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Introduction
DEVELOPMEWT OF Wi'TWR RESOURCES

The developLent and Hanageuent of woter Teoources all cvep the LCW4

Tegion has becn Darked in reeont Cecades by an increase and at the some tine

’} & growing cliversification of derionds for various uses. Both aspects have

’ created'considerable rreblag, Coupetition:fop the use of 8Scarce resources
hag becone Hore intense while the interdependencies between the various uses
and betwoen thon and other sectors of the social ang econorde systeng have
eclled for pore conprehengive blomning, developnont and allocation of Tresources,

The elinntic conditiong characterized by low rainfall, hizh €vaporation

rates 2oxtly explaing the Scareity and lirited oveilability of vater which hag

becoine a nojor developnent constraint in the fagt Srowing LCW.L resion,

Until Tecently, countries of the uCwa region did not fully apprecinte
the inportance of water for developrient Purposes., Their efforts to develop
systeus of woter were considerable but piecerenl cnd the laek of g colprehensive
4pProach to Planming ang developnent of water resourceg has nade the water
situation in the regicn Hore acute and the eventuslity of 4 "wator gap in the
near future g forthconin(; reality",

It ig becoming Lore and riore evident that the surfoce angd croundwater
Potentialitios of  country constitute national assetg vital to aliost every
Phase of the eoonoLy,  Iegleet op tisuse of thoge ossets can Prejudice the
| health ang Prosperity of the inhabitantg and can brevent or retard the econouic

and sowj developnent of a nation,

Lt the sane time, an inereasing: technical knowledge ig beconing
available which, broperly applied, will enable nore aeccurate assessnent to
be made of water potentizﬂities, Lore efficient developnent tlethods to ho
introduced, ond 2 wider variety of benefit to be obtained.

This Jrelivinary report covers the following five chapters in

accordance with the propgrarme of work in the field of water Tesourcess

1. Water demand modelg,

2. VWays ana Heons of using water nore effioiently in the agricultural sector;
3. Multiple use of water - hag 1t arriveq?

4s  Potentinl and linitationg of technology with Tegard o inereage in water uses
9« Regional and subregional Co=operation,




CHAPTEK I. WVater demend models

Development of natural resources in LCWA countries plays a large
part in general socio-economic development, and in turn, depends to a large
extent upon the quality and quantity of information upon which plans and
programmes can bc based. Collecting natural resource information and
developing shoxt and long range demand and supply models is a matter of
first importance, eonecla¢ly in these countries.

National vovernmenfq carmot proceed in plannlng their socio-cconomic
development by guesswork. Thus, before more natural resources can be
brought into use or *heir present product1v1ty raised, additional data on
their phvs1cwl characteristic and related economic and social information
mist be assembled, Sometimes, the pressure for action reasults in premature
commitments to resource developuent projects without enough information at
hand to evaluate then adequately. Those who axc concerned with national
socio~econonic development rust be reasonably certain that additionsal gain
wiil éccrun to socio=-economic develonmbnt if & certain proportion of their
budget is used to Produce more 1nform3tlon and data concerning long Tange
demand and supply of natural resources.

Water is, in these counlries in pa:ctioula.r, & most important resource,
with development of natural and human resources depenuent on the availability
of water supply. With the abundance of petro—-chemicals and other natural
Tresources, effective water demand models are nceded if these resources are
to be developed adequately, That is, water is a necespary but not an
independent condition for economic development, With ratios of water
production low beczuse of dominant arid coniltlono, demand orientation
stages of development will not be far off in the future, necessitating
careful planning now, When population was less and supply was in sbundance
eand accessible to the consumers, projections were of less importance to
netional planning, Nevertheless, population and industrialization in some
of the oil producing countries, especially in the last ten Yyears, has greatly
increased, cqlllﬁg for better national plamning which includes water

Projections - projections looking to total societal effsct on demand.




Project Objectives:

The primary objectivc of this projcct is to develep a systematic

methodology for forecasting water demend in the twelve ECWA countries.
To achieve this objective, it is necessary first of all to identify the
level and development of the socio-economic and technologlcal factors ¥

associated with water usage in these countries.
Morc specifically, the purpose of this projection is:

1. To develop a model for forecasting water demend in twelve Arab
countries: Bshrain, Iraq, Jordan, Kuwait, Lebanon, Omen, People's Democratic
Republic of Yenen, Qatar, Saudi Arabis, Syria, United Arab bmirates and
Yenen Arab Bepublic.

2. To provide national plammers in these countries with particular
reliable future water projectionse.

2, Mo establish per capita watcr demand for municipal, jndustriel,
and agriculiural uscrs uwzing socio-economic, technological and environmental

factors of the twelve countries.

4o To provide a neans for projecting these socio-economic, techno-

logical aud envirvamental facliosw 4o the year two thousend.

5. To use the model and the projected socio~ecconomic and technological
factors to project municipal, industrial, and agriculturel water demands for
each country to the year two thousand.

Mothods of data collection and analysis:

In order té obtein reliable data for this study, two sources of data
were uged. First, a questionnaire was used in the field for collecting water
demand dota, socio-economic factors and other information which influence
water usc. In attempt was madc to complete the guestionnaire in all ECWA
countries,

The response to these field questionneires was not sufficient alone
to develop the model. Publisghed sources were used as much as necessary to
develop a sufficient data base to permit development of the model. The

model so developed was for the entire region and was not country specific,
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' The¥e are meny social, econotiic, envirommental and other conditions
which vary among users and whi¢h do affect water demand, At the beginning’
of forecesting, the exact number of the factors which influende water usage
usually is not known, and thue, some hypotheses must be made regarding these
facworss The guestionnaire was developed for two kinds of data noeds.

1. General data needed to develop modol at cou.ntry level

2. General data at regloncl level

Since’ the data was so llmteu, only 'bne regiona.l mod.el was developed
ag in the equation (1~1) below. - ' ‘

UUi,t £L°'+" ﬂlxl + LZXZ A pe’ 4 .Anxh 00030000 sessesrveneens (1"1)

where - R

h .
s UUi"t ____ _&:t tme t -
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4
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An =. regression coefficients n = 1, 2, 3 ...

It

Xn' independent veriables m = 1, 293 sve
However, 1t has been abund:mtly clcar from the sta.rt of this

exeroise that e.lthough a predlotive equat:.on has been developed, the projected
values' could not be truly .representative because ofs

(1) availeble data was lizited and unrcliable

- .(2) regional model cammot be satisfactorily applied. to.predict national
Tesources due to the wide array in Socio-economic, . industrial, and agricul tural
venation from, one .country to another, . . : . .

The preliminary output from this model oonfirmed these observations.

Therefore, this output has been dlsregarded and g new, modified,: -attempt
has been made,

. .In the new e.pproa.ch, 1nstead of . talung the whole reglon a8 one unit,
it was divided into three subregional groups based on the pimilarity in
topography and availability of water resources as follows:

(1) Iraq, Jordan, Lebanon, and Syria
(2) Bahrain, ¥uwait, Qatar, Saudi Arabia and United Aredb Emirates
(3) Democratic Republic of Yemen, Oman, and Yemen Lrab Republic,
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Fortunately, too, by this time we were able to collect few more data
particularly as it pertains to the agricultural sector. Therefore, the
projections reported in this chapter were limited to agricultural demands
orly.

S

Below are the projection equations (1-2), (1~3) and (1-4) with
respect to subregions 1, 2, and 3 respectively.

by g = 42.7360 + 0.0185HE_ | + 0.0L65GKE,

+ 0,0516HLL, PRI ¢ -
by 4 = 116.0224 + 0,0046KB . + 0.0069GKP, |

+ o.oszalamn’t eesecessssesasssassassssessasccennss (1-3)
by i = 23.9730 + 0.0093WP, . + 0.0840GHE,

+ 0.0SSGHLIn’t cevseseresessescesasscasnascsssassene (1=4)
where

A ot = Agricultural water demand for country n at year t in
?

gallons per capita per day.
= National population in thousands of country n at year t

BI:In, £ = Ngtional irrigated land of country n at year t in thousands
hectares.

Although the new proje~’icns are gn improvement over the previous
values, they, nonetheless, ar¢ mot final, We are still collecting more data
to update and expand the exigtirg data base. When enough data have been
accumulated, models will be refined accordingly and a new output of water
demoncs for agriculiural; domestic, and industrial use will be presented.

Projections of water demands for the countries of the region in
millions of cubic metres per year and in acre-fect are prosented in the

following tabless




Year

1970
1975
1980
1965
1990
1995
2000

LGRICULTURAL WATER DEMAND PROJECTIONS
. Bahrain

-5 -

‘Total Hational Annu@l P
A icultural Demand In In ™
Millions ‘Cubio Metres -

26,
31.
37.

- 45,
7v54.

81,

. 1508,
- 2031,

. 2750,
. 3739.

- 5103,
6985,
9590.

Irag

- Zotal Wational .nmual
. Agri icultural Demand In

Aore - Feet

79.
95.
114,
137,
' 167,
203,
250,

Total detionsl Linnual
Agricultural Demnnd In
Lore - Feet

. 4619,
6231,
8439,
11474,
15657,
21433,
294217,




Yeax

1970
1975
1980
1985
1990
1995
2000

Year

1970
1975
1980
1985
1990
1995
2000
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AGRICULTURAL WATER DEMAWD PROJECTION

Jordan

Total Nationel Jnnual

Qggicultural Demand In

Total National Annual
Agricultural Demand In

Millions Cubic Metres

215.
281.
370.
491.
6554
679+

1187.

Total Naotionol fanucl

T Y 22 TS,

i

Lore - Peet
aCke = rotl

660.

8654
1136.
1506,
2009
2698.
3643

Total National Anmual
Lecienltural Demand In
 Anre = Feot

339,
- %80.
425.
477,

535.
601,

676.
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LGRICULTUELL VATER DilAND PROJBITIONS

Total National lmmusl Totel Nationol Anmual
Lgms.u.l Lural Dem: mo. In Agvicultural Demand in
Year 1illiong Cubic Veires Lore = Peet
1979 292, 896.
1975 356. 1094.
1380 437 1341,
1985 538 1645,
1990 664 2037,
1995 822, 2524,
2000 1023, 3128,
Oman

Total National lanual Total National junual

sgriculiural Demand In Agricultural Demend In
Year Miliions Cubic i es Acre - Yoetl
1970 37 112,
1975 47. 146.
1980 62. 150.
1935 81. 249.
1990 107. 328,
1935 14, 433,

2000 137. 575
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AGRICULIUR..L WATER DERLND PROJECTIONS

Pecplels Dencerotic Republic of Yemen

Total National /fanuel Total_ﬁafidnal anmual

Agmiend tuxel Domand Tn dgricultural Demend In
Yearn Milliong Cubic Metres Lore = Feet
1970 ; 124. 380,
1975 150. . 462,
1980 | 163, - s62.
1985 , 223, 685.
1990 273, 838,
1995 334. 1025,
2000 410. 1257,

Catar
Total National ‘nnual Total Yeotional Lnnual

dgricultural Demend In agriculturel Demand In
Yecx billions Cubic letres icre - Feet
1970 15, 45.
1975 18, 56.
1980 23, - T0.
1965 28, 87,
1990 35 108,
1595 44. 136.
2000 56. 173




1970
1975
1980
1985
1990
1995
2000

Year

1970
BRE
. 1980

1985
| 1990
1995
| 2000

Y

-'9 -
© ' AGRICULTURLL WATFR DEEA&D‘PROJECTIONS

Samdi Arcbis

Total National érmmal  Total National Anmual
Agricnilica, foniot ia 0 Agricultural Demand In

Milliong fhuoic Metres - ficre - Feet

1233, - 3784.

1410. . 4326,

1626. . 4989,

- 1894 . 5813,

2233, . 6852,

2668. .-8187.

3235, 9926,
frTia

s ity . SUESUGANRS 41T 3 YW




Year

1970
1975
1980
1985
1990
1995
2000

Year

1970
1975
1980
1985
1990
1995
2000
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AGRICULTURLL ViTER DEMIND PROJECTIONS

United Lrab Emirates

Totzl National Annual Total Netional fAnnual
Agriculturel Demand in Agricultural Demand In
Millions Cubic Metres Lere ~ Feet
29, 90.
34 105.
40, 123,
47. 144.
55 - 170,
66. 202,
79 242,

Yemen /Srab Republic

Total Hotional /mmual Total National Anmual
sgricultio i Temond Ta Aot eoral Demond In
Milliong Jubic Metrcs Lere - Feel
767, 2354.
902. 2787,
1062, 3258,
1251, 3839,
1476. 4530,
17444 5351.

2062, 6327,
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CHAPTER TII. Vays and meons of using water more efficiently

in the fgricultural Sector
le Introcution
st OCHLIon

The scarcity or rimited availability of water is a major develonment
constraint which feces, in verious degrees, 211 the countiries of Western
Asia,

With the continucd growth of populstion, expengion of industry, increase
in urbanizaﬁion, problens of water shortoge, food producticn and pollution ore
bound to energe ond unless additional sourczs of supply are explored for and
efficiently nonaged, the region night fece 2 sericus water gep in the not too
distant future,

In 25 much o egriculture is still the nain consuner of water in the
ECYIA region, its problens are thus nore iuportont ond more urgent. Agriculture
is meinly baged on dry land foruirg,neverthelogs irzigotion isg bracticed in
nany parts of the Tegion. In sone countries, surface wator is the nain
source for irrigation, whercas in others such as Souci Lrebia, the Gulf States,
YR and PIRY, groundwater and/or desalinated vater constitutes the nain source.
Thig wayé_and ‘leans are to be studicd and evaluated for nore efficient water
use and managément Sterting fron the water source of supply down to the plent
root zone in the soil,

2. Surfoece Vater Menozenient

4o Water Comtrol ot Sourece

Water Dencgenent and control should stort with the source of supply'
2t the watershed arcs where Preservation of water in thisg &reo neans provision
of proper storaga ond dirceting the stren: and valley run-off towards the
better controlled waterways.‘ Loxreover, groundwafer Tescrvoirs ore to be
classificd ana DNore attentio&?bgggiven to those regerveirs where salinity
prcblens ore less severe and where grounduster Trecovery is uscful ond practicnl.
B. Desert Votor Shecs '

In most of the worldls arid and seii-arid regions deserts ong Geserted
land constitute o big portion of the region. In nony such arecs o reasgonable
enount of rain usually folls during storms of ghort duration. A part of it

finds ite wey to the underground reservoir while the rest will either be lost

by eveporation or flows in 2s flash flood cf short duration, Study and

TR o T S

TR R

T RS

s S R e 5

e

S
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conservation of such anownts is very immortant to restore cultivotion and
livestock and hceln noneds setvle in and arcund these arces., TUtilization

of these guantities is usuclly Gone by the construction of emcll reservoirs,
water proofing fore of the lend surface in oxdcx tq chlect all surplus water

and to nake use of any oveilcble groundwater,

’

[aT)

Cs JFlood Pouting end Control

Flood routing end proper conirel cf river banks forms the najor
process -cf water control esvecially to prevent flood water fron spelling cver
its banks thus innundcoting the nearby oreos, wosting valuable water and
destroying the cultiveted areas cousing 1iwre shorbtoge in woter and in
aericulturel products.

- Ceastructicn of sicll emd/or bis dans for wator storsge is an
indisgpensable coprooch tc better water nonogenent. Iuze arvunts of flood
water usually flows to the sca unless proner ncosures ore token to store it

scriewherc,

D. Roluction of Ivaporotion Losses

-

Eveporation losscs frow open watcr rescurces, lokes, marshes ~nd

other water surfoce is a scerious problen whieh nceds speeizl attention,
Where altornctives exict, donr sites which will hove deeper reservoirs ond
less evoporation potentialitics should be chosen.

The opplication of o nicroscopically fine filn of cetyl alcohol

-
1
b

to the surfacce of larye rescrveirs is beilny used in sche worn countries

to reduce surfoce eveporgticn. Further reseorch is neeled for the develop-

rpent of cheniecal coupounds to provide o wono-rivlecular filum over the water

surface which controls evaporotion while perritiing the passoge of oxygen
and sunlizht ~ both essentizl to the notursl self-purification process - P
and also of roin. Perhinps thisc or o siuiler process con be spplied to

slow~noving water in chomnels. . , -

Exigting evoporetion losses nowoicye ney equal the dischoarie cf o

big river in countries with big reserveir surface areas ond scattereld
narshes and water loggeld lends. The reduction cf these losscs will actually
nean the recovery of huge cucunts of wastel wator., It (wes without soying

that reduction cf nawsh arceg by (roinace is a direct and stroicht forword

procedure which ney be adopted.
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3. Menogenent of Grounfweter Hescurccs

GrounGvater resources Loy by for excecd the surfrec supnlies. These
are not subject to wor or negligonce destruetion ond they suffer no eveporation
problens. Where sciiully, is not an issue in these reservoirg, they have to be
well surveyeld cnd maintained fron pollution and replenished by the avoilable
water of inferior quality.

Contimious obscrvations and records hove to be neintained and officient
recovery of water for ggricultural usc mey then be nade in the sroper quentity

and at the tine it is ost necded.

Beducinsg Seenare Vater

Seepege woter fron reservoirs, rivers, cannls, distributors ~nd ficld
ditches arec usually lorse arounts ond represent the uojor factor of wastoge
through deep percolation to the srountwator,

Whilc it is difficult to stop or o reduce those lcsses in rivers or
big reservoirs, it is possible to do so in artificisl cannle ond in irrigotion
systens throush the use of proper conveyance concls oxr pipes with the help of
one or nore of the aveileble lining nethods and taterials.

The required effecte and costs involved will usually dictate the type
of lining to be used, Concrete lining is very vopular as it is very relicble
if joints nre sealed properly., Vherc concrete canal loying plant is not
available, alternctive ratericls uay prove econouicsl for lining watcer
chamnels. These incluce agphalt, brick or tile, stobilized soil, ccuent
portar or mesh reinforcenent and asbestos cenent. The developnent of plastics
has also nade it possible to line the concls with ilpervicus renbranes,

The cost of lining is balenccd against the recuced volume of earth
soving since hicher velocities con be used in lined canals end accor&ingly
a snoller crosc scetion can be used to‘carry & dven flow than on equivalent
earth chomnel, Purtheruore, weed trenspiration cre elirinated and uaintenance
costs grectly reluced, as well os thé reluced requirenents for drainsgs o8
seepacge will be niale neglicible.

Deep percclation of weter fron the plent root zone Cown to groundwater,

or through the fora ditches is usuelly of o very high percentoge and is

reflected by the low irrisation epnlicnticn efficiency attaincble through the

T m———

B i & Vo Lo 4
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various irrigotion nethods, the highest fisure of which noy not be rore then
75 to 80% while the lowest moy (o Cownr to 30% with an averase flmp of
50~60% for free flow irrigntion netheds.

Redueing: Facod bwviyoration Tosses

‘Field evaporation is indispcenseable, since it is through evepotranspiration
that the plant nuitrient tolies ploce from the soil to the different parts of

the plant. This considered =n essentisl use of woter., But the losses thot

take place fron the soil surface throush uncultiveoted nreas of lond, water-
logred areas, excess of irrigotion watery if not wholly ovoidable can be
subgtanticlly reduced by new rumlching: nethods (covcrmg the soil 'bruclltlon ally
with a layer of corjost or sowCust).

4, TIrriscticn zethols and peans

More efficient use of water is reflceted by nore ares of cultivotion by
the sane acoount of woter. This ucy be done by elininction or relucing the
factors of losses Ciscussel above both within and outside the form.

Reconmmeniations of o generel nature resording wotershed, river velleys,
desert lands, open ond groundweater reservoirs were briefly nentioned above.
However, within en irrigction or sgricultural project, the recormendations

ney be oore detailed by following the nethods ond ieans discussed belows

Lo Qoveyevoe Bysten ) o
Main r:nci smailér cenal syster‘l‘needs soué fom of lining to reduce

tne conveyance losses which may 'uou_nt to 40% of supp lle(. water. This is an
expensive grocedare bm: a8 ucntloneu O&I‘llCJ" ney be bdancou by the aclvantabes
ga.me,u and is indisp endlblc whore eny vmtcr eccnouy is to be affccted. In
severe shortafe cc_.sos, conveyonce by closec. conmuts should be uscd to
conplotely ellmnate *Jercoluuon and evepora t.lon losescs. & ;Jorwtlon losses
fron d:.s’crlbutlon sys ucms are usually of maall gercénta@;e but it will be
needel where utmost econozy is to be exercl geC. Those procedures should

contlnue fron the nain coenal Cown to the f arm inlet.

B,. Droincge Sroten

. Paradoxically, sound 1r1‘1:;ation e.zboc.lcs pound droinose. Water ip

Usuclly applicd to the lond in excess of pleont conswption. This is partly

due to an intentionel excess calculated to leoch harmful salts present in




ps

s
water, below the root zone. . Drainsge is.therefore neeCed to remove the
unvanted . water in oxrder that eeil strusture.and nerrtion are neintained.

» Deep draincge shouldl be applied with all detadils Cown to the field
draine to lower the grouncwoter and elininste copillary water r¥ise and -
supsequent evoporation lcsses with the resultin; increase in leaching water
requireuent which nay be saved by lowering the groundwater to & sufficient
linit dependiiy; on the soil texture. The heavier the soil, the deepecr ™
should be the groundweter,

GZ._.‘:: .erJ.f*ation Procedure

. Vater should be ouxlled as near to the root zone as possible. ‘
Applica.tlon rate shoula elwoys be lg,ss thm the soil 1ntg,ke rote to ensure
.unseturated soil surfuoe f\nu. thus I'E,uuGO cvworsﬂcion 1osscs clurln(; irrigation
perlod and kecps the root zone fron snturat:,on vith conuequent hornful.
nhysiolofi_qal effocts on the plant iteelf. Lven water cpplication on soil
smrfaces is very Lﬂaort"rt to ensure even water distribution throughout
the irrigated area cnd thus inercasge application efficiency. This noy be -
done if efficient sprinlling irricstion is used or in cose of frec flcw,
proper land levellin: with proper shapes. Land levelling is usuali:y the

nost neglected faotar and probably the uost ingortant onc.

- Irrigation Tinine and Suantitics

Irrigation -water is ncedeld when a certnin percentage of available
soil water is used up soy 50 to T% and at thot tine irrijsation should be !
applied only in an anount -equal to the depleted available water, i.,eq:
water is added un{_c:.l. the whole. profile of the plant root, reaches field
capacity a.s_dn_ averose w:.th soLie additiona.l percpnt e for leu,chind
requirenent which depends on the pla.nt toler'mce to salt concentration
and the mount of salts within the lI.‘I.‘l{‘,‘u'tiun m,ter. _ .

The perloa betwec.n irrigations naturally depenas on the arount of
water needed and the evopotranspiration rote which in turn is o function of
the plant and climete. = |

) 'I‘hus, the grobler- is o conyln.c vted one and stanuard pra otlce shoula
be establ:.she<‘ forx’ euch clms,te anu c,uch _Qlc..n.t w:.th a pro*)er schedule as to
the timing of 1rribwta.on ond alount of water néeded throu“hout tho
irr:.r"mtlon season of each plant. '

e e

g b e

%
!
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E. Irrigation Methods
There are neny facets of irrigation efficiency, depending on as
nany factors. Not the least of these is the nethod used for distributing

water over the areo under cultivaticn. There axe three basic methods:

surface irrigation, by flooding or by furrow distribution; sub-surface
irrigation, either by exploiting natural subsoil flow or by the use of
porous or open Jjointed pipes under the lend; and overhead irrigation, by

sprinkler, trickle, etc. -

(1) suxface Irrization (Free Flow Irrigation)

Surface irrigation by flooding is the oldest kown method and is
still the donminant one in plain arcas. 1t nay be of the boarder, strip-boarder
furrows or basin type. Alnost 2ll these Yypes or nethods depend on good land
levelling and preporation. The upplication efficiency is generally low.
Where the land is flat and flooding consequently covers wide areas, there
is excessgive logs both by eveporation and deep percolation, where it is not
flat, there is cxcessive runcff. Reising the efficiency cch only be done

by observetion and reducing these facitors of losses.

(2) sub~surfoce Irrisction

(2.1) Notural Sub-irrigotion¥

Totural sub-irrigation is so ealled becouse of the conditions
which neke it posgsible arc geological and topogrephical. These are
near-level terrain and a deep tonsoil of very hizh lateral pernecbility

underlaid at 2 to 7o depth by an impertesble strotun.

Since all watcer movenent in the process of supply to the plant
is upwarls fron the water table, there is also an upward noveuent of
unwanted solts within tho scil. In siic clinotes where there is no
significant roinfall to countercct this effect, there is a risk of a

build=up of haormful szlts close to or on the scil surface.

(2.2) Artificiol Sub—irripcotion

Lrtificial sub-irrigation involves the use of o network of buried

perforated pipes under the land surface. Systems of this type are usually

costly and can rarely be justified econonically except where high-priced

¥* Bruce Withers & Stenley Vipond; Irrigation design and practice, p.47. |
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crops are grown and soil conditions are iceal, inhibiting dovmward
percolation imeh beyond root Zone, yet perdtting free lateral woter

novenent and encoursn, Sing upward Coverient by copillery action.

(3) Qverheal Irmigation

(3.1) Sorintkler Trriscticn

Under certain conuitlons sprlnhler lrrlgatlon is rore efflcient thon
surface or sub-gurface riethods of water distribution. Lrong the factors
fovouring it are excessive s0il porosity (which nskes distribution of water
evenly by other rethods alfflcult), the existence of Sredients unsuitable
for surfoee flow systens and the need for hish application efficiency lue
to a “enerwl shortage of aveilsble water. Top efficicney in the systen
Lay be avound 7%, Lindtetions .of the nethod W the high wind losscs end
the presence of saltg in the irrigation water, This latter factor nay be
the decigive feoctor specially that sonc plantations cre very sensitive to
salts deposited on their leaves,

cIn teuperate and muida clinates, evy porative loss fron o sproy
could be rmch the sore as the lcss fron open water suriace irrigation, but
in hot dry cliictes eveperative. loss can be excessive during the surier

fonths and night irrisation clone is alviscble,

(3.2) Trickle Irrlmatlan

Althou“h trickle or urlg 1rr1“at1fn has lon;; been esta bllshed o8 o
Metnou for glcsshouSc cerops, it is only in recent vecrs that it hos been
Gevelopel for use in the field,
The rain adventoage of trickle over other types of irrication is the
excellent control of woter aprlicetion which it Provides, Voter is applied
daily at a rate ag close as possible to the ra ate of ecnsunption by the plant.
Evaporation fron the soil surfoce is mininal and deep percolation con be
alrost entirely sveoicec.
The prohibitive factor cgeinst it is its high cost and scrie flow
problens which are not ecsily overcoie and its linits as it can be ueged
for orchords and Ploantation with individual plents. It is not suitable

for groins and sinilar Crops.
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5. Reinfoll

[1though rainfall is o naturcl process, great progress is being
done to providie dequate cultivation by dry forning in arecos of low

precipitotion. otentific investigoticnsare neeled to ensure an

accepteble level of yield for yecrs of low precipitatibn and. ﬁrovision

of enexgency. irrigotion frou crourndwcter or néarby streans should be

1nvest13atud to encourage thls grocess end 1ncruase its ylela.
Purthelpore, nost of the rainfel soils are non-scline ond )

conucquentlj & con31uertble auount of wutur thut hes seeaeu to the ”rcunu—

ter nay be recovercd for emer~cncy 1rri tlon or any other ube.

6. Mixin@ of Saline Water and Sewpoce Bffluent

Procedures have been Cevelopeld in soue ccuntries to
drrigate with high salinity woter either Cirectly or after dilution
with better quality water. This procelure nay give pronising results
| if properly epnlield ond it will definitcely nean an additionel -cultivation

sreat coxe should be exercised to

o

with otherwisec useless water. However,
keep the soil structure fron deterioration.

Drainace water ney be reused by this process as-well as brackish
croundwatexr with geasonable aiount of salinity. however, further reseurch

is needed to either modify the rcgulrezents of the crons therselves 80

that the ratio of vield to transpir ticn Lhy be rulseu, or species tolerant

to salt ty water developed.

7. Desgolination Prccedure

- Tio notter, what precess is uscd to rérpve or roluce the sclinity v
! . fron breelrigh woter, the cost per unit velwie is so far so high as not
to fustify ite wse on any reasonhbly econorical sccle, However, national
reasons cnd pride noy dietate its use in some rather exeptional coses.

In arid anl semi-erid regsions, the use ¢f solor enexrcy noy be
pronising for thls purnose. If it is sufficiently developed to an

acceptable scole, it woy give a partial solution to such countries.
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8. Econorie Evaluation

Vater resources in any country is one of the important factors in
the national ceonory of the country anl sghould be always treated ag
such. The cost of water as o naterinl should always be evaluated and
alded to the cost of its delivery to the faru to nake up a part of the
agricul tural Production,

Corperative econonieal study of any ayricultural product shoulad

elweys include the enount of product per unit of supplied water as a
Lrain factor., Thig will ultinately lesd to Hore realistic conclusions
a8 far as the roal value of water in the national econory as well asg
in the world water conscrvation policy,

9. Future Outlock

In view of tr fact that water losses are so veny in all stages of
storsse and conveyance as well as the Present low efficiency of rost
irrization systens and nethols, exnectations of possible inprovenent in
these respects Qay vean rore than doubling the effective water use with
ccnsequent inproverient ang expansion of douestic anc agricultural usges,
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CHAPTER III.' Multiple Use of Weter - Has it Arrived?

"4 unique festival is held each June in Santee, California,
- It features a long, colourful saturdey morning parado that starts
fron the shopping centre and ends up at the town's recreational lakes.
For the remainder of the weelend, as many as ten thousand people celebrate
the construction of eight beautiful man~msde lakes laid out in a line for
the better part of a mile. At this rFestlval of the Lakes] people fish,
picnic, boat, and swim, with little concern that nearly every drop of
the water is supplied  Santee's mnicipal sewage system".ll
Recycling of wastewater is unavoidable and logical. Population
explosion and the rapid growth in the industrial and agricultural sectors
are exerting heavy demand on the available water supplies. Recydllng
can both increase the water supply and alleviate the pollution problem.
The concept of water reuse is not new, It has had itg
Precedents in USA, South Africa, and Burope. L8 a matter of fact, we
all are drinking water that Las been circulated thousends of times
through the hydrologival cycle: atmosphere, rain, streams, ocean, vapor
to the atmosphere,
The moin obstacles to a wider acceptance of reprocessed water
are economical and psychological. The psychological "hang-up" could
be overcone by pointing out soue case histories. Therefore, whether
a commnity will ‘accept reclaimed water or not becoues a matter of
economics. It depends on the availability and cost of fresh water,
the cost of desallnatlon, and the practicality of non-conventional
sources such as weather modification to increase precipitation.
Only domestic and industriel wastewater could be treated. W
T¥pe and extont of treatment depends on the ultimate use.

In general, there are three basic types of treatment: primary,
secondary, and tertiary (advanced).

Primary treatment consists of removing of suspended solids fron
effluents by plain sedimentation (gravity settling). About 40% of the

suspended solids is precipitated from the nother liquor. Usually
settling is aided by the addition of certain types of chenicals (organic
or inorganic) known ag coagulants, The function of these chernicals is
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to build up large size flocs from c01101dal particles and, thpreby, facilitate
their settllng. “By-us 1ng this -technique, - removed” suspendud solids could reach
T0%. . , ‘
Tho aim of sgconucry truCtant is to TEMOVG dlssolVed organie matter

. uylng a wmde axrrey of mlcro—orgunlsmb the most importont of which is bacteria.

Thls could be done in nany weys. But the most coumon one is the activated
‘;sludge process Wthh has been 1n use for over scventy years. N ‘

. The otlvated sludge process consists of, bringing together prinary
Jffluent and beacterio in en qgltutcd tonk in the presence, of oxygens Within

4 to 6 hourﬂ dutcntlon tine, soluble orgenic natter is consumed by bacteria.
Paxrt of the consumed organic matter is utllized in the production of new cells.
The remalnder is oxidized to 002 and H O. The treated effluent. overflows to o
set‘clmb tank where sollds agglomorate dmd settle. The settled flow is rich
in active bgcterlql cells.. Most of it is returned to the ceration tank to
keep the ﬁfocess‘oﬁerating, the rest is pﬁmped to waste or further treatuent.
Flg. 1. is a schem tic diagran of an activated sludge plant.

Domegt;q -} Brimaxry- i) Aerntion tenk { - sécondafy' B treated
TEOWEgE 7 | clavifier f=— 7| elerifier "D rrent
: 7 ' |

{
U AT e T I waste

. ¥ig.l. The idotivated Sludge Process, !




Ldvanced or tertiary treatment is a polishing process to secondary
effluent. The goal is to raise the level of purification a few extra
percentage points. However, removal of these few points can be very
expensive because there is no one single process that can achieve this.
Rather, it involves a series of successive procesnses esach for one or
more type of contaminants. . ,

Contaminants in secondaxry effluent of treated sewage consist of:
suspended solids, plant nutrients (mostly phosphates), non-biodegradable
organic substances (refractory), inorganic salts, and micro-organism
cells (mostly bacteria). All in all, their concentration in the effluent
is less tlan 0,1% (1000 mg/l)., Yet, their removal is not casy as has
been mentioned.

Table 1. shows the required level of treatment to meet certain
applications. |

Table 2. shows the cost of treating wastewater for various purposes
(1968 costs ~ USA). ‘

Water reuse for special purposes

Except for domestic purposes, wastewater reuse does not often require
excessive treatment., Among the special purposes for which wastewater may be
used are groundwater recharge, recreational purposes, and the control of
sea water intrusion.

Both treated and untreated wastewater has been used to replenish
groundwater supplies. However, when not adequately treated, wastewater may
pose a threat to the quality of aquifers, Buildup of dissolved mineral ions
particularly the nitrate ions has been observed in certain locations. Nitrates
in water in excess of 45 mg/l may cause fatalities smong children., Because of
this, large scale groundwater recharge should not be carried out, even where
geological formations are favourable, unless dissolved ions had been removed.
This is specially so if groundwater is to be used for municipal purposes.

Groundwater recharge as meams of increasing water supplies is only
economic as long as they are less costly than any other alternate to supply water,

Table 3, is a tabulation of the cost of artificial recharge in selected

countries,
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Table 1. Suggested Treatment Processes to meet the 3
given health criteria for wastewater rouse.

Irrigation Recreation Industrial Municipal Reuse
Crops not Crops  Crops N . - Beuse o Potable
for direct eaten eaten . Contact Contact " . potable

human con- cooked; Yaw
sumption fish

culture
Heslth criteria  A+F BiP D4 B DG CorD c 3
- (seec below for . or . : _ . .
cxplanation of . - D+F

symbols)

e

Prinery treatment — ¥¥% R FAK F¥x S ] FeFe Sk FX
Secondexry treatment ; B *hx XX e FH% ¥
Sand filtration ox : .
equivalent polishing * * *HFK * *¥e% *
nethods o . .

" Fitrification * X
Denitrification el
Chemical -clerification * **
Carbon -.bsorption *¥e
Ton exchaige or other . % .
means o 7cmoving icns , ‘ .

Disinfc:tion : T HHH * e * HHK AR

Hoalth critexias .

A Freedom from gross solidss: significant remcval of D Not more than 100 colifoxm organisms
parasite eggsa -~ per 1COml in 80% of samples.

B As L, plus sighificant removal of bacteria 'E No fecal coliform organisms in 100ml,

¢ As A, plus more effective removal of bacteria, plus no virus particles in 1000ml,

plus no toxic effects on man, and other
-drsnking water criteria.
F No chemicals that lead to undesirable

plus some trewoval of viruses.

In order to meet the given health criteria, . residues in crops or fish.
processes marked *¥*¥ will be essential. In addition, G No chemicals that lead to irritation
one or more processes marked *¥ will also be essential, of mucous membranes and skin.

and furtive processes marked ¥ may sometimes be required.
Free chlorire after 1 hour,

-
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Table 2. Cost Estimates of Vastewdter Treatment

Batinsted - Bstimated

Cumulative Cumlative
Treatment Sequence Capital Cost . Operating Cost Reuse Applications

15 mgd 100 mgd 15 mgd 100 mgd
(6 mil) ($°mil) (¢ /1000 gal)

Raw Wasteowater 0 0 0 o None - highly polluting

Primary Treatmemt 2.2 9.5 5,2 3,5 Partial pollution
control - no direct
rouse possible.’

Secondary Treatnent 4.5 20 11 8.3 Conventional pollution
control; non-food crop
. irrigation.
Coagulation— : 8
Sedimentation 5.1 24 15 19 Improved pollution control;

general irrigation supply;
low quelity industrial
supply; recreational
water supply; short-term
recharge.

—~dr 2

Carbon Adsorption 7.3 30 23 17 Complete organic pollution
: ' ‘ control; high quality

|

\

|

|

\

irrigation supply; good

quality industrial supply;

- body-contact recreational
: supply long-term ground=-

water recharge,

Electrodialysis 11 47 37 26 Complete organic- -
inoxrganic pollution
~——m= Brine : ‘ control; high quality
Disposal 25 T7 53 33 industrial supply
: indefinite groundwater
recharge, .
Disinfection 25 77 54 34 Absolute polluction

control; potable water
supply.
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Table 3, Costs of Artificial Recharge7

(1971 dollar per 1,000 m3)

Area and description Capital Operation Total Type Remarks
cocts and ,
maintenance ;
costs
France

Croissy area; chalk resexrvoir;
anmual spreading, 11,000 nJ, 60.20 Spreading

Federal Republic of Germany

1. Dortrmund area; alluviun 30,00~ Spreading

reservoir; amnusl spreading, 40.00

5,000,000 n3,

2. Dusseldorf area; alluvium 120,00 Sprecading High cost

reservoirs, annual spreading, attributed

60-70,000,000 7, mainly to
treatment.

3. Frankfurt, alluvium 10,00 Injection A lateral

Yesgervoir, T leaching line

from the ;iver.

Japan

Unconsolidated formation; 19.00 Injection
injection test, fixed-assets
cost 497,353 represents first
year's operation, injection of
1,947,175 3 from Nov. 1961
to Sept. 1962,

Switzerland

Bagel areaj; alluvium
formation. - : 25.00 Spreading

United States of Jmerica

Los ingeles areaj spreading
in unconsolidated formations
injection into confined but
unconsolidated formation.

A
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Table 3. (cont'd) QCosts of Artificial Recharge7
(1971 dollar per 1,000 m’)

irea and description Capital Operation Total Type Remarks
' costs and :
maintenance
costs
US4 (Cont!d)
1. Local storm run-off; 4,16 6.25 10.41 Spreading

costs based on seven spreading
grounds, and 683,492,000 nd
total spread.

2, and five spreading basins T+52 7.18 14,70 Spreading
costs based on 98,796,508 n3
total spread,

3« Imported, untreated 0.78 C.78 Spreading Utilizing
Colorado River wster, costs exigting
based on 1,472,101,000 m3 facilities
total spread. which were
' Justified for
spreading

local storm
run-off there-
fore, only
operations and
nmaintenance costs
are attributed

to spreading, not
including cost

of water, which
at 1969 prices

is $16.21 per

. 1,000 n3
4 West Coast Basin 587 Te 49 13.36 Injection ot including
Barrier Project, about cost of water;
55,000,000 m? injected which at 1969
anmually. Total fixed prices 1s
assets cost about % 20.26_per

7,000,000, 1,000 m’
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Wastewater has been . successfully used to reduce or stop gea or ocean
waters from 1ntrud1ng into groundwatex aqulfers. Usually, the wastewater is
pumped into 1ngection wells located.on thé ééa gide of the aquifers, The
inaected water acts a3 a n\,rdrwullc bo.rr:\.er aga.:.nst the intrusion of salty
water into the aquifer. Movement of- water w1th1n the aquifer itself mixes
the recharge stream with the main bulk of water, and, thereby, prevents

minerals buildup.  However, enouch precamtions ghould be made so as to. .
maintain the withdrawal rate equal or less than the injection rate.

Treated secondary offluents have been used to provide recreational
lakes and swirming pools, Such facilities can be economically and socially -
justified where conventional water resources are scarce, Oantee!s lakes

mentioned ebove are good exanple.

Water reuse in ggracultures

The w1dest appllcatlon of wastewater reuse is in the field of
agricultgre.

‘The main reasons for naking irrigation with sewage attractive are:

(a) avaeilability of cheap land, because wide space is required;

.- (b) sewage cannot be discharged to stream either because streams are
too snall‘to acconodate the sewage volune or they are dry for a long period
of time each year;

(¢) there is an acute need for irrigation of crops; and,
(d) there is the possibility of return from sales of crop.
- Sandy soils ave ideal for successful irrigation schenes. Low rainfall
Fis an addéd advantage because it absorbs relatively large acount of water.
In nost ceses sewage is given priuary treatuent before application to land.
" Sewage is applied infermittently. [ dosage is applied until the soil is
soaked, and the flow is then diverted to another plot while the wet soil
1s drying.
The cormon nethod of application is by furrows fed fron e heucer ditch
controlled by a snall earth dan. Crops are grown on ridges between furrows.
Spray irrigation is gaining popularity, especially for milk and cennery
wastes. There are several ways in which sewage can be. sprayed. It can be

done through distribution systems, or frou a tank nounted on a truck with

a punp and a nozzle attached to it.




-29 -

Odour problems are not urcorion.
which waterlogs the soil.

This is specially true in overdosage

Water reuge for induatrial,ewrplz

Reuse of cooling water in industrial processes has been, so’far,'
the nost corrion and’ accepted practlne. » .

There has been soue Teuse of munlcxhal wastewater by industry, hut
the amount is relatively snall, Reuse of secondary effluent that has been

through advanced treatmont is too expen81ve compared to natural supplies of
water, '

Water reuse for general supply

The greatest potential for wastewater reuse is for'geﬁﬂ;:l water
Supply including potable water, The main concern there, is 1ihe presence of
toxic substances or bacteria and virus,

Public acceptance of the: concept of wastewater reuse for dOAegtlc
supplies is still not forthcomlng as was 1ndlcated earller
HOWGver, the potentlal is still there especially in certaln areas of

critical supplies or in euergencies. BPBut, in general, the need for

reclained water for donestic purposes is not acute yet.,
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CHAPTER IV} Pb%ential and limitations of techndlﬁgx
with regard td increase in water usev

1. Introduction

In arld or seml—ahad reglons, in partlcular, even more than elsewhere,
water‘ls a vital elemenu of life for man, animals and plqnts. Human llfe in
these revlons hes only been Fent ulive by contlnuous struggle a alnst'the ’
1nhosp1ta11ty of nuture - low ralnfall and extrcme heat end arldltv _'Ralnfuli
is raxe, 1ocnlized 1rregular and often v1olent the ¢end is sparsely covered
by veget@ulon, end the gail is shallow w1th fluctuatlng m01sture content.
"L1V1nb conditions in these regions are ~reatly effected by man's behav1our
with reg.rd to the Physice l env1ronhent his use ond misuse of natural resources.
Neﬁil ence on his part wnen trylng to 1mpreve or control the c1rcumstent1al
conditions which could be to his benefit nay e9311y lead to enﬂlronuental |
deterioration, sccelernted erosion, etec.

The arid parts of the globe do not leg behind in such recent world
trends o8 the rapid growth of industrialization, expeditious concentration of
urban populations and the expansion of populsted arecs; with the result that
woter shorteges haye become more suvere and -the denand for weter;has-sharply
increased.. _ - o : : |

Prerequisites for a satisfa ctory uolu‘t.mn to these proble;s are the .
integrated assessuent of present weter.potentinls and the re-examination of-
its optiimun use. Scientigts while chollenging. the. traditicnal, . Perepectives
of water use, have been calling for the scrutiny, in a new light, of the
¢iversified aspects of water nonecgement. .In.this fespeet’ they..have been’
re-exemining the proper allocation of water anong different econonic sectors,
the function of various plqnt covers, and the iuaort.nce of 1naustr1al as

alnst 1grlculturel necds. Obstecles to hirhly effectlve water use, which
have previously ‘been p01nted out, 1nc1ude slowness in transletlng sclentlflc
flnulngs 1nto ectlon ot the lcvel of operatlon° 1 c& of cogprehensive surveysfi
trﬂaltlonel property rlbhts, pOllthTl contrrl wnd 8001al uttltudes. _
- It is ev1dent thet future success in 1ncre 81ng the qumntltutlve and |

quﬁlltﬂtlve utlllty of wa ter hinges te a ﬂreat extent on 1nbeau1ty in flnulng

b new and inproved nethods ‘and technolonles, ransing fron radical innovations
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in discovering new water resources to patient application of principles
discovered centuries ag R The need for technology varies from region to region
cend should be agsessed according to specific features of individusl and local
situotions. Sone cases nay Justify lerge capitol-intensive projects while,
nore often than not, simple technological improvenents in water exploitstion or
conservation mdy heve immediate loosl results, It should be noted, however,
thot technology alone is not the penacea which will solve all the water problens
faced by arid or sendi-arid zones today. Local epplicaticn of advanced technology
calls for overwhelning support fron the indigenous pcpulation and social
institutions and will also Gepend cn the econoniic conditions end §olitical clinate
of the regions involved. Foxr further developnent of applied technology, concrete
public policies with specific objectives are needed,

This repoxrt sets out sone of the practical techniques offering effective
tcols forxr :u.grov:.nb the water 31tuwtlon in erid or sbu1~ar1d zones., They are

described in the following orlers

- Technologies for exploration of woter resources;
- Technologies for increasing water supply;

~ Technologies for the conservation of water.

The report gives only a general outline of possible nethods, and their
applicability should, therefore, be studied in the light of specific conditions
in each rezion. The report does not describe the pros and cons of reservoir
congstruction and advanced irrigation techniques which have clready been discussed

elsewhere in o satisfactory naenner.

2, Technologies for exploration of waoter rescurces

1) Renote Sensing

The progress of ueronautlc and space activities in the 1ast dec e has
led to an outstanglng develoyuent of rerote operation 1nvestlgatlons of both
surface and underground water resources. The prineiples of the sensing nethods
are basel on the trunsnlsS1on of 1angu“ge electromugnetlc waves. Acoustic waves
have also been effectively used for nany purposes and are superior to electro-
ragnetic nethods, pearticularly where fhe tronsnission nethods involved weaken

the electronagnetic waves to a great extent. Lctive wethods employed by nost
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sensor ty.es are based on cnelysing the reflection of on artifiecial signal

transnitted to the rencte senses (censors). Passive Lethods, on the other hand,
are besced on the enission by the observed objects of a type of raliction

choracteristic of e neuvicds or thelr enviromentsl state.

Vieible, in infro-red aerial rdcrowave Leesurcients corried out by these
satellites have been providing routine, repetitive and quantitative observations
of térrestrial fecturcs. Lfericl shotographic techhiques hove adbpted invigible
wovelengths with non-cariers instrurents. Coixmnication satellites have also
revolutionized the tronsnission of nessages fron continent fo continent ond the
collection of data fron the ground instrutentaticon networks. These developrents
have contributed sreatly to better Prediction, definition and nanogeuent of the
colponents of “he hydrological cycle.

The renote Lrobing techniques fror scace hove brought iuportont

achievenents for the preparation of varicus hydrolosical data includings

~ Showing the extent of springs and shallow groundwater in olluvial
channel sg

~ DEffcets of rainwater on desertos

-~ Maps presenting fracture systens of watersheds which allow the
location of areas of potentinl high water yield;

~ Continuing and deteiled dota regcording physiogrophie parsneters such
as (rainage area and patterns, streziflow network, vegetation cover and surface
woter features;

~ Meps of snow covered areas which centribute to the estination of
the eniount of snow nelting run-off anl flood flow;

=~ Identification of snow lines on ¢laciers which help in the calculantion

of the glecier accwmulation aren.

2) Isotope Techniques for Groundwater Investioation
The inereascd sotentisclitics of isctope techniques and the nccwmlated
experience in o variety of related civil applications over the last twenty years
hove achieved new weys for the solution of several types of hydrological problens.
Groundwater investigeticn has benefited greatly frox the use of isotope techniques.
Further utilization of these techniques, however, is expected to bring ebout even

12ore importont achievenents Quring the couing decades by quantitative and

quelitotive improverients leading to inereased efficiency.
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These téclmiqucs £a11l breadly into tWo categories. The first tevchnique
consists of cbeerving and inter; rbtln(; isotope Ve ,I.'l«,,'blo.{ls established in water
by natural processés. Regionsl hydroloszical problens con De studied with
epviromwn‘tcﬂ. iSOto;‘)ed if neturel coniitions estcblish neasurable vard ations
‘in i‘Sotowe’ concentrotion in G.ifferén't woters. "

"’ht. second is to neke use of radioactive igotopes artificiclly injected

into well-def:.ne@ pcints of the hyc.ro;;ealo sical systen undex 1nvestlg"a.t1c>n.

The vieasuring of the evolution of 1soto;ze cuncentratlon which follows |
,g,lves a very leteiled account of the systen in questlon if the neasurenénts ore |
perforned at a sufflclent muber of points and repented at different tines.

‘The problems which con be resolved include, but are not necessarily
lirdited, to tae 1dentification of the origin of groundwater; deternination of
its agey flow veloeity and direction; interrelations between surfoce water
ond groundwater; possible intercornexions betwecn Cifferent investigationss
ldesl porosity, trensnissivity ond dispersion cf cn aquifer,

Investigation by isotopc technigues is less costly than other prevailing
techniques anl furthermore it can provide inforration which nay not be
obtainable by other ncthols. However, the use of ralio isotopes causes an
increacse in cost due to the extra care needel for their use and for the

" prevention of heclth hazards.

3e Technolo’*leg fcr incresging woter sugp]y

1) Désalination
Desalination of salt water has been o widely known ond frequently used
technigue to producce freshwater for husen life onld agriculture in arid londs
borlering on seas. Desclinotion process technologsy hes been irmensely.
ceveloped during the last few decodes; series_of new processes have been
inventel ond their technlcu.l ycrfon.xc.nce and econciic viability hove been
:anreasrl{;ly inproved. .
, t Ls o result, the reccnt progress of deselination techniques has nade

( i't poseible to build a plant in Zuwait with o 40 ngd copactiy.

The techniques which cre cormonly used tolday nay be grouped according

to the phenonena invelved, as follows:
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- Processes using o phese chenge of waters

distillation (simple rulti-
effect flash, v

apour compression ol solar Qistillation), freeze se

paration and
hylrate separations

- Processus witillizing properties of noenbroness eloetrodialysis and

Treverse cmiosis;

- Processesg utilizing ion selective Properties of s0lids and liquids:
ion exchonse.

TFor nost local econonies obtaining water through eny type of rodern
deselination plent is still expensive for donestic, industrial end agricul tural

Jurposes. The eost of Cesalination decrenses as the size of plamts inecrceses,

However, for nony countries, the larce aount of chexrly requiivd is a najor

livdtation on the further Cevelcpient of lorge seale distillation Flants.

Hethods using nevbrones or ion excheomne have not yet succeeded in providing

Low-cost fresh water, except in specinl circunstances. It has to be alnitted

that the use of Gesalinoted water is still liidted to corimmitics where chear

g
eneryy is obtainoble, MThig subject is further elaborated in Chopter III.

Individual household size units in o situation where saline water is
ecpily avoilen)

le to each residential unit, uight be cons

thon o lorece centra desalinoting faecility in o iunicipel systeri. Sone horie

desalinating units are alrealy in use in the UBA,

1lerel ricre econonical

2) Rainfall Collection |
dven slight rainfall can sSupply a consicersble anount of water if it is

succegsfully ccllected fror. large catchients., The reinfall harvesting

technique is desizmed to collect and convey rainwater b digging ponde in
o’ R o

stiall depressions and/or by building ditclhies or rock wells olong the contours

of slopes. To prevent loss frou collected water,

the clearing awey of rocks,
the eradication of vepetation and the treatnent of the soil surface has proved
O

to be very effective, Treatnent Ly chemicals to £ill

Pores and rmicke soil woter
repellent ig o

pronieing nethod of overconing infiltration.

Sodiuw salts are
used for soils conteining clay bee

ause of their low cost, availability and
reduction of weed &rowth. Silicone, latexes and woxXes such as woter repellent
chericals are beins tested with suzcess. When soils are too poxous oxr unsteble,

a waternroof cover over ther: ig less costly than uaking the soil itself the
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water shedding surfocs. Plostic sheets, Sutyl rubber and netsl foil are
uscble but subject to wind doaage. Plastic filo covered with gravel has proved

pore successful as bie geavel protects the underlying cenbrane fron radiation

ond wind dena see  Such filr: hos o projected life of nore thon 20 yeors.

Roinwater horvesting is one of the least expensive systems for the
provision of water without fuel cr power. "Chenicrl"treaﬁnen’c and soil covers
cost comporatively little. The cephalt treatuent would be very econouical in
countries which produce and refine crude oil, Soil surface treatnent calls
for cceasional mcintencnce Lecause of the cra cking of the en tchuent surface
coused Ly unstable soils, oxilation and plant growth.

The roinfall scllectine syster: is not econoiically suitalle for creas
with an ocnnual overcge rainfcoll of lees thon 50 to 80rmi. Alequate storage devices
ore quite indispensible. In desizning the process, coreful consideraticn should
be given to the preventicon of erosion, instability and locol floolse. The ost

sircble tosogrophy is gently sloving (preferchly 1-5 per cent) cotchients.

3) Saline Vc ater Irrigation
Ma.ny crid lands zre often mch in so.llno woter acuifers, esuaries,

coastal logoons ond closel lokes. Recent plant physiology and soil science
studies hove successi‘ullv c.lscovered how to select crops with suitable scline
water resistence ond also deviseu Jractlcal woys of saline wutur irrization.

The stulies have revealed high selt tolerance croys such as cotton, borley,
wlieo,t, sucer beet, ‘roy cxoss, 'Boxt:u."ﬂ grass and wheat giass. However, undiluted
seawater, with a TDS of nom:clly abtout 35,000 g/l has not proved 1,3:' ctical

for irrigsation purposes even for the uost sclt tolerant crons. The appliechbility
of saline water irrigction is 1iidted to arecs where the nain charocteristics
of S0il particles and the oversll drainace of forns aore appropriate to prevent

salt concen’c otion in the éoil.

i) Reuse of Joter
Wastewater, if properly treatel, can bLe & good resource for agricultural,
industrial and runicipal use. .Jgriculture is the first bLeneficiery of processed

wastewater. Treoted sewoge has Leen widely used for 1rr1;;atlon. The technical

requirenents for this are relatively few, in particular for garden crups ond trees,
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exceyt for seuluentatlon mnc 1olob¢c.l trcutnent in oxidatlon ponus. Where
1rrlgatlon systeus are ulreuuy in use, llttle 1nvestr nt 1s nocessary for ‘
cermeeting then to scwerugo systehs. HOWGVbr, the reLoval cf gwtho“enps seenis
to be the ‘ost 1Lport®nt oroble in wastewutor 1rr1Wﬂtion. Other dlsadv.ntages
are inflex1L111ty in su:;ljlng thb seasonhlly fluctuatlng 1rrlﬂ vtion necds and
the resultlng hich salt concentratlons in soils whlch axre Letrlmentql for sore
plant growinv. N

The nL09581ty for wuter Teuse anu re ycllng is increasingly felt in
hishly 1ndustr*allzbu countrles. Although the cost of the treatment to neet
required efflgent stendards is 2 najor ccnstraint Lany industries are obtaining
great benefits fidm the reuse of wcsuewater, lany oil, steel and cheiiical
industries ore using processed woter for cooling purposes. In thls instonce,
deslirabhle water qualities are non-Squlnb, non—corr091ve end s11¢e~resistent,

ond ianieipel wustewater, after o little advenced tre@oment, is found to be

OCOHOhiCﬁlly feg31ble for ¥ulp end paper inaustries and are peyperation. The

auvantage of water reuse for industrizl yurposcs 1les in the fact that the

supvly is stable and co nnectlﬁ@ nlaelines are rmlutlvely short.

The present lovel of westewater troatuent technolody can #rOLise the
Drouuctlun of an effluent of gotaLle wator. However, these processes involve
large oepltal 1nvestuent tr“lne’ “Mn power and a high operatlon cost. The
reuse of wastmw tvr 1s, at grusent linited to soc1ut1es which can provice
chemicul anu HlOIOLiOlOLngl treatuent processes to prevent potential he%lth
rlsLs, as wcll o8 those able to afforu zood 1unade1ent of the pToCc:Ss and o
zood understqnulng of the user's requlrc ent to minlulze han to the env1runhent.
This subject is further eluooruteu in Chther ITT.

5) hrtificial Recharge of Groundwater
Llthough the amount of artifiecielly recharged groundwater is vexry minor-
in comparison to the. discharge of an aquifer, its importance is increasingly
realized, particularly in basins where extensive uge of groundwater resources

hcs been developed. - Ordinarily natural recharge: of an aquifexr is not -

gty g0 e e

sufficient for maxirmm beneficial use, and at present artificial recharge is :
thought to be most effective to noxinize the potential benefits.

e
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Interest has been growing in artificial recharge for various pudposes:
storing water in a@uifers, ready-nade evaporation free reservoirs, prevention
of saline water intrusion ond land subsidence and wastewater reclenation.
Studies and experirents have developed various methods of recharge, the
application of which is joverned by local water availability and quality, the

volue of land and elinotic conditions,

The nost comion prineiple of the nethod is to sprend water over the
grounc surfoece to increase percolotion to the woter table. The water spreading
is perforned in the following ways: fleoding the basin, ditch or furrow, natursl
channel and irrization nmethods.

The flooding method is simple and less expensive thon other nethods.
Streans flool the ground surface in such o woy that vegetation ond soil are
left undistitbed,

In the basin nethol, water is released into basins by dikes or low
dense  Usually basins are constructed in o series by parnllel chamnels so that
watcr noy spill fron the upper basin into the lower basin. It is desirable that
water be relatively free fron silt and the bosin be of a sﬁall but continuous
grodient in oxcer to meintoin the filtration roate of the basin.

The ditch or furrcw nethod is suitable where the terrain is relatively
irrecular and steep. The ditches cre usually shellow, flat boftomed and
closely spaced. The ditch patterns vary accorcing: to loecal topogrephy.

The notural channel niethod is to spread water over relatively flot areas
in existing strean chamncls to retard the flow of strean water ond enhance its
infiltration. In many coses, this nethod involves the construction of emall
concrete of rock check dans in flat channels which ﬁay advergely result in =
flood hozard,

In the irrigation method, extra water is supplied to irrigcated fields
for percolation into underground fornations nainly durin: winter or Comnant
seasons., Careful studies on leachiny effects of crops and soils in the aren
should precele local epplication.

Injection through pits or shafts is also commonly used to supplenent
the potential of aquifers under inperncable layers. This is nmore costly but

econonically feosible at tines when the area has been ocverpunped due to laorze

industrizl and municipal denands. Recharge wells also work effectively in
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perniecble fornations such as lave end. porous llﬁestones. The recnar e Izte

of these nethods is often loweruc when the w.l ‘are scule by suall non~crgeanic

or orpenid particles. Thprcfore, QurlOulC cieqnlnb 1s necessury to uulntzln

the stondexd rote, ' ‘ ' ‘ o ,
Lrtificicl rechorge is relatively‘ineiéensivenbut;culis for o minimm

technieccl expertise in operation and maintensnce except in the case of wate?

being injected into the aquifers under pressure.

6) Vesither hodlflcutlon | S
To hasten reinfall by cloud secding, the use of ice, frozen carbon
dioxide and silver iodide hog proved to be promising in sreas where wet air
masses are swept over mountain ronges. Experinents made in the USL have .
Tesulted in 2 precipitation increcsc as high as 200 per cent in some individusl
storns, However, the processe ‘ond potentisls of cloud séeding dre not
comgletely understood. o ’ ' .

' Lpurt frou advianced anslysis of the uechunlsm of cloua seeding, there
is ®till 4 wide range of problens to be golved in or er to‘ensuxe_thqt‘maximum
benefit is derived from the ‘reinfall augmentaulon: | |

These ores
(i) the economical and environnental cssessuent of the Hros and cong
of rainfall augnentation; -

(31) the offect of rainfall augnentation on the increase in usable water.
The mnexicad relation betwzen the. inereases in precipitation and usuole wutor
is not linear. It is largely offected by the anount of increased‘precipitation,
local geolpgy,,vegetalﬁcoverxand“climatid.conditions;‘ o

(iii) the analysis o6f costs of an econonic, socicl and environnehntal

neture in comperison to the direct and indirect benefits;

(iv) the exanination. of the legnl and institutional impliecations with a
view ‘o regulatlng the performance of rainfoll augnentation, which generates
fotenthlly strong 1myucts on huuan act1v1tles in widely affected arens.

7) Iceberg Tronsportation . -

Soue engineers, glaciologists end physiciste, aduit that towing icebergs
fron the polaxr regions to water:deficicnt regions appeors technically'feasible
anc econorieclly attractive, Possible suitable regiong to be supplied are
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Australia, Chile and other arid regions of the southern and perheps even the
northern hemisphere. One report estimoted that o hypotheticeal supertug, where
water temperctures ore not high, could tow icecbergs up to 16 km long, 3.5 kn
wide and 200 w high. Major problems that should be carefully exsmined in
advonce are towing speeds, nelting rates while being towed, how to melt on
arrival et destination and punping the melted woter fron the sec into the
supply systens. The waste heat of coastal power plants could be utilized for
the nelting process. This device is still at the stoge where critical

techmological cssessnent should precede any realistic proposal.

8) Other Technigues A
- Collapsible bags for transporting large water-tight begs node from
strong synﬁhetic rubber or sone type of plastic filns could be used to
tronsport fresh water to varicus destinations. The folded or rolled enpty
bag would be loaded with fresh water perhaps at river mouths and then towed _
by ship to coastol cities or industrizl centres where fresh water supplies are
scarce. In certain cases, this systen nay be more econorical than the

construction of desclination plants or long distence pipelines.

- Uncersea ﬁﬁuedtuﬂs

Freshwater night be econonically conveyed by a large dioneter flexible
or seri rigid plestic pipe which could be leid undersean fron o specially
desizmed vesszel. The lower density of fresh water linits the foundation
problens to holding down the aqueduet and the required strength of the pipe
for water flowing under pressure could be reduced by the density of seawater.
The pipeline would run clong the coast with several punping stations as

recuired,

-~ Offshore reservoirs

Large offshore reservoirs would be nmade of flexible materials for
the tenporary storage of combined sewers until treatoent, or reclained
effluent from waste treatuent systens.

Such reservoirs could be floating or subuerged depending upen the

construction cost, wave and current iovenents cnd the availability of the

ocean surface without interfering with other ocean surface USErs.




-4 -

4. Techno}oszries for water consgervation

1) Evoporation Control

Surface wafernredcurces of hot arid zones suffer seriously frowu heavy
evaporation losses., One izportent necns of increasing water supply for hunmen
activities is reducing evaporation. The generzal cnd gsinple principle of
reducing evaporation over the whole extont of the water surface is to cover it.

Aliphatic alechols, eg. cetyl alcohol is effective for covering water
surfaces as it foms a film of a thickness of one molecule, Thisg nonolayer
has advanteges such asllow‘consumption (less than 60 g/ha of water surface)
high oxygen trensmissivity to the water, nontoxicity to fish or humans.
Unfortunately, since the film does not pPrevent soler energy fron being absorbed
into the water, the higher water tenperature rother increases evaporation at
any part of the water surfrce the film does not cover. Furtherriore, it is
difficult to neintain contimiously zgainst wind and wave action. Experinents
using plastic nets to restrict the drift and disruption of alecohol layexrs
‘have been carried out. Due to these problems, this nethod isg not frequently
used.

Tloating blocks could Prevent evaporation from the weter surface., The
noteriels which have been used, on a trial basis, are light weight concrete
rubber or plestic. In order to reduce the increase of water tenperature by
solor energy, floats could be nade of insulating end light-coloured reflecting
neterials. The egtinated evaperation control efficiency of this nethod is
80-90% under proper operation.

Lvopcration cen be retarded by filling reservoirs or basins with sand
and gravel olthough this decreases the water storing space of reservoirs or
boeins. The watcr stored in the pores between the particles ig effectively
shielded fron eveporation to the extent of about 90% of the total evaporation
potential, _ ,

The control of eﬁaporation fron water surfaces has zany édvantages:‘
Installation or construction does not require elabdiate techniques; floating
naterials do not need tine for spreading; the cost is nornally lower than thot
of collecting, storing or producing the equivalent srount of water through

other nethods; salt concentration in inpounded watcrs due to evoporation can
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be retorded and growth of undesiroble algoe and subnerged agquatic weeds can

be reduced as sunlight is cut off by the flocting naterial, Beesuse of the

difficulty of maintaining this syston cgoinet heovy winds, storms and floods,
the “pgllcutlon UL‘.fwyv"wulon control is og yet linited to aall water surfaces
such o8 ponis, fanks, troughs end oases. Send-filled dnns cen be constructed
only on bsolutely watertight foundrtlons to ovoid seepoge loss. If necessary,
the founcation is trected by cenent grouting,

livaporation fron soil surfeces used for ogricultural purpeses con be 8
retarded by plocing watertight noisture notericls or we tgr-ret.rugnt rmlches.
Materials spread over soil surfoces such as etraw, sawlust, wool bark, cotton

burs, gravel sond or cinaers. These evaporation borriers are also uSqul

runrofl,ana reducing sallnlty buildup. However, the relatively high cosﬁbof
wwtericls linite the wicespread use of thls method except for intengive
cultivation of high incone crops. The effect of the reduction of eva woration

losses on sgriculture is elso dealt with in Chkwter 11,

2) Scepoge and Percolation Control
“:Beepage fron earth conols and reservoirs not only couses severe water
-losses but water logging, solinction anl ercosion of ‘neighbouring soils, HMHodern
technology hes invented neny nethods to reduce water secpese while being stored
in o reservoir or conveyed: Soil compaction, chenical - treatnent of soil,
and lining of reservoirs.or chonnels, Aunong then, the least costly and the most

proctical cre:

- Treﬁfnenﬁ of soil w1th a soldiun galt which brecks up clay acgrebotlon
"“nd cguses clﬂy partlcles to swell ond plug the soil pores;

- Llnlng reserv01rs or water channels with polyethylene, volyvropylene
filo or butyl rubber: _

~ Lininz with concrete~basel noterials, such as cenent—stabilizéd soil,
_ferro-concrete mnd concrete fiile& febric;

- Protecting steeb banks with bags, stuffeu by used rubber tyres,

ferro—concrete and SOll ceilent,
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The mecns to reduce scenage from water storing or conveying facilities
axre generally practicable locclly, However, these are disadvantages to most
methods. Constent omd rcoreful mairtensnce ig required.

Inebility to keep odequate moisture in soils due to repid percolation
deprives vagst areas of sondy lands of cropping opportunity. Recent techniques
heve succeeded in producing artificicl underground moisture borriers in order
to keep water ond mutrients fron percolating below the root zone. They are
freguently unde of asphalt barrier plastic sheets or layers of compost oxr
nemure rich in colloils. Machines are being uerufactured and tested in
Jopan to instell a woaterproof asphalt borrier without excavating scil surfaces.
The optimu depth ond extent of the borricr is subject to the noisture copacity
characteristics of the sand. Experinents Jdenonstrated thot 50~75 per cent
of irrigation water was saved by this wethod., Sandy soils have nany
advantages: good Curebility ageinst the obuses of tilloge ond forning,
quick intake of irrisation weter, good capacity for seration favouring rcot
developnent and efficiency oigainst evaporation due to upper loyers sexrving

o

o8 mulchs Once adecuate noisture storage capacity has been achieved sandy

soils can produce erop yields equivelent to those of very fertile soils.
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CHAPTER V. Regional and Subreglonal Co«operatlon

Yo developlng country hag the know—-how a.nd the. i‘J.nanc:Lal mea.ns to |
develop, by itself, its own resources to the level of the developed and
industrialized nations. In order for the developing countries to catch
up with advemced ones, they need; among other th_mgs, to co-operate as .
much as possible, within: themselves, . This should in. no way pre_qlude help ,
from developed nations, . ‘ » s o .

Being a regional. commission, BUWL is very keen on developing and
fostexring co-operation among its member states. Thic has been well reflected
in all its water resources Programmes, especially the action proposale sub-j- -
mitted-at the Baghdad meeting, 11 - 16 December 1976. -

Our endeavour and:programming to _pronocte reglonal/ subreglonal co—operatlon
and co-ordination included, but was. not limited to, the- -following areass

- Iixchange of technical information;

~ Bducation and -training;

. = Financial aspects;

- = Reseaxch; . - ,

T lixperts . and consultlng serv:.ces'
- Invironmental aspects;

Foxr the sake of enphasis, the above points will be b:m.efly dlscussed

and the releva.n‘t recommendatlons presented.

¥ xchangse of- technlcal 1nfomatlon

Thig activity is aimed at collecting and dlsseminatang of ‘technlcal
lni‘ormation on the development of water resources within the region including
reports and studies prepared by govermmental -and non-governmental groups and
agencies, This is & vital regional ‘activity because, in order to :develop a ‘
mea:mngi‘ul .reg:.onal/ subregional water progremmes of co-operation, available |
information™ should be circulated within the region, This way gaps axe 4!
clearly identifi ed, and duplication is avoided. y {
To implewent this, missions had been mounted to all countries of HCOWA
during the past two years, 8nd considerable. amount of data has been collected
and carefully analysed, Howevere, the activity is contimuous in nature and

the existing information will be updated as new data become available.
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Ultimately, the Division of Natural Resources of ECWA hopes to establish
a data bank on water rescurces to be part of HECWils documentation centre
under study,

Dissemination of information among the countries of the region is
only the first step of ECWA's efforts to bridge the water gap in the region.
& programme for the projection of the future demands to the year 2000 has
also been initiated. This is being done in light of the projected industrial, ‘
and agricultural developments. An approximate output has been already
obtained. We will contimue to refine the model as roxe data become
available.

The projected values will make available prelininary estimates of the
water needs in the region. This wills contribute towards assisting the
planners to determine the magnitude and distribution of the increase in
water demands relative to all possible sources of supply.

In order to improve the quality of data in the region, ECWA is
recormending the strengthening and/or establishing adequate hydrological
and meteorological stations, and the adoption of modern and standardized
procedures through which basic information is transferred into more usable
foxm,

Education and training

The lack of trained personnel af professionai and subprofessional
levels in all fields including water resources developments is a major
constraint to the progress of the region.

Assesspent of the region's supply in each category is underway. The
activity will also study -the existing facilities for manpower training.

To bridge the gap, ECYA is recommending the establishment of a
training centre for training of personnel in all areas of water resources
- development., Location and size of such a centre are to be determined
by the member countries of the region. " The types of training that
the centre will give include: ‘

-~ Training ‘a prover techniques of installation of data networks

and eveluation of such datags
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- Pundamentals ang Principles of hydrology;

=~ Operation and maintenance of water systens;
- Training of well drilling crews.

Lt the nrofesceinnal level, facilities and curriculum of existing
higher educational institutions in Western Lsig will be surveyed with
the view towards determining the extent of coverage given to water
Tesources development, If needed, iunstitutes and universities should
upgrade their present standaxrds for professionsl graduates,

Implementation of such component of the Programme will be co~ordinated
with specialized agencies such asg 110, UWESCO, FAO, and the United Nations
Centre for Natural Resources, Inergy and Transport,

Financial Aspects

Some nations lack financial resources to adequately develop and
nanage their water Tesources,

ECWA is Tecommending that nations with abundant finanecial Tresources
have joint ventures in the field of water Lanagenent and development with
less affluent countries«fhkkhave abundant water Tesovrces. This may be
done on country by country basis but preferably should be handled on a
combined regional basis,

We?gfbo " reéommending the establishment of a new fund or access
to existing funds to be used in the forn of grants and loans to be made
available to ECWA member countries at the national, subregional and
Tegional levels for worthwhile water related Prograrmes. Specialists nay

be employed to determine eligibilities of need for assistance from the
fund, ' C '

‘This should, in no way, exclude financial aids from local and
regional banks. By the same token, the countries themselves have to

Participate in funding of their own Projects through budgetary allocations
where possible,




- 48 -
Reseaxrch

Properly planned res earch, particulaxly applied research, is an
important ingredient of water resources deve]opment programmes.

Especiclily .xildcd is research on how to reduce the water demand,
as well as how to use water more efficiently in asgriculture, There is

also need for research on new non~conventional water ®esotiroes (See:
chapters TI, ITI, IV of this document).

As @ result, ECWL is recommending that the countries of the region
should strengthen existing and establish néw institutions for the purpose
of conduCting'water resources research, and exchange such information with

other countries and specialized United Hations agencies.

Ixperts and consultancy services

To that end, ECWA has suggested that a team of quallfled consultunts
or specialists be made available to any state requesting assisiance in the
field of water resources development. Such teams of experts could be paid
elther by the country asking assistance or from a special fund.

Substantial advantages could be gained if the consulting team: or
fim are from the region as a whole or certain countried of the region.
Good consulting firms from one country could serve others in the same
region under switable encouragement from the home - goveruments.

ECWL, by virtue of ‘its international comnexion is always prepared
to assist the governLents of thé region to locate speclfic talents from
outs1de the region. ' S : B '

Env1ronmental aspects

Practlcally, no country w1th1n BECWA region ie immmume from floods
or droughts which could lead to & great damege and/or loss of life. In
order to guard against such disasters, progrsmnes for flood and drought |
control should be combined with other oonservation measures to ninimize
dameges, Local participation should be encouraged.

Envirommentel impacts of all water resources activities should be
carefully looked into. This is not intended to duplicate programnes of

other agencies in the region. Rather, close co-operation should be

meintained,
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It is interesting to note that aa ad hoc group of experts on technical
co-operation in the water resources sector among developing countries was
convened by CNRET and UNDP, 6510:Dgcenmbér , 1976 in New York. The purpose
of the meeting was to discuss possible ways and means of technical
co-operation in water resources among developing countrics.

The following subjects were discussed:

l. Improved informetion base.

2. Research, education, and treining.

5. Ixperts and consultancy services,

4, Standardization of services and equipment.

5« Planning and Management problens.

6. Financial aspects.

T. Actions at regional and international levels,

It can be seen that similarity with what we have bzen doing and/or
proposing to do is striking,
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CHAPTER VI. Conclusione‘;gd.xvcuugaﬁ&étians

An attempt has been made to forecast the water needs of the
member states by the vear 2000. But because only a limited amount of
data has been avairaple, the projections are far from being complete ox
accurate. Once enough and better data becomes available, more attempts
will be mede, |

As for the development of water resources in the region, it can
be safely stated that, whereas some.member stafes, due to the comfortable
financial situafion they enjoy, are increasing their water supplies (mainly
through desalination) at relatively fast pdoe, the less fortunate ones
are still lagging behind.

It should be pointed out, however, that imported technology and
advanced engineering is not necessarily a prerequisite for the developmenﬁ
of water resources, Sometimes rmuch can be accomplished by adopting low-
cost technologies that lean heavily on the use of local skills and
materials, Attempt to rely only on the transfer of expensive and advanced
technologies which is insensitive to local needs and capacities could
very well complicate ﬁatfers rather than solve them.

Reuse of domestic effluent does not fit very well with the traditions
of the region. However, its use in irrigation is not a distant posgibility.
In fact, Kuwait is already using treated effluent at its experimental
agricultuial statidn. But regardless of the extent to which wvastewater
is being used, it, nontheless, has a great potential for increasing the
water supply of the region and the world.

The nember states should also address themselves more seriously
to the adoption of better ways and means of managihg the existing water
regources, All countries of the region are moving very slowly to
initiate policies geared to conserve available resources and use them
more efficiently. This should no longer go unheeded.

Finally, we recommend the following:

-~ educating the public on the acceptance of wastewater reuse;

~ establishing a pilot project in the region to treat domestic

sewage for reuse in recreational, agricultural, industrial, and
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, , R = . -
municipal anpllca‘tlon, to detemne cos‘h estlmuﬁes a.nd, chus, evaluate the
possibility of using wasteﬂ ter 48 o source of supply in one sector ox
another, ‘ . '
- es*l‘abusln.na, a p.._lot pro,]ec’c J.nclud_'Lng cogt estimates, on
the use of domestic sewoge and industrial effluents to recharge groundwater
aqulfers or stop the intrusion of sea wate’n,
- Bﬁu@,ving the long range mpaot of the d_lscharge of br:Lnes from | {
dlsta.llation pla.nts on the ecologlcal ba.la.noe and on marine life. - - .
- evaluatlng sediments from eros:.on, thelr volune md transport
and effect on cultivated soil and waterww, ‘ '
-~ extending the use of modelllng techniques and computers to
ca.tchmena developments, snow accumulatlon, flood rout:.ng, predlctlon of
sea water a.atrusmn, and gimulation of groundwater aqu1i‘ers= '
- eva.luata.ng the feasibility of wea,ther nodification and
eve,ppratlon suppresswn from economic as well as teohm.cal viewpoint;
' - mprovement of ems’cz.ng 1rr1 gutn on fethods with the idea of
raising productlv:Lty with minmum usé of water, preventmg waste a.nd
conserving water quality; ' ' '
- mprovinb the ways a.ncl mecns of protect:.on ageinst floodlng
) 'and we,te:r 1ogg1ng, o

£

- developlng low water conqummg agra.cultura.l products, and o

mpﬂ:ov:mg mnd extendz.ng ra.ln.fed crops.
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