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T4. A particular aspect of this problem, which the legislation or the law should
provide means for resolving, is the intergovernmental relationship, whether as
between the political subdivisions of a federal State or as between sovereign
States at the international level. In respect of the latter, see paragraphs 46 to
48 above. The Colombien Environmental Code referred to in paragraph 42 above
(article 10 (2) and (b) and articles 20 to 2%) deals with this matter both
domestically and internationally and is significant in the latter regard because of
the unilateral adoption, through domestic legislation, of standards which are
internationally binding on the Government enacting the legislation.

10. Water legislation as a policy instiument in other areas

75. As was stated in paragraphs 11 and 41, neither water legislation nor water
policy constitute ends in themselves; rather, they should be regarded simply as
integral parts of a broader whole, namely, a country's over-all policy for the
achieverent of national foals. That being so, water policy, together with water
legislation, may be and often is used for purposes unrelated to water as such. For
example, its function mey be to: influence the location and size of urban or rural
human settlements by withholding or providing water supply; promote the integration
of different regions of a country by providing for the diversion of water from
water-surplus to water-deficit areas by means of water grids or interbasin
transfers; influence land-distribution and land-tenure patterns in arid and
semi-arid areas where there can be no land reform without water reform; implement

a zoning policy by providing or failing to provide water in conformity with the
policy objectives; influence food production by granting priority to the
agricultural sector over others’in the use of water; or implement an environmental
policy.

11. Conclusions

T6. It was not intended that this paper should contain recommendations, since the
participants in the Mar del Plata Conference will no doubt wish to extract and
formulate these for themselves.

It should be borne in mind that the Valencia "considerations" and the Caracas
recommendations represent the essence of the many working papers presented at those
two forums. More than 100 documents, totalling over 1,500 printed pages assembled
in 17 volumes, were discussed at Caracas. These figures are given to highlight the
fact that the 52 recommendations referred to throughout this paper represent the
distilled thinking of meny extremely highly qualified water experts from all parts
of the world. Both the Caracas and the Valencia Conferences brought together for
completely free discussions particivants from North and South and from East and
West.,

This monograph is intended as a methodological aid for those who propose to
embark on the task of adopting water legislation or brining it up to date. Its
purpose is similar to that of the ECAFE document referred to in foot-note 5, and
it does not claim to offer specific recommendations for any particular problem.
An attempt has been made (chap. 8) to identify the factors which have caused
many existing water laws to Ue ineffective or to constitute bottle-necks, and an
account has been given in some detail (chap. 9) of the prevailing trends in the
modernization of water laws. Thus, the reader mey, if Le so desires, draw his own
conclusions and meke his own recomrencations in the light of the circumstances in
his own countrv. The international organizetions, for their part, may wish to
consider the recommendations addressed specifically to them by the Caracas
Conference. 103/
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NON-CONVENTIONAL WATER RESOURCES:
IN THEIR DEVELOPMENT

SOME ADVANCES

by Menahem Kantor, Water Commissioner of Israel

(in collaboration with M. Shaal, Y. Neumann,
A. Gagin and A. Michaeli)

INTRODUCTION

A rapidly growing world population, increasingly scarce natural resources and
a rising standard of living have all contributed to an increase in the demand for
water. This, in turn, has led to the need to supply more water than existing sources
can provide in many already settled areas and, in addition, has produced demands in
areas where, formerly, settlements either did not exist or were severely limited.
The era of 'free' or inexpensive water is rapidly coming to an end in many
locations.

The growing scarcity of water has led to the investigation of ways to increase
the available supply. These include more efficient utilization of existing
resources, selective use of water of varying quality, and the tapping of
non-conventional water resources. This paper summarizes some of the advances in
the use of non-conventional water resources.

When one considers all possible non--conventional water resources, water can be
thought of as an unlimited resource in comparison with other natural resources such
as land, energy and raw materials. Given foreseeable technological progress, the
location of human settlements and their level of economic activity need no longer be
dictated by the availability of conventional water resources. Non-conventional
water resources can be defined as water made available for human use by planned
gﬂzszxggglgn in the chemical or physical phenomena of the Hydrologlcal cycle h51ng

on- coangg}onal techniques. In scme cases this intervention accelerates or g
decelerates the natural processes, e.g., cloud seeding, evaporation suppreSSLQn,,
“In other cases, the intervention is an
imitation of a natural process in a closed or controlled system, e.g., desalinavion
or wastgryater reclamation. Still other non-conventional resources have been ;
‘considered, such as long-distance hauling of water by supertankers or the even mcre

exotic concept of transportation of icebergs from arctic regions.

-

This report was prepared at “he reguest of the Conference secretariat
as ‘a bunnortlng document for the Conference. The views expressed are thoseiof the
author and do not necessarily reflect the position of the United Nation
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These latter non- —conventional resources involve systems which deliver water -

from oneée locatlon to meet a demand elsewhere. The long history of the development
of non-conventional water resources, i.e., the supply of water by techniques
considered revolutionary for their time, has centred on the delivery of water from
its natural source to centres of population. Water supply and drainage systems,
while conventional to us, must certainly have been non-conventional 5,000 years ago
when first introduced in the Indus Valley of India, as must have been the first
rockfill dam built about the same time by the Egyptians. Long-distance conveyance
of water, conventional even to the Romans, was certainly considered non-conventional
before the construction of large water supply adequaducts by King Solomon of Israel
in the tenth century B.C. The same is true of the development of ground water in
both confined and unconfined aquifers in the Fertile Crescent, the most impressive
of which, the Ghanat system of the ancient Persians, is still operational in modern
Iran. Various water-pumping devices (whether powered by humans, animals or water in
ancient times, by Leonardo da Vinci's pumping inventions, by steam, internal
combustion, or electric-powered pumps of the modern era), have all broadened the
concept of conventional water resources.

Water resources are exploited for many purposes. It is possible to divide
these into three major categorles - domestic c (life- susLalu;ngl*_agrlcultux&L~end
{Baustrial (economic inputs), and recreational. TRe former two are consumptive;
E_—Tifiﬁr_ls_ggzj Because of the special effort and considerable cost involved
in supplylng non-conventional water resources, it is crucial to evaluate the
ultimate use of this water. The supplying of water for life-sustaining needs
requires a different justification from that for the supplying of water for
economic or recreational activities. For production inputs, the feasibility of
exploitation of these resources.depends on economic justification.

In most places and in most instances, the marginal cost of p;oducing water by
non~conventional techniques exceeds the marginal product value of the water.
Because many of the more promising technlques - desalination, for example - are
energy intensive, the end of the era of "cheap energy'’ will greatly affect their
development and exploitation Xg£4_inan_as_the—eeasc;:yqani_pxﬁglng_gi energy
resources have led to intensive development of non- conventlojal sources (such as
O7f-shore drilling, gasification of coal, nuclear and solar power), parallel
econgm;g_igzges are acting as catalysts i: the water resources sector. What once
seemed impossible or unfeasible is slowly Bquylng merely non—convent10na1 and Vlll
Tater become conventional.

/

Man's relentless effort to discover and develop the means to overcome natural
constraints is producing results in the water resources sector. The following
discussion is a brief description of the progress made in developing some of
these non-conventional water resources.

DESALINATION

Introduction and recent history

lMany projects have been proposed for solving the sea-water desalination
problem. The greatest in scale and detail were the joint American-Israeli project
for a nuclear dual-purpose plant desipgned in 1964 by Kaiser Engineering and the
Catalytic Construction Company, and the Bolsa Island project planned for the
Los Anpeles vieinity, which was also planned as a nuclear plont producing both
water and clectricity. HNeither project matcerinlized owing Lo finaucial problems
also, shortages in the United States of America did not become as acute as had been
predicted. ; Today, the largest d‘“i]lnxflud markets in the world are in the IMiddle

Y

ifornia, Texas and other parts ot

iy plants
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The history of modern desalination technology is characterized by the following
landmarks :

Multi--effect submerged tube evaporators, used in power plants and ships since
the nineteenth century,

The vapour compression (VC) process, used commercially since the early
twentieth century;

The 1nv9nt10n by Silver of the multistage flash (MSF) evaporator in the early
194 - —

The foundation of the United States Office of Saline Water (OSW) in the late
1950s ,

The incorporation by Loeb and Sorirajan of cellulose acetate membranes in the
reverse osmosis (RO) process in the early 1960c

The invention of fluted tubes and the incorporation of these tubes and other
revolutionary design concepts in commercial-size, multi-effect distillation
(MED) plants in the late 1960s:

The invention by the Du Pont Company of hollow fibre nylon membranes in the
early 1970s.

P apa\ggg_greatest single stimulus in the field of desgllnatlon so_far has
been the Unites States Office of Saline Water. This Office of the Departrent of

the Interlor has spent hundreds of millions of dollars during its more than 10

years of existence on investigations of every practicable desalination process.
Research projects included the operation of several commercial-size pilot plants.
Notable successes, which resulted in fully scaled-up commercial desalination
plants, were achieved with MSF (San Diego), MED (Freeport), VC (Roswell, New Mexico)
and RO (Wrightsville Beach, North Carolina). The OSW also published numerous
research and development progress reports and financed many laboratory experiments.

In 1973, OSW was closed and the United States desalination research budget
drastically reduced. The functions of OSY were then taken over by the newly
formed Office of VWater Research and Technology (OVRT) of the Department of the
Interior. Its desalination research and development activities today involve
primarily the development of RO for large-scale and, possibly, sea-water
desalination (operation of Wrightsville Test Station and the design of the Yuma
project), combined MED and MSF sea-water desalination and sewage water reclamation
(Orange County project), co--operation with the State of Israel in developing low
steam pressure distillation using the horizontal aluminium tube multi-effect (ATME)
process (Ashdod dual-purpose project), and some research into the freezing process

Many other companies and governmental aughorities, such as the UKAEC in the
United Kingdom, the French Atomic Energy Commission, Israel, Iran, Kuwait and
Saudi Arabia are involved today in research on and the design and operation of
desalination plants. The cost of water desalted today by thermal processes, which
account for most of the current desalting capacity, varies from $3 to $S per
1,000 U.S. gallons.
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Descripticon of desalination processes

A Multistage flash distillation

In flash evaporators, & large stream of brine :: heated in stages as it flows
inside copper alloy tubes. In the last stage, the brine is heated by steam
supplied from an external source such as a boiler or a power plant exhaust. The
brine is then admitted into flash chambers in which, as pressure is reduced from
stage to stage, a small proportion of the brine is evaporated. The vapours pass
through demisters and condense on the outside of the copper alloy tubes while, at
the same time, they heat the brine. The condensate is collected in the product
trays and, while accumulating, becomes the desalted water stream. At the cold end,
part or all of the brine is blown down. The rest is recycled while being blended
with chemically treated and de-aerated make-up brine.

Today, MSF designs vary with iespect to the following aspects:

Flow connexions may be once-through or provide for recycling, the former
required high pretreatment posts;

The mechanical and structural design may have either long tubes or cross tubes
which are more expensive to install and require more pumping power but are
more easily cleaned mechanically and allow for the isolation of leaking tubes
and easier maintenance in the long run. Other mechanical and structural
design variations include one-storey vessels versus two--storey vessels and
cylindrical vessels !gzggé_r9<rxngJJ¢1 ve sels

The water treatment system may provide for acid addition (Hgsoh or HCl) or
polyphosphate or poly-electrolyte addition. The non-acidic means prevent
serious corrosion problems but are more costly because they require frequent
periodic shutdowns for cleaning with mild acid and are limited in use at
160°9-200° F. They also sometimes cause foaming problems.

Construction materials include carbon-steel water boxes either coated with
epoxy resins, rubber or fibreglass, or clad with stainless steel or copper
alloys: tubes may be of aluminium brass or copper nickel; pump casings,
shafts and impellers may be of cast iron, stainless steel, copper, nickel or
titanium alloys.

Current trends indicate the use of acid treatment with de-aeration and strict
pH control, and the cladding in stainless steel of any steel surface which is in
contact with hot acidic brine. The trend is to build huge plants, most of which
are dual-purpose and automatically controlled.

Plants using the MSF process account for more than two thirds of the world's
total installed desalination capacity, making MSF the most widely accepted large-
scale sea-vater desalination process. Typical plants erected recently are the

(6 modules x 8 each) plant in Lok on Pai, Hong Kong and the 13.5 plant (largest
module:9) belonging to Societe Italiana Resine in Sardinia, Italy.

The limiting factors in MSF design are the large volume of huge vacuum-tight
vessels needed, the flow per unit width of the flash orifices, and the limited
permissible range of top brine temperatures, which cannot be too high (over 2500 F)
or too low (below 170° F). Serious corrosicn problems tend to occur in plants
operating five years or more. A plant in Key Vest, Florida, was closed recently due
to high enersy costs and serious corrosion problems. : :

B. lulti-effect distillation

In the D process, the heating steam is condensed on one side of the first
effect tube bundle while a comparable amount of steam is evaporated at slightly
lower pressure from the brine flowing on the other side of the tubes. 'This
evaporated steam is then used as the heating steam in the next effect. Thus, the
condensate flow in the first effect is multiplied by approximately the total number
of effects. Research in MED has recently resulted in some revolutionary design
concepts. One partitioned vessel is used instead of separate vessels for each
effect. Fluted, instead of plain, tubes are used. i

Today, MED evaporators vary in the following respects:

The process flow sheet may have either backward feed with brine p;eheatln
or forward feed, the latter being simpler but making for less efficient use
of energy:

The mechanical design may have either vertical or horizontal tubes, the latter
design bein,, limited in heat fluxes and condensate drain but having a simpler
steam. flow pattern. The design may also call for separate vessels or one
partitioned vessel, fluted tubes or plain tubes which have a much. lower heat
transfer co--efficient but less severe scaling problems and downflow or unflow,
which requires fewer pumps, 5
0

The construction materisls may provide for either CuNi, AlBr, tiﬂ%nium, or
aluminium tubes, the last being the :heapest but limited to temperatures up
to 160° F. Other construction muterial problems are the same as for MSF and
vary according to temperatures and water treatment methods

The water treatment methods are similar to those for MSF, except thdt this
process allows for lower maximum brine or steam temperatures and, thus, for
the use of non-acidizing water treatment system with less serious corrosion
problems. A seeaing process for scale prevention is also being studied.

The MED process ranks second to the MSF process with respect to installed
capacity and technological acceptance. Modern plants use backward feed with a
flash-like preheating system and aluminium brass double fluted tubes. Other
advanced concepts are being developed now in France, Israel and the United Kingdom
which utilize low-cost horizontal aluminium tubes and perhaps low-tempgrature
steam. Typical IED plants are the Gibralter 0.4 plant with AlBr fluted tubes, the
St. Croix 2.2 plant with AlBr fluted tubes, the Eilat 1 plant with aluminium
horizontal tubes, and the Shevchenko 13.5 plant. i

The most serious limiting factors in MED are the need to preserve.the high
heat transfer coefficients of new fluted tubes which tend to deteriocrafe due to
scaling. In horizontal aluminium plants, the problem is to obtain sufficiently
high coefficients. Other problems are similar to those of MSF. :

3
C. Vapour compression by

In this process, feed water is introduced into a vessel under vacuum
conditions. The water vapour is compressed by 2 mechanical compressor ,to one side
of the tube bundle, where it condenses and gives up its latent heat to ‘the vapour
extracted from the brine feed. The latent heat of evaporation is consequently
supplied by the condensing vapour. This process does not require a cocling water
supply.

{
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Vapour compression plants very in the following respects:

Process conditions: There are moderate vacuum plants and extreme vacuum
plants which require less feed water pretreatment and preheating and have
fewer corrosion problems. However, extreme vacuum requires higher volumetric
capacities of the compressor, tighter vacuum vessels, and leak-proof shaft
seals. The source of energy may be an electrical or diesel motor. The latter
requires more maintenance but also allows for the use of its cooling water for
feed preheating and is, therefore, practical for remote sites with no
electricity supply.

The mechanical design may call for either centrifugal compressors or roots-
type compressors, the former being more difficult to design and less efficient
but also requiring fewer shaft bearings and seals; they are, thus, more
reliable. Other design variations include horizontal versus vertical tubes,
natural circulation versus forced circulation which has higher heat transfer
coefficients but requires additional pumps, vapours in the tube side versus
vapours in the shell side, and preheaters of plate type versus preheaters of
shell and tube type.

The construction materials may provide for vapour compressor blades of
titanium or inconel and for tubes made of aluminium versus AlBr or CuNi.

The water treatment methods may require no treatment at all, polyvhosphate
eddition or acid addition, depending on the temperatures (vacuun levels).

The VC process still requires verification of its reliability. Some modern
plants proved to be very reliable in the initial years of operation and needed a
minimum of maintenance and fuel. Modern plants use extreme vacuum conditions,
forced circulation, minimum water treatment, and employ centrifugal compressors.
One modern plaent with a capacity of 0.16, built by Israel Desalination Engineers,
is located in the Canary Islands. The maximum capacity of VC per unit is 0.2-0.3.
Many such plants operate in Israel, the Persian Gulf area and the Canary Islands.

The most serious limiting factors of this process are found in the volumetric

capacity, the efficiency, the compression ratio, and the reliability of the
compressors which restrict the capacity per unit.

D. Reverse osmosis

In the reverse osmosis process, the treated feed water is compressed and
vasses under high pressure (4L00-800 psi) through a semi-permeable plastic membrane
which rejects 90-35 per cent of the salts.

Reverse osmosis plants differ in the following respects:

The process parameters of maximum concentration ratio or extraction ratio vary
depending on the salinity of the feed water,

‘

There may be one stage or two stages for sea water,

The mechanical design may call for cne of the three types of membrane
configuration commercially eavailable today:

(a) uanar modules which require minimum pretreatment and are easily cleaned

efficiently packed give larpe module volumes per unit area of

The pressure level may range from LOO psi to 1,500 psi for sea-water RO vplants;
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(b) Spirally wound membranes which are better packed need more pretreatment
than tubular wodules

(¢) Hollow fibre nylon membranes produced by Du Pont or those made of
cellulose triacetate by Dow are packed best but have the lowest fluxes
and are most sensitive to feed-water turbidity and other types of
contamination

Pretreatment, the extent of which depends on the quality of the feed water.
Pretreatment usually requires at least two stages of filtering and softening,
one stage of ion exchange or other means to remove iron and manganese traces,
pH control by addition of acid, and chlorination to prevent blologlcal attacks
on the membranes.

Present commercial RO plants desalt brackish water containing 2,508-6,000 ppm
TDS. Full--scale field testing with various feed waters is now in progress.
Hundreds of plants have been installed in the past five years. Some modules are
used to treat tap water in hospitals and electronics plants. This procéss is
considered to be the most promising because of its extremely low energy.
requirements and its simplicity. The OWRT is involved in the fea51b111ty study of
a large RO plant at Yuma. Mekoroth, the Israel Water Company, after several years
of testing RO modules in Eilat, decided to build a 0.5 plant for desalting brackish
water in the Israeli desert. Du Pont is developing iis PERMASEP module’ for sea-
water desalination, while other manufacturers are doing so for their own modules.
A large, typical plant is the Ocean Reef, Florida O. 6 plant. One llmltnng factor
in the RO process is the rejection ratio which today is close to 95 per cent of the
salts per stage. Another restricting factor is the fluxes which are low. .
Manufacturers of "0 modules today (including Du Pont, Dow, UOP and Ajax’) guarantee
n~t more than 20-30 per cent of flux deterioration at the end of the three-vear
lifetime of their membranes. Membranes, especially those of cellulose -acetate, are
also sensitive to biological attack and to traces of metal which mey be found in
the feed water. The short expected lifetime of membranes, the low fluxes and the
poor salt rejection ratio are the most detrimental factors whichh research must ain
at improving.

E.  Bolar distillation

In this process, the water is fed into a pool which is covered with plastic
or glass. Due to solar radiation, part of the brine evaporates and condenses on the
inner side of the cover while the heat is removed by the surroundins air.

This process is emnloyed to a very limited extent in remote locatibns. It
requires a minimum of moving varts and almost no enerry. The Governments of
Mexico and Chile plan to use this process in some locations. ;

The most serious limiting factors here are the watzr production ver unit arecsa
of the pool, which is 2-U4 lltres/né/day of the pool area, and the high investment
per unit of water production (%60/m3/year). b

&
Choice of a desnlination process

y
such as cperating

The selection of a deslination process depends upon fac S

inity of feed water
: )

1

&
experience and technological acceptance, capacity required, sa
reliability required and access to skilled maintenance personn
d(‘l*'md and type of ener:y supply availoble anc sjpecific investment

Tables 1,2 and 3. summari ze these s oo rad )

fuel
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Dual--purpose plants

Thermal distillation processes are scaled-up, in contrast with vapour
compression, and can desalt sea water, as contrasted to reverse osmosis and
electrodialysis, but they need two to 10 times as much energy per unit of water
production. On the other hand, these processes use ‘"low-grade' thermal energy.
Indeed, they cannot use steam at higher than 260° F saturation temperature due to
sulfate scaling limits. The energy required to produce steam varies only slightly
with its pressure. Therefore, it is possible to produce high-pressure steam, to
let it produce electricity while it expands (from 2,000 psi in a fossil plant and
~1,000 psi in a nuclear plant), and to use it as 20-30 psi or even 5 psi for
desalination. A normal condensing power plant condenses its steam by cooling water
at 1.5"-3.5" HgAbs (0.7-1.7 psi). When coupled to a desalination plant, it has to
condense the steam at a higher pressure and a portion of its power is lost.

The cost of energy contained in one ton of steam increases from zero at
1.57-3.5" HgAbs to a maximum cost of $2x10° BTU =L, 4/tens of steam at maximum
pressures (1,000-2,000 psi). This corresponds to a primary fuel cost of $80/ton.
Since the energy requirements of thermal desalting preocesses today are twice uas
high as those of sea-water RO plants,-they will compete with the latter only when
the relative energy cost becomes one half of the primary energy. This can be
achieved at a temperature of about 2500—260o Fe

Summary and future prospectis

Progress in desalination technology in the past decade was less than hoped
for but more than had been expected. The developments of MED with double fluted
vertical tubes or horizontal aluminium tubes and the breakthrough in RO were big
steps forward. The cost (Cy) of product water, excluding site development,
overhead and pretreatment, is comprised of energy expenses and expenses
proportional to the specific investment, which usually decreases with specific
energy demand. Thermal processes may be optimized so as to make these expenses
approximately equal by optimizing the temperature drop per effect in MED and the
vacuum level {pressure) in VC.

The over-all result is that the product water cost is a geometric mean of
the energy cost (Cp) and the investment cost (Cg) (construction material and
annual fixed charges), multiplied by some factor which depends on the specific
process and units: Ty = J;i BISRY Otherwise stated: the water cost is
approximately preportional to the optimal specific energy cost per unit water
production. In a thermal process which produces 10 1b of product water per
1 1b of steam, this is ~ 10 1b/1,000 BTU ~ 10 tons of water/ton of steam. The
limit to the cost of 1 1lb of water is thus ’0 per cent of the cost of 1,000 BTU,
or the cost of 1 m3 of water is 20 per ceni of the cost of 1 ton of steam.

Adding some allowance for operation and maintenance, it is concluded that the
limit to the cost of 1 m3 of water cannot be lower than 20-30 per cent of the cost
of 1 ton of steam. The cost of steam in a dual-purpose plant at the exhaust of a

back pressure turbine may be 30-50 per cent of the cost of primary steam. Thus,
the cost of 1 m? of desalted water in u dual-purpose plant may be as low as
15 per cent of the cost of the fuel required to produce 1 ton of stean.

In the RO process, the greater part of the water cost is due to the high
price, low productivity, and short life of the membrane. Therefore, developments
in this process might be exnected to be alones the lines of reducing investment
costs by increasing pressures and related fluxes. 'There will also be rescarch
into cheap membranes with high fluxes and hirh salt rejection.

Present-day desalination installations

Table 1.

Electro- Solar
distillation

Reverse
osmosis

Vapour
compression

Multi-effect

Flash
evaporator

dialysis

evaporator

Used in very
remote

Used wherever

increased largely feed water

in the past

Number of plants
3 years.

Has been used for
decades; modern
compressors
improve

Has been used for
decades in the

form of a

Has been used for

Operating

capacity
increased largely

in the past
10 years.

decades

experience

(Austraiia,
Mexico, Chile).

locations

quality permits.

performance.

submerged tube
evaporator;

present concepts
evolved in the

past 5-10 years.

5 mgd

0.015 mgd/medule

1.4 mgd

0.2 mgd

s 2.2 mgd

Largest single

unit

Largest single
9 mgd

unit:

Capacity
per unit

Sea and
brackish water

Brackish water up Brackish water
to 2 500-6 000 TDS up to 2 000 TDS

Sea water Sea water

Sea water

Salinity

Its

Process may be
very reliable
~eliability is

due to its
simplicity.

Plants
recently
installed are
very reliable.

the same

Low-
temperature
plants

High-temperature
plants:
as MSF,

: may use

its simplicity.

Reliable due to
However,

production
deteriorates

Reliability
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Another desirable breakthrough would be some kind of ion exchanger that could

be refenerated by cheap chemicals. Future advances in desalination technology
will probably also be seen in the use of dual-purpose plants to reduce enerpy
costs. Larger plants will reduce site development costs, overhead, and operation
costs per unit of water. There will also be research into cheap corrosion
resistant materials and high heat transfer ccefficients for distillation plants.

RENOVATION OF WASTE WATER

Introduction

Water is used as a means of transporting pollutants. In water-short areas,
however, it is Uneconomical to throw away 999 tons of water to dispose of 1 ton
of pollutants. This is the basic motivation for waste-water reclamation - the
preservation and recycling of the water used to transport pollutants.

Water has always been used and reused by man. Cities draw water from
surface streams and lakes and discharge wastes into the same streams and lakes,
which in turn become the water supply for downstream users. In the past,
dilution and natural purification were usually sufficient to allow such a system
to be satisfactory. In recent years, however, population and industrial growth
Lave made it evident that waste water must be treated before its discharge into
bodies of fresh water in order to maintain their quality.

To ensure the exploitation.of waste-water potential, it is necessary to
develop an integrated approach to the disposal of waste water to prevent
ecological pollution while allowing for the possibility of reuse. This requires
the adartuation of techniques and methodology which will integrate treatment,
disposal and reuse processes.

In Israel where all the known fresh-water resources have been developed,
the new decade will be a transition period in which large-scale waste-water
reclamation projects will be initiated and will increase in proportion to
domestic consumption. The reclaimed water will then become the main additional
source of water, providing a substitute for water drawn from agricultural
" consumption in order to meet domestic demand. The water management will have to

be adjusted for the absorption of water of varying quality within the consumption
balance,

Historical background

The use of sewage effluents began long before today's complex technology of
treatment systems was developed. Vaste-water application to the land was
recorded by the ancient Greeks in Athens. The use of effluents for farmland
irrigation was first reported in sixteenth century Germany. TFrom there the
concept of the application of sewage effluents to farmland spread throughout
continental Furope and England, and then to South Africa, Australia and Mexico, as
those areas were colonized by Europeans.

The use of sewage effluents for irriration in the United States bepgan in the
late ninete=nth century. Ground-water recharge projects started in the early
twenticth century in the semi-arid regions of California and Utah, With the
passing of time, the erude scwage farms of the early 1900s have been replaced for
the most part Ly managed farms on which treated waste water is used for growing
crops, for landscape irripation, and for ground-water recharge.
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In Israel waste-water renovation is relatively new. In 1956 a plan was
drawn up for the reuse of effluents as an additional water resource. This 6licy
has been reflected in the increasing utilization of this resource.

Table 4 summarizes the results of a survey carried out in 1967 on waste-water
reuse in Israel. It will be noted that the utilization rate of waste water
produced in rural communities is higher than that nroduced in urban centres.
Ipi&.&i&gﬁ&égp will be substantially changed during the next decade when plans
for the reuse of-waste water originating in urban areas, especially the Dan
(Tel Aviv) region and the Kishon (Haifa) area, are expected to be implemented.

Table 4. Reuse of waste water in Israel

Source of Amount. Amount, Percentage reused Amount reuncd

waste water produced reused on daily hasis (millions of m’/yr)

(m3/day) (m3/day)

Urban areas 343,000 79,000
Rural settlements 64,000 42,000
Total 407,000 121,000

Technology

The challenge of reclamation projects is not so much o develop advanced
treatment technologies, since many already exist; it is rather to choose and
adapt these existing techniques to ensure that suitable effluents are provided
to meet specific demands for the required quality and at minimum cost. Sewage
treatment must be more advanced for reclamation than for disposal purposes. In
recent years, new technologies have been introduced and found to improve the
quality of biologically treated effluent. These include chemical oxidation,
coagulation, floatation, absorption, ion exchange, ultra-filtration. While these
processes are efficient, they present problems of monitoring, control and
reliability. These difficulties stem from the fact that the techniques were

developed to overcome specific problems and not to reach target qualities.
The selection of the prover sequence of treatment processes requires:
A characterization of the quality of the waste water;
A definition of the target quality required;
The formulation of alternative treatment processes;
An economic evaluation.
The possiblg types of use for rec;gimed waste water are:

S —————

Restricted irrigation (for field crops):

—

Unrestricted irrigation and recreation;

e I

Industrial use;
W
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Artificial recharge of aquifer (for indirect supply);

T ETT———— A S e pee e o SEOTREREL O A Y IPED SVt MR G ke e e

Direct water supply. B

To reach the quallty reguirements for the above uses, the following
_sequences of treatment are usually practised:

(a) For restrlcted agrlcultural irrigation use, theﬁba51c methods of
secondary treatme

flocculation and oxidation are employed, Under

conditions,-the-activated sludge process and biological filtration
‘Uﬁlvoly .,ed More common are the stdeIlzatlon

(tiickling riiter) are not ext

pﬁﬁﬁg—in whlch the waste water, 3
tEEEEQQDLQA4S—I££&AD§§,lnuaupond~op»lagnon for a period of up _to_several weeks.‘
These ponds have the advantage of providing a fairly high degree of treatment at
low cost with little need for equipment or skilled operators. As a consequence,
these ponds are more suitable for small communities where land is not costly and
odour nuisances are more manageable.

In large communities in Israel, the use of aerated lagoons followed by
_polishing ponds. (secondary sedimentation) is becoming an establlshed practlce.,
The effluent leaving-the_aerated lagoons has a relatively hlgh,concentratlon of
suspended solids_ (200 mg/l) which is reduced to about 3C mg/l in the polishing
Q_pds. This process is not widely used in other parts of the world. However,
‘the results obtalned to date from the flrst plants in Israel are prom1s1ng.

(b) bd;m;ugzggtylcted agrlcultural use it is essential to remove nitrogen
from the effluent or to nitrificate it by continuing the process beyond the
biological | treatment. TOT this_ use disinfeetion—is also requlred ‘A-high-BOD
Temoval-—is Mecessary. T this context, the incorporation of nitrification-
denltrlflcatlon within the biological treatment has been proposed and is now
being tested;

(c) For industrial cooling use, in addition to the bieclerieal-treatment;
chemical ’ —’usually lime - treatment is requlred to reduce phosphate, alkali,
ammon1a and detergent e — .

(d) For ground-water recharge, nitrogen removal and chemical coagulation
are compulsory beyond the biological treatment. The effluent quality should
apprpach that of potable water. Additional quality improvement is achleved
during passage through the soil profile. The renovated water should be
chlorinated before dlstrlbutlon,"A - -

r—

(e) For direct use, the specified drinking water quality is required.
Furthermoré, in the treatment process, potential polluting élements not
specifically detailed in the standards are also removed. This could be achieved
by the use of a chemical ggagnlat;g_‘“reaument with active carbon flltraulon and
disinfection. ~—— T

(-

—

Future directions

Some new treatment approaches are currently being considered.

Among the treatment processes discussed, the a;tz&flcatlon—denltrlflcatlon7‘

process is essential if the effluent is ¢irvected to type-b use adbove. New
Qevelopments have shown that tHis process can be 1ncorpora%_a“into the existing
blologlcal treatient at relatively low additional cost. It is, therefore,
worthk while. to encourage its further development.

///////,, (January 1976 prices)
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The p0551b111tv of advancing the chemical treatment to the bzologlcal

treatment stage g_he;ng»1nvest1gate&. Ir“pfbven successful this will lower the

&0st of ¢ effltent uri

by about 25 _per cent.
ﬁ%gg_gﬁ,ﬁhg‘g_y issues in waste-water treatment is the problem of sludge
treatment and disposel, since this 1nfluences the economics of waste water
recl -As the reclamation processes become more widespread, the problem of
sludge handling becomes more acute, because of the larger quantities inveclved,

Economics

The total cost estimates of treatment are usually based on the following
indicators: biological load as BOD, surface detention time and sludﬁe handling.
A cost estimate for a plant in Israel with a capacity of 20,000 m /day is
presented in table 5.

Table 5. Summary of costs for a 20,000 m3/day treatment plant a/

Annual costs
(investment

Investments b/ plus O and M)

(millions of (Israeli pounds

Type -of use Israeli pounds) per cubic metre)
a. Restricted agricultural use 5.2-6.1 0..9-0.35
b. Unrestricted agricultural use 19.:7~24.1 0.89-1.07
c¢. Industrial use 26.6-36.3 1.19-1.65
d. Ground-water recharge 20.0-292.8 0.98-1.39
e. Direct use 4L, 9-56.3 1.83-".37

SR

a/ Israell pounds are converted to dollars at a rate of approximately
g = 81,

p/ Excluding land cost.

It is worth while to note that the cost of basic treatment (usuallv exceeding

the Leve}wgfmtypﬁxéﬂuse) cannot_be justifiebly charsed directly to a user of
reclaimed water. Thus, the vwater charges should, in this case, include any

s e o
additional treatment plus the regular conveyance and storage charges.

FUrthnermore, the conventional sludge removal methods are of environmental concern.
AlaQA_EES 1ntroduct10n of_chemlcal treatment wmroduces chemical sludges that are
difficult to dist spose DT __Consideration should be given to _the w0531b1¢1t1

sTudge reuse and repeneraflon.

The reuse of reclaimed waste water for irrigation requires some seasonszl
storage zcilities. Storage of reclaimed waste water mnlike that of conventional

s

L l,1on .

witer, may be a source of environmental 8ettr10r
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Before reclamation can be widely practised, there are a few questions to be
resolved. These include the problems of salt and organic accumulation and the
‘ect of bacteria and-viruseson-the environment = soils; ground water; —
Q:Z?&zzah and animal-life. Also, the subjects of conveyance and storage of
e tS are not well documented and further research is neeggg_ggggfg_}arge-scale

reclamation projects can be carried out.,

e e
% —

Dan region reclamation project

]

Undoubtedly the most ambitious project for waste-water reuse in Israel is
that‘EﬁﬁEE;ﬁlnn the Dan reglon the metropolltan area of Tel Aviv, The Dan
region has the highest concentration of the nation's population. In_1955.mhe¢,
popqﬂﬂwlgn of thg region-is-projected-to-reach-1.3 million people, who will ]
consume 1Lk ; illion m°/yr of water and produce 115 million m3/yr of waste water.
Tﬁfé waste water was considered a viable national water resource as far back as
the 1950s and methods for its reclamation which combine both environmental
enhancement and augmentation of water supply have been sought.

The combined project for purification and reclamation, as formulated in the
1960s, foresaw a gradual development of a project for the collection and
conveyance of the sewage to the Sorek dunes. After purification in lagoons, the
effluent was to be recharged by spreading basins into the local aguifer; the
renovated water, after being blended with fresh water, would then be pumped and
delivered for general use, including drinking. The original waste-water
reclamation project for the Dan region was formulated in 1962. Since then some
conceptual changes and design modifications have been made. One such change
resulted from the increased alternative value of land in the region, thus
substantially inereasing the cost of the c(riginal project. Another resulted from
the stricter standards which were formulated for the quality of renovated water,
making the originally proposed treatment unsatisfactory.

At present the somewhat modified original project is operational, treating.
some 15 mlllnon m3/vr. Under consideration for the second stage of the Dan region

‘project are Luo-alt ronative=des 1ﬂﬁ§‘ They differ in the uses planned for the
Vater. e e o

combined B BOD and nltrogen removal to produce effluents for unrestricted use in
angEui%ure—(tvpe b use). The NBL comprises treatment of the screened, degritted
sewdage in a 01nple—gfane, internally recirculated reactor, wherein removal of
carbonaceous BOD could take place concurrently with successive oxidation of

nitrogenous compounds to nitrates and reduction of the ni itrogent gas discharged
to the atmosphere.

,,Thaﬂﬂbgond “igoa QQ @nL;onal (actlvated sludge) biological treatment plant w1tn

aPr1cu’tur1] use (*yne =a).
< e ———
ixgzaggugiﬁl_wn. has _to be stored durlgg_the rainy season, when agrlcultural
ts lowesL lchL ;iﬁs in the O”lFlﬂal _plan, ur reround
the local ‘aquifer under hydraulic and Lyarois <e_control is.
uL_iyrw‘h-quL111y This method, however, ot -]”Clltthp for
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The investment, at 1976 prices, for the first alternative is estimated to be
as follows:

Millions of Israeli pounds

Treatment plant and additional treatment

for 120 million m3/yr LEY
Recharge facilities 37
Pumping system 78
Regional network for drinking supply L5

Network within the settlements

7=
Total @ >
Construction time is estimated to be 4.5 years. o

The total annual cost is estimated as £I 1. 3h/m of which £I 0.84 is for
treaﬁ t EI 0% 38 for fgaﬁifgé and pumping and £I C.17 Tor distridbution.

or the second alternat;ye LLAIS assumed that the total o‘tput of.the Dan
regional srTluents can be utilized in the arid south of Israel as part of the
QETEEIH?—ﬁgrlcultural quotas for restricted use only. This plan, because of the
Iower “guality of-the-effiuents, also requires a new separate conveyance network
consisting of a pipeline 50 kilometres long and 7O inches in diameter, one
pumping station, above-ground storage facilities and a distribution system to the
irrigation fields. Separate regional and individual supply networks will also be
needed to bring drinking water to 4O settlements. Some engineering and
environmental problems concerning storage and conveyance of such effluents are
still to be resolved.

The estimated investment, at 1976 prices, in this project are:

Millions of Israeli pounds

Treatment and additional treatment for

110 million m3/year L6
Conveyance network 2L6
Above-ground storage Lo
Regional networks for drinking supply Ls
letworks within the settlements 39
Total (59‘;

Construction time is estimated to be 5.5 years.

The annual _cost is estlmatcd to be £T 1. (7/m of which cI 0.85 1s for
trcatment and £I 0. 8’ for watﬁr‘conve¥&nee~and—d&<trfﬂﬂtion. AR

The Dan region reclamatlon project is recosnized as an ambitious and costly
undertaking, but its implementation is vital to Israeli develorment. To ensure

suceessful operation of this complex nroject, an extensive programme cf

ressarch
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including jar tests, berch-scales and pilot plants, is being carried out. A
monitoring system for the quality of the reclaimed water is envisaged during
operation of the plant.

Concluding remarks

Water reclamation and reuse are at present the most economicdl solution to

ﬁggereshgrtages. Adeguate precautlons,mhgjieverA should be taken in. the-design i
_and operation of thEEE‘si;ieme to-protect the well-being of the community. This
presentS“no'insurmountable technical problems, although more knowledge will lead

to more efficient and more reliable solutions.

Wateﬁ/gupply,.waste disposal and water reuse are inextricably interrelated
activities, usually affecting more than one population group and several
geographicel-areas, Vhere applicable, the establishment of regional
ﬁﬁlf”purpose authorities having control of both water resources and water
‘treatment may be the best solution to the managemeént of these activities.

In principle, water uses should be graded according to the degree of purity
required, and the available water sources”should be allocated in such a way that
water of high quallty 1s not uséa_for a purpose that can tolerate a lesser degree

ity T o T i

— —

ARTIFICTAL RAINFALL STIMULATION

Rackground

Man's attempts at rain-making have progressed from a long history of strange
rituals through-pseudo=seientific—experiments—to the present stage of concentrated
scientific effort. This effort has led to a comprehensive understanding of the
phenomena of cloud physics and the processes leading to precipitation. -The
progress made supports the thesis that artificial rain stlmulatxonﬂls_a,ieas1bIe~

ethod ef augmenting :aquul; Research has yleldedftecknlques to determlﬁE‘HSG‘
and when to inteérvene in the natural atmospheric phenomena to increase
precipitation. Progress has been hampered, however, by the overwhelming

complexity of atmospheric phenomena and their variability in time and space.
HRL‘essegsment of the effects of any intervention is currently possible only by the
use of statl%*lcal methods. One ueed only con51der the rellablllty oP weather

experiments.,

The first step in the scientific effort at rainfall augmentation has been to
understand the physics of precipitation formation. he depgree to which the
effects of artificial intervention in natural processes can be controlled so that
they act with or against those natural processes depends on our precise knowledge
of those natural mechanisms which we wish to modify and an appreciation of the
extent to which conditions for such intervention exist.

Rain formation processes

—The process which creﬂtes rain is the growth or conversion of very small
ct5 £o mmch Targer precipitation elements A valca] cloud element

onut 10y in diameter and a typical raindrop about oné millimetre. About
The embryo of a

——

1lion cloud draplets constitute one raindrop.

‘
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precipitetion particle is a cloud particle of about 100u in diemeter. The
existence of such elements in sufficient concentrations in the cloud is e
necessary condition for an efficient rain-forming mechanism. The two processes
which can operate to cause this growth are the "all water' process and the "eo1d"
process., _The all water, or condensation-collision-coalescence, mechanism is a
rapid process of condensailon of cloud drops-that-subseguently collide and
EEEEEEEE‘EE form larger drops+—The cold process results from the initial
formation o? 1ce ce crystals followed by a combined growth process from the vapour

and rlmlng. Temperature, humldlty, “aerosol content, cloud droplet 51z T

~distribution and atmospheric and geographical conditions are the major factors
that determine which precipitation-forming process will dominate. Irrespective of
which process dominates, the clouds must attein a minimum vertical thickness to
provide proper conditions for the time-dependent process of rain formation to
become fully operative. The recognition of an opportunity for precipitation
augmentation, on the one hand, and the decision to apply a given technique, on

the other, depend on a comprehensive understanding of the nature of the clouds in
question and of the degree of efficiency of the precipitation mechanisms to be
applied.

Techniques

‘ﬂiglgatlonale for the various techniques of seeding clouds to stimulate
additional rain rests on the recognition that conditions may exist in the clouds in
Wwhicha-measured degree of artificial intervention can bring about known beneficial

changes, and that ways and means are in existence for such artificial 1nyerventlon.

While these assertions are generally agreed upon, there are questions whether
these specific conditions are properly defined and whether modification techniques
have been applied in such a way as to produce the expected results. learly all
the experiments-conducted.to date to augment precipitation involved the seeding of
eioudsmweth—partlcles. The seedlng was done to affect the clouds in one of the
following ways: .

(a) By _enhancing the condensatlon-collls1on-coa1escence (all-water) process;

(v) Bx§iglp1at1ng or 1ncrea51ng the growtﬁ o 1ce precivitation particles
(cold process);

(¢) By changing the dyqemic properties of the clouds.

E@e first technique is very limited in its applicability because of the large
material need and the severe requirements for the existence of suitable specific
_conditions. It can be effected either by water spray or by the use of

hydroscoplc materials. Both materials create a severe lo§l§;1ag\preE_em due to
the need for 1arge “quantities for a large- -scale effect“—‘?nrthermenQA_th;e
technique requires- conditions in a cloud which themselves render natural

precipitation mechanisms quite efficient.

The second technique involves adding the correct amount of seed agent
(usua ly AgT)—at—the-right time to suitable clouds. . This can be expected to
produce-additional-precipitation either by initiating precipitation in clouds that
otherwise would not have precipitated due to a lack of ice crystals, or by
increasing the precipitation efficiency in already precipitating clouds, mainly
by the introduction of ice nuclei in warmer parts of the cloud where they would not

_naturally form. The magnitude of the effect depends mainly on the microstructure

and external dimensions of the clouds. It should be noted that if applled
incorrectly this technique can decrease pre01p1tatlon. > - ———
L
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- £ The third technique is rainfall augmentation by massive seeding aimed at
affect1nh the” dynamic properties of cumulus clouds. Cldud dynamic¢s - the
‘Tr*ﬁbth, size and duration of vertical air currents - have a major effect on
cumulus precipitation. Generally, the larger the cloud the greater the chance
that one of the mechanisms will Drogress to the stage at which the cloud
precipitates, Techniques aimed at the "explosion" and merger of clouds have
successfully augmentaté&‘breéipiiétlon. S ;

e ;
Two questions arise, especially concerning the third technique, but in

fact connected with the whole topic of rainfall augmentation.

Can multiple cloud dynemic seeding lead to rainfall increases over sizable
areas without adverse side effects?

Can such effects be produced in a wider variety of climatic regions?

A partial answer to the first question is that rainfall is often
redlstrlbuted, especially by the third technigque, but that redistribution can be
planned to be bereficlal. The-answer to the second question is that the

1tab111ty of any technique is dependent on the specific cloud type and
surroundlng ‘atmospheric conditions. Further research may possibly define how to
augment ralnfall 1n a w1der varlety of circumstances.

A review of progress: assessment of results
obtained in selected large-scale experiments

Most of the progress in augmentation has been based on large-scale, well
designed experlments which either can-provide physical and meteorological data
Whichsupport the statistical analyses and show that observed effects can be
‘related to a cause-and-effect relationship between seeding and precipitation, or
‘are based-on-underlying physical concepts which are widely accepted but which
require further testing to become fully instructive and of practical value.

These well designed experiments unfortunately constitute only a minority of
the experiments undertaken. They include Project Whitetop, conducted in the
central United States during 1960-196L4; the Climax experiments in the Rocky
Mountains of the United States during 1960-1965; the Australian cloud-seeding
experiment during 196L4-1967; the Florida single and multiple dynamic cloud-
seeding experiments of 1965, 1968, 1970; and the Israeli rain stimulation
experiments of 1961-1967 and 1969-1975.

It was found that, if properly executed, the seedipg_by Agl of-eooler
stratiform ‘and cumulus clouds can increase rainfall. The actual increases varied
be*ween 10 and 25 per cent. Improper seeding, or over-seeding, however, can
cagsewa decrease ;n rainfall. .Sﬁedlng during either too cold or too warm
conditions are among the reasons for negative results. The seeding can be
effected either by aircraft or by ground-based burners. It was found that both
the condensation-collision-ccalescence and the cold process cause precipitation;
whichever dominates depends on a variety of local conditions. The major reason
that some cooler clouds respond sc well to seeding is that, although they have a
high water content, they lack an ice crystal multiplication process, a deficiency
which the addition of sulid precipitation particles effectively overcomes.
Seeding can be effective for quite a number of days a year.' It can either cause
precipitation in clouds which otherwise would not have prec1p1uatéa or make uhe
dIrean eflstlng precxpltatlon process more efficient. 7

N — e
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Dynamic cloud seeding can produce much-more-drastic effects; increases by
factors and 10 were recorded. _The effects can be achieved, however, under

more llmlied’condiflons and also can n reduce ) precipitation 1n areas where the—
f&f?ds wouIafncrméIiy preclpltate.

5 m——

;Concluding remarks

Most cloud seeding exper1ments de31gned to stimulate rainfall are outside
the category of experlments in a controlled environment. Their-evaluation has
relied on statlsticalﬁtechnlques and has often been 1nggnclu31ve. It is, therefore,
still 1mpos51ble to evaluate the costs and benefits of the pre01p1tat10n i

produced. A critical question remains unanswered: is the added rainfall .
beneficial, i.e,, does it add to the water yield and, therefore, the water
potential?

It is possible to say that the projress made and the prospects of ¢ccnomic
advantage justify intensified activities for furthering understanding of cloud
physics and developing the methods of intervening in the rain-producing .
processes, There have been highly s1gn1f1cant positive results under a varlety
of cloud conditions. They have laid a firm basis for the application of some of
These experlmental techniques withinthe framework of water-producing, cloud—
seedlng projects. One such carefully monitored operational programme is the use
Of the combination of ground-based and airborne generators to stimulate rﬁ&nfall
in the Lake Tiberias (Israel) catchment basin.

EVAPORATION REDUCTION

Introduction

.Various methods and techniques for reducing evaporation have been considered
since the beglnnlng of this century. The spreading of oils in reservoirs to form
a multlmolecular layer for reducing evaporation was first reported in 1941.
Exten51ve research on thls subJect however, began only two or three decades ago.

In principle, the various evaporatlon reductlon methods fall into two mﬁln
groups:

I
‘

(a) ._Formation of a monomolecular layer on the water surface which reduces
&evaporation by forming a physical barrier to the flo#‘“f’fapour from-the wgter
surfaeek§9rthe air;

(b) Covering the water with insulating materials which reflect or fl&ter
some of thé& radiation reaching the water, thus forming an energy varrier whlch

\reduces the _evaporation,

Use of monomolecular layers 2

For these methods to give good results, the monomolecular layer on the water
surface must be maintained under various wind and weve conditions. Differént
means for spreading the monomolecular materials have been tried, including boats,
aircraft and pipelines with portable or fixed sprayers along the shore.
Irrespective of the spreading technique, the material used may be in crystal or
powder form, in suspension in a suitable liguid, or in melted form. Spreading
from the air is particularly suited to larpge areas where advantage may he

vind ‘velocity
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R S Two recent series of large-scale experiments of this method of spreading layers
were conducted in 1965/66 at Lake Hefner in Oklahoma and in 1969/70 at the Kishon
re:ervo1r in Israel. —The experiment in Lake Hefner was conducted over an-area of
16-km?;" The spraying was effected by fixed sprayers in the lake, not far from
the shore. The experiment resulted in an average of only about 20 per cent
coverage of the lake surface by the monomolecular layer. In the second experiment
in the Kishon reservoir, the suspension was spread by floatlng ‘Sprayers—which
alldﬁ’a a’ smaller dxscharge “and g finer Spray from each sprayer, resulting in an
average of 80 per cent_ “coverage of the target area (about 64 per cent of the
entlre léEgj._i

zgyerse relatlonshlps between area coverage and wind velocity and between

wind velocity and the quantity of the material required per running metre were
observed.

I

In the Kishon reservoir experiment a 22 per cent reduction in evaporation was
observed at the beginning of the season. This was decreased and stabilized at
about 10 per cent during the course of the season. This recorded decrease in the
evaporation reduction has other causes which are coincidental and unrelated to the
nature of the experiment. It is clear, however, that the accumulation of heat in
the water reduces the real efficiency cf the method significantly.

ost estimates for each cubic metre saved by this method range from as low
as $2 (repcrted-in-1962) %0 as high as $25 (reported in 1967). The cost
estimate for the Kishon experiment (1970) is at the higher end of this range.
This cost estimate 1nd1cates that even with further technical improvements, this
"method-will mot become economlcally justifiable,
— &

Use of radiation-reflecting materials

The use of radiation-reflecting materials has the advantage of reducing the
net gquantity of energy reaching the water body, although with insulated
radiation-reflecting materials, a relative increase in water temperature was
observed during the morning.

In the first experiments with floating microspheres, it was found that the
materials used could promote evaporation because of their rotation and could,
therefore, be drifted; winds and waves caused the particles to pile up. Recent
experiments have shown that the resistance of the floating particles to
dispersion depends upon their size and shape. In Italy it was found that
increasing the diameter of the particles increased the rate of evaporation
reduction; in Chile it was found that expanded polvstyrene spheres reduced the
evaporation by 40 per cent. It was also found that several types of floating
plastic rafts could be very effective in controlling evaporation losses.
Experiments with floating solid and granular materials (e.g., perlite ore) showed
that these can provide practical means of reducing evaporaticn from cpen water
surfaces. In one experiment a reduction of 35 per cent of the evaporation rate
was achieved by covering about 50 per cent of the water surface with styrofoam
panels.

The use of radiation-reflecting layers to reduce evaporation can interfere
with the passage of oxygen into the water body. This has been observed in
previous studies and additional researclh is required. Because of stability
problems this method is not yet applicable to medium- and large-size reservoirs.
Broad use of this technique will be possidble only after a significant technical
breakthrough makes it possible to spread particles in reservoirs to form a
continuous cover which is stable under various wind and wave conditions.
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Concluding remarks

At the current stage, none of the various methods for reducing evaporation
has reached the point of practical application, except in some marginal cases.
Additional technical research is needed to produce a technique which is feasible
from an engineering point of view and at the same time economically justifiable.

CONCLUSION

This paper has surveyed some of the major advances in the development of
non-conventional water resources. The development of most of these depends on
techniques which are either not yet economically justifiable in most areas
(desalination and sewage reclamation, for example) or not yet feasible in terms
of engineering (cloud seeding and evaporation reduction, for example). €

Still, the increase in demand for water beyond the supply capacity of
conventional water resources will, by necessity, impel the development of~
projects that will be feasible from an engineering point of view. At the, same
time, technological progress and breakthroughs will make certain developmental
techniques economically justifiable. These techniques will, in turn, becodme
conventlonal and still other, more exotic sources of supply will then come to
be termed "non-conventional water resources"
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