
thi arrang m nt it i possibl to isolate one r s
ervoir for h mi aJ aquati w d control whil 
the other rv · a the waters urce for golf cours 
irrigation. A di , u. ' ion of pond and their man
agement is pr s nted in Chapter 12. 

The sev rity of problem that may develop--in 
the form of logg d nozzl ' , valves, and intake 
pipes-as a r . ult of a high concentration f de
bri and particulate material in the lake or re. r
voir hould n t be undere,. ti mated. The u e offilters 
at the water intake ju t ahead of the pumping ta
tion i discu 'sed in the water quality section. 

Perennial Flowing Rivers and Streams 

Su1face water from perennial flowing river and 
streams i an acceptab1 ource if the rate and per
manence of flow are reliable and approved by the 
appropriate governing agencie . The pattern of 

that is pot ntially toxi to turf.· . Actions by th 
US En ir nm nta1 Pr t ti n Ag ncy ( PA) ar 
minimi1:ing this probl m. noth r pr bl mi. th 
organic debris and solids frequently carri d in 
rt wine: :tr am and ri rs. Appropriate pr au
tion. t remov thi s bj ctionabl particulate 
matt r mu:t be mad to nsur that th mat riaL 
do not nt r the iJTigation sy tern. Th us of fil
ters at th wat r intak ju:t ahead of th pumping 
stati n is di scus 'ed in th wat r quality s- ·tion. 

W" t r from a riv r m" y be pumped dir ctly 
into th irrigation syst m if the flow rat is ad
equate, or into a pond on th golf cour and th n 
into th irrigation yst m, a. in the method pr vi
ou ly d . ribed for w 11 . Pumping dir ctly from 
a flowing . tream int the irrigation Jin g nerally 
is impracti al because of difficulti en ounter d 
with tream velocity, changing water ]e I, ·md 
varying amount of debri . , silt, and and. Thus. 
best results wi 11 be obtain d by the con truction 
of a pond or holding ba in located at lea. t 50 fe t 
( 15 m) from the river. A channel or large pipe i. 
then constructed to connect the river to the pond. 
Typically, the re ervoir depth should be from 6 
to 8 feet ( 1.8-2.4 m) below the mean low water 
level of the river. The re. ervoir mu. t be of suffi-
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cient to hold a 6-clay supply irrigation water 
and so located that fluctuating water levels are 
not a visual concern. Construction of this of 
reservoir provides a water source relatively free 

debris and sand compared with water pumped 
directly from the river. 

Drainage canals serve as a source water in 
some parts of North such as Florida. 
Typically these water lanes are under public con
trol, which increases the potential for restrictions 
to be placed on the quantity of water that may be 
used, particularly during periods of drought. Prob
lems with debris and particulate material are 
lar to previously for 

Public and private water companies function 
as a source water for many courses. Pub
lic sources are less because of a high 
,1,_,, . ...,.,u~" for restrictions in water supplies during 
prolonged drought. Another disadvantage is that 
public water sources are becoming more 

Although the initial hookup cost is modest 
in comparison to the cost of drilling a well or con
structing a reservoir, the long-term expense of 
purchasing water may be higher. An advantage 
of obtaining water from an outside agency is that 
it is delivered under pressure and--if the source 
is dependable-may be connected to the golf 
course irrigation main line at a considerable cost 
savings. Another advantage is the better quality 
and greater freedom from debris problems and 
removal compared with perennial flow
ing rivers and lakes. 

The purchase of water from public utilities may 
be difficult to avoid in some areas. Construction 

an intermediate into which the water 
is pumped, similar to that described for wells, may 
be advisable for partial protection against poten
tial water restrictions. Whether the water is 
pumped directly into the irrigation main line or 
through an intermediate reservoir, a re
duced-pressure principle device (RPPD) or an air 
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gap should be installed to prevent backflow into 
the domestic water supply. The distance of the 
air gap may vary depending on who is regulating 

installation. This procedure may be mandated 
a regulation or code enforced by the public 

health department or water supplier. 

Water 

A water source that is being used increasingly 
for the irrigation of golf courses is reclaimed ef
fluent water. tolerate reclaimed ef
fluent water containing moderate of heavy 
metals and other elements that cannot be used in 
crop/vegetable production because of potential 
problems of entering the human food chain or re
stricting crop yield. many golf courses are 
within reasonable deli very distance of urban sew
age treatment plants. Thus, 

one the best approaches to - .. , . ..,~"., .. ,.., 
of reclaimed effluent water. 

levels of 
"'"''"'"'"'" level 

ary removes many impurities, while 
the tertiary level removes even more suspended 
and impunt1cs. treatment level 
adds rnore expense. but improves water quality. 
Turfed soils function as good water filters, (b) 
enhance ground water ( c) offer an eco
nomical means of advanced water treatment. and 
(d) have a capacity to accommodate and 
degrade wastes. Some sodic soils have 
been reclaimed through the use of sewage efflu
ents having good inorganic qualities. 

The reliability of a reclaimed effluent water 
supply can be a positive factor. However, a sup-
plier may a contract under which the user 
must a certain amount of reclaimed efflu-
ent water year-round. Unfortunately, the seasonal 
growth of may dictate that the 
water requirement will substantially reduced 
or nonexistent during the winter. Consequently, 
nearby spray fields and/or holding ponds must be 
developed to accommodate the excess water sup
ply in order to avoid a very wet golf course at 
certain times of the year. Contracts stipulating ac-
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Secondary Effluent 

Figure 9.3. Typical steps in sewage/waste water treatment. 

ceptance of a mandat ry amount of r claimed ef
fluent water per week or month year-round must 
be carefully tudied and adju ted to the seasonal 
tmfgrass needs. 

The co t of reclaimed ffluent water generally 
is less than that of potable water, e pecially in arid 
region . In some area', reclaimed effluent water 
i available at no cost or at only the pumping charge 
involved, while in other area it is sold at near the 
price of dome tic water. Overa11, th co ·t of re
claimed effluent water ha ri en but remains eco
nomicaJly attractive compared with potable water. 

The content of nutrients heavy metal , organic 
compounds, and salts in reclaimed effluent water 
may vary sub tantia11y from week to week and 
even day to day. This dictates the need for regu
lar analytical monitoring. Chemical analyses of 
many reclaimed effluent water ources reveal that 
the nitrogen (N) content of the e waters varje 

c n id rably but in most case. can contribute sig
nifi ·antly to turfgrass nutrition. Ev n at low lev
eL th ·e nutrients have con ·id rable effect on 
turfgra s , because they are applied on a frequent, 
regular basi . In mo ·t cases, turfgra ·s s will re
ceive aJJ the phosphom (P) and potas. ium (K), 
and a large part of the njtrogen th y may need 
from reclaimed effluent water. Sufficient micro
nutri nts also are supplied by most reclaimed 
water ' . Thus reclaimed effluent water may ·erv 
as a bonu source of beneficial nutrients for turf
gra ', growth and hould be monitored for plant 
nutrient content. 

Some chemicals pre ent jn reclaimed effluent 
water may qe injuriou to turfgrass growth and 
for this rea on the water used for tu1fgrass irriga
tion hould be monitor d on a routine basi . Ter
tiary-treated effluent i preferred for u e in 
turfgra ·s irrigation. due to po sible wind drift and 
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less odor concerns. The main chemical problems 
in reclaimed effluent water may come from in
dustrial wastes. The reclaimed effluent also causes 
corrosion problems with equipment. 

A state and/or local health or water agency 
usually monitors for biological constituents, e.g., 
viruses, coliform, etc. Almost all effluent treat
ment plants use chlorination or other methods to 
disinfect water prior to delivery. 

Simply a so-called water right is the 
right to the use of water accorded by law. A re
view of water laws across North America reveals 
a crazy quilt pattern of water Each state 
has its own of water laws. In some cases, 
conflicting hnvs are operative within the same 
state. Basically, the rights to surface water and to 
underground streams are subject to the law 
water courses. These rights are governed by two 
conflicting doctrines-riparian and prior appr<)
priation. 

The doctrine that the 
owner of land contiguous to a stream has certain 
rights to However, upstream location 

the riparian owner no preference for irriga
tion purposes. The right to use water fix irriga
tion is coequal with the rights of all other riparian 
owners on the stream. 

The appropriation doctrine accords a 
person who first takes water from a stream and 
makes use of it the right to continue diversion of 
the water. That person's rights take precedence 
over all who come later. 

Water laws are evolving and can vary greatly 
in each state. Because of this. laws governing de
velopment, retention, and use of surface waters 
do not warrant further discussion here. The best 
advice for those planning a water source for a golf 
course irrigation system is to seek the advice of 
competent legal counsel. 

There are two major of water quality 
from the standpoint of turfgrass irrigation. One 
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involves the presence of particulates and sus
pended solids, which affect the operating charac
teristics of an irrigation The second 
involves the of dissolved salts or chemi
cals that are potentially detrimental to turfgrass 
growth directly, or indirectly through gradual soil 
accumulation to adverse levels. Whenever 
sible, it is advisable to obtain as clean a water 
source as possible for turfgrass irrigation in or
der to minimize sprinkler maintenance 
costs and to avoid adverse grass and/or soil ef
fects that the difficulties long-term 
turfgrass culture. 

• This section on water quality offers 
gU11ae11nes only. 

• The technical services of an irngat10n 

neer and/or water chemist should be obtained. 
must be taken to 

coroptmrn::e with all applicable laws and 

Foreign debris present in the water supply re
sults in inferior pe1formance the iffigation sys
tem, wear, and increased frequency 
malfunctions. It frequent,,.,, .... ..,..,,, .. '"' 
flushing of the system, plus servicing and clean
ing of sand separators and sprinkler heads. The 
two main types of problem particulate debris are 
organic materials and sands. 

Organic Materials Strainers. Organic materials 
usually are associated with a pond, or river 
water source. Included are sticks, 
algae, duckweed, fish~ clams, mussels, and rela
tively undecomposed peats, such as peat moss. 
Fouling, plugging, and abrasive wear of the irri
gation system components by these particulate 
materials are minimized by construction of the 
proper type of water intake. Clogging of orifices 
and sticking valves are malfunctions that re-
quire flushing and cleaning. 

Where problems with organic materials in the 
Jake or river water source are anticipated, instal
lation of a strainer just prior to when the water 
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Figure 9.4. A mechanical strainer used to clean 
a raw water supply containing debris. 

enter· the pumping tatjon is advj able (Figure 
9.4). Such an intak train r usually i. p itioned 
aboveground to facilitate cleaning. F r eriou 
contamination pr bJem. , intake pip s have a 
coar e- creencd initial trainer. Th wat r is th n 
pa sed through a , ries of fin r ·train r ·er en . 
An important faclor in 'trainer s l ti n i th 
screen opening siz , r m h. It sh uld b suffi
ciently mall tor 111 v the anticip·1t · d objection
able particulate material from th at r source. 
The screen. wi11 gen rate a known pre:. ure loss, 
which hould considered in th original de
sign of the irrigati n sy tern. The fr iuency of 
. strainer cJeanjng varie depending on the amount 
of irrigation wat r pumped and the amount of 
organic mat ria] pr sent in the wal r source. The 
rate of trainer dogging may b monjtored by 
means of pr '.'Ure gauge· installed on both . ides 
of the strajner. Automatic self-cJeaning trainer ' 
also are available and prefcrr d. Th y hould be 
con idered for golf cour e iirigation ·ystems that 
will be operated unattended for long periods and 
where organic debri in the water .' upply will be 
a continuing problem. 

Sand Filters. Water from well and re ·ervoir 
with andy bottom may cause problem , includ
ing ·ticking valves, eroded orifice fouled ori
fice. sticking prinkler , and accelerated wear of 
valves impellers and ·prink.Jer head . Thu , it i , 
imperative that filter facilities be installed for sand 

removal where a problem i · experienced. The 
most common method of removing and from 
water i · by pumping the water into a covered hold
ing tank or water re ervoir. This approach is ad
vantageous where pres ure lo ·s through filters and 
sand separators js critical. 

Holding Tank With Filters. A holding or settling 
tank is basically a reservoir used to ' tore water 
pumped from the original open water source un
til it i pumped into the actual irrigation ystem. 
It is particularly desirable when the water source 
contains obj ctionable quantities of rganic ma
terial or and. The ize of the holding tank should 
be at lea t IO time the anticipated maximum f1 w 
rate for the system. Thu , an 800-gallon (3,028-
L)-per-minut maximum flow r quir ment would 
dictate an 8,000-gallon (30.280-L) h lding tank. 
In case of a ry dirty wat r source the tank is 
divid <l into .· clion ', each s parat d by a r mov
able 'Crecn. The creens vary in n,csh .' iZ , with 
the Jargest m :h being locat d at th end wh re 
the water nt rs, and with th rn sh b ing reduced 
in size aero ' S th tank in increm nt~ r approxi 
mat ly 3/ -, 1 /4-, I I -, and 1/ 16-inch (9.5, 6.4, 
3.2, and 1.6 mm) m sh. A sere n sy. tem f this 
type must b clean cl at appropriate int rvaJs. 

Introduced Particulate Contaminants. Particu
late matter may be introduced int the irrigation 
system a a r :ult of carel ssne · during the origi
nal in tallation or during ·u 'equent repair of th 
pipeline ·. In additjon, it may be introduced into 
public utility water a a result of ru ' t parLicl , 
breaking loo 'e from in ide cast-iron and teel 
pipes. Ru ' t and ·cttling can be deva tating prob
lem a · 'Ociated with irrigation pipe . The con
tinual clogging of sprinkler head i ·o di rupti ve 
and costly to coIT ct that the best long-term olu
tion may be to replace the piping. Otherwi 'e, the 
situation may be corrected through the installa
tion of filter where the water enters the golf 
course. 

The be t prevention for particulate matter prob
lems incurred during irrigation system installa
tion i proper flushing of the water di tribution 
line before the irrigation heads are connected and 
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Table 9.1. The Relative Tolerances of 18 Turfgrass Species to Soil Salinity.1 

Moderately 
Sensitive Sensitive Moderately Tolerant Tolerant 
(<3 dSlm) (3 to 6 dSlm) (6 to 1 O dSlm) (>10dSlm) 

annual bluegrasses annual ryegrass perennial ryegrass alkali grass 
colonial bentgrass creeping bentgrass tall fescue bermudagrasses 
Kentucky bluegrass fine-leaf fescues buffalograss, American seashore paspalum 
rough bluegrass bahiagrass zoysiagrasses St. J\ugustinegrass 
centipedegrass 

1 Adapted from M.A. Harivandi, J.D. Butler, and L. Wu. 1992. Salinity and turfgrass 
culture. In Turfgrass, Series No. 32, American Society of Agronomy, rv1adison, 
Wisconsin, USA. 

the system put into operation. Similarly, it i, im
portant to avoid the introduction of particulate 
material into di tribution line during repair ac
tivitie . . If ome debri has been allowed to enter 
the sy tern during repair it should be flushed out 
before the irrigation system is returned to its nor
mal operational level. 

A modern problem relating to high particulate 
levels in irrigation water involves the upper-pro
file clogging of high- and root zone con tructions, 
which adver ely affect the soil water infiltration 
rate. The two main concern ' are (a) the increased 
use of reclaimed water that may contain high lev
el ' of . LL pended solids and (b) the effects of un
dissolved so lids, both organic and mineral. 

Dissolved Salts and Chemicals 

Essentially all irrigation water contains some 
dis. olved mineral ·alt and chemicals. Some of 
the ·oluble alt are nutrie:o.ts and thus beneficial 
to tmfgras ' growth but other · may be phytotoxic. 
The rate at which ·alt accumulate to undesirable 
levels in the soil depends on the concentration of 
soluble alt in the iITigation water, the amount of 
iITigation water applied annually, and the physi
cal/chemical characteristics of the soil in question. 
The major ' alt problems of concern in water qual
ity are the (a) total concentration of soluble salt , 
(b) sodium (Na), (c) reJative proportion of sodium 
(Na) carbonate (C03), and bicarbonate (HC03) 

to calcium (Ca) and magnesium (Mg), and (d) the 
amounts of chloride (Cl) and boron (B ). 

Salinity. Most water of acceptabl quality for tu1f
gra , irrigation contains from 200 to 800 parts per 
million (ppm) ·oluble alts. Soluble alt level s 
above 2 000 ppm are very unde ·irable and may be 
directly injurious to turfgras . If the oil has ex
ceptional permeability and good ubsoil drainage 
characteri tic and depending on the turfgrass spe
cie· grown (Table 9. 1 ), irrigation water with salt 
levels up to 2,000 ppm may be tolerated. Excep
tional permeability and good ubsoil drainage per
mit the turf manager to leach excessive soluble alt 
concentration from the root zone by periodic, in
tense irrigations. The USGA Method of high- and 
root zone construction fits these criteria very well. 

The total concentration of soluble salt in the 
soil and the water also is measured as electrical 
conductivity (EC), which i expre ed in units as 
decisiernens per meter (dS/m) with dS/m = 
rnillimhos per centimeter (mmhos/cm). The gen
eral equation u ed to convert electrical conduc
tivity to parts per million i. I dS/rn = 640 ppm 
total salt . Thi type of oil and water quaJity in
formation may be obtained by submitting repre
sentative sample for analy i to either a reputable 
government or commercial laboratory. A water 
EC (ECw) of 0.75 dS/m (mmho. /cm) i the ap
proximate upper limit for growing turfgras:es 
without potential problems that nece itate costly . 
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specialized adjustments in the cultural program. 
In contrast, soils having an (soil analysis 
below 3 dS/m are considered satisfactory for 
growing most SoiJs with an EC, of 3 
to 10 dS/m wiJI restrict the growth of many turf-
grass and cultivars, while with lev-

of over 10 dS/m support only a salt-tolerant 
turfgrass or a very sparse population of 

pJants sensitive to salt (fable 9.2). 

Sodium. The presence of sodium in irriga
tion water is of concern in turfgrass culture. 
The of sodium in de flocculation of clay soils 
is particularly critical on intensively trafficked 

areas because of the decrease in aera
tion, water infiltration. and soil water percolation. 
The rate at which a soil adsorbs sodium from 
water is known as the sodium adsorption ratio 

18 as 

with the for sodium, calcium, and magne
sium in millirnoles per liter (mrnole/L). This ra
tio is used for classifying the sodium hazard 
water sources. on soluble salt con
tent, water with an SAR above 6.0 may produce 
a sodium buildup in certain unless replaced 
by calcium or a calcium producing amendment. 

Bicarbonate. Reduced soil penncability also can 
occur a water with bicarbonate (HCOJ) 
content is used for irrigation. Bicarbonates at high 

facilitate calcium precipitation in the soiL 
i.e., they form calcium which in the 
presence of sodium may cause a significant re
duction in soil permeability. high bicarbon
ates can cause deterioration of brass sprinkler 
heads and fittings. In addition to calcium, magne
sium, and sodium, therefore, water also should be 
analyzed for its bicarbonate content. 

A indicator of a potential negative im-
pact from bicarbonate in irrigation water is the 

resJ1ctua1 sodium carbonate (RSC). RSC is cal
culated in meq/L by the formula: 

RSC= + 

When the RSC is than 1 the bicarbon-
ate will have minimal impact on soil permeabil
ity. At RSC levels above 2.5 there is considerable 
danger of soil impermeability occurring. At RSC 
values between l .25 and other 
as both the water and the soil sodium and salt 
contents-will determine the magnitude of the 
problem. 

Chloride (Cn in irrigation water con
tributes to its total soluble salt concentration. 
Excessive concentrations of chlorides may cause 
turfgrass tip burn and even total kill of the 

of ppm and higher con-
for of some salt-

sensi ti ve grasses. tend to 
tolerant to chlorides than is the case for many 

chloride salts 
n.-ULI il..,U from we! l

Ul 11L l l',Jl ll I I"-'.. subsurface 

Boron. Boron (B) is an essential rnicronutrient 
for but is in very minimal 
amounts. It is water soluble and is 
water sources used for irrigation. 

are tolerant of boron, but it may become 
toxic to if the concentration 
in the irrigation water exceeds I to 2 An 
additional problem is soil accumulation. since 
boron may chemical that arc not 
readily leached from the soil. Most 
will grow in with boron levels as high 10 
ppm. 

Water 

The best approach to interpreting water qual
ity hazards is to arrange for a qualified, indepen
dent and water quality to and 
properly interpret the water and soil 
ports. Water quality problems should be 

Exhibit No. 2186-MMK-3



' 

THE IRRIGATION SYSTEM 393 

Table 9.2. Outlines for the Interpretation of Water Quality for Irrigation. 

Degree of Restriction on Use 

Slight to 
Potential Irrigation Problems Units None Moderate Severe 

Salinity; ECw dS/m <0.7 O 7 to 3.0 >3.0 
TDS mg/L <450 450 to 2,000 >2,000 

Soil Water Infiltration 
(Evaluate using ECw {dS/m) 
and SAR together): 

if SAR = O to 3 and ECw = >0.7 0.7 to 0.2 <0.2 
if SAR = 3 to 6 and ECw = >1.2 1.2 to 0.3 <0.3 
if SAR = 6 to 12 and ECw = >1.9 1.9 to 0.§ <0.5 
if SAR= 12 to 20 and ECw = >2.9 2.9 to 1.3 <1.3 
if SAR = 20 to 40 and ECw = >5.0 5.0 to 2.9 <2.9 

Specific Ion Toxicity: 
Sodium (Na) : 

root absorption SAR <3 3 to 9 >9 
foliar absorption meq/L <3 >3 -

mg/L <70 >70 -
Chloride (Cl-): 

root absorption meq/L <2 2 to 10 >10 
mg/L <70 70 to 355 >355 

foliar absorption meq/L <3 >3 
mg/L <100 >100 -

Boron (B) mg/L <1 .0 1.0 to 2.0 >2.0 

Miscellaneous effects: 
Bicarbonate (HCQ

3
- ) meq/L <1.5 1.5 to 8.5 >8.5 

( unsightly foliar deposits) mg/L <90 90 to 500 >500 
pH 
Residual chlorine - normal range · 6.5 to 8.4 -

mg/L <1.0 1 to 5 >5 

Adapted by A. Harivandi of the University of California, Hayward, California from 
D.W. Westcot and R.S. Ayers. 1984. Irrigation water quality criteria. (In G.S. 
Pettygrove and T. Asano (eds). Irrigation with reclaimed municipal wastewater- A 
guidance manual. Report No 84-1 wr. Calif. State Water Resources Control Board, 
Sacramento, California, USA) . and from D.S. Farnham, et al. , 1985. Water quality: Its 
effects on ornamental plants. Univ. of Calif. Coop. Ext. Leaflet 2995. Div. of Agric . Nat. 
Resources, Oakland, California, USA. 
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and solved on an individual basis after an assess
ment of all related factors. The concentrations of 
individual constituents must be known before 
water quality can be properly evaluated. In the 
case of sodium as well as of several other salts. 
the indirect effects on the soil and the direct ef
fects on turfgrass growth must be considered. 
There a1so is a question of the combined effects 
from several salts. For example, high concentra
tions of both sodium and bicarbonates are espe
cially undesirable. Similarly. it is difficult to set 
precise limits on the maximum acceptable sodium 
level because its reaction is influenced by the 
quantity of calcium and magnesium in the soiL 
and the salt content of the irrigation water. 

A lengthy discussion on managing problem ir
rigation waters is beyond the scope of this chap
ter. particularly when each environment is unique 
and must be In rnost cases, 
however. n.,,,,,,.,y.,;n 

There are three 
systems in use on go If 

or gypsum, sul-
amendments are added to 

autornatic, ( b) and ( c) less 
commonly, manual . All are basic 
forms of aboveground irrigation. The 
irrigation is far the most popular type 
being installed on s course. The com-

in this section. 

each 
course use are discussed 

An automatic irrigation is con1prised 
of fixed pop-up sprinkler heads automatically ac

control valves based on signals from a 
satellite, usually operated from a master control-
ler 9.5). Most modern automatic 

controls \vith the 
appropriate net ra-

diation, air and soil temperature, relative humid
ity. and wind speed as sensed at one or more mi
croenvironmental stations sited on the 
(b) calculating the daily evapotranspiration (ET) 
rate of the turf(s) based on the appropriate pre
diction modeL and activating appropriate irri
gation sprinklers based on flow 
.. ~ .... ,,.,,,.,. The valves are operated by electric or 
hydraulic controls. The controls in turn may be 
activated electrically or by radio That 
the specific day, time day. and dura-
tion may be established for any one or more of 
the control each of which controls one or 
more The automatic irrigation 
may or may not be integrated \vith a soil mois
ture sensing device and an microenviron-
mental monitoring 

Although the automatic 
automatic in terms of , .... ~.t.,,•,l.hn,1¥ 

time water is applied. 
it 

·-·"'"""'1°"·, an automatic 
stantial labor for 
justment of program. course 
superintendent also must devote ti1ne to 
tion and proper 
of the control units. The cost for 
may increase after 5 to IO years. 

What are the 

n...,,.,,., .. .,, .. or an ap-
there is more pre

cach sprinkler head in 

Exhibit No. 2186-MMK-3



PRESSURE REGULATIOO CfTICtl& 
H'rllRNJUC REGULATING Viii. Ve 
00 
ELEC1ROOJC ~JTIERFLY VM. Vi: (EB~ 
00 
VAAJ/>lllE FREQIJENCYiJRl\l: (\f.O) 

C!'TICflAL HIGH PRESSURE RELIEF V>L \If: 

THE IRRIGATION SYSTEM 395 

9.5. Diagram of the key components of a golf course automatic irrigation system. {Courtesy of 
T.J. Emmerich and Associates.) 

When 

off sepa-
l to 2 valves at each and at in-

feet 1-91.4 along 

difficulties in irrigation r•rY\!Pt••;icr,::,. 

This tendency must be 

source 

to com
and later to 

consists of 
valves that directly a manually 
ated remote control switch or valve. Such a sys
tem is installed on courses where 
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plans call for conversion to a fully 
automatic when additional monies are 
available. The semiautomatic has the ad
'1'-""'''"J~· of low initial cost with potential for fu
ture upgrading. It is important for the to 
be properly and installed so that con-
version to an may be achieved 
with minimum difficulty and expense. There arc 
two variations a semiautomatic 

I. 

2. 

heads and control 

valves 

course, such as the 

automatic 

and automatic controllcrs--whilc the fair-

ways and 
that may 

have a semiautomatic system 
converted a automatic 
Inter. 

valves al 

intervals throughout the course. The 
are connected to water dis-

tribution lines may be under constant water 
The valve is as the manual cou-

.. u ... ,,,.,. into the valve and turned. The 
head is activated immc

unti! the head 

of a 
the lowest of the three 
This is because there is no need for electronic 

night irrigators usually are employed on an I 8-
hole golf course for operation of a quick-coupler 
system. Other disadvantages arc the (a) difficul-
ties in employing to work at night, (b) 
required to train them, typically low reliabil-

( d) for human error. 

tomatic 
pcnse of 
around the course. 

The 
water frorn 

,,/''"'"'"""·u·n .. a; with an au-

and 

or 
the water into 

tion may range from a pump with 
booster to an elaborate pump arrange-
ment with the '""'''""''··,,,fc, controls and valves. 

Exhibit No. 2186-MMK-3



THE IRRIGATION SYSTEM 397 

between the two i the type of de
vice that receives the water from 
the rotating impeller. 

Figure 9.6. Typical multiple pump station with jockey pump and 
pressure tank. 

Volute Pump. The volute-centrifu
gal pump de ign involves a volute 
or piral case that surrounds the 
impeller rim to receive and con
duct water away from the rota6ng 
impeller. The volute increase in 
size in the direction of water rota
tion until the water i. released into 
the discharge pipe (Figure 9. 7). 
The progre. sive enlargement of 
the volute function in converting 
velocity energy to pres ,ure energy. 
The volute centrifugal pump i a 
single-stage operation involving 

particular type of pump station selected depend. 
on the de ign ne ds of the inigation y tern, plus 
the location and type of water ource. 

Pump Types. Most pumps used in turfgrass irri
gation involve an impeller to achieve pressure by 
centrifugal action. Energy is imparted to the wa
ter by mean of the impe11er rotating within a 
pump housing which controls velocity. The wa
ter enteL the impel1er and iL forced to rotate out
ward in a circular motion, and i discharged 
through openings at the outer rim of the impeller. 
The force of the water discharged from the outlet 
of the pump hou ing i translated to pres. ure rela
tive to the prevailing condition . The presL ure gen
erated by the impeller is a function of the 
impeller-imparted velocity at the rim, which in 
turn depends on the diameter and peed of the 
impeller. The pump discharge rate is determined 
by the width, diameter, and rotating speed of the 
impeller. Centrifugal pump · characteri tically 
poL Less a high effici ncy over a wide range of 
operating condition . Neverthele each pump 
design has a certain head and di charge at which 
it operates most efficiently. Most centrifugal 
pump u ed for turfgrass irrigation are either of 
the volute or turbine type. The major difference 

one bowl hou, ing. It performs ef
ficiently over a wider range of 

peed than does a turbine pump. Both the drive 
motor and pump are mounted aboveground in 
some form of clo ed or flexible coupling, often 
on the same base frame with a ·uction line ex
tending into the water source. The volute-cen
trifugal pump generally is mo t effective in a 
flooded suction ituation or when the water 
ource i no greater than ~O feet (6 m) below the 

pump. It al o may be u ed in a booster pump 
arrangement. 

Turb;ne Pump. The di charge outlet design of a 
turbine centrifugal pump conL ists of diverging 
pa, ages or diffu er formed by vein. to direct 
the water and to change the velocity energy to 
pre sure energy. The pump con ist of a multi
stage bowl as embly in which a :elies of rotating 
impellers impart increasing centrifugal force. on 
the water until the de ired water pressure is 
achieved (Figure 9.7). With thi design. the tur
bine pump operate over a more limited range of 
speed than doe the volute centrifugal pump. The 
most common turbine pump employed for water 
sources at a depth of more than 20 feet (6 m) i · 
the vertical type. The deep-well vertical turbine 
pump consi. t. of (a) a drive motor installed 
aboveground, (b) a drive shaft positioned within 
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Outlet Outlet 

r~lmpeller 

Pump A qualified pump en
gineer should select the type and size of 
pump to be used based on the site condi
tions and the requirements of the irriga
tion as furnished by an irrigation ~Inlet 

- ... ~, .... ~- . Site conditions include 
Inlet 

Volute Centrifugal Pump 

Motor 

Outlet 

- Bowl 

Turbine Centrifugal Pump 

'-
Inlet 

Figure 9.7. Basic design of a volute 
pump ( top) and a turbine centrifugal pump 

a discharge column or pipe assembly that extends 
from the base of the motor. and 
turbine pump suspended the base of the 
charge-column-ddve shaft 
The shaft transmits power from the drive n1otor 
to the pump and may be either oil or water lubri
cated. The pump itself extends into the water in 
the form of a flooded sump~ thus there are no prob
lems with the pump prime. Performance 
characteristics of this type of pump are determined 
primarily by of the bowl and 
the speed of the impeller shaft. The advantages 
of a vertical-turbine centrifugal pump are good 
efficiency and elimination of the suction pipe, foot 
valve, and priming plus a variable-speed 
feature. This pumping system may have an added 
cost for construction of a wet well. 

and the highest and low
known water levels. In addition, po

tential sources of power for the drive 
motor should be assessed. 

The pump and the irrigation 
once the pre-

liminary for the irrigation 
has been completed. The pump 

should be provided with infor-
mation concerning the maximum dis-

ratc or flow anticipated for the 
layout plus any significant varia-

tions in rate where the pres-
sure requirement remains re 
constant the maximum head or pres-

~~"-"'~,~. for the ut the pump 
and (c) the 

lift 
motor with 

l"lF,t•(',-:,,t"\f'>,H!i:>r are then selected with a per-
suitablc for the 

the 

With the preliminary pump 
cations in hand, the irrigation 
ceeds with final of the 

and irrigation 
to confirm that 

tions the 
"'!J'·"''"' .... pumping Pump selection should 

be based on the maximum anticipated, or worst 
case, discharge rate and head cal-
culated the irrigation design i:>ncTtn.n,:,r 

mance curves of the pumps should be 
evaluated. In addition, all combinations of oper
ating conditions should be reviewed to ensure the 
pumping will provide the desired flex
ibility under these conditions. Economy 
of pump operation also should be assessed prior 
to final selection. The pump engineer can calcu
late the fixed and operating costs for both the 
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9.8. Profile of a vertical-turbine centrifugal pump installation. (Courtesy of Watertronics.) 
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pump(s) and drive proposed. Compari-
proposed pump may 

i'-,.lH,AvLUH savings in pumping costs with
out any in meeting the irrigation sys
tem design specifications in terms of discharge 
rate and head. 

Components. In addition to the basic 
pump(s), drive variable-speed rnotor(s), 
and power source, the pumping station may in
clude such pump, check 

auto-
valve, pressure 

shutoff valve, 

pump may be \Vithin 
the 30- to 50-hp range on pump stations from 

to gpm ( l Lpm). 
Proper installation of the pump station requires 

a qualified electrician with pumps, 
as well appropriate plumbing personnel. Be-
cause knowledgeable personnel are 
not available in many purchase of a 

"'"''h''"''"'J'"''-' pump may be advantageous. 
,,_~ .. ,~.,, all ,.,_,,uHJHltvH,,J 

course 
site installation is accomplished with minimal 

course 
a multiple-pump station 

volves a set either centrifugal pumps with 
individual suction pipes or vertical turbine pumps, 

each a pit the '"""'-'"'·H 

connected into the main irrigation 
pumps connected in series a con-

rate but a cumulative pressure, 
pumps connected in parallel main-

tain a constant pressure with the discharge 
being cumulative. A typical 18-hole golf 

course multiple-pump station has 2 to 3 main 
pumps plus a jockey pump. In a representative 3-
purnp station, each pump is selected with a ca
pacity to provide one-half the maximum 
requirement for the irrigation This pro
vides a very important backup capability in case 
one of the pumps or drive motors 
tion of one or more of the drive motor pump units 
is accomplished automatically by pressure 

\llllf'fl?~\: ,._.,..,,,.,_,,._.,._, to maintain the '""'"yt·,nn"11""r1C,n 

pressure. The pump functions in main
taining pressure in the at all times to rnini
m i ze water hammer caused 
pumped into empty 

requirements needed in water and 
spray tanks, deep trees and 

and irrigation of,,-·--·,-~ 

with proven 
courses, and may be 

central 
A pressure tank is used in certain 

to dampen water hammer 
automatic valves and activation of pumps. 

the pressure is with 50 to 
water and the remainder 

air. The 

with a high and a low pressure 
ment to maintain within the de-

range. Associated with the 
tank is a pressure switch and air 

The pressure switch is on smaller 
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9.9. Component diagrams of three different types of pressure regulation for vertical turbine 
pumping stations. (Courtesy of Watertronics.) 
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not utilizing regulation such as 
clayton Clayton valves are not used with 
variable-frequency-drive except as a 
high-pressure should the solid state 
controls faiL The air valve is when filling 
the It is critical that pressure tank not 
be undersized. A smaller pressure tank may be 
used if a variable-speed pump is incorporated into 
the pumping station. The use of at the 
water intake ahead of the pumping station 
during normal operation was discussed earlier in 
the water quality ,,,._,._,-,u,i. 

A pump station with meters that 
activate the pumps-combined with a 
regulation valve (PRY) to monitor the 

~.,,,,,..,,~ .. ,~" the pres-
sure tanks. Pump are being installed with 
a data and phone dialer the 
electronic to monitor and de-
veloping such as 
pressure and electrical 
individuals it 

and water 
distribution lines is an assortment of gauges whose 

to that the \Vater pressure and 
characteristics are 

levels in to the 

'1'-'1.1'•-"AU y LH,JLLUil'-'U in the pumping 
,., .... d ... .,,,.,"'"- the pressure tank and of 

water the pump into the main line. 
Portable gauges also are available to check the 
pressure of heads or other 
the lateral 

not 

the pump to indicate level at which the 
pump is functioning .. 

Finally, a water meter or digital counter 
be installed on the main outboard of the pump 
station to monitor the amount or -~--,·~··~,-... 

used in golf course irrigation. The 
and reporting of water use is 

by law in certain states. 

Water Distribution 

Pipe. Most water distribution 
irrigation are 
derground. The piping 
main lines at the pump -..A,, .... ,.Au, 

more distant lines to the most 
kler heads. Two terms with pipe are 

The most common material 
facture of 

Exhibit No. 2186-MMK-3



the flow capacity for a specified 
pipe size is than that of 
other piping materials due to a very 
smooth interior finish. Plastic pipe 
is characterized in terms of the 

arnnertsio•n ratio (SOR), 
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which is a ratio of pipe diameter to 
wall thickness. The lower the SOK 
the higher an internal pressure the 
pipe withstands. Pipes manufac
tured of one material and having 
the same SOR rating have the same 

rating regardless of pipe 
diameter, with only the wall thick
ness varying. Plastic pipe is marked 
at intervals of not more than 5 feet 

Figure 9.10. Diagrammatic representation of a polyethylene insert 
fitting (top), a socket-and-bell type coupling (center), and a PVC 
solvent weld (bottom). 

( 1.5 m) along its length, with the following speci
fications: nominal pipe type of material, stan
dard dimension ratio, pressure rating in pounds 

square inch of water at 74.3°F (23°C), 
and whether potable water may be transported in 
the pipe. 

Although numerous kinds been 
utilized in the manufacture of pipe. only one is 
currently of significance in turf irrigation sys
tems-the chloride (PVC). Upon se-

of a particular pipe material, it is important 
for the manufacturer' recommendations to be 

in terms of the kinds of fit-
' couplings, reducers, caps, tees, 

crosses, and inserts-that may be used in asso
ciation with that pipe. 

PVC pipe is sernirigid, which it to be 
somewhat during installation. In cornpari-

the other of plastic pipe, PVC pos-
(b) the most durability, 

"''"'''"""·''"....., to a wider range of chemi-
carrying capacity, and a sim-

of attaching PVC pipe is 
in lengths: 

of 160, 200. and 315: and sched
and l 20. Most lateral piping of 4 

,._., .. ,,u"- "'"'' used on 
is a trend 

use of PVC on main as as 
inches (760 used on smaller-diam-
eter are of the and are 

chemically fused to the pipe by what is termed a 
solvent weld (Figure 9.10). It is critical that the 
procedures followed in the solvent welding of fit
tings to PVC pipe are in accordance with the 
manufacturer's specifications, since this is typi-
cally the point in the pipeline. 

The high rates of and contraction of 
PVC pipe present a problem when there is a long 
run of pipe 3 inches (7 5 mm) and larger. 
Thus, there is a likelihood that the pipe may be 
pulled apart at weakest point, usually a fitting. 
To avoid this problem, PVC fittings of the socket
and-bell type are available (Figure 9.10). One end 
of each pipe section is designed with an O 
to prevent leaks. The normal end of another sec
tion is inserted into this fitting to form a movable 
joint that expands and contracts vvithin itself, yet 
avoids pu1ling apart. 

Risers. A riser functions in connecting a sprin
kler head or quick-coupler valve to an under-
ground lateral pipe. There are various of 
riser arrangements, from short of 

directly upward into the a 
sprinkler head to more and double 

The latter are more com
'"''"'"u,,, since they 

function in protecting the underground pipe 
and the sprinkler head from when wheels 
of vehicles and on,,,,r1,n,,:.t"\I' 

head. The is a 
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a central or field satellite control
ler. Although most remote-control 
valves are designed under-
ground burial. their rn a 
valve box allows easy access 

and for manual 
when necessary. 

Opening and of remote-
control may be done 

or by an 
'"'"'''"'"'h,fl .,~,.~ .. ,,,.~ valve. The con-
trol valve itself is 
hydraulic pressure. 
control valves are of the 

Valve operation is based on a 
pressure differential the 

Figure 9.11. Diagram of a typical swing-joint riser assembly. top and bottom 

are used to release water into either the 
distribution lines or into a sprinkler head, to re-
tain water in a certain of the water 
bution or pumping station, to maintain a 

and to drain A valve may 
manually controlled, (b) actuated by re-

-~, .. U~A, or (c) automatic. Various types of 
be discussed in terms their func-

tional relationships to water distribution lines, 
sprinkler heads, and the pumping station. 

A manually controlled irrigation system usu
ally involves either globe or valves 
turned hand to water to the nearby 
sprinkler heads. In contrast, automatic irrigation 

employ remote-control valves whereby 
actuation of the sprinkler heads is controlled from 

a 
ment 

and chambers within the 

The manner in the automatic valve is 
actuated is termed either 

'-.,!'J,}VU-. This is the r.n,,;nrn, 

if the electric or 
broken. Should an ,c,.,a,,.,.,,,, 

severed or broken 

while hydraulic valves may 
water to operate remote valves 
draulic control tubing must be 
of the country where 
water must be blown out 

with an air compressor. 
Large pop-up heads are 

with a valve-in-head design. The valve may be 
an electric or a hydraulic and is 
rated into the of the sprinkler head housing. 
This positioning offers the advantage 
dent control for each sprinkler head. Also, the 
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unit may be used in the economi-
cal conversion of existing quick-coupler irriga
tion to an automatic However, 

is utmost importance in imple-
the conversion. 

Other valves used in association with 
the water distribution lines include drain, 

air-release, 
valve typi-

is a manually that functions 
in shutting off water flow in a line. A valve 
should be positioned at the start of each 1m~jor 
lateral line. If a break occurs, the problem line 
may be isolated, shut down, and drained without 

the entire irrigation A new type 
of valve has become very popular for golf 
courses. It is the resilient which uses 

rubber as opposed to a cast This 
uu.uu.u~,-c, small \Vhen This 

of valve currently is available in 3 inches 
(75 mm) and larger sizes. 

Drain valves be manually and 
needed to drain a line. There also are 

automatic drain valves that are to open 
when to very low pressures. per-
mit the line to drain whenever the pressure drops 
to near zero. Automatic-drain valves are used on 
""'"'"''""

11 ·,-.nc that are not while 
manual-drain valves are used on lines that are nor
mally under constant pressure. A third type of 

valve involves a manually operated, flush
..-..r,,,,, . .,. ... ...,,c.'"' on the outer end of a line for 

of flushing out dirt and debris. 
is 

to open at pressures above 
for the purpose of re

pressure surges. There also is a 
vacuum-relief valve. which is on main 
lines drain downhill for the pre-

vacuum stress that the 

at the 
of a swing-joint 

connec1:eo to the quick-coupling 
is under constant water pressure. 

holds valve closed. A cou-
means of a 
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Hose ell -

Flange 
cover -

- Full rotation 
brass swivel 

Slotted keyway 

9.12. Diagram of a quick-coupler assem
bly with a swivel hose connection. 

screw or notched that forces the 
valve seat down and thus the valve 
to flow through the coupler ( 
Mounted on the coupler may be either an above-
ground rotary sprinkler or a swivel to 

which a hose connection may be The 
quick-coupling normally has a cover 
positioned so that the is flush with the turf. 

Air-release va]vcs are located at the highest 
of the on the main 

1ocn1en---a1 the r··1ri-he>L't 

can "'"''""',...,'"' 
head and pipe from the water hammer that takes 

An air-release valve controls the 
and amount of air released and releases air trapped 
in the and 
when the 

Three 
at the 
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base of the suction intake pipe to maintain water 
in the pump and suction pipe when the pump is 
not in operation. As a result, the foot va1ve serves 
to keep a pump in a primed condition. There also 
may be a manually operated discharge valve, 
which generally is kept closed for priming. A 
check valve is positioned on the side 
of the pump, where it maintains water in the pipe
line above a pump when the pump is not in op-
eration. These to raised centrifugal 
pump stations; pressurized 
with vertical turbine pumps will not include these 
components. 

Finally, there arc accessories such as pressure-
regulator valves. A located at the pump sta-
tion regulates at that point. but has no 
control over losses or of pressure in the 
downstream water distribution lines. Pressure
regulator valves located in the base of each sprin
kler head or at a remote location may be used to 
maintain a constant pressure through 
the sprinkler head where an excessive water pres
sure occurs due to pressure from downhill 
runs. 

A vital component in automatic irrigation sys
tems is the master , which actuates the 
remote valves. Controllers are available with vary
ing numbers of stations. The golf course superin
tendent programs each station timing to the 
specific duration of irrigation desired for the turf 
area controlled that station. A signal goes out 
from the controller means of electric wire. 
(b) hydraulic tubing, or radio signal to acti
vate a remote va.lve and in turn initiate operation 
of one or more sprinkler heads. More specifically, 
a solid state unit channels 24-volt electric power 
to the in the case of an electric control 

and a rotary selector valve may either ap
ply or release hydraulic pressure to the remote 

in the case of a hydraulic control system. 
Most automatic irrigation designed for 

golf courses use a variation of this control sys
tem, usually involving a central programmer com
bined with a series of satellite field controllers. 

The satellite field controllers may be either solid 
state or electromechanical units. Solid state con
trollers offer the advantage of increased timing 
precision and permit complex progranuning and 
communications based on automatic monitoring 
of key microenvironmental data. such as net so
lar radiation, temperature, relative humidity. and 
wind speed. A further refinement in the central 
programmer is a device that 
countermands the controller program and thus 
shuts off the \vhen a 
amount of occurs. Most 
ized central controllers will allow the U,.,>,LU>LU•'~•H 

of individual station run times from one 
location. The central 

i<.ff the 

cilitates 

sume the actual 
that portion of the under their 
control. Each satellite controller should be 
tioned at a location overlooking the 

irrigation heads under its direct control, 
The satellite controller may be 
dcntly or overridden the central 
programmer. The satellite controller also may be 

manually at its field 
flexibility to activate a 

tions center may be 
permit monitoring of 

Included may be 
pressure levels in various 

(b) indicators for the pumps 
sociated with the pumping station. automatic 
cutoffs when a predetermined or 
sure condition occurs, (d) an automatic 

to indicate which portion the 
operating at a given time. gauges '"~""'·"" 
instantaneous flow, and (f) an automatic rain cut
off control. The automatic control has the 
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advantage of placing the golf course superinten
dent in direct control of the iITigation practices 
employed throughout the golf course. The net 
result, if the is properly designed and op-

is increased efficiency of water use, more 
uniform irrigation within each type of turfgrass 
area, and avoidance of overwatering with its as
L-,~""""''"'"" soil compaction, disease, and playing 
problems. 

The sprinkler head is at the end of a long chain 
automatic irrigation system components. The 

sprinkler is a key component of the irrigation sys
tem because its function is the distribution of 
water over the turf area. How uniformly the wa
ter is distributed determines the effectiveness and 
efficiency of the Types of sprinkler heads 
include rotary, pop-up spray, fixed spray, bub
bler, and stream spray. The rotary sprinkler head 
is the type used most commonly on golf course 

It a fine stream 
of water that is distributed relatively uniformly 
over a large circular to semicircular area of 50 to 
over 200 ( 15-60+ m) in diameter. The 

in performance of rotary pop-up sprin
kler heads is 70 to l 70 feet (21-52 m) in diam

of drive mechanisms are used 
in rotary including gear. cam, impact, 
ball, friction, and reaction drive. In one way or 
another they all depend on flowing water to cre
ate the drive force in a sprinkler head. Sprinkler 
""''"'"'"-·' are available in various shapes, and 
descriptions to meet the needs of different pres
sure, gallonage, wind, and soil infiltration condi
tions. The trend is to lower-gallons-per-minute, 
more water-efficient sprinklers. 

Most rotary sprinkler heads used on golf 
courses are of the pop-up type, with many of a 
valve-in-head design. The head is completely 
concealed belowground, for a cover plate 
positioned level with the turf (Figure 9. I On 
activation a valve, pressure on the pop-up as
sembly causes the sprinkler head to be elevated. 
A spring assembly sometimes is used to ensure 
that the sprinkler head and cover plate retract into 
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the sprinkler housing when the control valve is 
closed. A wide range of rotary sprinkler heads 
are available to choose from. Factors to be con
sidered in selection of sprinkler heads include the 

condition of areas to be irrigated, (b) avail
able water volume in the water distribution lines, 
(c) anticipated operating pressure at the sprinkler 
head, (d) distribution pattern of the head, and 

reliability and serviceability. There are sprin
kler head designs available with both part-circle 
and variable-speed features. 

The rate and pattern of water distribution from 
a sprinkler head are the primary concerns in golf 
turf irrigation. The normal distribution curve is 
highest near the head and gradually declines to
ward the extremities (Figure 9.14). Thus, proper 
spacing and overlap of fixed automatic sprinkler 
heads are critical in achieving uniform water ap
plication. Improper operating pressure may ad-

affect the water distribution pattern of a 
sprinkler. An additional complicating factor is that 
the water distribution curve becomes unreliable 
when wind velocities exceed 11.5 miles ( 18.5 km) 
per hour. The use of heads of an 
intermediate distribution diameter saves energy 
and provides more uniform application of water 
with less loss from wind diversion. when com
pared to higher-pressure, larger-diameter heads. 

ln terms of uniform water distribution, the 
sprinkler heads can be the weak link among the 
system components. It is advisable to have the 
candidate sprinkler heads that are under consid
eration for installation on an 18-hole golf course 
be independently evaluated. Sprinkler heads can 
now be quantitatively characterized as to their 
sprinkler distribution profiles and also tested and 
analyzed for their projected efficiency at the Cen
ter for Irrigation Technology at California State 
University, Fresno. California, USA. 

Chemical Injection. Fertilizers and certain other 
chemicals may be applied to golf course turfs 
through the irrigation system. The approach to 
chemical injection involves use of a proportioner 
pump with the capability to adjust to variances in 
the flow rate. The relatively small orifices in 
valves and nozzles of the typical turfgrass sprin-
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GEM DRl\tN SPRINKLER 
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9.13. Diagram of a gear-driven, rotary pop-up sprinkler head (left) and an impact-driven, rotary 
pop-up sprinkler head (right). (Courtesy of T.J. Emmerich and Associates.) 
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Figure 9.14. Typical water distribution patterns from a rotary sprinkler head 
operating at the correct pressure (top), with inadequate pressure (center), and 
with excessive pressure (bottom). 

kler irrigation system dictate the injection of 
chemicals in liquid form. The key to successful 
use of chemical injection is an irrigation system 
that is properly designed and installed to ensure 
uniform application of water and the chemical 
throughout the targeted turf area. Unfortunately, 
most irrigation systems fail to meet this impor
tant criterion. Chemical action on certain types 
of existing pipe, valve. riser, and sprinkler head 
materials also must be assessed when injection is 
being considered. 

IRRIGATION 

A properly designed and engineered iITigation 
system is essential in meeting the ultimate objec
tives of uniform water application at the rates 
desired for varying conditions found on individual 

golf courses. The complexities of an automatic 
irrigation system necessitate incorporation of 
sound design and engineering principles. This is 
especially true since the system must function 
under a wide range of climatic, soil, and turfgrass 
cultural variables. 

Selecting an Irrigation 

The first in development of a golf course 
irrigation system is selection of a qualified, li
censed engineer. Applicants for the project 
position should be interviewed by a selection com
mittee. In addition, the committee should 
with officials at courses where each quali-
fied applicant has designed an irrigation 
The golf course superintendent should be inter
viewed regarding the design compe-
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tence, cooperati vene s, and type of plans and 
pecification, prepared. It al o is advi able to in

spect ome of the original de igns, plan . pecifi
cation , and final as-built plans developed for 
earlier project . 

It is preferable that the de ign engineer b an 
independent professional who ha nothing to se11 
except engineering and designs rvices. Willing
ness to work losely with both the golf course 
superintendent and th irrigation in, ta11ation con
tractor is important. It is the design engineer's 
re, ponsibility to provid d tailed plan,, bid docu
ments. cost stimates, mat rial 1i ' t , compon nt 
, pecifications, and installation specifications for 
developm nl of the go] [ ourse irrigation sy, t m. 
After installation of the system, the engin r mu ·t 
prepare an a urate as-built plan of th syst rn 
based on daily records k pt by the contractor. The 
goal i to int grate all asp ct of the irrigation 
sy tern d , ign into a final functioning facility that 
i, both effici nt and reliabl . 

Individual irrigation c mpanies may mp.loy 
their own irrigation design engineer. This may 
partially rcdu e co ts a, sociated with an ind p n-
dent engin er. BecaLL som bj ctivity may b 
acrificed in sp cifying system components. a 

compet nt, reputable. ind p ndent design ngi
neer hould r view th plan~ and specificati ns 
to en ure they meet th course owner' needs. 

Contract. A contract , hould be prepared that 
specifies th d sign engine r's respon ibiliti s to 
the client during the design and construction 
phase of go] f couc irrigation , y tern develop
ment. Includ d are tatements regarding the (a) 
fee structure and payment schedule for the engi
neer, (b) pecific type" of plan , pecifications, 
bid docum nts, and in tallation contract to be 
prepared, a well as the degree of detail desired, 
(c) comprehen ivene s of the irrigation system 
de ign, uch a who i. responsible for planning 
and development of the water source pumping 
station, and any as ociated ponds or reservoirs 
that mu t be constructed (d) who ha respon i
bility for taking the location of sprinkler head 
and (e) who i responsible for the a -built plan? 
Also, the contract may call for the design engi-

neer to in, pect the y tern periodically during the 
in tallation phase. Actually. the de ign engineer's 
c ntract should be just a comprehensive as that 
previou ly discussed for the golf course architect 
C ee Chapter 2) . 

Design Decisions 

The fir. t step in d , ign development is for the 
architect, the decision-making committee or indi
vidual, and the golf cmir, e superintendent to thor-

ugh I y . tudy and decide on th irrigation 
p rformanc expe t tions and th syst m capa
biliti s. A taternent f obj ctive, and ne ds is then 
written. Th type of system desired should deter
mine the cost, rather than :t det rmining th type 
f sy, t m in talled. One the pr d . ign guidelines 

hav b n prepared by the decision-maker(s), the 
d , i n ngineer evaluat : and proposes a basic 
y t m I , ign concept. In a:sessing and approv

ing th d :ign con pt propos d by th engine r, 
it is important to evalual il on an optimal operat
ing basis, rather than n th maxi rnal p rformance 
basis s m tim s pr s nted. ounsel of th golf 
cour. , up rinl nd nt sh ul I b souc,hl at this 
point. e p ially r 0 arding pr ctical turf mainte
nan a p ct . On approval is gi n. it is the 
ngin r's responsibility to d v lop the irrigation 

system design, p]ans, contracts. specifications, and 
bid docurn nts. 

Design Development 

Mu h thought and time must b giv n to de
veloping a sound ·y tern d ' ign cone pt b fore 
preparation of detailed engineering specification . 
The tep, in ystem d ign are sumrnariz d a · a 
flow diagram in Figure 9.15. The fii"' t st p in a 
design procedure is election of the method to be 
used to operate the 'prinkler heads. Thi. d ci i n 
influence not on]y the type of sprinklers s lected, 
but also the type of valv , piping, fitting , and 
control lines. There are times when even compe
tent design engineer will di agree over which 
method i be tin a given golf course . ituation, a 
weJI a which design technique and data inter
pretation methods hould be employed. 
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Figure 9.15. Flow diagram of steps involved in 
the design of a golf course irrigation system. 

Criteria in the design of a golf cour e irriga
tion system include the (a) maximum daily turf
gra s water use rate for the particular situation 
(b) amount of water available from the ource per 
unit of time, (c) number of hour available per 
day for irrigation ( d) anticipated amount and fre
quency with which irrigation i to be employed 
(e) water infiltration characteri tics of the oil 
projected under inten e traffic, (t) topography of 
the area (g) jze of irrigated area, and (h) de ired 
inten ity of culture. The design usually i ba ed 
on the supplemental water required for the peak 
water requirement, e pecially in arid climate . The 
de ' ign engineer must have a basic under tanding 
of turfgra · cultural principle and practice to 
de 'ign an effective irrigation y tem from a prac
tical turfgrass culture standpoint. It i extremely 
important to en ure that the operating pre ure 
pecified for the sprinkler heads elected can be 

maintained throughout the entire sy tern under 
maximal operating conditions. 

The design engineer mu t walk every hole n a 
golf course and make specific notes of features 
that might affect the in-igatjon sy tern's effective
ness. Unfortunately, too many golf cour e irriga-
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tion ystems have been designed at the drawing 
board with little or no field investigation. This typi
cally results in increased installation co ts that 
could have been avoided through studiou on- ite 
in pections. It is pos ible to de ign a y tern for a 
new golf cour ·e prior to actual construction with 
the aid of con truction drawings. However thi 
design will need to be clo ely upervi ed and al
tered as neces ary to fit the topography <luting in
stallation. Accurate field talcing ba. ed on actual 
con tructed cour e feature will determine the 
system' ultimate succe or failure. The de
signer-not the con tructi.on contractor-is the 
best one to do the taking. Also, designs often are 
bid with the knowledge that field staking may 
change the number of heads or controller . In this 
ca e unit price become an important part of the 
bid document, if within specified numerical limit . 

lt i ' critical that an accurate irrigation plan be 
prepared (Figure 9.16). Key perman nt and semi
p rmanent tructures including buildings, major 
tree grouping , rock outcropping , fence lines and 
road hould be accurately po ' itioned on the plan. 
Attention to detailed ac uracy at tru time will avoid 
error in prinkler head layout and co t estimates. 

Once the de ign, plan and sp cification are 
completed, it is the re. pon ibility f the design 
engineer to prepare the appropriate bid docu
ment , i ue an invitation to bid and di tribute 
the appropriate de ign plan , pecifications and 
construction contract to the irrigation in talla
tion contractors qualified to bid on the project. 

Water Requirement 

A frequently used term related to irrigation 
practices is the evapotranspiration rate (ET) 
which i a rnea ure of the total amount of water 
Jo t by evaporation from the oil plu the water 
lost from plant through transpiration. The daily 
ET rate varies sub tantially from region to region 
and even from location to location within an in
dividual golf course. Atmo pheric environmen
tal factor controlling the ET rate include the net 
solar radiation level, smface temperature, atmo
spheric humidity and wind velocity. ET rate are 
highe ton unny day , characterized by high tern-
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penltures, low relative humidities, and moderate 
wind velocities. The highest ET rates typically 
occur during the summer, with comparatively low 

rates occurring during the spring and autumn 
as well as during the winter in warm climates. 
The actual ET rate depends on amount of 
available water, rooting depth, and particular 

cr,.:,f't(.~"' being grown. 

An assessment of how much water is needed 
for irrigation of a golf course is in de-
··-~----··.~ the and in obtaining an adequate 
water source. assessment includes both the 
maximum daily turfgrass water requirement and 
the total turfgrass need. ET rates and re
sultant water use requirements of turfs relative to 
the average rainfall vary substantially across North 
America (Table 9.3). In some locations, 
tion is used only to supplement natural rainfall, 
while in other areas irrigation is the sole source 
of water during the season. 

ET rate data may be related to irrigation 
,·anl1l1Y't:>t'rlt..>nt~· as follows. an ET rate of 0.1 

154 gallons 
water requirement of 15 

to per acre 16 l L/ha) per 
day is calculated. 

Once estimates of the daily and seasonal turf
grass water requirement patterns have been es
tablished, the average contribution expected from 
natural rainfall is determined. These data rnay be 
obtained from the long-term precipitation records. 
The supplemental irrigation requirement is then 
determined. Across the United the annual 
supplemental irrigation requirement may range 
from a maximum of 45 inches ( 1, 140 mm) in arid 

with a 12-month season to 6 
inches ( 150 mm) in the northern cool-humid re
gions having a 6-rnonth growing season. An ad
ditional leaching fraction also may be needed if a 
saline water source is being used for irrigation. 

Entire books are available on golf course irri
gation system design, and there is no intent to 
cover the detailed steps in this section. However, 
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some the more obvious. but frequently over
looked, guidelines in the design an automatic 
irrigation system are mentioned. 

A. Main lines should be or intercon-

where to assist in balancing 

pressures throughout the 

a valuable feature of any course 

layout even if additional costs are involved. 

The cost for an increased amount of 

usually is offset the use of smaller 

B. A three-row is the mini-

mum to ensure uniform coverage, 

especially in drier climates. Most c,,,",~'-"""' 

systems are unable to furnish an overall 

tern of equal rates, '-"·'l-''-"'-'uu 

::u-id-semiarid regions or areas subject to high-

'"'"""''1T" winds. 

C. Overlap, which is the radius of coverage for 

a sprinkler head in relation to the distance 

between heads 

critically important in relation to head spac
H vn,>l'IPI')(•(.) bas proven that l OOCk 

c·nrtnv·,pr throws to the 

base of those to it, affords the best 

overall coverage. An of 70 to 

80% stretches the coverage and has not 

proven adequate under most 

tion circumstances. 

D. The most practical in an'""'!'"''~'''""·~" 
triangular arrangement, for automatic pop

up sprinkler heads on putting greens. tees, 

and 

70 feet ( 18-21 
is no more than 60 to 

with the shorter .,v~·~"''"' 

desired in arid-semiarid climates. 

sprinkler heads at greater may re

duce the total cost of the system, but fre

quently apply too much water too for 

most soil A precipitation rate is 

far more effective than a 

and is less affected by wind. 

E. The equilateral triangular of 60 to 70 
feet ( 18-21 m) among sprinkler heads is 

important for putting green irrigation. It pro
vides uniform coverage because 

of the triangulation. greens may 

preclude use of this design, although its use 
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Table 9.3. Average l\llonthly Rainfall Minus the Potential Turf Evapotranspiration Surplus or Deficit 
for 35 Locations in North America.1 

Inches of water per l\llonth 
Location Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. 

Alabama, Birmingham 4.9 4.8 4.2 1.2 -1.8 -3.2 -2.7 -2.9 -1.9 -0.1 
Arizona, Phoenix 0 -0.4 -1.8 -3.8 --6.3 -8.2 -9.1 - 7.4 -5.9 -3.5 
British Columbia, Vancouver 8.3 5.3 4.0 1.5 -0.2 -1.6 -3.5 -2.4 0.9 4.1 
California, Los Angeles 2.3 2.4 0.5 -1.5 -3.8 -4.9 --6.1 --5.6 -4.3 -2.5 
California, San Francisco 3.3 2.7 0.9 -1 .2 -3.1 -4.3 -6.0 -4.5 -3.7 -1.9 

C.Olorado, Denver 0.5 0.6 1.0 0.7 0.3 -1.8 -2.7 -2.3 - 1.3 -0.3 
Florida, Ft. Lauderdale 0.1 --0.3 -1 .0 -1.3 -1.1 0.2 -1.2 -0.7 3.1 3,1 
Florida, Jacksonville 1.2 1.6 1.0 -1.1 -3.0 -1.4 -0.3 -0.7 0.5 0.1 
Georgia, Atlanta 4.4 4.2 3.8 -1.4 -1 .6 -3.0 -2.2 -2.7 -1.7 0 
Illinois, Chicago 1.9 1.6 1.9 1.3 -0.2 -1.8 -3.6 -2.7 -1.0 0.6 

Iowa, Des Moines 1.2 1.1 1.5 0.6 0.1 - 1.0 --3.5 -2.4 -0.7 -0.1 
Kansas, Kansas City 1.0 0.7 to 0.3 -0.1 -1.3 -4.1 -2.B -0.9 --0.3 
Louisiana, New Orleans 3.1 3.0 2.3 0.4 -1.7 -2.2 --0.4 --0.9 0.6 -1.1 
Maryland, Baltirrore 3.0 2.4 2.8 1.1 -0.2 -2.2 -2.7 -1.6 -0.4 1.0 
Massachusetts, Boston 4.0 3.4 3.5 2.2 -0.1 -1.8 --3.3 -1.6 0.1 1.3 

Michigan, Detroit 1.9 1.9 1.7 1.2 -0.3 -2.2 -3.8 -2,8 -1.1 0.7 
Michigan, Traverse City 1.9 1.5 1.7 1.1 -0.0 -1.6 -2.9 -2.0 0.5 1.3 
Minnesota, Mnneapolis 0.9 0.9 1.8 0.6 0.1 -0.9 --G.2 -1.7 -0.3 0.1 
Missouri, St. Louis 1.8 1.5 1.8 1.0 -0.5 -1.9 -4.0 -3.3 -1.3 0.5 
Nevada, las Vegas 0 -0.3 -1.5 -3.2 -6.4 -7.4 -8.8 -7.6 -6.4 - 2.9 

New Mexico, Albuquerque 0 -0.2 -1.0 -2.3 -4.0 --5.7 --5.7 -4.8· -3.2 -1.7 
New York, New York 3.4 2.8 3.5 1.7 -0.2 -2.3 -3.1 -1.3 -0.2 1.1 
North Carolina, Raleigh 3.1 2.9 2.5 0.4 -1.5 -3.1 -2.0 -1.7 -0.9 0.2 
Ohio, Columbus 2.9 2.1 2.4 1.4 -0.4 -1.8 -3.0 -2.9 -1.3 0 
Oklahoma, Tulsa 1.4 1.4 u 0.9 0.5 -2.1 --5.0 -4.6 -1.1 0.5 

Oitario, Toronto 2.7 2.4 2.6 1.3 0 -1.7 -2.5 -2.0 -0.3 0.8 
Oregon, Portland 7.3 5.5 4.6 1.1 -0.6 -2.0 -4.7 -3.9 -1.5 2.9 
Pennsylvania, Philadelphia 3.0 2.4 2.9 1.2 -0.4 -2.1 -2.7 -1.5 -0.6 0.9 
Quebec, rv'lontreal 3.8 3.0 3.5 1.5 0 -1 .3 -1.7 -1.3 0.6 2.0 
Tennessee, Nashville 5.5 4.4 3.8 1.1 -1.2 -3.1 --G.4 --3.5 -1.7 -0.2 

Texas, Dallas 1.4 1.3 -0.1 -0.2 ~1.2 -4.6 -6.6 -6.4 -3.1 -0.8 
Texas, El Paso -0.1 -0.7 -1.8 -3.2 -4.6 --6.1 -5.8 -5.5 --3.6 -2.2 
Texas, Houston 2.2 21 -0.2 -1.1 -2.4 -4.3 -4.0 -3.3 -1.7 -0.6 
Utah, Salt lake City 1.6 1.2 0.8 -0.2 -2.0 -4.0 --6.3 --5.2 -3.0 --0.5 
VVashington, Seattle 5.2 3.9 2.8 0.4 -1.4 -2.4 -4.1 --3.4 -1.1 2.3 . 
Source: Rainfall-Evapotranspiration Data, The Toro Company, Minneapolis, MN, USA. 1966, 63 pp. 
1 Potential turf evapotranspiration rate calculated from modified Blaney-Criddle formula. 

Nov. Dec. 
2.6 4.4 

-1.3 --0.2 
7.5 8.3 

-0.6 2.0 
0.2 3.0 

0.6 0.5 
-0.5 --0.2 
--0.4 1.0 

2.0 4.2 
1.5 1.9 

1.3 1.1 
0.6 0.9 
1.6 3.5 · 
2.3 2.8 
3.2 3.4 

1.6 1.9 
2.4 1.9 
1.3 0.9 
1.5 1.6 

-to --0.2 

-0.6 0 
3.0 3.3 
1.7 2.9 
1.7 2.2 
1.0 1.2 

. 

2.3 2.6 
6.4 8.1 
2.6 2.8 
3.5 3.6 
2.8 4.0 

0.6 1.4 
-1.2 -0.4 

1.2 2.5 
0.8 1.3 
4.8 5.8 

Total 
9.5 

-47.9 
32.2 

-22.1 
-13.6 

-4.2 
0.2 

-1.5 
8.8 
1.4 

-0.8 
-5.0 

8.2 
8.3 

14.3 

0.7 
5.8 
0.5 

-1.3 
-43.5 

-29.2 
11.7 
4.5 
3.3 

-4.8 

8.2 
23.2 
8.5 

17.2 
8.5 

-18.3 
--35.2 
-9.6 

-15.5 
12.8 
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may be possible if the putting green perim
eter i re, haped. Simply pacing the head 
every 60 feet around the perimeter of a green 
will not provide uniform coverage. 

F. An equilateral triangular arrangement of sprin
kler head. i preferred over quare or rectan
gular pattern (Figure 9. 17). The latter two 
patterns cau e a more unequal precipitation 
rate. The ultimate goal in any golf turf irriga
tion system i uniform coverage. 

G. It is inappropriate to have any combination 
of putting green, green urrounds tee, or 
fairway sprinkler heads controlled by the 
same zonal remote control valve or control
ler station. The e distinct turf area have 
different water requirements. Therefore, the 
sprinkler heads must be separated and under 
separate valves with individual controller 
stations. 

H. Unles correctly fitted with appropriate 
nozzles, full-circle and part~circle sprinklers 
are incompatible from a precipitation rate 
and operating time standpoint. It i , poor 
design to place them on the . ame zonal con
trol valve or controller . tation. There may be 
in 'tances where a precipitation rate balance 
may be achieved through different nozzle 
ize or head combination , but complica

tions do not warrant the effort. 
I. On putting greens a . ingle control tation 

'hould have no more than one pop-up head 
under its command. This de ign allows maxi
mum flexibility in meeting variations in water 
needs a affected by elevation di similari
tie . upwind/downwind characteristics, and 
shaded versus sunny areas. 

A similar design requirement is suggested 
for tees and green surrounds, with no more 
than one sprinkler head under the control of 
any one station. On fairways most modern 
computerized systems me using single head 
c ntrol, especially where difficult oil prob
lem are encountered. For roughs a maxi
mum of three heads per . tation i u. eel. This 
degree of control add to the initial in, talla
tion co t but enhances the ver ·ati lity and 
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effectivene of the ystem, lower the oper
ating cost, and produce high-quality turfs. 

J. Increasingly, a dedicated zonal system is in
'talled to back-irrigate the 'Urrounds of put
ting green and occa. ionally tees e pecially 
in arid and emiarid climate . Part-circle 
. prinkler po jtioned facing away from and 
at the perimeter of the green/collar are used 
(a) to give upplemental water to bank and 
bunker face , when needed (b) to aid in the 
germination of winter overseedings around 
green. and (c) to make differential manage
ment of cool- and warm-season turfgrass pe
cies ea ier in the ummer months. Thi i , 
done by using either 1 full circle and a part 
circl y tem or 2 part-circle sy 'tern ·. Using 
part-circles to leach alts downward on greens 
help prevent soil banks around greens from 
becoming water 'aturated and muddy. 

K. If valve-in-head prinklers are not used, each 
group of heads, termed a zone, must be con
trolled independently by a separate control
ler tation. Thus, the water supply delivered 
t a particular zone limits the maximum 
number of sprinkler heads that may be oper
ated within the zone. When determining a 
zone, consideration mu t be given to differ
ences in (a) tmfgrass species and cultivar, 
(b) soil condition., (c) drainage, (d) inten ity 
of culture, (e) lope (f) shade ver us sun 
expo ure, (g) wind, and (h) the presence of 
trees. The zone arrangement of sprinkler 
heads may be across the fairway (Figure 
9. 18) or parallel with the fairway when a 
sunlight-tree shade differential is the main 
problem. 

L. Each pop-up sprinkler head should have a 
check or backf1ow valve. Thi prevent the 
irrigation line from back-draining to the low
e, t head after each irrigation cycle. Some 
automatic heads include a built-in valve for 
this purpose. Without ome type of backflow 
toppage, wet area develop at the base of 

the lowest , prinkler head on each line, water 
is wasted, and air enters the y tem, increa ,_ 
ing water hammer and surge damage. 
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Equilateral head spacing Square head spacing 

Figure 9.17. Graphic illustration of the comparative water coverage achieved with an 
triangular versus a square sprinkler head arrangement. 

M. For automatic systems, '"""''"''" '"''''"'' 

N. 

should be installed on live lines 
green and at 200- to 

a minimum. 

valve at both the front and back of each 
green is desirable. are rela-

and vvill prove useful for 

young trees. 

support, and emergency use. 

head offset to for wind 
effects, or windage, 

stressed in Unless the 
from the 

same heads may 

be as much a problem as the wind variable 
itself. Closer between heads is the 
better solution where wind is an important 
consideration. 

0. The location of satellite controllers should 
an unobstructed view of the sprin

kler heads directly involved (Figure 9.19). 
This affords an easy visual check of system 

P. Gate valves should be installed throughout 
the main lines of a system in a manner that 
permits easy main line and lateral line isola-

tion. Gate 
to control water rk)\~'. 

used as a throttle 
flow in the line, 

when needed. Placemenl 
c1,·.,,,,,,,,.,, locations isolated shutdown 

for without inactivation and 
of the entire system. such the 
middle of a system. 

Q. course has isolated 
automatic 
turfed tee isolated in a wooded area or turf 

contoured bunkers ii
Under these condition'.'>. 

optimal irrigation coverage rnay be achieved 
use of smalL 

lt also avoids 

areas. 

R. Most automatic controllers have the 
of repeating the program. In-

stead of one 20-riiinute set, it is nnc"ClnlO 

program two l 0-minute sets. This is a 

and often necessary option on soil with a low 
infiltration rate. 

S. In where winter tem-
peratures necessitate system the 

engineer should provide rapid, corn-
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Increased Irrigation Efficiency 
total run time into two or 

to maximize water 
1r1mn;;i1·1nn into soil. 

Three Row System 11 O 
With single head control the 

can lower the running time 
center row of heads to 

maximize and eliminate 
the wet area often develops 
between the two rows of a double row 
system. 

Clay 

/ 

Use individual sprinkler control to match the 
sprinkler to the area being irrigated. 

Peat 
Requires sprinkler control to match topography. 

Sand 
infiltration rate, 
to run 

I 

100 

/ 

100 

110 
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I 
I 

O Zone 8-5: 
South-facing slope 
on clay soil. 
Sprinklers 51-55. 

O Zone 8-7: 
North-facing slope 
on clay soil. 
Sprinklers 71-79. 

o Zone 8-8: 

soil. 

Countour interval 1 O feet 

Figure 9.18. A representation of the types of single head and zonal sprinkler-head arrangements that 
are available for use on fairways, as influenced by topography and soil texture. 

plete drainage capabilities. Use of a portable 

air compressor of adequate capacity to blow 

water out of the 

is important. 

in mid to late autumn 

A weJI-designed irrigation system composed 
of good-quality components will not function 
correctly unless properly installed. Irrigation 
terns are installed under two distinctly different 
situations. One involves new construction sites, 

while the second involves an established turf on 
an operating golf course. Some unique problems 
may be encountered in each case. 

Selecting a 

There are irrigation installation companies that 
specialize in golf course projects. A contract is 
let to accomplish the work once the 
neer has completed the plans, detailed working 
drawings, specifications, and bid documents. In 
the case of new golf course construction, the irri
gation installation company may bid as a subcon-
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Figure 9.19. Satellite controller positioned so that 
it is possible to visually assess whether all sprin
kler heads under its control are operating properly. 

tractor under th ov rail general contra tor pre
viously elected by ompctitive bidding. The ir
rigation in tallation ompany would be the prime 
contractor for installation of a new irrigation sys
tem on an establic h d golf course. 

The design engin er u ually i re pon. ible for 
preparation of the bid document . This L followed 
by preparation of the invitations to bid and 'pe
cific instructions to bidders. In ome cases, the 
bid procedure may call for prequalification. The 
preselection of qualified bidders involves an a -
essment of their overall capabilities and the qual

ity of work performed on previou projects. The 
ba ic tep in a bidding procedure and . election 
of a contractor are the aine as tho e for a golf 
cour e construction contractor, which are dis
cussed in detail in Chapter 2. 

In some in tance , golf course management 
may choo e to install an irrigation sy tern on an 

in-house ba is. This u ually is done when there 
are budget restriction. and when the golf cow-s 
uperintendent has ufficient know]edge and ex

perience to succe sfully install a quality irriga
tion , ystem. If thi approach is u ed, it generally 
i advi able to employ an independent de ign en
gineer experienced in golf cour e irrigation sy -
t ms. The de ign engineer respon ibilitie would 
be to (a) develop a set of accurate d ign plans, 
. pecification ·. and material li t; (b) advise on 
as ociated technical need ; and (c) mak periodic 
visit · during th actual installation to en 'ure the 
project is being prop rly e ecuted. In thi way. 
an irrigation sy. tern may be in talle I on an exist
it\:, golf cour e ov r an extended period as funds 
become available and with minimal disruption of 
play. The golf cour , ·up rintend nt will need to 
stablish a , eparat capital improvement budget 

and employ supplem ntal labor to accomplish 
such a project with ffi iency and in a reasonabJ 
length of time without adv r. ely affecting nor
mal golf course maint nan e acti ities. 

Contract. Pr paration r the contra t for in:talla
tion of an irrigation s , t m usually is th respon
'ibi I ity of th de. ign engine r. Th c ntract 
in ludes de. cript.iv articl s on th - (a) contract 
documents, (b) installation work in olved. 
( ·) time of comm nc m nt and com pl tion of th 
work, (d) insp ction and acceptance criteria, 
( ) payment sch dul , in luding retained percent
age, (t) progress paym nls, (g) acceptance, and 
(h) final payment and sign-off. It is important for 
the contract to . p ci fy the time of commencement 
and completjon or the work for installation, e:
pecially for an irrigation y tern to b in taJl d 
on an e. tab! i. h d, operating golfcour. e. The con
tract may include ·pecification a to how much 
sod removal and open trenching will be allowed 
at any one time. The specification may call f r 
the di ruption of no more than on golf hole at a 
time on an stablished cour e. The contract also 
may contain a rock clause that specifie a unit 
cost for underground rock bla ting and removal 
during trenching. Thi. clau. e i. needed becatL 
it is not po sib]e to accurately predict the extent 
of rock formation ·. Information concerning con-
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tract documents and specifications are discussed 
in detail in Chapter 2. The principles involved in 
a contract for irrigation system installation do not 
differ greatly. 

Quality installation of a golf course irrigation 
system is dependent on accurate design plans and 
specifications. The plans should be scaled accu
rately; show significant topographic variations: 
delineate physical features such as roads, build
ings, trees, and rock outcroppings; and accurately 
depict property line boundaries beyond which 

should not be planned. A detailed soil 
map wm assist the installation contractor in an-
ticipating problems that might be encountered 
during trenching. Examples are problems related 
to rock outcroppings, high-density soils, peat 

poorly drained depressions, swampy areas, 
or soil types. 

The installation contractor may then proceed 
to procure the resources needed based on the 

---~"J"'" This is critical. since shortages of 
certain components are not uncommon, 
with from 4 to 8 months needed to obtain materi
als in some locations, especially internationally. 
The contractor also should assess specific equip
ment and labor requirements and develop plans 
for their procurement so the project will be com
pleted within the specified time period. On 
completion preparatory planning stages, 
the actual irrigation system installation may be 
initiated. Major phases in an irrigation system in
stallation project are presented in Figure 9.20. 

Installation Inspector. The insta1lation of an irri
gation on an 18-hole golf course is very 
complex, with many possibilities for error. Em
ployment of a full-time, independent irrigation 
installation inspector throughout the project life 
is advisable, especially for a major project. The 
individual selected should be fully knowledgeable 
and experienced in the principles of hydraulics and 
design engineering, able to read detailed techni
cal plans and specifications, and experienced in 
civil engineering. The inspector should study the 
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plans and specifications thoroughly before the in
stallation project is initiated. The irrigation inspec
tor is responsible for cettifying that all installation 
activities are performed in accordance with the 
design plans and specifications. The inspector may 
be employed by the golf course management or 
by the design engineer representing the client. The 
installation inspector should be careful to avoid 
an inflexible attitude with respect to trivial con
struction details, and yet be firm in ensuring that 
all design plans and specifications critical to ef
fective performance and functional longevity of 
the system being installed are executed. 

Installation Planning. System installation must 
be in accordance with the designer's plans and 
specifications. Preinstallation planning is particu
larly important in ensuring that an irrigation sys
tem is installed on a new golf course in time for 
optimal planting. or is completed on an existing 
golf course in the shortest possible time to mini
mize disruption of play. Development of a con
struction flow plan is helpful in completing the 
installation as efficiently as possible with mini
mal delays. Such a flow plan is particularly im
portant in procurement of materials, especially 
where certain items may require excessive lead 
time. The contract usually that it is the 
responsibility of the installer to be certain that 
(a) all codes are followed and (b) the necessary 
permits, application for water connection, and re
lated preliminary arrangements are in full com
p] i ance and secured before initiation of the 
installation project. Finally, the installer should 
locate any existing underground utility lines or 
similar hazards that might complicate installation 
of the irrigation system. 

If the installation involves conversion of an 
existing irrigation system from manual to auto
matic, the best approach is to initiate the conver
sion at the central controller and/or the power 
supply. This enables the installer to make an op
erations check and pressure test of each section 
as that portion of the changeover is completed. 
Otherwise, testing and use of completed sections 
cannot be done because the power supply is to be 
installed at a later stage in the installation. [n other 
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~ ATELLl"fE ;p): 
~ STATIONS,-,i' 

Figure 9.20. Flow diagram for the installation of a golf course irrigation system. 
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word , once the manual y tern is 
converted, no water i available in 
the y" tem without the proper 
power upply. 
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Pump Station. Pump mu t be 
mounted on a turdy ba e, which 
in mo. t ca. e, i concrete with a rub
ber pad po iti n d between the 
concrete base and the pump 
mountings to function in ab. orbing 
vibration. during normal operation. 
The de~ ign pecifications and in
. ta11ation of a pump tation should 
be the re pon ibility of an expert 
in that field. Tn many location there 
are no qualified speciali ts avail
able to ucce . fully design and in-
tall a golf cour pumping . tation. 

Figure 9.21. A preassembled, dual-level pump station. (Courtesy 
of P.M. Hathaway.) 

Thus, the prefabricated pumping 
tation i an attractive option, ince on- ite etup 

is accomplished with mode t profe sionaI exper
ti e. In tallation involves , etting the pump tation 
in place on a concrete base, connecting it to the 
irrigation . y. tern water ource and power upply, 
and pre · ure-testing, adju ting, and activating it 
(Figure 9.21). A disadvantage of the prea embJed 
pumping station i · a lack of service on an emer
gency basi in ome location . 

In addition to the concrete pump mounting1 

many pumping tation are protected by an en
closed building that i a permanently con tructed 
~ tructure with a concrete floor plus concrete block 
wall (Figure 9.22), The pump hou e erve to 
protect the pumping tation from damage and 
weathering a sociated with adver e weather, ani
mals, and vandali m. The pump hou e . hould be 
well louvered to provide adequate ventilation for 
heat generated from the motor. An exhau t fan 
controlled by a thermo tat may be nece ary. Roof 
acce s, uch a. a hatch or door of some kind, i. 
needed to pull the pumps through via a crane when 
ervice or repair are required for vertical turbine . 

Thi hatch mu t be located directly over the 
pump and electric motors. 

There may be great variation in the water in
take arrang ment a ociated with a pump station. 

It may be a imple , uction pipe extending into 
the water 'ource with the appropdate protective 
trainer/filter, a pump pit in the ca e of a verticaJ

turbine pump or a direct connection to a munici
pal water ource with backtlow preventer and 
imple boo ter pump (Figure 9.23). The ize and 
hape of a pump pit varie depending on the type 

of water upply, quantity of water to be pumped, 
and need for di ipating turbulence within the pit. 
The uction intake hould be positioned in the 
midzone. If the intake is too near the bottom or 
urface of the water ource, turbulence i created 

that may draw oil, debris, and air into the pump
ing sy. tern. 

Staking. The fir t tep in actual installation is the 
layout or staking of the ·y tern, including loca
tions of main line , prink1er heads, valve , and 
other key feature . Staking must be done in an 
exacting manner o the prinkler head pacing 
are uniform and the original de ign specification 
followed. Accurate taking i accompli hed with 
measuring tape and urveyor ' in trument . 

Staking the location of each sprinkler head 
enables the in taller to make sure the de. ign 
matche the area where the sy tern i to be in
talled. Any errors in the original plan wi11 be-
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if used. The pr ferred trenching 
plan should involve the maximum 
number of long cut and least num
ber of cro. -overs. Trench width is 
dictated by the pipe ·ize and the 
pace n eded for worker to ac

com p 1 i h the installation. The 
trench depth varies depending on 
the (a) height specified for the 
sprinkler riser assembly, (b) :oil 
depth needed to provide prot lion 
against freezing, and ( ) slope 
needed to provide proper drainage 
for winterizing or draining line ·. 
The width and d pth of the tr nch 
should be no gr ater than abso
lutely n c -. ary to minimiz the 
amount of soil dug. facilitat soil 
compacti n during backfi II ing. and 
minimiz di turbanc s to any x
isting turf. 

A wid rang f trcnchino ma
chine i availabl (Figur 9.24). 
Prop rly dug t.r nch s ar on grade 
and on lin , a, shown in th plan 
and subs qu nt ·taking. The trench 
bottom sh u Id b smooth, fr . of 
rocks, and in a c ntinuous Jin at 
the ·p cified grade. A sm oth 
trench bottom is n d cl to fully . 

Figure 9.22. Two types of permanently constructed pump houses. 
(top--Courtesy of P .M. Hathaway.) 

uppo11th pipe. W dging or blo k
ing of pip i not advi 'able. Wh re 
the bottom of a trench is variabl 
due to th pre 'en e of ro ks r a 
hard impermeable soil, approxi
mately 2 to 3 inch s (50-75 mm) 

come apparent at this time and may be corrected 
before trenching is initiated. Correction involve. 
moving L take or adding extra sprinkler head . 
Significant change. , hould be discu, , ed and ap
proved by the deL igner and client. The , takes aL o 
act as a guide for the actual trenching operation. 
The de, igner of the L ystem should supervise the 
actual staking. 

Trenching. Trench routing i determined by the 
design layout, including the zoning anangement, 

f and or stone-free oil should b added to the 
bottom of the trench before the pip is in, tall d. 

When pipe i to be in, talled und r an e tab
li hed turf, the trenching operation . hould be done 
with a. little disruption a pos ible. The usual pro
cedure is to cut, roll, lift, and place the sod near 
the planned trench for replacement after backfi I l
ing is completed. fn some ca e , a plastic sheet or 
plywood is laid parallel to the trench in such a way 
that excavated oil fall on the heet. Thi facili
tate. the backfilling procedure and ubsequent 
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Figure 9.23. Three types of water intake arrangement: a simple suction pipe extending into the water 
source with the appropriate protection (top left), a pump pit for a vertical-turbine pump (center right), and 
a direct connection to a municipal water source with a backflow preventer and booster pump (bottom). 

Figure 9.24. A trenching machine in operation. 
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cleanup. Occasionally, the topsoil is segregated 
from the subsoil making two passes with the 
trenching machine and throwing the soil to oppo-

sides. This procedure allows the topsoil to be 
replaced on top. A good installation contractor does 
not cut sod and trench too far in advance of the 
follow-up installation activities. By proper coor
dination of and subsequent laying and 
backfilling, the installation may be accomplished 
with minimum disruption in daily play. This may 
involve one hole per I to 3 

handling, and eventual 
placement of in the trench should be done 
with care. Most manufacturers provide sug

to how a particular pipe is to be 
u,,yuu,...,-..., and the joints assembled. Care-

ful lowering of into place, proper handling 
of joints, and care in soil out of lines are 
all nhn;v,nh~.-,,,d·,,~,, 

the irrigation 
even years of 
11v,,,L.1,_., and 

of a poor 
the interim. 

Installation is at the water 
source. The sequence involves installation of a 
main then the valves. lateral and sprin-
kler-riser pipe 
should be laid on a sand base free of rocks or 

It is important that thrust 
at all L's and T's, as 

should be located in a n,'H">nP"~'~ 

10 m) from other 
requirements of the 

"""''-""'"" of pipes needs to be addressed. 

effluent water may be required to be 
purple, as opposed to pipe for potable water. 
Burial tape or stenciling designating "Effluent 
Water" every 36 inches m) is acceptable in 
some regions. Be sure to consult with the local 
health department and effluent purveyor before 
materia]s are purchased. 

nsJrat1flll!l Riser.,, and Valves. IL is advisable for 
the riser or nser 
to be installed at the same time the 
stalled to minimize the chance of soil 
the heads should not be attached 
10 the risers until after all has flushed 
clean of dirt and that may have entered the 

and drain valves 

as large a number of valves as 
in box to facilitate access 
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Figure 9.25. Diagram showing four uses for a thrust block. 

Drain either automatic or manual, are 
installed as specified in the plan. They 
should be installed at all low points in the system 
and should include a sump pit in the case small 
short lines 9 .27) or a pit connected 
to a subsurface drainage system for mains 
and longer pipelines. Automatic-drain valves 
should be installed as specified by the manufac
turer. They should be set at the proper angle and 

should not be positioned on the far end a line 
due to problems with dirt accumulating_ on the 
inlet screen. 

Installing Control Lines. Control lines should 
be run in the pipe trenches whenever possible. 
Either electric wire or hydraulic tubing is nm with 
the piping by the most direct route from the con
trol point to the appropriate valves in the trenches. 
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enough to avoid di ruption from 
turf cultivation practice such a 
deep coring. Be ure to determine 
the regulations for installation of 
control line in the ame trench 
when they control both potable and 
nonpotable water ·. 

Controllers. The central controller 
typically i located in the golf 
course operations building. This 
central controller commonly is in 
the form of a desktop computer 
with the appropriate ·oftware. 
Thus in tallation involve hookup 
of (a) the electrical power sourc , 
(b) control Jin , to all atellite con
troller. and (c) other po. sible ac
ce ories, such a: a rain . hutoff 
switch. 

A , ciat d with th c ntral c n
troller i a s ri . of ' atellitc con
troll r position d at ·trat gi 
locations around the golf c ur. 
an operator may vi wall ar a: un
der contr I of a h satellite. Thi 
allow the irrigation maint nan e 
pecialist to readily ch ck the op

erational statu of all component 
in th y tern on a r guJar ba. i . 

Figure 9.26. A pipe-pulling machine positioned at the pipe entry 
point (top) and in operation (bottom). 

The satellite controll r typically i 
mounted on a pede tal in 'tailed on 
a concrete base (Figure 9.28). A 
template or imilar type of mount 
i. embedded in the concret at the 
time it i laid to provide a connec
tion point for the pedestal cabinet. 

The control line hould be in taJled in accor
dance with the engineer s and manufacturer' 
pecification and carefully in pected to en ure 

all connections are ecure. Electric control line 
must have waterproof connection . A with pip
ing, it i advisable that an allowance for expan
sion and contraction be included at 100-foot 
(30-rn) intervals, u. uaJly in the form of loops. 
The control lines hould be installed in such a 
manner as not to crush or kink them and deep 

Also positioned in the concrete slab are 3 under
ground conduits extending directly down and 
then horizontally outward a 3-jnch (75-mm) el
bows. The conduit accommodate a 1.0-inch (25 
mm) diameter for 110 V .A.C.? one 2- or 3-inch 
(50-75) mm) diameterfor24 V.A.C. control wir
ing or hydraulic tubing, and a ]-inch (25 mm) 
diameter for the computer-to- atellite signal 
cable. The cable, electrical wire, and/or hydrau
lic line may then be pulled through the conduit 
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Valve box 

Automatic 
drain valve 

Pea gravel 

Cross section 

9.27. Diagram of a drain valve sump pit arrangement. 

ent water. 
Accessories that may be associated with the 

satellite controller include a heat source for 

tection a master a 
in case of power and a hookup for 

the electrical supply to the satellite controller. A 
constant voltage transformer may needed to 

solid state from power 
and surges in areas known to have erratic 
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Flushing. After the piping 
has been installed, connected to the 
pumping station or main water 
source, and covered with sufficient 
soil to prevent movement, the 
pumping station should be acti
vated and sufficient water 
through all piping, fittings, and 
ers to ensure that dirt pipe chips, 
and other debris present in the lines 
have been flushed. 

Installing Sprinkler Heads. Imme
diately following line the 
sprinkler heads are installed to 
minimize the chance 
material entering the ....... ,.,,,..,. 
the sprinkler heads are attached 
while line flushing is in progress. 
The procedure involves ,._,v,.,,, .... ,..._L, ... ;;;., 

the head closest to the 

9.28. Diagram of a typical mounted satellite controller line from the valve. 
installation. 

power sources. Any satellite or wall-mounted con-
troller outside should be 
tant to protection for the operational 
panel. All controllers should be grounded to the 
earth to eliminate the potential hazard of an elec
trical Installation of a lightning suppres
sion device is essential with solid state controllers. 

Backfilling. Sand or stone-free, fine-tex
tured soil should be used in partial backfilling of 
the trench following installation of piping and 
associated irrigation equipment. The pipe should 
be covered to a depth of 3 to 4 inches (7 5-100 
mm) so damage from rocks and other debris 
during backfilling and compaction operations is 
minimal. It is advisable not to cover joints or fit
tings with the main line so that they 
may be checked for possible leakage. Initial back
filling should be done in the cool part of the day, 

in warm climates, to minimize the 
fects of heat expansion. 

increases pressure and on 
the outermost the line, 

thus flushing 
Following connection, the heads 

should be set to the level. In the case 
an turf, the sprinkler head normally 
is set flush with the soil level. In case 
construction, the sprinkler heads may be A,,_,.,.., • .., ..... 

slightly above the projected rough 
They can then be left to operate in 
until initial turf establishment has been 'H'FllJC.q/[.>{l 

and then lowered to the permanent ~,..,,,,u,,_,._. 

after settling has occurred. A triple 
joint and a connection facilitate 

Pressure Testing. Design specifications may call 
for testing of the main lines at exceed
ing the normal operating pressure of the 
This is the portion of the system that is usually 
under constant pressure. Partial backfilling is re
quired before pressure to ensure that the 
pipe sections remain anchored in place 
sure activation. The joints generally are left un-
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covered to detect possible leaks. Pressure testing 
may involve a simple visual inspection for leak
age at exposed joints or a more comprehensive 
as es ment in which the ystem is brought to a 
given pressure and then the pre sure and water 
lo s are monitored over a specified time. 

Finish Backfilling. After successful line flush
ing and pressure testing, the remainder of the pipe 
joints are manually covered with stone-free sand 
or fine-textured soil. Then the remainder of the 
trench is backfilled, usually by mechanical means. 
The subsoil should be backfilled first, then the 
topsoil. Most fine-textured soils require some 
mechanical firming, such as by use of a powered 
vibratory tamp, especially around prinkler heads 
(Figure 9.29). If mechanical firming is done, an 
effort should be made to (a) duplicate a degree of 
firming comparable with that of the original soil 
and (b) accomplish the operation when the soil is 
moi t. Uniform settling of the backfilling mate
rial is enhanced by frequent watering during back
filling. Where the pipe has been pulled in, the area 
u ually must be releveled with a heavy roller. 

Backfilling should bring the soil back to the 
original surface level, with a slightly higher rise 
in the center of the trench to provide for antici
pated ettling. Where the sod is to be transplanted 
back onto the site, final backfiJling should be to a 
lightly lower subgrade to accommodate replace

ment of the sod at the original turfed surface level. 
If the trench is to be resodded, proper plantbed 
preparation of the urface oi 1 zone should be ac
complished prior to transplanting. 

Adjustment and Balancing. At this pojnt, any 
required final adju tment and balancing of the 
total irrigation system should be accomplished to 
achieve the desired operating pres ure and water 
distribution. This include fina] adju tment of the 
prinkler head cap to a urface height that con

forms to the urrounding condition . Final test
ing al o include setup and operation of the central 
controller through an entire cycle to confirm that 
the ystem is fully operational. Some valve-in
head sprinkler have adjustable pres ure regula
tor that may require adju tment. 
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Figure 9.29. A powered tamp being used to firm 
the soil around a sprinkler head. (Courtesy of The 
Toro Company.) 

As..,Built Plan Preparation. Change in the origi
nal design plan are inevitable a work progresses 
through the taking, trenching, and in tal.lation 
phase . All such change should be noted daily 
on a preliminary a -built plan. Thi should be done 
daily, rather than at ome later date. Specific 
changes to be noted include the repositioning of 
piping gate valve , remote control valve quick
coupler , control tubing and wiring, dome tic 
water lines, and drain valves. After successful te t
ing and programming of the entire irrigation sy -
tern, a final a '-built plan must be prepared with 
complete accuracy. It is then submitted to the cli
ent, who hou]d keep 2 copies in eparate loca
tion a a permanent record and future reference 
for u e in maintenance, winterizing, repair or 
addition to the ystem. It is important to note 
that the a -built plan u ually differs from the 01igi
nal design engineer' plan. For accuracy, flying a 
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"pie plate" aerial photograph following comple
tion of the system installation is suggested to give 
exact locations for the heads, and control
lers, or global positioning ( OPS) can now be used 
to accurately develop as-built plans. 

MAINTENANCE AN 
IRRIGATION SYSTEM 

A new irrigation has an initial period of 
minimal maintenance, once made fully opera
tional. However, plans must be made 
in terms of a budget, labor, and an adequate parts 
inventory to maintain the in its originally 
~·-,,., . .,, . ...,...,. operational state. As with any complex 
mechanical an automatic irrigation sys
tem requires constant attention in terms of adjust
ment, maintenance. and repair if it is to function 
properly. Such as the automatic con-
trollers, valves. rotary-head drive mecha-

control 

wear, 
use. 

'""··· ,,,., ... or sometimes a full-time em-

ployee is required to rnaintain the complex com
ponents of an irrigation system. The 
individual must be properly trained and fully 
knowledgeable in and repair of the sys
tem to keep it functional. 

A visual operational check of all sprinkler beads 
and an operational check of the associated con
troller systems should be conducted at a 5- to 7-
day interval. also make a brief 
daily check during the syringe Use of this 
maintenance check establishes that the 
control 1s properly and, if it is not 

an indication the specific repairs or ad-
justments needed. It also indicates to the operator 
the type of water distribution being achieved both 
in terms of the duration the sprinkler runs in rela
tion to the program set at the controller and the 
pattern of water dispersement from the sprinkler. 

Nozzles should be checked periodically for 
excessive wear and replaced as needed. It also is 
important that a check be made daily for mal
functioning rotary sprinkler heads and leaky 

valves that cause low-head drainage. Similarly, 
screens and filters must be checked and cleaned 
periodically, with the specific interval determined 
by the amount of debris and sand introduced from 
the water source. Appropriate adjustments or re
pairs are made whenever a component of the sys
tem is not functioning properly. Air-release valves 
should be serviced annually. Furthermore, all 
valves should be exercised and lubricated once 
per year. valve sterns often can 
loosened by prclubricating with diesel fuel. 

An irrigation maintenance checklist is 
used as a method of repair control 
Whenever a problem is identified, it is noted on 
the checklist and a card is to the individual 
in charge of irrigation repairs. 
justments or repairs arc then made. 
lem is corrected and the made functional. 
the card is dated, and 
nent file. This card 
cations on the 

and types of 
of breaks, plus the couplings for 
repair; and a few selected sizes or valves. The 
appropriate tools dic-
tated the particular used also are .,...., .. ,uv .... 

Finally, it is advisable for the,,~ .... ,, ... ,..., 
be serviced by a 
on at least an annual 
complex and high 
where irrigation is practiced I 
semiannual or quarterly 

In most cool climatic regions, the irrigation 
tern must be drained to prevent dur-
ing the winter, assuming the potential soil 
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IRRIGATION CONTROL CHECKLIST 

DATE ZONE 

VALVE OR SET ACTUAL SPRAY 
HEAD NO. TIME TIME PATTERN nnr:-c,,--.11nc: ,.._......., ..... ,.._, 

1 

2 

3 

4 

5 

"'-··-----··---L _____ ___.. ........ -
-·---·--~·-·--

Figure 9.30. Irrigation system maintenance checklist. 

depth extends below the depth of pipe burial. The 
1rngation should be drained prior to the 
first severe freeze. The method is for 

lines to be blown out with com-
air, sure to use the proper pressure. 

The drain outlets are positioned over a 
sump or dry well that is preferably connected to a 
subsurface system. 

The actual followed in blowing wa-
and pumping may 

vary from the following outline depending on the 
type of equipment involved. If any arc 
unclear, it is critical that the design engineer for 
the irrigation and the manufacturer of the 
pumping be asked to provide a detailed 
written procedure for draining and winterizing the 

(f the Irrigation 

I. A week before the scheduled draining of the 
system, the superintendent should 

the drawings and prepare a 
sequence of steps planned for orderly drain
age of all main and lateral pipelines. includ

consideration for high and low areas. 
2. Turn off the water supply, open all drain 

outlets that flow directly into drain lines or 

similar and insert quick-coupler 

COURSE 

HUIAIIUI\J COMMENTS 

in the high and low points in each line to 
facilitate air replacement water drains from 

the lines. 
3. Secure or arrange for rental of an "'"'Y".,"'"'''' 

ate-sized air compressor. Connect the com
pressor into the main line near the water source 
or at the elevation on the course. 
Irrigation lines 4 to 8 inches ( 100-200 mm) 
in diameter are blown om most readily by 
means of two 125- to 250-cubic feet 
7.08 1113)-per-minute air compressors, while 
systems with 3-inch (75-mm) diameter lines 
or less are blown out relatively quickly with 
one 125 cubic feet/min air compressor. Al
low the compressor to build up pressure be
fore opening any drainage outlets. 

4. Open each remote control valve. beginning 
at the water source on the main line. and then 
continuing on the lateral line nearest the wa
ter source. /.\llow sprinklers to drain until 
only air comes out. Then close the valve. 
Continue this procedure to the end of the line 
and then the same steps on each rnore
distant lateral off the main line until all water 
has been removed from each lateral, riser, 
and sprinkler head. 

5. Repeat step to ensure full water removal 
from all irrigation lines. start from 
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the water source and work toward the ends 
of each of the outlying laterals. Open each 
drain outlet and blow out any re-
maining water. close for a short period, and 
then reopen to establish that all water has 
been removed. 

6. Close the drain lines to prevent surface water 
from the lines through the 

the water flow route the pip
and related 

... ,,rr.r,nc of the pumping system, being care-

ful to all drain outlets. 
2. Drain pump volutes by the bot-

tom the drain cock. 
Drain or remove the suction drop pipe. 

4. Drain nrt:,.:u,"'""_,.,::,,r11,,,,,,,n 

out or 1nrw;e,,·n,n,n 

5. Turn all drive motors and cover motors off 

11,1 .. ~.~"'"" rodent 

6. Drain pressure gauges, switches. tank 

..... ~··"·-· .. tank air and similar equip-
ment that is to 

7. I\·1ake all oil- or bear-
well covered with lubricant. 

8. Cover any ex1po~;eo metaL such as shafts. 
with lubricant to eliminate cor-
rosion. 

9. automatic valves to operate once 
for 5 minutes to prevent the solenoid 

,·,T,, .......... ~ and reduce moisture 

in the solenoid coil and automatic control-
ler contacts. 

10. Install a sized heater in the pump 
house to maintain the temperature above 

to 

to the course in a manner that provides as 
close to optimal turf playing conditions as pos
sible. Note that optimal playing conditions and 
optimal conditions usually are not the 
same. Too often golf courses are overirrigated 
frorn the standpoint of optimal golfing conditions. 
This is due to for soft 
greens and lush (b) improper operating prac-
tices the course superintendent, and/or 
limitations or improper restrictions of the 
irrigation 

A fully automatic irrigation that does 
not require programming and mainte
nance does not exist. Future technology may pro-
duce such a In the 

assessment of the soil moisture levels at in
dicator sites throughout the course. Consid-

must be to the solar radiation 
atmospheric relative humidity, 

wind conditions the ET rate, 
anticipated rainfall for the next few 
monitoring these be accom-
plished one or more on-site microenvironmen-
tal with facilitated by 
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weaknesses of the iITigation system in relation to 
applying the needed amount of water within a 
pecific period of time. Ba ed on these evalua

tions, decisions are made regarding when, where, 
and how much water to apply. 

The ituation is even more complicated when 
variations in oil texture cau e the oil moisture 
content to vary at different locations on the golf 
cour e. Some ites may tend toward perpetual 
wetne s, while other may be prone to rapid dry
ing. Con equently, the irrigation program must 
be adju ted for the variable oil and drainage con
ditions within the golf cour e itself. Prolonged dry 
weather may dictate the u e of manually set ho e
end prinkler connected to quick-coupling valves 
to upplement irrigation system application on 
elected sites. Similarly, care mu, t be taken to 

properly irrigate very wet sites and to avoid 
overwatering adjacent lopes from which surface 
runoff back onto these low, wet areas may occur. 

The golf cour. e uperintendent will need to 
compensate for any inadequacies in the irrigation 
y tern de ign orfor pecial problem ite. on the 

golf course by upplementing the automatic or 
emiautomatic system with manual irrigation 

methods when needed. This need i more com
mon during extremely dry periods. 

Assessing the Turf Water Need 

Software programs are available for computer 
that record key individual environmental parameter 
monitored by one or more mjcroenvironmental en · -
ing tations and then calculate the tmfgrass water 
requ1rement for specific turf locations. The mo t 
accurate and reliable evapotranspiration (ET) pre
diction model across a broad range of climates i 
the Modified Penman Turf Model. It requires a mi
croenvironmental station for . ensing such needed 
inputs as net radiation, temperature, relative humid
ity, and wind peed. Thi approach i valuable in 
predicting ET rates, which in turn aid in deci ion
making for the be t po ible irrigation practice . 

The ultimate decision a. to when irrigation is 
needed requires vi ual a se sments of the water 
tatu of both the turf and the soil. Visual turf 

asse sment involve use of the footprinting tech-

THE IRRIGATION SYSTEM 433 

Figure 9.31. Use of a soil probe to determine the 
moisture status of a soil. Note the lighter dry soil 
(top) and darker moist soil (bottom). 

nique, plu igns of vi ua] leaf wi]t. Both indi
cate the current water status of a turf and whether 
water must be applied soon. In contrast, vi uaJ 
as es. men ts of the oil moisture JeveJ give a pro
jection of potential turf water needs over the next 
few days and aid in planning upcoming irrigation 
practices (Figure 9.31 ). A soil probe i the be. t 
too] for thi asse ment, as urning the per on i 
familiar with the appearance of soil under vari
ous moisture conditions. The depth of moi t oil 
is of special concern. 

Soil moi ture hould be checked with a oil 
probe to a 6- to 8-inch ( 150-200 mm) depth at a 
number of key location on the golf course. By 
experjence, the golf course superintendent iden
tifie the e indicator ites where turfgras water 
stres first occurs. Thus, visual a se sment of the 
turf and soil water statu are partia11y an art de
veloped through experience. 
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There are en or available for determining oil 
moi ture. In the pa t, the e unjt have proven 
impractical a an exten ion of the automatic irri
gation y tern under mo t field condition . The 
amount of oil area ampled i o limited, the golf 
cour. e ojJ and microclimate are o variable and 
the rooting d pth and cutting height of variou 
turfgra e are so different on different go]f 
cour e that it is difficult to u e oil rnoi ture en
sor for compr hen ive monitoring. 

One Jow-c . t approa h for approximating wa
ter u e to help in making irrigation deci ion con
si ts of an vapora tive pan that indicate. the 
evaporative d mand of the atmo phere on a daily 
ba i . The amount of irrigation water applied i 
based on a p r ntage of the pan evaporation rate 
which ari s with the turfgra pecie I ultivar. 
The pan L hou)d be r ad at the ame time daily 
and the original water level ree tabh hed. Thi 
approach pre ent probl m and i much Je ac
curate than th Modified P nman Turf Model u · d 
in conjuncti n with a micro nvironrnent en ing 
station and mputer with an appr priate oftwar 
program. 

When to Irrigate 

There ar thr dimen, i n, to a turf irrigation 
strategy. Th y are (a) maintenance watering, 
which con ist of replacinE! water in the root zone. 
(b) environm nta1 watering. which involve rela
tively light application for a number of different 
purpo e . and (c) watering-in fertilizer. , preemer
gence herbicide , and certain fungicides and in
secticide . 

The preferred time of day for maintenance ir
rigation of mo. t golf cour e turf , from an agro
nomic standpoint i the late n cturnal period and 
early morning. H wever, limitations of some ir
rigation y. tern may dictate irrigating for the full 
nocturnal period on 2 consecutive nights to fully 
cover an l 8-hole course. Irrigation , hould be 
scheduled so soi ls are not at or near aturation 
when inten e traffic i anticipated. Thi minimjze · 
the potential for soil compaction and en. ures op
tima] playing condition . 

Midday maintenance irrigation has several di . -
advantage . including (a) the potential for un ·at
i factory water di tribution patterns due to the 
higher wind common at midday, (b) a higher 
amount of water loss by direct evaporation to the 
atmo. phere and (c) inconvenience to golfer . Ir
rigation in late afternoon or early evening a]so 
ha, di advantage. in that the turf remain. moi t 

throughout the nocturnal period thu increa, ing 
the potential for fungal . pore germination and 
invasion, with ubs qu nt disease development. 

A ·pecific frequen y f irrigation cann t be 
. uggested n an absolute ba i . Frequency is dic
tated by th xi ting turfgras 'pecie , ro ting 
depth, environmental tatu , and soil condition .. 
It may range from daily on putting gre n in mid
summer, to 3 to 5 tirn s p r week on te s during 
the ~ umm r, to once every 7 to 14 day during 
the pring and autumn on f'1irway . Similarly, no 
one diurnal time is a lways b t b au. of nu
merou int ractiv factor:. 

A light. daily en ir nm ntal irrigation .i. fre
quently appJi d t putting gr en.- ju. t pri r to 
dawn, e:p ially if th ro t zone has an ad quat 
i nfilt:rati n rate. This rve. the dual purp se of a 
light irrigation plu · removal of d w, e udat s, or 
fro t that may hav form d on th turfgra. L sur
face. Thi , approach of~ rs mor favorabl play
ing conditi ns in arly morning and elimin, t s 
the ne d f r such manual procedure a.- poling or 
hose-dragging of gr en prior t mowing. 

During summer heat and water tres , . . wa
tering of putting greens and even tee. may b 
neces. ary at midday, particularly for c I-sea
son turfgrass . . This very light, midday water
ing technique i term d syringing. It may be u d 
to correct a turf gras stress, such a wilt or h at, 
so the turf may survi e until normal irrigation 
during the nocturnal period. When the turf wilt 
potential i high, the uperintendent or the a. i -
tant uperintendent should inspecl all greens and 
te daily near midday. and ometimes twice 
daily during extreme heat tre s when the turf
gra . root sy, tern i quite hort. Syringing mu. t 
be done whenever wilt is immin nt. Any delay 
could mean an exten ·ive lo of turf, particularly 
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IRRIGATION WATER VOLUME, FLOW, AND WEIGHT FORMULAE 

VOLUME 

1 acre-inch :::; 43 560 cubic inches 
;;::::: 27, 154 gallons 

1 acre-foot = 43 560 cubic feet 
::; 325,851 gallons 

1 gallon ::; 231 cubic inches 
::;:::; 0.134 cubic feet 

7-1/2 gallon = l, 728 cubic inches 
= 1 cubic foot 

1 million gallons = 3.07 acre-feet 
1 billion gallons = 1,000 million ga1Jons 

FLOW-VOLUME 

1 million gallons per day (mgd) = 694.4 gallon per minute 
= 1.5 cubic feet per econd 
= ·1,120 acre-feet per year 

1 billion gallons per day (bgd) = 1.12 million acre-feet per year 
· l cubic foot per second = 1.98 acre-feet per day 

WEIGHT 

1 gallon of water at 62 °P = 
1 cubic foot of water at 39.1 °P = 

I pound of water at 62°P = 

when the turf is composed of annual bluegrass 
or bentgrass. 

Amount of Water to Apply 

The golf course superintendent should attempt 
to apply an amount of water equivalent to that re
moved from the soil since the last irrigation to 
field capacity. The exception to this model is when 
irrigating sodic and saline soils, and especially 
when saline water is used. The amount of water 
removed is determined by the quantity of water 
lost to the atmosphere through evapotranspiration 
plus the water percolated downward through the 
soil in a free gravitational mode. The actual amount 
of water applied also depends on the water reten
tion characteristics of the soil. Fine-textured soils 
have a higher water retention capability than 

8.34 pounds 
62.43 pounds 
0 .1199 gallon 

coarse-textured sandy soils, unless a perched hy
dration zone is created by the construction method. 

Over-irrigation must be avoided. If continued 
on a long-term basis, it causes serious declines in 
the soil oxygen level. root growth, and overall tu1i'
grass quality and it increases the potential for dis
ease development and soil compaction. In addition, 
over-irrigation is wasteful, since much water may 
be lost through sutface runoff and gravitational 
percolation. Tu1t'grass symptoms of over-irriga
tion include a yellowish, chlorotic appearance, 
thinning of the stand, algae, and increased annual 
bluegrass (Poa annua) encroachment. 

An important dimension in irrigation is the rate 
of water application per unit of time. It should be 
adjusted to the maximal rate at which water en
ters the soil, termed the infiltration rate. The in
filtration rate may range from as low as 0.05 inch 
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( 1.3 mm) per hour on very fine-textured silty clay 
soils to more than 4 inches ( l 00 mm) per hour on 
mature high-sand root zones. Failure to select the 
appropriate water application rate may result in 

and water loss surface runoff. 
where the soil infiltration rate is ex

is needed that 
intervals over the 

nocturnal irrigation The rate of water ap-
plication is controlled primarily the sprinkler 
head head type of 

accumulation, and 
flooding, 

and/or poor 

may be found in current 

thatch or mat 
clay and silt 

irrigation water 
material. 

on 

prior to I are cited 
and D.P. Martin. I 

1672 to /972. State Univer
East Michigan. USA. 730 pp. 

published since 1973 may be obtained 
from The Information File (TGIF), a 

the OJ. 
Collection at the Michi-

gan in East Lansing, 
Michigan. On the Internet, The Turf-
grass Jnformation File onJine access to 
the print and online literature of turf science and 
culture. To identify relevant about golf 
courses, try "golf course irrigation." 
For complete details go to: http://www.lib.rnsu. 
edu/tgif. 

The limited number of nonperiodical publica-
tions relating to golf course turf are 

as follows: 

1966. 
Daw---United Swres and Cwwdo. The Toro 

MN, USA. 63 pp. 
Mamwl. 

Fresno. CA. USA. 27 pp. 
R.S. and D.W. Wcstcot. 1989. \rVater 

tion of the United Nations. Rome. 
Beard. J.B. 1973. 5;'ciencc and Culfllre. 

tliYt,.,n!IV>fl c:IitTs~ NJ~ LJSf\. 

pp. 

Van 

190 

Pair. C.H .. H.W. Hinz. C. Reid. and K.R. Frost. 1975. 

USA. 434 pp. 
United States Golf Association Waste-

water Reuse Course Lewis 
Publishers. Boca FL USA. 294 pp. 

Watkins. J.A. and R.B. Choate. 1987. 
Manual. Telsco Industries. Dallas. 
363 pp. 
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MMK Water Usage Chart

Exhibit No. 2186-MMK-4 Page 1 of 3

Ye
ar Month Gallons Monthly or Annually Average Daily Use (GPD) Comments

June 51,100,000 1,703,333
July 51,000,000 1,645,161
August 52,500,000 1,693,548
September 50,300,000 1,676,667
October 31,600,000 1,019,355
November 26,400,000 880,000
December 26,300,000 848,387
Year Total 289,200,000 1,351,402 214

Ye
ar Month Gallons Monthly or Annually Average Daily Use (GPD) Comments

January 28,588,100 922,197
February 26,968,000 963,143
March 15,334,100 494,648
April 74,538,300 2,484,610
May 49,999,993 1,612,903
June 54,700,020 1,823,334
July 50,999,991 1,645,161
August 51,999,989 1,677,419
September 51,500,010 1,716,667
October 42,500,008 1,370,968
November 24,758,340 825,278
December 18,508,085 597,035
Year Total 490,394,936 1,343,548 365

Ye
ar Month Gallons Monthly or Annually Average Daily Use (GPD) Comments

January 27,054,500 872,726
February 19,883,705 685,645 LEAP YEAR
March 45,247,600 1,459,600
April 36,771,500 1,225,717
May 48,707,600 1,571,213
June 47,141,000 1,571,367
July 52,689,300 1,699,655
August 50,312,800 1,622,994
September 47,822,500 1,594,083
October 37,642,900 1,214,287
November 29,340,100 978,003
December 21,736,400 701,174
Year Total 464,349,905 1,268,716 366

Ye
ar Month Gallons Monthly or Annually Average Daily Use (GPD) Comments

January 17,088,000 551,226
February 24,382,500 870,804
March 24,413,300 787,526
April 28,479,700 949,323
May 34,852,200 1,124,265
June 35,997,200 1,199,907
July 42,329,400 1,365,465
August 36,411,400 1,174,561
September 44,009,000 1,466,967
October 26,950,200 869,361
November 20,982,800 699,427
December 20,185,040 651,130
Year Total 356,080,740 975,564 365

20
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20
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MMK Water Usage Chart
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Ye
ar Month Gallons Monthly or Annually Average Daily Use (GPD) Comments

January 23,776,360 766,979
February 24,243,400 865,836
March 23,776,360 766,979
April 23,379,000 779,300
May 31,729,200 1,023,523
June 41,415,000 1,380,500
July 44,226,000 1,426,645
August 44,394,400 1,432,077
September 40,514,400 1,350,480
October 41,197,600 1,328,955
November 27,838,400 927,947
December 17,144,000 553,032
Year Total 383,634,120 1,051,052 365

Ye
ar Month Gallons Monthly or Annually Average Daily Use (GPD) Comments

January 21,896,600 706,342
February 18,708,400 668,157
March 33,587,800 1,083,477
April 35,490,400 1,183,013
May 37,013,200 1,193,974
June 41,063,800 1,368,793
July 38,400,000 1,238,710
August 39,875,800 1,286,316
September 41,373,200 1,379,107
October 38,943,400 1,256,239
November 35,039,000 1,167,967
December 22,525,000 726,613
Year Total 403,916,600 1,106,621 365

Ye
ar Month Gallons Monthly or Annually Average Daily Use (GPD) Comments

January 29,771,800 960,381
February 25,649,200 884,455 LEAP YEAR
March 25,294,000 815,935
April 33,619,200 1,120,640
May 39,635,200 1,278,555
June 34,036,000 1,134,533
July 40,699,000 1,312,871
August 40,924,200 1,320,135
September 33,396,400 1,113,213
October 34,879,200 1,125,135
November 31,740,200 1,058,007
December 28,902,800 932,348
Year Total 398,547,200 1,088,927 366

20
10

20
11

20
12



MMK Water Usage Chart
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Ye
ar Month Gallons Monthly or Annually Average Daily Use (GPD) Comments

January 20,963,800 676,252
February 21,777,200 777,757
March 24,666,400 795,690
April 31,098,600 1,036,620
May 24,850,000 801,613
June 38,693,200 1,289,773
July 39,781,600 1,283,277
August 27,482,800 886,542
September 47,688,800 1,589,627
October 35,219,800 1,136,123
November 19,407,200 646,907
December 15,320,800 494,219
Year Total 346,950,200 950,548 365

Ye
ar Month Gallons Monthly or Annually Average Daily Use (GPD) Comments

January 15,295,600 493,406
February 12,452,400 444,729

March 4,008,200 129,297
Very little irrigation due to frequent and 
consistent rain

April 13,107,000 436,900
May 22,811,200 735,845
June 30,587,600 1,019,587
July 29,782,400 960,723
August 14,277,000 460,548
September 34,103,200 1,136,773
October 30,803,600 993,665
November 17,809,600 593,653

December 16,650,600 537,116
For year, reduced irrigation due to more 
frequent and consistent rain

Year Total 241,688,400 662,160 365

Ye
ar Month Gallons Monthly or Annually Average Daily Use (GPD) Comments

January 17,886,000 576,968
February 11,926,600 425,950
March 12,870,000 415,161
April 22,025,200 734,173
May 25,813,600 832,697
June 27,610,600 920,353
July 32,597,000 1,051,516
August 19,349,800 624,187
September 30,034,200 1,001,140
October 14,460,400 466,465
November 18,754,600 625,153

December 22,339,000 720,613
For year, reduced irrigation due to more 
frequent and consistent rain

Year Total 255,667,000 700,458 365

Average Total Gallons per Year (2007 to 2015): 372,949,989
Average Total Gallons per Day ("GPD") (June 2006 to December 2015):  1,036,969

Deviation Range (GPD):
High: April of 2007 2,484,610
Low: March of 2014 129,297

Amount Requested (GPD)-2009 SWUP Application: 1,292,704
Amount Requested (GPD)-2016 Current Request: 1,250,000

20
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Ikaika Bechert 
94 Kinohi Loa St. 
Wailuku, HI 96793 

Personal: 808-357-3750 
Work: 808-868-9803 
ibechert@troon.com 

EDUCATION 

Henry Perrine Baldwin High School (Graduated 1997) 

Rain Bird Certification Course (Design and Operation of highly technical Central Control 
Systems for Golf Course Irrigation) 

Completed UH Maui Campus Management Courses 

Obtained Pesticide License and attended multiple seminars on new landscaping products and 
techniques. 

PROFESSIONAL EXPERIENCE 

1994 – Present (22 years) 
Employed at: 
The King Kamehameha Golf Club and Kahili Golf Course 
2500 Honoapiilani Hwy  
Waikapu, HI, 96793 

Golf course maintenance experience with more than 22 years in Landscape, Grounds 
Maintenance, Irrigation, Plant Nursery, and Turf Fertilizing Techniques. 

2012 – Present (4 years) - Golf Course Superintendent 
Oversee the irrigation and landscaping of approximately 350 acres of golf course at the 
King Kamehameha Golf Club (18-hole golf course) and Kahili Golf Course (18-hole golf 
course), at the golf courses, around the clubhouses, and the onsite nursery.  Manage over 
30 employees.  Oversee the daily maintenance and operation of an extensive and complex 
irrigation system covering two golf courses (36 holes).  Oversee repairs of irrigation 
system controllers and over 800 sprinkler heads throughout the two golf courses.  
Coordinate requests for quantity of water from WWC, maintenance and repair of pumps 
to and from Reservoirs 4 and 18, and regular (weekly and monthly) meter readings. 

2010 – 2012 (2 years) – Assistant Golf Course Superintendent 
Assisted the then acting Superintendent in the same duties described above. 

2006 – 2010 (4 years) – Irrigation Specialist 
Maintain and Repair Irrigation lines and Controllers.  Monitor watering schedules with 
central control system.  Certified operator of the Rain Bird Central Control System 
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(ability to customize watering programs to manage the duration and quantity of watering 
for two golf courses). 

2002 – 2006 (4 years) – Irrigator 
Performed irrigation installations at the two golf courses and designed landscaping areas 
for irrigation.  Worked on both native and non-native plant species in a nursery for 
transplant around Clubhouse landscaping areas. 

1997 – 2002 (5 years) - Machine Operator/Laborer 
Operated heavy machinery to maintain or improve two golf course property, including 
Backhoes, Bobcats, Forklifts, Lawn Mowers, Tractors, etc. 

1994 – 1997 (3 years) – Laborer (part-time employment) 
Performed tree trimming, weeding, and various maintenance roles at the two golf 
courses. 

Also performed multiple residential irrigation projects involving the design and 
installation of irrigation systems.  Designed irrigation misting system in nursery for 
seedlings and saplings. 

SKILLS, ACHIEVEMENTS, & ASSOCIATIONS 

• Rain Bird Certified on Central Control Systems for Golf Course Irrigation
• First Hand Experience with both Toro and Rain Bird Irrigation Systems
• Golf Course Irrigation Maintenance, Troubleshooting, and Repair
• Residential Irrigation Design
• Irrigation System Installation
• 6 Year Member of GCSAA (Golf Course Superintendents Association of

America)
• Landscape and Plant Nursery Maintenance and Irrigation
• Extensive Knowledge in Turf and Landscape Care
• Licensed Pesticide Applicator
• Backhoe Operator
• Licensed Forklift Operator
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Golf Central Control Systems

Preferred by Golf Course Professionals  
to Elevate Course Appearance and Playability
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Rain Bird® Central Control Systems
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Rain Bird® Central Control Systems

Irrigation is essential to 

improve or maintain course 

appearance and playability. 

At the heart of everything is 

central control. 

This is the brain. 

The caretaker. 

The watchdog.

Dynamic Adaptability:

An exclusive and definitive reason why Rain Bird® 

central control is preferred by more golf course 

professionals worldwide.

With Rain Bird® central control, the lines of communication 

are always open. The exchange of information is free 

flowing throughout the entire irrigation system. With 

up-to-the-minute information readily accessible, central 

control is able to take immediate action when an irrigation 

challenge arises. 

Maybe it is a sudden thunderstorm: central control will 

temporarily suspend, adjust or stop watering schedules. 

Maybe it’s a change in the flow rate : central control will 

immediately make the needed adjustments to assure 

optimal water use. 

These examples illustrate the dynamically adaptable 

nature of Rain Bird central control. This instantaneous 

responsiveness is why more golf professionals rely on 

Rain Bird to responsibly manage water use, to lower utility 

and labor costs, and safeguard their course investment.

Pump Profiling enables central control to limit power consumption during peak 
periods to maximize performance efficiency.

Exclusive FloManager® constantly communicates with central control to keep the 
irrigation system operating at peak efficiency, while managing flow in real time. Saving 
you money with the shortest, most efficient watering in the industry.

Rain Bird Smart Pump™ provides real-time communication between the pump station 
and central control to adjust flow demand based on actual field conditions; this 
reduces pump downtime by automatically modifying system demand on the pump for 
optimum irrigation efficiency.

Pump Station

Rain Bird is continually developing systems to provide remote access to central control. 
One example is the FREEDOM™ System. FREEDOM allows the user to send commands to 
the central control via a handheld radio from anywhere on the course. Another example 
is the Rain Bird MI Series Mobile Controller. With just a web-enabled cell phone, central 
control can be accessed at any time, from virtually anywhere in the world.

Accessibility

An exclusive CYCLE+SOAK™ feature allows central control to precisely schedule and 
apply water to be consistent with the infiltration rate of the soil in each specific area 
around the golf course. The benefit is responsible water use. 

Around the Course

Exclusive software includes Smart Weather™ that monitors ET rates, and along with 
central control, modifies watering schedules based on actual turf requirements, and 
reactions based on user defined weather events.

RainWatch™ monitors falling rain and instantaneously pauses and/or adjusts irrigation 
run times as necessary. 

Minimum ET™ integrates with a weather station to precisely determine central control 
watering cycles.

Weather
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Stratus™ LT 
With Stratus™ LT you can almost 
immediately begin to manage 
all the irrigation applications on 
one 18-hole course — from the 
greens to the roughs — without 

having to become a computer expert or spend 
extensive time learning to operate the system. 
Stratus LT now supports ET-based scheduling with 
WS-PRO LT and a weather software module.

Cirrus FloManager®
Nimbus II Course Monitor

Stratus II Course Monitor Stratus LT Map

Cirrus™ 
Cirrus™ central control incorporates 
Computer-Aided Design (CAD) 
drawings generated by GPS 
technology which allows you 

to see your course like no other system can. With 
state-of-the-art ET-based scheduling, customized 
course graphics and multiple mapping options, Cirrus 
makes controlling your irrigation system fast and easy. 

UNIQUE FEATURES AND OPTIONS
fEATuRES CIRRUS™ NImbUS™ II STRATUS™ II STRATUS LT™ GO™/GO200™

Number of 2-wire satellite wire groups standard 4 4 1 1 *

Number of IC™ wire groups standard 4 4 1 1 1

Maximum number of interfaces - Hybrid (same or mix) 12 3 2 – –

Maximum number of 2-wire satellite wire groups – Hybrid 48** 12** 4** – *

Maximum number of 2-wire/wireless satellite stations 32,256** 8,064** 2,688† 672 –

Maximum number of IC™ stations 36,000‡ 9,000‡ 3,000‡ 750 750/200

Number of decoders/solenoids standard 500/1,000 500/1,000 500/1,000 200/400 –

Maximum number of decoder/solenoids – Hybrid 6,000/12,000∆ 1,500/3,000∆ 700/1,400∆ 300/600 with LDI◊ –

Number of active decoder solenoids 40/LDI 40/LDI 30 with LDI 15 with SDI –

Maximum number of weather stations 5 5 1 1 (WS-PRO LT only) –

Maximum number of pump stations 6 6 6 2 2

PROGRAMMING

Number of courses 3 3 2 1 1
Number of holes 54 54 27 18 18

Number of Flo-Zones™ 500 500 500 50 50

Programs Unlimited Unlimited 500 250 250

Schedules 50 per program 50 per program 25 per program 25 per program 25 per program

Irrigation programs – active simultaneous 50 50 20 10 10

SOfTWARE fEATuRES

ET Management (fully automatic)  Optional Optional Optional –
Rain Bucket™  – accumulated rainfall  Optional Optional Optional –

Visual Monitoring – Station level  Optional Optional – –

Smart Weather™ Alarms  Optional Optional – –

SOfTWARE MODuLES
Weather Software/Automatic ET  Optional Optional Optional –

Smart Weather™  Optional Optional – –

Additional Weather Stations  Optional Optional – –

Smart Sensors™ with Flo-Watch™  Optional Optional Optional –

Rain Bird® Messenger™  Optional Optional Optional –

Hybrid – Additional interfaces (same or mix)  Optional Optional – –

The FREEDOM System™  Optional Optional Optional Optional

Map Utilities™  Optional Optional – –

Station Layers – Map/Operations  Optional Optional – –

Smart Pump™  Optional Optional Optional –

Additional Wire Groups   Optional – –

ShARED SySTEm FEATURES
fEATuRES CIRRUS™ NImbUS™ II STRATUS™ II STRATUS LT™ GO™/GO200™
Real-time decision making     
Radio communication option     
Works with all Rain Bird® satellites     *
Works with decoders     *
Works with Rain Bird® Integrated Control™ System (ICS)     
Works with FREEDOM™ System     
Works with Rain Bird® MI Series Mobile Controller     

PROGRAMMING
Standard/QuickIRR™/SimpleIRR™     

SOfTWARE fEATuRES
FloManager® – Dynamic Power and Hydraulic Management     
Flo-Guard™     
ET-Based scheduling     –
ET Spreadsheet™ Analysis     –
Rain Bird® MI Series Mobile Controller     
Wireless Satellite Radio Diagnostics     –
Comprehensive Decoder Diagnostics     –
Advanced IC™ Diagnostics     
Real-Time Run Log     
Report Generation    – –
Water Budgeting 0% – 300%     
Rain Sensor     –
RainWatch™     –
QuickStart™     
Help Screens     
Course Monitor™     
Hole View     –
Projected Flow (Dryrun™)     
Graphics – Course View™     –
Import GPS, CAD or Aerial Photo     
Visual Monitoring – Area     –
Precipitation Data     –
Rotor Data     
Cycle + Soak™     

 *GO™ & GO200™ Centrals  operate IC systems only

* GO™ and GO200™ Centrals operate IC™ systems only ** Possible with Hybrid Module and additional MIM™(s)  ‡  Possible with Hybrid Module and additional ICI(s)  † Possible with Hybrid Module and additional Wire Groups Module(s) ∆  Possible with Hybrid Module and additional LDI(s)
 Included  –   Not available ◊  Possible using a LDI instead of standard SDI. Hybrid not required 

Nimbus™ II 
For a superior combination 
of ET-based scheduling, 
advanced flow management 
and Windows-based 
simplicity, Nimbus™ II  

is an excellent choice to efficiently control all 
irrigation applications on up to three individual 
courses with a maximum of 54 holes.

Stratus™ II 
For easy-to-use, time- or ET-based 
scheduling there’s really only one 
choice — Stratus™ II — the one 
irrigation central control system 
that combines the point-and-click 

simplicity of Windows® with intuitive Rain Bird features 
to control up to as many as 27 holes.
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Irrigation has been the only 
Rain Bird® focus since 1933.

Rain Bird® was the first to install an 

irrigation system on a golf course, 

specifically the Los Angeles Country 

Club. Rain Bird was the first to develop 

centralized central control. Sure, there 

are other central control systems on 

the market, but none can compare 

to Rain Bird’s proven track record of 

trusted performance on courses of 

every shape and size around the globe.

You have a golf course that needs to be irrigated. 

You need to select a central control system that is 

easy to use, and will continually safeguard how your 

investment looks and plays. This is essential, because 

course appearance and playability is how you entice 

and retain members, or encourage repeat rounds. 

You also need a central control system that will 

responsibly manage water use, a system that will 

efficiently reduce utility and labor costs.

So how do you begin the selection process?

Evaluate Your Course Irrigation Needs

All too often, greens committees or superintendents purchase a central control system 

that exceeds the irrigation needs of their golf course. So think about the level of irrigation 

control you believe is necessary to maintain course appearance and playability, while 

reducing water, labor and energy costs.

Keep in mind, too, that Rain Bird® systems are designed so as the irrigation needs of your 

course change over time, it will be affordably easy to upgrade your system with the most 

advanced technology.

Weigh What Others Have To Say

Talk with people who have had experience with more than one manufacturer’s central 

control system. What you will likely hear is:

How the system is dynamically adaptable, responding immediately with the right solution •	

to any irrigation challenge.

How Rain Bird central control systems are much easier to use.•	

How everything integrates together to responsibly manage water use, and lower utility•	

and labor costs.

How Rain Bird offers so many more competitive advantages to improve or maintain•	

course appearance and playability.

There is a definite difference. To find out why more golf course professionals prefer 

Rain Bird central control, ask around. 
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Rain bird Corporation
970 W. Sierra Madre
Azusa, CA 91702
Phone: (626) 812-3400 
Fax: (626) 812-3411

Rain bird Technical Services
(800) RAINBIRD (U.S. and Canada)

Rain bird Corporation
6991 East Southpoint Road  
Tucson, AZ 85706
Phone: (520) 741-6100 
Fax: (520) 741-6522

Specification hotline
(800) 458-3005 (U.S. and Canada)

Rain bird International, Inc.
P.O. Box 37
Glendora, CA 91741
Phone: (626) 963-9311 
Fax: (626) 963-4287

At Rain Bird, we believe it is our 
responsibility to develop products and 
technologies that use water efficiently. 
Our commitment also extends to 
education, training and services for our 
industry and our communities.

The need to conserve water has never 
been greater. We want to do even 
more, and with your help, we can. Visit 
www.rainbird.com for more information 
about The Intelligent Use of Water.™

The Intelligent Use of Water.™
L e a d e r s h i p   •   e d u c a t i o n   •   p a r t n e r s h i p s   •   p r o d u c t s
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Rain Bird Golf takes a quantum leap in
irrigation technology with the easy-to-use
Cirrus™ central control system. With more
than 3 years of field operation, Cirrus allows
you to control your irrigation system with
more precision than ever before. Like
Rain Bird’s Nimbus™ II and Stratus™ II, this
multimanagement central control system
takes advantage of the newest Microsoft®

Windows® operating system with advanced
graphics and 32-bit architecture. With state-
of-the-art ET-based scheduling, customized
course graphics, multiple mapping options
and the ability to “see” the placement and
operation of individual rotors, Cirrus makes
controlling your irrigation system fast and
easy. Install Confidence, Install Cirrus.

Advanced Graphical
Tracking
Cirrus lets you see your course like no other
central control system can. Incorporating
maps generated by GPS technology and
CAD,* Cirrus can graphically recreate your
course with actual irrigation system layouts
down to individual rotors. Then, with true
32-bit graphics, you can “zoom-in” to
monitor every detail of your course. Just
double-click on a rotor for a complete status
report. A tree-view control allows you to
visualize and manipulate programs and
schedules with the support of visual
graphics, colorized text and color references.
Map utilities provide measurement and area
calculations from the map.

Rain Watch™

Rain Watch is an exclusive new feature that 
is so unique it has a patent pending. Rain
Watch is an intelligent rainfall reaction
system that uses up to four tipping bucket 

rain cans to detect and react to local rainfall.
For short duration cloudbursts, Rain Watch
suspends irrigation while simultaneously
measuring the real time rainfall. When the
storm passes, irrigation is resumed with
station runtimes reduced by an amount
equivalent to the measured rain. In case of
extended rainy weather, irrigation will be
cancelled for a user-definable period of time.

Minimum ET ™

Minimum ET is another new feature that
helps promote healthy turf by supporting
advanced ET management techniques. With
the Minimum ET feature a superintendent
can define a minimum ET threshold value
that must be met before irrigation will take
place. Minimum ET values can be assigned
globally so they affect all programs, or
individually by program for the ultimate in
ET management.

TECH SPECS

Cirrus allows you to create a custom map of your course, complete with customized layer options. 

Place pumps, rotors and water distribution equipment 
on your map as they appear on your course.

Monitor system activity using the Cirrus Course
Monitor™ screen.

*In order to create GPS and AutoCAD maps, it may require a designer.

Cirrus™ Central Control System
The Golf Industry’s Only Full-Featured Central Control System. Now with Rain Watch.™
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Smart Weather™

Designed to take complete advantage of
Rain Bird’s most advanced line of weather
stations, Cirrus is able to monitor and
respond to climactic conditions as they occur.
By tracking evapotranspiration (ET) rates and
other sensory inputs, the industry’s top
central control system is able to quickly
modify watering schedules to conserve water
and reduce irrigation costs. Smart Weather™

also tracks weather conditions for future
reference. The advanced warning system
accepts user-defined sensor thresholds. If
these thresholds are exceeded, the
superintendent will be alerted that conditions
are favorable for disease and pestilence.

Smart Pump™

Rain Bird’s Smart Pump Software links your
pump station to your central control system
providing real time communication and
optimizing your irrigation cycle. Smart Pump
also has the ability to monitor and react to
changes in station capacity. Should the
pump station capacity increase or decrease,
the software adjusts the irrigation cycle
based on this change. 

Expanded System
Compatibility
Utilizing some of the most advanced
software development tools in the industry,
Cirrus offers excellent performance and

software/hardware compatibility. The new
system architecture is designed to speed
performance with future Microsoft®

Windows® operating systems.

Remote System Control
Operate the Cirrus central control system
from anywhere on the course using a
Rain Bird FREEDOM™ System, or add the
FREEDOM-Pad to get map-based field
control. With a handheld, two-way radio 
or PDA Device you can communicate
directly with Cirrus and take control of 
your system as conditions dictate.

Superior Monitoring
With all of the new features found in Cirrus,
it’s easy to overlook many of the features
shared with the popular Nimbus II central 
control system. These include:

Flo Graph™ allows visibility of real-time
graphics with individual station information
presented in colorful charts. This feature
monitors each or all pumps for reliable
results. 

Flo-Manager ®—This patented feature
balances system demand at maximum
capacity with the efficiency of the pump
station and delivery network. Flo-Manager 
maximizes system output without causing
undue stress to your pump system and
components when coupled with Smart
Pump. It helps lower water demand, reduce
system wear and tear and save energy—year
after year.

Cycle + Soak™ works with Flo-Manager to
achieve maximum efficiency and water
conservation. It helps you control water
application on slopes and in areas with 
poor drainage. Cycle + Soak maintains the
pumping station demands while preventing
over application in those challenging areas
of the course. 

QuickIRR™ will get you up and running in no
time by creating schedules based on your
parameters. This feature is enhanced in
Cirrus by providing the ability to program
multiple courses. Select the course, hole,
area, sequence and run time and Cirrus will
do the rest.

Smart Pump™—Rain Bird’s Smart Pump
Software links your pump station to your
central control system providing real time
communication and user interaction. The
Smart Pump feature has the ability to
monitor and react to changes in the pump
station flow. Should the flow increase or
decrease, the software can adjust the

Create scorecard images of every hole on 
your course.

Modify irrigation schedules based on evapotranspiration
rates and other Weather Station data.

Control the flow of irrigation using the Flo-
Manager® screen.

Conserve water with built-in water saving features.

Easily manage your system with the intuitive
programming functions in Cirrus.

“Zoom-in” on the Course Monitor™ screen to check
on individual rotor activity.
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irrigation cycle automatically based on user-
definable thresholds.

Simple Upgrade Path
Those currently using Rain Bird’s older
central control systems can quickly and
easily transfer the control of their irrigation
systems over to Cirrus. Thanks to the graphic
Cirrus interface, once your information is
transferred, learning to use the Cirrus central
control system is simple and easy. For the
easiest upgrade in the industry, count on
Cirrus central control and be confident you
made the right choice.

Specifications
The computerized central control system
shall be the Rain Bird Cirrus as hereinafter
specified. It shall be capable of controlling
three (3) independent, 18-hole golf courses,
each consisting of greens, tees, fairways,
approaches, perimeters, roughs and
miscellaneous areas. The central shall
include the Rain Bird “P” Series computer
system, as hereinafter specified. The central

equipment shall include a satellite or
decoder interface unit, an uninterruptible
power source, a power circuit surge arrestor
and a grounding network grid with surge
arrestors, all as hereinafter specified.

All Cirrus central control systems shall be
“Hybrid” compatible. The Cirrus Hybrid
systems will have the ability to control up to
four interface devices which can be any
combination of 2-wire, wireless or decoder.
In addition to these items, an additional
Interface (MIM, MIM LINK or LDI) must be
ordered.

Cirrus Software– The Cirrus software shall
operate in the Microsoft® Windows 98 SE,

2000 or XP Professional environments.
Cirrus shall be capable of controlling any one
or up to three (3) types of field unit systems;
(1) “hard-wired” satellite field units; (2)
“radio” operated, LINK satellite field units, or
(3) “hard-wired” decoder field units. The
hard–wired satellite based systems shall be
capable of controlling 28 channels, on each
of eight (8) different two-wire
communication paths. Each channel shall be
capable of controlling a maximum of 672
satellite stations, or a total of 8064 (using 3
MIM interface units in Hybrid mode) satellite
controller stations. The radio LINK type
satellite system shall be capable of
controlling four (4) different groups of LINK

Rain Bird’s WS PRO Weather Stations allow 
Cirrus users to automatically modify their 
watering schedules based on actual 
environmental conditions.

3
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satellites. A total of 112 LINK satellites shall be
capable of controlling 24 stations (max.)
each. Total system capacity shall be 8,064
(using 3 MIM-LINK interface units in Hybrid
mode) LINK satellite stations. The two-wire
satellites and LINK satellites shall be capable
of expanding to 72 stations maximum, using
modules of 8 stations. Total number of
station outputs, for each satellite, shall be as
shown on the drawings and/or as directed.
The decoder-based system shall have the
capacity to control a maximum of 2,000
(using 4 LDI interface units in Hybrid mode)
single decoders and activate up to 4,000
solenoids. 

Continuous on-line two-way
communication, between central
computer/interface unit and the field
satellite or decoder units, shall provide true
central control. Continuous field unit
feedback status information shall be
registered at the computer and also at the
satellite interface unit. Cirrus shall be a
program/schedule-based system providing
maximum flexibility of programming and
giving the operator absolute and full control
of the entire system. The Cirrus system shall
be capable of unlimited programs residing in
the system at one time. Each program shall
be further defined by a number of smaller
schedules. A maximum of fifty (50) programs
and up to 50 schedules may be operated
simultaneously. All programming shall be
maintained in the computer memory and on
the hard drive, from which they shall be
executed. Programming shall NOT be
downloaded to the field units. It shall NOT
be possible to change or reprogram from the
field thus assuring the operator full control
at all times. A time window may be defined
for each individual program, confining its
operation to this specific time period.
Individual schedules shall be capable of
being designated for up to 12 start times
within the specified time window for their
program. Individual programs shall be
capable of being designated for up to 6 start
times. It shall be possible to designate the
sequence of operation of areas and the
sequence of operation of stations in these
areas, within a given schedule.

The Cirrus system shall provide for the
selection of three (3) different flow
measurement units —U.S. gallons per
minute, cubic meters per hour or liters per
second. It shall also provide for the selection
of any one of eight (8) different languages for
display.

A built-in Flo-Manager® feature shall 
automatically distribute and limit flow
within the system, to eliminate hydraulic
overload while maintaining maximum
system operating efficiency. The system shall
also be capable of entering complete flow
management database information for up to
six (6) independent pump stations; up to 250
piping network branches and up to 500 flow
zones for each pump station. The system
shall allow the use of a pump station
monitoring software capable of providing
real time data exchange with the Smart
Pump feature. This shall result in the highest
efficiency of pump station operation,
shortest watering cycle time and
conservation of water and energy. During
operation, individual flow graphs shall be
automatically generated, for each of the
three (3) courses, with individual station
activity information being presented in
colorful charts. Flow graphs shall be
automatically maintained on file for future
access and reference.

A Rain Watch feature shall provide an
intelligent rainfall reaction. The Rain Watch
feature shall be capable of suspending
irrigation during intermittent rainfall, and
then resume irrigation with station runtimes
reduced an amount equivalent to the rain
that has fallen. The Rain Watch feature shall
also be capable of canceling irrigation for a
user definable time in the event of extended
rainy conditions. To use the Rain Watch
feature up to four tipping bucket rains shall
be installed with one Rain Bird pulse
decoder for each rain can.

The Cirrus SmartWeather™ scheduling shall
monitor and respond to climactic conditions
as they occur by tracking evapotranspiration
(ET) rates and other sensory inputs. 
SmartWeather shall also track weather
conditions for future reference. 
SmartWeather shall provide automatic
response from user defined thresholds on up
to 5 Weather Stations. The SmartWeather
responses shall be provided to the computer
for programmed response and shall be
capable of sending an alphanumeric page
email or text message to the user for alarm
conditions.

In addition to calculating runtimes based on
measured weather parameters, a Minimum
ET function shall be provided which can delay
program activation until a user-determined
minimum ET threshold has accumulated.

The Cirrus system shall also provide for
programs to be set to adhere to manual 
water budgeting; at the system level, at the
individual program level and/or at the
individual schedule level. A Watersaver™

feature shall provide water budgeting
capabilities from 0 to 300% in 1% increments.
Automatic rain shutdown shall be possible
with the integration of a rain sensor.

The Cirrus CYCLE + SOAK™ feature 
should achieve maximum efficiency and
water conservation. It helps control water
application on slopes and in areas with 
poor drainage.

A dry run feature shall provide for testing of
a program and will allow the user the ability
to make necessary adjustments before actual
operation. A printout of the dry run results
shall be possible, as well as being displayed
on the monitor.

A guided initialization and start-up
programming method in Cirrus shall result
in a customized Quick Start™ program that
gets the system up and operating in a short
time. Built-in rotor database tables shall
provide for easy specification of station
sprinklers for custom irrigation scheduling.
Precipitation rates for each station shall be
automatically calculated with the selection
of sprinkler model, pattern and spacing. 
A graphic display of the golf course can be
achieved using any of three (3) methods: 
(1) Import GPS and AutoCAD as-built
drawings, (2) Create a map using the
Scorecard function, or (3) Import a picture 
of the course as a bmp or tif drawing file.
When importing AutoCAD as-built drawings,
all layers of the original AutoCAD files shall
be available to the user as layers in Cirrus.
The layers shall provide the user the ability
to measure distance and calculate areas
using Rain Bird’s map utilities. Each hole can
be defined to indicate the areas to be
irrigated such as green, tees, fairways,
approaches, perimeters, roughs and
miscellaneous areas. Alternatively, if you
prefer, user-defined names may be used. 
The system shall provide for multistation
programming and operation of satellite
stations. A station data table shall give
complete database information for each
individual station. A unique QuickIRR™

method of programming shall provide for a
quick and easy method to automatically
build programs to meet all irrigation
challenges and allow programming by
specific areas and designating sequence of
operation of these areas.

4
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The Cirrus system shall be capable of direct
manual access of any station, at any time.
Full system remote control shall be possible
with the integration of The FREEDOM™

System as well as the FREEDOM-Pad. The
Cirrus system shall provide for individual
course, daily and seasonal logs for record
keeping and easy compliance with
regulatory requirements regarding water
usage. A unique Cost Estimator feature shall
provide projections of water and power costs
for specific irrigation cycles.

The Cirrus decoder-based system shall
provide an automatic decoder and line
condition testing program, for easy check-
out and troubleshooting of the system.

Hardware—Computer-Furnish and install at
the central location a Rain Bird “P” Series
computer system, consisting of the following
minimum specifications:

2.4 GHz Pentium® 4 processor 
512 MB SDRAM 
20 GB EIDE Hard Drive
1.44 MB floppy disk drive
Microsoft® PS2 Intellimouse
56K Internal Modem
DVD/CD ROM–R/W

32 MB Video Card
Sound card
Speakers
Quiet Key 104 keyboard
USB to Serial Adapter
Color monitor 

Preinstalled software shall consist of:
The Rain Bird Cirrus program 
Map Import Software
PcAnywhere Communication software
Microsoft® Windows® XP Professional

Voltage Stabilizer—At the central location,
furnish and install a combination voltage 
stabilizer and uninterruptible power source
unit. Unit shall have a rated output of 600VA
and 400 Watts. It shall be suitable for 50/60
Hz operation with input power of 120VAC.
Battery back-up shall have a minimum time
of approximately 12 minutes minimum at
half load capacity. The unit shall have four
(4) electrical outlets.

Power Surge Arrestor—At the main
electrical panel and on the circuit supplying
the central equipment. Furnish and install a
Model “Z1” Zap Trap surge arrestor. Unit
shall be for 120 Volt, single-phase power
rated for 100 Amps. It shall have a discharge

capacity of 15,000 Amps at an 8 x 20 second
pulse. It shall have a clamping voltage of 130
Volts and a response time of 1.5 N/sec. Surge
arrestor shall be as manufactured by
Tytewadd Power Filters, www.tytewadd.com;
phone 417-887-3770. 

System Grounding System—At the central 
control location, as close to the Interface
unit as possible, install a grounding system.
Install a standard 12" x 18" x 12" rectangular
valve box around the top of any connections
in the grounding system to a surge arrestor,
the grounding lug of a piece of equipment or
an MGP-1 grounding plate assembly. This
shall provide future access to inspect and/or
maintain it properly.

A #10 gauge or larger bare copper ground
wire shall be run from the grounding lug of
the MIM or MIM LINK interface unit or from
the LDI in a decoder-based system, out and
attached to the grounding system. On each
two-wire path, coming from the interface
unit or line termination box and going out to
the field satellite units or the field decoders.
Furnish and install an MSP-1 surge arrestor,
which is to be mounted in an MGP-1
grounding plate assembly that is securely
attached to the grounding system. Connect
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the MSP-1 arrestor into the two-wire path. 
A 10 OHMS or less resistance shall be
maintained at the grounding system.

Hard-Wired Interface Unit–(two-wire
satellite system)—The interface unit shall be
a Rain Bird Interface Module (MIM) unit
with all solid-state electronic circuitry. It
shall provide the necessary interface
between the computer and the field satellite
units. The interface unit shall provide both
communication from the computer out to
the field satellite units and feedback
communication from the field satellite units
to the computer. It shall be capable of
controlling four (4) two-wire paths of 28
independent channels each. Status lights
shall indicate activity on the two-wire paths,
as well as to channels being operated on the
various two-wire paths and the individual
stations in operation on each of these
channels. A memory switch shall provide for
past performance data. The MIM unit shall
be complete with a power supply cord and 
an RS-232-C communication cable to be
connected between it and the serial port of
the computer. The unit shall be mounted
near the central computer. A #10 gauge or
larger bare copper ground wire from the
ground lug of the MIM unit shall be attached
to the grounding system.

LINK Interface Unit–(radio LINK satellite
system)—The interface unit shall be a
Rain Bird MIM LINK unit with all 
solid-state electronic circuitry and two-way
radio and receiver, with ___________ radio
frequency. It shall provide the necessary
interface between the computer and the LINK

field satellite units. The interface unit shall
provide true two-way radio communication
from the computer out to the LINK field

satellite units and feedback radio
communication from the Link field satellite
units to the computer. It shall be capable of
controlling up to 112 LINK satellites within a
maximum of four (4) groups. The MIM LINK

unit shall be complete with a power supply
cord and an RS-232-C communication cable
to be connected between it and the serial
port of the computer. The unit shall be
mounted near the central computer.

Furnish and install, outside on the building
or on an antenna tower, near the central
equipment location a Rain Bird model
“ANT-02”, “ANT-03” or Yagi type antenna. An
RG8 type coaxial cable shall be attached to
the antenna and routed into the building
near the floor and near the MIM LINK unit
location. Furnish and install, inside the
building on the wall near the floor, a
PolyPhaser Model IS-IE50LU-C1 surge
arrestor to which the coaxial cable shall be
connected to the antenna terminal on this
surge arrestor. Furnish and install from the
equipment terminal of the surge arrestor an
RG8 type coaxial cable and connect it to the
coaxial cable connection on the MIM LINK

interface unit. Connect a #10 gauge or larger
bare copper ground wire to the antenna and
a second ground wire to the ground lug on
the surge arrestor. Route each of these
ground wires and connect them to the
grounding system. Furnish and install all
necessary mounting clamps, brackets, etc. as
may be required for the antenna, coaxial
cable, ground wires and the surge arrestor. 
A #10 gauge or larger bare copper ground
wire from the ground lug of the MIM LINK

interface shall be attached to the grounding
system

Decoder Interface Unit–(decoder-based
system)—The interface unit shall be a
Rain Bird Large Decoder Interface (LDI) unit
with all solid-state electronic circuitry. It
shall provide the necessary interface
between the computer and the field decoder
units. The interface unit shall provide both
communication from the computer out 
to the field decoder units and feedback
communication from the field decoder 
units to the computer. It shall be capable of
controlling, over a two-wire path, up to 
500 (max.) single decoders and up to 
1,000 (max.) solenoids. The LDI unit shall be
complete with 117 VAC power supply cord
and a communication cable, which shall be
connected between the LDI interface unit
and the serial port of the computer.

Connect a #10 gauge or larger bare copper
ground wire to the ground lug of the LDI
and route it out and connect it to the
grounding system.

PAR+ES Field Satellite Units–(hard wired
PAR+ES satellite system)—Furnish and
install where shown on the drawings and/or
where directed, Rain Bird model PAR+ES
two-wire field satellite controllers. Furnish
and install each basic satellite field unit for
the total number of station outputs
indicated on the drawings.

PAR+ Field Satellite Units–(hard-wired PAR+
satellite system)—Furnish and install where
shown on the drawings and/or where
directed, Rain Bird Model PAR+ PP (plastic
pedestal) or PAR+ SS (stainless steel
pedestal), two-wire field satellite controllers.
Furnish and install each basic satellite field
unit for the total number of station outputs
indicated on the drawings and/or as directed. 
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MSC+ Field Satellite Units–(hard-wired
MSC+ satellite system)—Furnish and install,
where shown on the drawings and/or where
directed, Rain Bird Model MSC+ PP (plastic
pedestal) or MSC+ SS (stainless steel
pedestal), two-wire field satellite controllers.
Furnish and install each basic satellite field
unit for the total number of station outputs
indicated on the drawings and/or as directed.

PAR+ ES LINK Field Satellite Units–(radio
PAR+ES LINK satellite system)—Furnish and
install where shown on the drawings and/or
where directed, Rain Bird Model PAR+ES
LINK, radio LINK type field satellite units.
Those satellite units with radio modem units
shall be furnished with dome hood type
antennas. Furnish and install each basic
satellite field unit for the total number of
station outputs indicated on the drawings.
For those units indicated on the drawings,
furnish and install CAM LINK units.

PAR+ LINK Field Satellite Units–(radio PAR+
LINK satellite system)—Furnish and install,
where shown on the drawings and/or where
directed, Rain Bird Model PAR+ LINK PP or
PAR+ LINK/R PP (plastic pedestal) or PAR+
LINK SS or PAR+ LINK/R SS (stainless steel
pedestal), radio LINK type field satellite
controllers. Those satellite units, with
radio/modem units, shall be furnished with
dome hood type antennas. Furnish and
install each basic satellite field unit for the
total number of station outputs indicated on
the drawings and/or as directed. For those
units indicated on the drawings, furnish and
install CAM LINK units.

MSC+ LINK Field Satellite Units–(radio
MSC+ LINK satellite system)—Furnish and
install, where shown on the drawings and/or
where directed, Rain Bird Model MSC+ LINK

PP or MSC+ LINK/R PP (plastic pedestal) or

MSC+ LINK SS or MSC+ LINK/R SS (stainless
steel pedestal), radio LINK type field satellite
controllers. Those satellite units, with
radio/modem units, shall be furnished with
dome hood type antennas. Furnish and
install each basic satellite field unit for the
total number of station outputs indicated on
the drawings and/or as directed. For those
units indicated on the drawings, furnish and
install CAM LINK units.

Field Decoder Units–(decoder-based
system)—Furnish and install, where shown
on the drawings and/or where directed,
Rain Bird Model FD-101, 102, single
decoders, FD-202, double address decoders,
FD-401, four address decoders, or FD-601,
six-pack decoders. All types of decoders shall
be solid-state electronic circuitry and epoxy
potted in a sturdy plastic case suitable for
direct burial. Each decoder shall be factory
set for a specific response code with code
number permanently and prominently
marked on the decoder case. Also furnish
and install in the two-wire path, where
shown on the drawings, Rain Bird Model
LSP-1 surge arrestors. One LSP-1 ground
wire shall be attached to the solenoid core
tube and the other to a 4' copper ground
rod, installed near the LSP-1 surge arrestor.

Wire—(hard-wired satellite system and
decoder-based system)-Furnish and install,
for the two-wire communication paths,
double jacketed type wire, consisting of two
tin-coated type UF insulated (4/64" PVC),
soft drawn, annealed solid copper
conductors. The two conductors shall be
color-coded (one RED the other BLACK).
The second outer jacket shall be a solid
color, high density, polyethylene insulation.
Jacket colors and conductor sizes shall be as
shown on the drawings.

Weather Station—Furnish and install, where
shown on the drawings, a Rain Bird Model
WS PRO SH, direct hard-wired, Model WS
PRO PH remote telephone operated or WS
PRO LT radio operated, On-Site Weather
Station. The station shall monitor the
following daily critical weather conditions:
wind direction, wind speed, solar radiation,
air temperature, relative humidity and
rainfall. In the SH and PH stations, sensors
shall be polled every 5 seconds and the data
recorded in a micrologger located in the
Weather Station mast. The SH and PH
weather stations shall be furnished complete
with a transformer and a 12-Volt battery. The
WS PRO SH shall also include calling and
answering modems. The WS PRO PH shall
include an answering modem. The WS PRO LT
shall include calling and answering radio
transceivers. For the WS PRO PH unit, furnish
and install a modem and a dedicated phone
line at both the computer location and the
Weather Station location. For the WS PRO SH
unit, the communication wire between
Weather Station and central computer shall
be Belden #9883 direct burial type cable,
consisting of three twisted wire pairs and
with metal shield. Furnish and install the
necessary MSP-1 surge arrestors, to be wired
into the communication wire paths and
power wires, at both the Weather Station
location and at the central equipment
location, as well as the required MGP-1
grounding plate assemblies.

Furnish and install a grounding system, at
the Weather Station location, the same as
previously specified for the central 
grounding system.

7
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Rain Bird Corporation Golf Division
6991 E. Southpoint Rd. Bldg. #1
Tucson, AZ 85706, U.S.A.
Phone: (800) 984-2255, (520) 741-6100
Fax: (520) 741-6522

Email: rbgolf@rainbird.com

Rain Bird International, Inc.
145 North Grand Avenue, Glendora, CA 91741
Phone: (626) 963-9311
Fax: (626) 963-4287

Rain Bird Technical Service
(800) 247-3782 (U.S. only)
www.rainbird.com

E Recycled Paper.
The Intelligent Use of Water.™—Visit www.rainbird.com
to learn more about our efforts.

® Registered Trademark of Rain Bird Corporation
© 2004 Rain Bird Corporation 1/04
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New Rain Bird Golf Rotors 
With Full- and Part-Circle Performance

Rain Bird® 700 and  
751 Series Golf Rotors

Omni Tucson National 
Tucson, Arizona

Unmatched Durability, Uniformity and Now, Versatility
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now more than ever, 
performance matters

Make the most of every rotor with new Rapid-Adjust Technology 
featuring MemoryArc.™ Available on new Rain Bird® 751 Golf Rotors, 
this innovative feature allows you to easily adjust watering on 
greens, fairways or roughs for unmatched versatility and precise 
control. Offering proven Rain Bird durability and distribution 
uniformity, these cost-efficient rotors are also backward-compatible 
with existing Rain Bird rotor cases. Doing more when it matters 
most. That’s The Intelligent Use of Water.™

Turn-of-a-Screw Versatility 
Your course’s watering needs seem to change by the day. now your 
watering arc can change with them. Unlike competitive products, 
Rain Bird® 751 Golf Rotors offer easy, top-adjustable rotation settings 
that retain the memory of their part-circle arc setting when shifting 
between full- and part-circle operation. This unique feature is 
designed to offer quick, dry arc adjustments not just during grow-in, 
but for the life of the rotor. So whether you need to ramp up watering 
during fertigation or conserve water in response to water restrictions, 
you can do it all with just a simple twist of your wrist. 

Introducing Rapid-Adjust Technology featuring MemoryArc™

Set primary rotor arc. Turn the Full/Part Adjustment 
Screw for full‑circle operation.

Turn to part circle again for 
either Arc A or Arc B setting.

One twist and you’ll see how we’ve once 
again brought The Intelligent Use of Water™ 
to life. Thanks to Rapid-Adjust technology 
featuring MemoryArc,™ Rain Bird® 751 Golf 
Rotors enable you to water your turf more 
precisely—and efficiently.

Arc A

Arc B

Full Circle

Arc A

More versatility. Less wire. Upgrade to the ultimate in flexibility and simplicity—order 
your Rain Bird® 700 and 751 Golf Rotors with optional Rain Bird® IC™ System functionality. 
Learn how ICS helps you use up to 90% less wire at www.rainbird.com/ICS

or
No need to adjust arc when going 
between full‑ and part‑circle settings.
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With a twist of your wrist, shift between three arc settings 
to selectively water fairways, roughs—or both.

Low Cost of Ownership 
These days, everyone can appreciate the value of a wise 
purchasing decision. All things considered, Rain Bird Golf 
Rotors offer a low cost of ownership through a powerful 
combination of versatility, performance and durability. So 
make the most of every dollar—install 700 and 751 Golf Rotors 
to optimize water consumption, simplify operation and 
minimize replacement, maintenance and inventory costs.

Learn more about neW, versatile rain Bird® 751 Golf rotors 
at www.rainbird.com/twist

Proven Rain Bird Performance 
new rain Bird® 700 series Golf rotors feature the same 
highly efficient nozzle performance you’ve come to 
expect from the industry leader and deliver the best 
performance yet from Rain Bird golf rotors. With large 
droplets that cut through harsh winds and reliable and 
consistent pressure regulation, Rain Bird rotors deliver  
the even distribution you need to guarantee a healthy 
playing surface.

Industry-Leading Durability
You never take a day off. neither should your rotor.  
Driven to deliver, built to take a beating, Rain Bird® 700 
Series Golf Rotors deliver improved durability. Trust their 
rugged construction for year after year of reliable,  
hassle-free performance.

Backward Compatibility 
Already have Rain Bird rotors installed on your course? 
new rain Bird® 700 series Golf rotors offer backward 
compatibility with every 700 Series EAGLE™ Rotor 
manufactured since 1992. Saving precious time and 
money is as simple as dropping new Rain Bird® 700 Series 
internal assemblies into your existing rotor cases.

Full‑circle coveragePart‑circle fairway Part‑circle rough

Arc A

Full Circle Arc B
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Rain Bird Corporation
970 West Sierra Madre Avenue
Azusa, CA 91702
Phone: (626) 812-3400 
Fax: (626) 812-3411

Technical Services and Support
(800) RAINBIRD (U.S. and Canada only)

Rain Bird Corporation
6991 East Southpoint Road  
Tucson, AZ 85756
Phone: (520) 741-6100 
Fax: (520) 741-6522

Specification Hotline
(800) 458-3005 (U.S. and Canada only)

Rain Bird International, Inc.
1000 West Sierra Madre Avenue
Azusa, CA 91702
Phone: (626) 963-9311 
Fax: (626) 852-7343

www.rainbird.com

At Rain Bird, we believe it is our 

responsibility to develop products and 

technologies that use water efficiently. 

Our commitment also extends to 

education, training and services for  

our industry and our communities.

The need to conserve water has 

never been greater. We want to 

do even more, and with your help, 

we can. Visit www.rainbird.com 

for more information about 

The Intelligent Use of Water.™

The Intelligent Use of Water.™
L e a d e r s h i p   •   e d u c a t i o n   •   p a r t n e r s h i p s   •   p r o d u c t s
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TEST SITE REPORT

Rain Bird Corporation - Golf Division has released a NEW generation of golf rotors. Rain Bird® 700 
and 751 Series Golf Rotors provide true versatility with unmatched durability and uniformity. The 
Rain Bird® 751 Series rotor offers the world’s easiest Full- and Part-Circle adjustment with a simple 
turn of a screw. It delivers truly versatile customer benefits and is backwards compatible with 
Rain Bird® EAGLE 700 cases. 

During an extensive product development process, Rain Bird subjects rotors to a broad range of 
tests in our Product Research Center. This testing ensures that the final product is durable and 
reliable. Along with other tests, rotors are subjected to a variety of temperatures, pressures, life 
cycles, and water quality. 

The real test is when rotors are installed on a golf course under widely varying conditions.  
Rain Bird 700 and 751 Series Golf Rotors have been field tested on more than 15 Golf Courses 
around the world, many of them for over a year, to ensure that when the rotor is released to 
market, it is ready for your course. 

Here’s what a few of the field test sites have to say about their experience with the new 700/751 
Series rotors:

Rain Bird 700 and 
751 Series Rotors  
Test Site Report

Turn-of-a-Screw Versatility 
Your course’s watering needs seem to 
change by the day. Now your water-
ing arc can change with them. Unlike 
com¬petitive products, Rain Bird® 751 
Golf Rotors offer easy, top-adjustable 
rota¬tion settings that retain the 
memory of their part-circle arc setting 
when shift¬ing between full- and part-
circle opera¬tion. This unique feature is 
designed to offer quick, wet or dry arc 
adjustments not just during grow-in, 
but for the life of the rotor. So whether 
you need to ramp up watering during 
fertigation, reduce the watering area 
following overseeding, or conserve 
water in response to water restrictions, 
you can do it all with just a simple twist 
of your wrist.

INTRODUCING

Rapid-Adjust  
Technology

featuring  
MemoryArc™

Rancho Santa Fe Golf Club – Rancho Santa Fe, CA

Superintendent Tim Barrier:

“The 751s have really worked well for us. We can focus more water toward our cool season grasses 
and away from the bermuda which is more drought resistant. In the past the outer rough would 
decline, this year we have much healthier conditions.”

The Views Golf Club at Oro Valley – Oro Valley, AZ

Superintendent Michael Kropf:

“During overseeding the ability to change a full circle to a part circle saves a lot of water on partial 
overseed.  The new Rain Bird 751 is fast and easy to adjust”.
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Rain Bird Corporation
Golf Division
6991 E. Southpoint Road
Tucson, AZ 85756
Phone: (520) 741-6100
Fax: (520) 741-6522

www.rainbird.com

© 2010 Rain Bird Corporation  9/10 D37751

Rapid-Adjust Technology 
featuring MemoryArc™ 

Set primary rotor arc.

Turn the Full/Part Adjustment 
Screw for full-circle operation.

Turn to part circle again for 
either Arc A or Arc B setting.

Arc A

Arc B

Full Circle

Arc A

or
No need to adjust arc when 
going between full and
part circle settings.

-
Stone Canyon Club – Oro Valley, AZ

Director of Golf Course Operation – Terry Todd:

“We used to change our internals during certain times of the year to conserve water.  The 
new Rain Bird 751 is very versatile and has allowed us to quickly and easily change from 
full to part circle without having to inventory any additional parts.  The flexibility this new 
sprinkler provides is exactly what golf courses are looking for; I think that this product will be 
a big hit with superintendents”.

Please contact your local Rain Bird Golf distributor, or visit www.rainbird.com/twist for more 
details on this exciting new product.

Brownwood Country Club – Brownwood, TX

Superintendent Scott Kemp:

“We used to change out full circle internals to part circle internals for part of the year, the new 
full and part in one is a great enhancement and time saver.  I find the new Rain Bird 751 to 
be versatile and easy to adjust.  Also, we found the distribution and uniformity of the new 
nozzles to be even better.” 

Exhibit No. 2186-MMK-7 
Page 6 of 6



The WS-PRO2 and WS-PRO LT Weather Sta-
tions collect and store weather data from field 
locations.  This information is retrieved by the 
Central Controller daily, allowing SiteControl, IQ 
v2.0, and Maxicom2® (WS-PRO2 only) to adjust 
station run time and/or schedule day cycle 
frequency according to each day’s ET (evapo-
transpiration) and rainfall.

WS-PRO Weather Stations are highly accurate, 
durable, and reliable.  They are built using 
the highest quality sensors available and will 
provide years of reliable data even in the tough-
est environments.  An on-board data-logger 
continually polls the sensors which measure air 
temperature, relative humidity, wind speed and 
direction, rainfall and solar radiation.

Weather Station Features
•	 Rugged yet lightweight metal construction
•	 Powerful internal micro-logger for data 

collection, logging, analysis, constant 
communication with sensors, and storage of 
30 days of data

•	 Sensors monitor 6 ET/weather parameters: air 
temperature (high & low), solar radiation, 
relative humidity, wind speed, and rainfall 
– Wind direction is also measured

•	 Sensors located 3 meters above ground for 
added vandal resistance

•	 Simple-to-service sensors and internal 
components

•	 Self-diagnostic test mechanisms: internal 
moisture, battery voltage level, and test port 
for local sensor check

•	 Internal battery charged by 100-240 VAC/16 VDC 
transformer or optional solar panels

SiteControl Features
•	 WS-PRO2 and WS-PRO-LT Weather Station 

compatibility is standard for SiteControl v3.0 
or later software

•	 SiteControl can interface with up to 6 
weather stations

•	 Automatic communication between Central 
Controller and Weather Station requires 
SiteControl Automatic ET Software Module

•	 SiteControl Smart Weather Software Module 
enables automatic, user defined reactions to 
weather events (rain, freeze, high wind, etc.) 

IQ v2.0 Features
•	 WS- PRO2 or WS-PRO-LT Weather stations are 

compatible with IQ v2.0 or later software
•	 Automatic communication between the IQ 

v2.0 central and weather station requires the 
Advanced ET feature pack (IQAETFP)

•	 Weather data retrieval hourly up to 24 times a 
day or custom retrieval times up to 5 per day 

Maxicom2® Features (WS-PRO2 only)

•	 WS-PRO2 Weather Station compatibility is 
standard for Maxicom2® v3.6 or later software

•	 Each site can have its own Weather Station or 
can share between sites

•	 Automatic communication standard
•	 Up to 24 automatic weather data retrievals 

can be configured per day

Models
•	 WS-PRO2-DC Direct Connect model – 2-pair 

wire connection with Central Controller via 
short-haul modem

•	 WS-PRO2-PH Phone Connect model – dial-up 
phone modem for phone communication 
with Central Controller

•	 WS-PRO2-PHS Phone Connect, Solar Power 
model – dial-up phone modem for phone 
communication with Central Controller, solar 
powered

•	 WS-PRO-LT-SH Short Haul model – 2-pair wire 
connection with Central Controller via short-
haul modem

•	 WS-PRO-LT-WL Wireless model – wireless 
connection with Central Controller via 916 
MHz radio (only available in the U.S. and 
Canada)

•	 WS-PRO-LT-WLS Wireless model – wireless 
connection with Central Controller via 916 
MHz radio, solar powered (only available in 
the U.S. and Canada)

WS-PRO2 Specifications
Air Temperature Sensor: 
•	 Range: -13° to +122°F (-25° to +50°C) 

Accuracy: +/- 2.7°F (+/- 1.5°C)

Relative Humidity Sensor: 
•	 Range: 0 to 100% 

Accuracy: +/- 6% @ 90% to 100% RH,  
+/- 3% @ 0% to 90% RH

Rain Gauge Sensor: 
•	 Resolution: 0.01” (0.25 mm) 

Solar Radiation Sensor: 
•	 Accuracy: ± 3%

Wind Speed Sensor: 
•	 Starting threshold: 0.9 mph (0.4 m s-1) 

Wind Direction Sensor: 
•	 Range: 360° mechanical, 356° electrical, 

accuracy ± 4°

WS-PRO2 Electrical Specifications
•	 Input required: 

9.6 to 16VDC from transformer (100-240 
VAC/16 VDC transformer provided with 
powered stations) or solar panels

•	 Power backup: “Gel-cell” 12 VDC battery 
(provided with station)

WS-PRO Weather Stations
Optimize Irrigation With Automatic Weather-Sensitive Scheduling

Tech Spec

How To Specify

WS  -  PRO2  -  PHS

Series
WS

Model
PRO2: Professional Series
PRO LT: Professional Light Series

* Only available on WS PRO2 models.

Connection Type
DC: Direct Connect
PH: Phone Modem*
SH: Short Haul Modem 
WL: Wireless

Power Type
Blank: User  
Supplied
S: Solar Powered
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Model WS-PRO2-DC, WS-PRO-LT-DC 
The central control system shall include an on-site 
weather station where shown on the plans and 
specifications. The unit shall be complete with 
the necessary instruments for recording wind 
run, wind direction, relative humidity, rainfall, 
solar radiation, and high and low temperature.  A 
micro-logger shall continuously poll and record 
the data every 5 seconds.

Short-haul modems shall be used for 
communication between the computer and 
weather station.  Two twisted-pair wires (4 wires 
total) shall be furnished for both connection to 
the weather station and the central controller 
short-haul modem.  This communication path 
shall not exceed 20,000 feet in total length.

The unit shall be complete with a 100-240 
VAC/16 VDC transformer.  A 120 VAC power 
connection shall be furnished at the 
transformer location.

The weather station shall be mounted on a 
poured concrete base and securely bolted to it.  
If the weather station is installed in an 
unsecured area, install inside a 6’-0” high 
(minimum) security fence with access gate. 
And all sides must be at least 8’-0” out from the 
weather station base.  The security fence shall 
be such as not to interfere with the correct 
readings of the instruments.

Surge protection shall be provided for the 16 
VDC power supply to the weather station.  Surge 
protection shall be provided for the 2 twisted-
pair communication lines installed for both the 
weather station short-haul modem and the 
central controller short-haul modem.  The weather 
station shall be grounded to an earth ground.  The 
earth ground network shall be 10 ohms or less 
when tested with a ground measuring device.

The weather station shall be as manufactured for 
Rain Bird Corporation Glendora, California.

Model WS-PRO2-PH / -PHS
The central control system shall include a remote 
connected weather station where shown on 
the plans and specifications. The unit shall be 
complete with the necessary instruments for 
recording wind run, wind direction, relative 
humidity, rainfall, solar radiation, and high 
and low temperature.  A micro-logger shall 
continuously poll and record the data every 5 
seconds.

Telephone modems shall be used for 
communication between the computer and 
weather station.  A dial-up telephone line shall 
be furnished for both connection to the weather 
station modem and the central controller modem.  

The unit shall be complete with a 100-240 
VAC/16 VDC transformer.  A 100-240 VAC 
power connection shall be furnished at the 
transformer location.  If the solar powered 
model is specified power is not required at the 
weather station.
The weather station shall be mounted on a 
poured concrete base and securely bolted to it.  If 
the weather station is installed in an unsecured 
area, install inside a 6’-0” high (minimum) security 
fence with access gate. And all sides must be at 
least 8’-0” out from the weather station base.  The 
security fence shall be such as not to interfere 
with the correct readings of the instruments.

Surge protection shall be provided for the 16 
VDC power supply to the weather station.  Surge 
protection shall be provided for the telephone 
communication lines installed for both the 
weather station modem and the central controller 
short-haul modem.  The weather station shall be 
grounded to an earth ground.  The earth ground 
network shall be 10 ohms or less when tested 
with a ground measuring device.

The weather station shall be as manufactured for 
Rain Bird Corporation Glendora, California.

SpecificationsWS-PRO LT Specifications

Air Temperature Sensor: 
•	 Range: -40° to +122° F (-40° to +50° C)

Accuracy: ±0.9°F (±0.5°C) 

Relative Humidity Sensor: 
•	 Range: 0 to 100% 

Accuracy: ±5% - 90% to 100% RH 
•	 ±3% - 10% to 95% RH

Rain Gauge Sensor: 
•	 Resolution: 0.04” (1 mm) 

Solar Radiation Sensor: 
•	 Accuracy: ± 2.5%

Wind Speed Sensor: 
•	 Starting threshold: 0.78 ms-1 (1.75 mph) 

Wind Direction Sensor: 
•	 Range: 360° mechanical, 352° electrical

WS-PRO LT Electrical Specifications
•	 Input required: 

16 to 22VDC from transformer (100-240
VAC/16 VDC transformer provided with 
powered stations) or solar panels

•	 Power backup: “Gel-cell” 12 VDC battery 
(provided with station)

D37017E

Rain Bird Corporation
6991 E. Southpoint Road
Tucson, AZ 85756
Phone: (520) 741-6100
Fax: (520) 741-6522

Rain Bird Technical Services
(800) RAINBIRD (1-800-724-6247) 
(U.S. and Canada)

Rain Bird Corporation
970 West Sierra Madre Avenue
Azusa, CA 91702
Phone: (626) 812-3400
Fax: (626) 812-3411

Specification Hotline
800-458-3005 (U.S. and Canada)

Rain Bird International, Inc.
1000 West Sierra Madre Ave.
Azusa, CA 91702
Phone: (626) 963-9311
Fax: (626) 852-7343 

The Intelligent Use of Water™

www.rainbird.com

® Registered Trademark of Rain Bird Corporation 

© 2010 Rain Bird Corporation 12/10
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2/3/2016 King Kamehameha Golf Club  Directions

http://www.kamehamehagolf.com/directions.asp 1/2

Map & Directions

2500 Honoapiilani Highway, Wailuku, Maui, HI 96793

The King Kamehameha Golf Club is conveniently located at Waikapu, just 10 minutes from
Kahului Airport and 30 minutes from the Wailea and Ka'anapali Resort Hotels.

From Kahului Airport:
Exit the airport and continue straight onto Dairy Road (HI380) for 6.2 miles.
Turn right onto Honoapiilani Highway (HI30) for 2.8 miles.
Entrance will be on your left.

From Wailea:
Follow Piilani Highway (HI31) north.
Follow Piilani Highway as it becomes N. Kihei Road (HI310) for 3.5 miles.
Turn right onto Honoapiilani Highway (HI30) for 3.1 miles.

From Ka'anapali:
Exhibit No. 2186-MMK-9 

Page 1 of 8



Exhibit No. 2186-MMK-9 
Page 2 of 8



Exhibit No. 2186-MMK-9 
Page 3 of 8



Search Here...

email address

Home (/) Destinations (/destination/) Tee Times (/tee-times/) Golf Courses (/courses/) Articles (/articles/) Resorts (/listings/resorts/)
Golf Map (/map/) Deals (/golf-packages/) FREE Quote (/free-quote/)

Home (http://www.hawaiigolf.com/) » Golf Photo Galleries (/photo-galleries/)

Kahili Golf Course on Maui
Located on the slopes of the West Maui Mountains, Kahili Golf Course
(http://www.hawaiigolf.com/courses/wailuku/kahili-gc/) showcases picturesque views of the regal 
Haleakala and Pacific Ocean from many spots of the golf course.
Designed by architect Robin Nelson and Rodney Wright, Kahili G.C. opened in 1991 and plays a max of 
6,570 yards from the championship tees. 
Set on the slopes, there are a great deal of elevation changes and few flat lies. The four par 5s are short 
enough to afford longer hitters the chance to go for two, pending of course the strength of the trade winds, 
which must always be accounted for on a Hawaii golf course (http://www.hawaiigolf.com/courses/). 
Considered one of Maui's better value plays, Kahili also features full practice facilities as well as a large 
clubhouse with banquet room and restaurant. [ read less ]

Related Links

Kahili Golf Course (http://www.hawaiigolf.com/courses/wailuku/kahili-gc/)
 (based on 10 reviews) 

See all reviews (http://www.hawaiigolf.com/courses/wailuku/kahili-gc/#ratings-12754) | Submit your rating
(http://www.hawaiigolf.com/courses/rating/new/12754)

For visitors to the West Maui Mountains, Kahili Golf Course is a must-play. Visiting and local golfers alike 
are fond of Kahili, a picturesque course with views of the Pacific Ocean. The 6,554-yard, par-72 course is 
a challenge, with elevation changes, hilly par 3s and long par 5s.

18 Holes | Public golf course | Par: 72 | 6554 yards | Book online (/tee-times/course/?
AID=233&FID=2583) | ... details » (http://www.hawaiigolf.com/courses/wailuku/kahili-gc/)

Kahili Golf Course on Maui - No. 1 ( Courtesy of Kahili G.C. )
Kahili Golf Course's first and third holes play parallel with one another on the mountain slopes. 

SAVE UP TO 30% OFF
REG UL AR P RIC ES STO REW IDE

SHOP NOW!

Page 1 of 2Kahili Golf Course offers a Robin Nelson challenge on the hills of Maui
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Scott Carroll, PGA 
54 Hui Road F

Lahaina, HI   96761
(808) 870-2551

E-mail:  scottiec@pga.com

SUMMARY OF QUALIFICATIONS: 
My management and leadership capabilities are complemented by strong ethics and integrity. I
collaborate effectively and create healthy relationships that foster growth.  I feel it important to care for
people and promote a culture of friendliness and professionalism.  I look forward to the opportunity to lead
King Kamehameha and Kahili Golf and help them surpass their goals; including increasing memberships
and driving successful top and bottom line revenues.

RELEVANT EXPERIENCE: 

GENERAL MANAGER   06/15-Present 
The King Kamehameha Golf Club and Kahili Golf Course – Maui, Hawaii 

 Responsible for budget that generated over $8.6 million in revenues for fiscal year 2014/2015
 Oversee approximately 130 associates and directly manage 10 supervisors or managers
 Develop strategies for sustainability and growth of business
 Create a culture of respect, learning, communication and professional growth for associates.

HEAD GOLF PROFESSIONAL  03/08-05/15 
Kapalua Plantation Course – Maui, Hawaii 

 Manage a team and staff of both exempt and nonexempt associates; inclusive of guest services
supervisors, assistant golf professionals, guest services attendants, starters, and caddies.
Collaborate with food & beverage operations, merchandise, maintenance, facilities maintenance,
and sales/marketing.

 Oversee multiple facets of the Hyundai Tournament of Champions, formerly known as the
Mercedes-Benz Championship, specifically, managing the locker room, the practice facility, the
caddies, the all am, pro am, & assist PGA Tour Event Director with Tournament Proper

 Effectively manage a multi million dollar operating budget including total budget goals in excess
of $10 million in revenue for 2015.

 Assists with our merchandise program that has a projected budget goal of $2.8 million for 2015
 Nominated by our General Manager into the Troon LEADer program. This is a comprehensive

training program limited to 12-15 associates within Troon that have qualities and desires to move
into General Manager or Director of Golf positions. Successfully completed this program.

 Mentor associates and have overseen assistant golf professionals reach their goal of becoming
PGA Members. Reduced turnover of most direct subordinates to those moving on to higher
paying positions.

SENIOR GUEST SERVICE SUPERVISOR     11/06-03/08 
Kapalua Plantation Course – Maui, Hawaii 

 Managed the practice range, locker room, golf car utilization, and bag room throughout the year;
including during the PGA Season Opening Tournament- Mercedes-Benz Championship

 Effectively managed thirteen guest service employees (union employees), including payroll
responsibilities, scheduling, training, hiring, discipline, staffing utilization, & support.

 Organized and executed 25-35 group outings per year with 16-144 players per group
 Implemented creative solutions to solve problems pertaining to guest experience and operations
 Created and implemented ideas to improve guest service area for employees and customers;

including an extensive makeover of staging area, improved practice range operations, & rental
program

 Successfully kept inventory of a reasonable amount of all Golf Operations supplies that were
utilized between both golf courses while maintaining budget constraints

 Effectively managed a two million dollar budget and assist with the development of budgets

SCOTT CARROLL 
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GOLF SHOP MANAGER  4/06 – 11/06 
Kapalua Village Course – Maui, Hawaii 

 Worked directly under the Vice President of Golf and Tennis
 Managed and oversaw yearly budgets for The Village Golf Course (3.3 million)
 Oversaw The Village retail operation (2.3 million)
 Oversaw and managed the outside guest service manager and staff of nine

GUEST SERVICES SUPERVISOR 
Kapalua Plantation Course – Maui, Hawaii  02/06 – 4/06 
Kapalua Village Course – Maui, Hawaii      12/05 – 2/06 
Kapalua Bay Course – Maui, Hawaii       06/05-12/05 

ASSISTANT GOLF PROFESSIONAL 
Kapalua Village Course – Maui, Hawaii  03/05 – 6/05 

FIRST ASSISTANT GOLF PROFESSIONAL 

Glen Annie Golf Club – Santa Barbara, California  10/02 – 10/04 

GUEST SERVICE ATTENDANT 
Kapalua Golf Resort – Maui, Hawaii  10/99 – 01/01 

PROSHOP ASSISTANT 
The Creek at Qualchan Golf Course – Spokane, Washington  04/91 – 09/99 

EDUCATION: 

Graduate of the PGA Professional Golf Management Program 
Attained PGA Membership in December, 2005
PGA Classification:  A-1

Bachelors Degree in Business Administration 
Eastern Washington University – Graduated June, 1999

JOB SPECIFIC PERSONALITY TRAITS:

 Understand business acumen
 Respect people
 Network well and create lasting relationships
 Show good judgment
 Represent the organization with the utmost professionalism
 Motivate and work cohesively with many different ethnicities and appreciate people of all origins

SPECIAL ACHIEVEMENT: 

 Successfully completed the LEADer program designed by Troon to prepare me as a General
Manager (2013)
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From: Derek Takahashi [mailto:Derek.Takahashi@co.maui.hi.us] 
Sent: Wednesday, January 13, 2016 9:12 AM 
To: Scott C. Carroll 
Subject: Re: MMK Maui, L.P. Water 

Hi Scott, 

The only water source that the County Wastewater Reclamation Division has jurisdiction over is the 
recycled water that is produced at our wastewater reclamation facilities.  Unfortunately, the closest 
wastewater reclamation facility is located in Kahului, near Kanaha Beach Park, and we do not have any 
recycled water distribution systems for Central Maui.  Thank you for considering using recycled water, 
however we are not able to provide you with recycled water due to lack of existing infrastructure in 
Central Maui.   

Should you have any questions regarding recycled water, contact me anytime. 

Thanks, 

Derek Takahashi, P.E.  
Recycled Water Coordinator & 
Project Manager, Design and Construction Section 
Wastewater Reclamation Division 
Dept of Environmental Mgmt., County of Maui 
Office: (808) 270-5798 
Mobile: (808) 344-8241 
>>> "Scott C. Carroll" <SCCarroll@kamehamehagolf.com> 1/12/2016 2:51 PM >>> 
Aloha Derek, 

Thank so much for your time today. I just had a couple of quick follow up questions for you in regards to 
water availability here at The King Kamehameha Golf Club and Kahili Golf Course.  

Do we have any viable and or reasonable alternative sources of non-potable water available to us?  If so, 
what might they be?  We are looking for any alternative sources of water that may be available to us? 
We typically need about 1.2 million gallons of water per day (on average) to operate so that water 
amount would also have to be sufficient to meet those requirements (if available).  

Again, thanks for your time and for any information you can provide? 

Scott 

Scott Carroll • General Manager • The King Kamehameha Golf Club 
 Troon • o 808-866-5055 • m 808-870-2551 • sccarroll@troon.com
Troon.com • Facebook • Twitter • Instagram • Blog  

This message has been scanned for viruses and dangerous content using Worry-Free Mail 
Security, and is believed to be clean. Click here to report this message as spam.  
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