











All creative work requires some kind of meditation. Tt is
pracuiced by the scientis: in discovering new theories, new
concepts and new laws. . . . The nventor alio uses
mﬁ“‘iﬂnxa--

One begins by thinking in the usual way, or more cor-
rectiy in the unusual way. That is. we start by concen-
trating wpon the problem or concepr with which we are
concerned, | . . We consider all the facty that may have
some bearing apon the concept, then we may find it
advisable to diminish the mental activity in oeder o
obiain 3 more comprehengive view of the comncepe. That
i, we pass from the sage of concentration o the stage of
migditation. It is in this subjective stage. this stage of
absraction, that new ideas, new relationships seem 1w
emerge. Natorally there is some osciflsting berween the
iwo stages and usually we pass from one 1o the ather by
imperceptible stepa. Cirdinarily one s hardly conscious

Shool ends his discussion of meditstion related to dreative
work with the following quote from ‘Abdu 1-Baha, te Exemplar
of the Baha 1 fnith:

The meditative faculty is akin 16 & mirror] i you pot
before it eantbly objecrs, it will reflect them. Therefore, if
the spinit of man is conternplating earthiy object he will
from the iovisible plane the sciences and ara. Throtigh
the meditative faculty inventions are made possible,
colossal undertakings are carried out. . .

Pirsig' puts the ideas expresed by Shook in a4 more
homespun, down-to-sarth way: T will try to paraphrase him as
though he were ralking abour irrigation system design instead of
motorcycle maimtenance: When we first approach a design we
are stick, but this stuckness and a blank mind precede inven-
tiveness, Stuckness should not be avoided because the harder you
try to hald on 1o i, the faster your mind will naroratly and freely

TR ﬁw and the Art of Motorcycle Mointeignce (New York:
Buerar Books, 9
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rove toward finding s good design. Just concentrate an what you
wait to accomplish--lve with it for a while. Study it like you
stady & Hne when fishing and before long, you will ger a linde nib-
bie, a system design idea asking in a cmid way if you are inter-
ested.

Otice we have the image of our syseém we are ready o apply
aar  more  classical, - sevucrured,  dualistic  subject-obiject
knowledge, Here is where the engineering rechniques come to
play, as we endeavor to siructare the system so it will work the
best way possible. Dotng this involves the two basic categories of
engineering problem solving which Rubensiein® has mnicely
defined:

Probiem solving can be viewed as a matter of appro-
priate selection. When we are asked o #sthmate the
number of marbles in @ jar, we go through & proces of
selecting an appropriste number. When ssked o name
an abject, we muit seloct the appropriate word. In per-
forming an aritimetde operation as simiple a5 8 x 7, we
weust seleet from our store of numbers the appropriate
THPE.

We can distinguish twe basie categiries of problemns,
Qo consivts of & saternens of an initial wate and »
desived goal in which the major effor is the selection of a
sohation process to the desired explicit goal, but for which
the proces o a whole (e, the complete patiern of the
solution) is new 1o us, although the individual seps are
oot In such a case, we verify the acoeptabilivy of the solu-
dan by trying vaclous processts for 3 soletigs and
climinsting progressively (reducing o rera) the misfi
beoween the desired gosl and the results obwined from
the trial processes. This kind of problem may be con-
sidered as & problem of deslgn or symtheds in which a
complete solution process is synthesized from smalier

mm type of problem focuses more oo the

application of knowo trandormarion processes 1o achievs

» goal, The goal may not be recognized a8 the correct

sekution . bt can be verified by the proces

mmhamm“mmmmm

LF. Rubwenatsing Patiorns of Prodlew Solvwng (Englowood CHffa, New
Jersey: Presice Hall. Inc.. 578}, pp. &7,
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of the problem {initial state) and the solution. This kind
of problem may be considersd a3 a problem of analysin
which the solation consists of 3 transformation or change
in- representation of given information so as to make
transparent the ehscure or hidden.

The design of an irrigation sysem is 2 synthesis probiem,
while determining the friction los in a pipeline s an analysis
prablem. Most of the eogineering curriculam is concentrated on
analysis. The program begins with basic science courses followed
by the engineering science and analysis courses. By the tme we
reach the more complex problems of design or synthesis both
students and professors are conditioned 1o think mest problems
ﬂhhﬂ?ﬂmthmmwm-ﬁm coT-
.I?EEII AESWETS.

I class | ery vo ger my students into 2 better frame of mind
for designing systems by handing them a tangram puzale, Figure
1, and asking thems 1o asembie the pieces 10 make a square,
Figure 2. I also ask them o record their thought processes, as
they go along. and write me & two-page essay telling how they
went about working the puzrzhe,

“The heart of the engineering technique can best be
described a5 u design synthesis process to achicve an ohjective end
goal. Preliminary designs are examined via a means-ends
analysis by subjecting them to 2 model of the environment that s
moet represeitative of the one in which the real spstem will
operate, and noting how close the system behavior fins the goal
behavior. The detection of misfits feads 10 modifications of the
ciomponents and possibly to complete changes in the sytem.
Once an acceptable sstom s synithesloed, alterdate accepiable
models are conceived. From these feasible symems, one iy sclected
an bt i cerms of sorve criteria sech s least cosl or maximun
production.

Succosstul designens avonl geting set on any prescribed pro-
cedure, they explore many routes. miginain an “opers mind” and
a flexibiliy 10 abandon and return 1o varions routes. Onee the
total picture of the sysem tn operation has been formed. the
wsost importent guide in the search for a design wbotion is 1w
work backwards, 1 seach my sadent to begin with the crop w be
irrigated and design the symem back to the water supply.
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Energy and Irrigation

In view of the energy crunch a discussion of energy in frriga-
tion i in order. To develop a berter perspective I will relate
energy to agricultare i the United States. Firsd, we will compare
the energy input required for the irrigation systems discussed
carlier. Then we will consider the relationship between Irrigation
and other inputs for the produciion of a crop like field eorn: and
finally we will look at how the production energy input compares
te the additional snergy input is cotsuming the corn.

Madern irrigation evolved during an era of low energy costs
and in areas where energy supplies were plentiful. Consequently,
litthe attention was given to total energy mput unil recendly,
With increasing energy costs, an awareness of total energy Hows
has become esential; the industry of irvigazed agricoltare has
already izken steps to reduce energy inpul 8o it can compete with
rainfed agricolture. This is especiaily Important when viewing
the total world food production.

It is obvious that different fypes of Froigation systems may
require vasly different energy input. The simple diversion of 3
snall nareral stvearn into suiisble terrain may boolve oaly
minimal amounts of hurnan miosde entrgy; while 2 sptens which
pusnps water from a deep well through an slaborate distribution
serup composed of tons of plastic, steel, or concreie involves large

Tmmm 10 comspare the rotal annual energy
imput required by the varions rfdgation syseems. The vilues in
the table are given as the equivalent gallons of diesel foel pes.
mmm,mﬁm%ﬂh%ﬂwmmhw.
Values are given for the energy required o install the sysiem
divided by the life expectaney of the system, the buman tnergy
input which is anly dgnificant for the radivionsl method, and
the pamping energy. The two values for pumping enetgy are for:
rero lift when the water source is at the Held surface, and a Tift of
500 feet when it is from 3 deep well, In converung diesel foel into
mechanical energy, an energy conversion cfficiency of 25 percent
was assamed, Thus o supply the 2000 keal per day of food
energy required by & worklng man would be egiaivalent to abou
1/5 gallon of diesel fuel in Table 2.

Figure 3 is a graphical presentatiofi of the total energy
required for the varbous systems over & ringe of water lifts from
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TABLE 2. Total annual energy impuis to variows srmgation
patems in eguivalont galions of diesel per acre fo
apply 24 inchas of el irrigation water.
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For thiin table thi pusmpeiBcioney i#mﬁhhﬂm.

tere to 500 fert. Mo imterssting to oote that all four systems
vequire about the same amount of energy for » warer fife of 200
feer; and the order of energy preference reverses as the lift
intreass from less than 200 feet to over 200 fewt. For example,
the [raditional surface method sequires the least enetiy at st
Tifr wnd the moss ax 500 feer of life. The resson dhe Bnes crom in
Figure % is that the spsems bave different efficiencies. The effi-
cieacies assmed were 40, T, 80 -and # percent for the sradi-
tional, hand-move, center-pivor and trickle spsems, respectively.
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Energy required 10 manufacrare the alansinum, plastic and neel
for the sophisticated rystems causes the instaliation energy 1w be
high. This loses its importance as the pumping energy increases
with the jift. The pumping energy st zeps lift & needed 1o
presturiee ihe sprinkle and trickle sestems,

I developed Table 3 to point out the energy relationship
between tainfed and irrigated sgriculture and the relative
smount of energy requived For irvigation as compared 1o the
other produciion inpats for field corn. It was sssurmed 24 inches
of net irrigation is needed and the pumping Hifr was 200 feet (that
i where the ¥ines crom on Figure 3). Table 3 gives the variow
energy values in both keal per aere and as a percentage of the

That irvigated sgricultore with bigh pumping ifts is energy
intensive i apparent in Table 3. However, if the Bl were revo the
energy input for the four sysems would be;
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Traditional 580
Handmove sprinkle 855
Center-pivot sprinkle 40
Trickle 9535

Thus, for traditional irrigation systems with zevo or low lifts, the
energy cost for producing corn is even lower than for rainfed
agricultare in the United Staees. However, for the more
than for corn production under rainfed agriculrore.

Tanmacwwmﬁwmmﬂym
corn under rainfed and trrigated conditions /. the

ihsired Sidies.
T TRl : -

do Keal* perac % of Total Keal perac % of Total
Lahar 5 82 1 .1
Machinery 418 5.2 430 4.1
‘Diesel B0 b1 TG 9.8
Fertiftzer phile] ms i1t 184
Beed e P L] 313
Pesticide 5 b5 45 0.4
Harves &

Handling 3EQ B 250 4
Irrigation - - 6300 61.8
Touals 188 100 lolse 100
Yield Bibws e o batac
Energy Ingrai §07 Scalith 1300 keal/ib

‘Mﬂl-ﬁﬁ;’iﬂﬁ_ﬂﬂ. “Fouod Produttion snd the Encrgy Crivis” Science 182

i epthinaies foh incrtaed inpats to ger incresved wields, Taking data
froms Figure § for oy syt with 2 2300 foot pumping lift the sl ameal imi
ERTEE nergy Togmired w170 gallors of dissed per s (or G500 chousand Koal
Pt Eorelh. ;

il = 1000 kol

Brown and Batty* decided to take a Inok at the energy flow
in the United States food systenm, Tﬁgt;iﬁim-itﬂwgtm
L Beows and [L. “Energy and Our Food Smeem: & Microscale
%*T‘W%m;ﬂm TRE-TEL
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the energy inputs into a single Number 303, 1-pound, can of
whole kernel corn from production to consumption. A can of
corn, which has a digestable energy convent of 269 keal, was
sefected because its production was already well documented,
and it is a world wide staple. Figure 4 summarizes their findings.
The differences in the energy input for producing whole keenel
corn for canning and the dried field corn of Table 3 are readily
explainable; the yield is different for moist and dry corn, and
there is no standard value which can be used for the irrigation life
or system type. Anyhow, these minor differences are insignificant
compared o the total energy input to corn in our food system.
The energy input involved in producing and consaming a can of
nonirrigated whole ¢orn is equivalent to about 1710 gallon of
diesel; for irrigated corn it is about 1/7 gallon which is more than
a pint of diese] and would not even fit in the empty com can.

The rising costs of the high energy input for irrigation has
stimulated greater interest in: improving both pump and water
application efficiencies; optimizing system design to reduce
operating pressure requirements; more careful scheduoling of irri-
gation; and new innovative low energy irrigation practice, These
encrgy conservation practices are essential for many irrigated
farms in the United States to scay in businzss, Obvicusly, the first
vo.gaout of busnncs have been and will continue to be those with
high water lifts, low efficiencies, and low crop value, Energy con-
serving irrigation practices are even more imporant in develop
ing nations with more limited fuel reserves and foreign exchange
restrictions.

Holistic Thinkeng and Mmnowatioe Te 3

In my teaching and engincering activities | am involved with
people from many parts of the world who have varying
backgrounds and interests, The selection and appropriatensss of
irrigation technologies is usually in view but seldom in clear focus
because the question of appropriateness invelves many felds of
thought such as faith, philosophy, economics, finance, politics,
himory, expediency, science, and engineering.

Schumacher'® has suggested a technology with a human
face, and emphasizes appropriace and intermediate
technologies. In general, 1 am in agreement with Schumacher

"E.F, Schumacher, Smail u Baouhful {Lomdon: Bland and Brigg. 1575),
P DG, ]




Figwre 4. Summary of energy inpul (keal) to & one-pound con of
whole hernel corn. The lefl eolumn shows energy inpui
based on sonzersative asunspesns. The night column
shows how these energy fnputs can vary defending on
the assumptrons mods.
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but I am concerned that in using the words “intermnediate,”
“appropriate,” and "technology” we are in danger of limiting our
perspectives or understanding. “Intermediate” for instance
should not merely suggest an “oil drom” rechnology but should
rather include every level up to just below western technology.
The question of what is or is not appropriate varies from country
to country while the scale of the technology is a third variable, It
is important, therefore, to spend tme in 3 country assimilating
its standards and culture, in order to identify what really is
appropriate.

The various irrigation systems have evolved in a regional
serse in such a manner that the social, political, and manage-
ment needs of each type of system have been taken for granted.
Whatever the system, the primary function of irrigation is to pro-
vide water to the rootzone in proper guantities at appropriate
times; the crux of this deceptively simple statement is the words
"proper” and "appropriate.” The objective, however, is to utilize
available water resources effectively for erop production without
detriment to other social or economic goals.

Whereas frrigation  principles are reasonably  well
understood and universally applicable, their use is strongly
specific to the sitnation. Generally, the use must match physicai,
social and economic factors on the farm and also find a com-
promise among objectives within a  societal framework.
Sometimes, technological and management options are at hand;
at other times, innovative or new methods must be devised.

Historically, irrigation project developmen: throughout the
world has seldom produced the returns envisioned by planners.
This is especially true with projects in developing countries
involving peasant farmers; and one often hears that the projects
and farm irrigation systems were properly selecied and beauti-
fully designed; but the "people” failed to make them work!

In short, oine would be hard-pressed to find many projects
which come close to reaching the projected time schedule. This
problem arises, in part at least, from the belief thar a good
physical irrigation system is synomymous with good irrigation,
whien it is very easy to have poor or essentially no irrigation even
with a good system, and it is even possible to have good irrigation
with a poor system,

I believe it is this confusion between the physical irrigation
systern and the activity of irvigation rhat leads to the disappoint-
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ing results in irrigation project implementation. The activity of
irrigation i often taken too much for granted once the physical
system has been developed. In the Unived States this problem
may ngt he serious. We are familiar with the overall system, 5o
we tend to develop irrigation technigues which are congruent
with existing levels of technology and farmer practices.

This situation does not exist with relation to peasant farms
in developing countries, and other factors must be taken into
account, For one, where labor intensive agriculture is practiced,
it may not be appropriate to replace the irrigator with machines,
and in such cases, planners must select irrigation techniques
which have a reasonable chance of being productive without
abruptly replacing labor with capital intensive machinery. In
addition, the traiming needed for successful operation and
maintenance of the system must be fncorporated into he
develofrment procedure.

In order to achieve these results, the social context within
which development is to ocour has to be taken into account.
Adams, et al'" suggeses that the best way 1o do this is o involve
the tarmers in the planning process. This can promote project
success in several ways. First, it provides the developers with bet-
ter insight into peasant agricuitural needs and concerns. At the
same time, it allows planners tw tap the knowledge the farmess
have developed through many years of éxperience in the project
area. Their involvement can also increase their commitment to
new practices and alter community organization. Finally, it can
be wsed to creaie sufficient understanding of the project tor pea-
sarit farmers to make farther inprovements as needed.

Much of the technology which is being promoted to improve
the effectiveness of irrigation through the world was insztigated in
the developed nations. This techmology reflects the energy and
motetary economics as well as the type of people in the areas
where it originated. Often alternate technologies, which would
be berter suited for developing nations, have been bypassed,
rejected, or are too little advertised and known; and sometimes;
it may be advantageous to mix simple technologies with more
advanced ones.

MM, Adamg, | Reller, dnd B.M. Spillman, "Peasant Irvolvement in
On-Farm Irtigation Development.” Proceedings, ASCE Specialty Conference,
Blacksburg, Virgsna, fuly 25-28, pp. 815826,
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Last fall while on an assignment for the Ford Foundation in
India, I had the opportunity to recommend both alternate and
mixed technologies. The main task was to distribute equitably
the water available, and to irrigate efficiently groups of tiny
{1/10 to I acre) farms supplied from small rain catchment reser-
voirs, The appropriate irrigation technology appeared to be sim-
ple hose fed sprinklers operating at low pressure. This is certainly
not an unusual concept, for perhaps we have one million acres of
kirchen gardens and home lawns irrigated this way in the United
States: however, such systems are seldom recommended and, in
Fact, most designers are not even aware of them as possibilities
for farm use. !}a\&d Miller, one of our students took leave fall
guarter and su the installation of the system,

The mixed technology we innovated is a hand-move sprinkle
system using conventlonal equipment but moved in a circular
center-pivot fashion. This concept occurred to me while present-
ing a series of slide lectures covering some of the latest irrigation
techniques used in the United States. During wwy wavels it
became obvious, and for good resson I might add, that India is
not a machine-oriented society and our latest irrigation tech-
niques are not appropriate there. While pointing this out I made
the plea that the conceps be received with an open mind in
hopes of stimulating the discovery of new Indian irrigation
technologies — and this led 1o the hand-move center-pivor.

Wiener' has stressed that engineering is not the fundamen-
tal problem underlying irrigation development in the less
developed countries. Engineering principles are the same the
world over and can, with minor modifications, be transferred
from developed to less developed countries. Rather, the problem
is to engender a transformartion in the farmer, in his expectations
and motivations, in the agricultural production process in all its
aspects — technigques and imputs—and in  the insticutional
framework at the wvillage and regional level. Whereas this
transformation in the developed countries evolves sponrancously,
this is not the case in the less developed countries, and is certainly
not true of the small traditional farmer sector, and hence
development models from the developed countries cannot be
rransferred 1o the less developed countries,

S, Wiener, “The Waorld Foud Sicaation and frrigation Programomes.”
1T D Bulleten (January 1976 ):21-25, 54,
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In ending 1 would like w lexve you with the thought
expressed so well by Pirsig: ™

“The way 1o solve the conflict between human

values sl technological necds is nat 1o run away

from yechmology. That's impossibie. The way w

resolve the conflict is 1o break down the barriers of

dualistic thought that prevent a real understanding

of whatr technology is—mm an exploitation of

fature, but a fosion of natare and the buman spirk

into a pew kind of orestion that transcends both. . .

With eptimistic vislon § sée the Sun is slowly rising, bringing
a brighter tomorrow: and though progress is painfuliy slow, 1
sense o feeble but relentless momentem toward 2 universal con-
tern for all mankiod —so [ truly beliove in Irrigating for Rain-
bows,

R M. Findg. Zew ond the dr of Metirils Mamlenducod {New York:
mmmmxm.mgm.m;m.
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