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Abstract

Wastewater treatment plants in Israel treat apprately 500 million cubic meters
a year. The high quality treated wastewater is uswnly for large scale
agricultural irrigation. Israel, which is considéréo be a leading country in the
world in technologies for treated wastewater usagnculture, has acquired much
experience in adjusting the treatment level ofwlastewater treatment plants and
the qualities and characteristics of the treatesteveater to land and crops.

The economic advantage of utilizing the treated tewaster in agriculture
substantiates the policy of assisting recyclingifdand farmers, with the reuse of
treated wastewater enabling the conversion of esipenfreshwater. Reuse of
treated wastewater involves several types of rigkealth, Environmental,
Economic and Strategic.

It is difficult to measure these risks. An attena@s made in this presentation to
map them out and create a basis of understandirt@éacontinuation of the work
plan that will create financial functions represegtvarious risks. However, when
making such an analysis, one must consider theatastoiding the development
of a treated wastewater supply project. In Israel are taking the risk because we
are convinced that this cost is much higher.
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1. The need

Over the last decade there has been a rapid granvtine developed world, in

environmental public awareness. A lot of human famahcial resources are being
invested in solving environmental issues such asasel rivers contamination by
sewage flow.

Israel is one of the driest countries in the woalkbng with other Middle East and
North African countries (MENA — Middle East NortHr#ca), it is facing another

related serious environmental issue - a contiracK bf fresh water [1].



The drought is a meteorological and hydrologic raghenomenon. It is also a
circulatory phenomenon, with no ability to predits recurrence or its length.
Treating wastewater is meant to deal with thesei$awes:
1. It significantly reduces sanitary — ecological ramses, thereby allowing a
sustainable policy.
2. Reclaimed wastewater can be used for agricultuce Gty irrigation, if
treated properly.
The process, according to which, more and morecaltural areas will be
transferred from being irrigated with fresh wateintrpducing seawater
desalination cost) to irrigation with treated waseer, is powered using a
combination of economic means (the price of thgcled water is lower than the
price of fresh water), legal tools (reducing qudtasfresh water), and advantages
of reliability (supply of effluent is not influendeby climate, hydrology, etc).
Apparently, the way has been cleared for the psocébe quantities of treated
wastewater, and probably even larger quantitiethén future, will serve as an
appropriate resource for agricultural developmeantsrael, duly with achieving
additional goals of developing settlements, presgropen spaces and natural
resources, etc.

2. The Quantities of Treated Wastewater

The use of treated wastewater in Israel is onbé@highest rates in the world. The
State of Israel has achieved some impressive addmpents in reclamation and
reuse of wastewater, and at solving issues whidsearfrom using treated
wastewater (effluent). Effluent has been an intiegast of Israel’s water resources
for some time. The total amount of wastewater pcedun Israel is approximately
500 million cubic meters a year (mcmy) includingiewgjture, industry, and other
wastewater consumers.

Almost all of the wastewater produced in IsraeWwlointo the main sewage
collection systems, while only 2.5% of the wastewadtill flows into cesspits.
Approximately 450 mcmy, is being treated at 465 maedcal facilities and
stabilization basins, using a variety of technadsgiApproximately 350 mcmy of
the effluent, which is 80% of the total wastewatemt least at 20 (BOT)/30 (TSS)
quality (explanation about the qualities is giveam the next chapter), and
approximately 150 mcmy of the effluent, which i920f the total quantity, is at
improved, & degree quality. 300 mcmy of wastewater, whicfi/isof the total
treated wastewater, is reclaimed for irrigation.

The following table and chart present the quarstiné wastewater, effluent and
reuse over the years 1963-2004.



Table 1: Quantities of water

Year Million cubic meter a year % of Irrigated
Total Treated Reclaim & Total area
Wastewatel | Wastewatel Reust (dunams)

1963 137.3 41.1 10.2 7% 15,000
1967 139.4 53.5 16.4 12% 20,700
1971 183.2 68.7 22.2 12% 30,400
1975 209.3 108.3 34.2 16% 51,000
1978 213.9 121.8 43.4 20% 68,600
1980 225.8 133.4 52.3 23% 88,200
1982 251.2 137.3 57.1 23% 100,000
1985 259.7 151.7 91.8 35% 163,000
1987 270.1 212.3 180.4 67% 257,700
1989 293.1 232.4 194.9 66% 278,400
1994 389.0 309.4 254.2 65% 363,100
2000 422 .4 360.0 285.2 68% 440,900
2004 469.3 427.7 395.0 84% 705,252
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Over the last ten years the following significahtinges have occurred:
- A 20.6% growth in the amount of the wastewater.
- A 24% increase in the capacity of the sewage system
- A 67% decrease in the disposal of wastewater bgpitss
- A 37% increase in the amount of wastewater trelayettie facilities.
- A 70% decrease in the untreated wastewater flovarnpe rivers.
- A 55% increase in the reclamation and reuse ofiefl.
- A 76% growth in the areas irrigated by effluent.

Effluent reservoirs make it possible to supply ydlar long, and to adjust the
supply according to the irrigation season. Usinfljueft gives the consumer

supply stability, with no concern about shortage ¢lu drought. In addition, the

limited amount of available fresh water for irriget, the growth of the urban and
industrial sectors, which require fresh water, #melhigh price of desalinated sea-
water, cause the effluent to become a growing giattie available water sources
for the agricultural sector.

As to environmental aspects, the use of effluentirftgation is desirable due to

the following reasons:

1. Decrease of the pressure on the fresh water resurc

2. Disposal of the treated wastewater while prevengimgronmental damage
to rivers and the sea, etc.

3. Improved stability of the flow in streams.

Bellow is a summary of the national water balarat#et for the years 1999, 2002,
2005, 2010:

Table 2: Water balance

Water Resource-mcmy Effluent Consumption-mcmy
Year | Reclaimed Total Industry Agriculture
Wastewater| Demand Effluent Total Effluent Total
1999 | 278 1,915 0 126 278
2002 | 298 1,966 0 129 298 1,010
2005 | 403 2,417 0 140 403 1,062
2010 | 509 2,541 13 167 496 1,122

By the beginning of the next decade the wastewtadatment facilities in Israel
will be dealing with approximately 509 million cubmeters of treated wastewater
a year, from which approximately 496 million culbieters will be reclaimed for




agricultural irrigation use. The development of #fluent quantities is more
moderate at the end of the decade, because ites/dhem natural growth of
effluent in existing projects, rather than fromtieting new projects, at the
beginning and middle of the present decade.

3. Qualities of Treated Wastewater

A special committee was recently established ineord define the required
quality level of the effluent. This committee hagomiitted its recommendations
for utilizing the treated wastewater for unlimitiedgation and improvement of the
effluent flow to the rivers and sea. These recontagans were widely adopted
and have received a government decision validaflodraft law proposal is now
being prepared according to the Committee’s priesipAlthough these quality
standards are not yet obligatory, it is requiredt tluture as well as existing
wastewater treatment plants achieve this qualitglle

Following below is the maximum level of the mainrgaeters for unlimited
irrigation and for rivers flow, according to the Bmittee.

Table 3: Main parameters

Parameter Units Unlimited Rivers flow
irrigation
Electrical conductivity dS/m 1.4
BOD Mg/L 10 10
TSS Mg/L 10 10
COD Mg/L 100 70
Nitrogen (ammonia) Mg/L 20 1.5
Nitrogen (general) Mg/L 25 10
Phosphorous (general) Mg/L 5 1.0
Chloride Mg/L 250 400
Koli Units/100mL | 10 200
Boron Mg/L 0.4

4. The Economics of Treated Wastewater

I will present investment wastewater treatment plamd reclamation projects



Table 4: Wastewater Treatment Plants

Quality Level
SBR* 3% degree

Investment
Average Plant Production
investment a
cubic meter
per da

5,000 cubic meter / day | ~ 0.78 $/cm ~1.04 $/cm

50,000 cubic meter / day - .31 $/cm ~0.44 $/cm
Cost to cubic mete
Costs Plant Production

5,000 cubic meter / day | ~ 9.17 $/cm ~0.23 $/cm
Capital Cost . - -

50,000 cubic meter / day ~ 9.07 $/cm ~0.095 $/cm
Operation 5,000 cubic meter / day | ~ 9.13 $/cm ~0.22 $/cm
Costs 50,000 cubic meter / day - 9 088 $/cm -~ 0.15 $/cm
Total 5,000 cubic meter / day | - 9.30 $/cm ~0.45 $/cm

50,000 cubic meter / day - 9. 16 $/cm ~0.25 $/cm

* Sequencing Batch Reactor

Table 5: Reclamation Projects

Total investment in Israel of wastewatekpproximately 350 million US
reclamation projects through the years 200%-
2006

The State participation from the the tot#lpproximately 200 million US
investments $

Avarage entrepreneur base cost per cubic mete og $/cm

Avarage entrepreneur cost, after the State§ 15 ¢/cm
participation, per cubic meter

5. Risk Assessments

The experience acquired in the water sector cosd® broadest entirety of the
work comprising the initiative, planning, financingpnstruction and operation of
the treatment plants and the use of the recycleterw agriculture. This



experience presents certain risks for the admatisty to consider. It is our
intention to map out these risks, and to examinmesequences and evaluations in
order to learn more about this subject.

The risks involved in using treated wastewatercduseveral types:
- Public Health
- Environmental
- Economic

Following is a brief description of the possibleks:

5.1 Human health risks
Wastewater irrigation poses a number of potentisitsr to human
health via consumption or exposure to pathogenicraarganisms,
heavy metals, harmful organic chemicals such asaine disrupting
compounds and pharmaceutically-active compounds. tBése,
pathogenic microorganisms are generally consideedpose the
greatest threat to human health. Household sewagtins a high
percentage of organic materials and pathogenic omiganisms,
including bacteria, viruses, protozoans and pacasitorms. The
symptoms and diseases associated with such infisctiee also diverse
and include typhoid, dysentery, gastroenteritigsrtiea, vomiting and
malabsorption. Any human contact with the treatedtewater might
be hazardous. In addition, sprinkler irrigation lcooause spray drops
that contain pathogenic materials, which might eaashealth risk to
the population, if irrigated next to roads or inited) areas. The process
at the treatment facilities reduces the pathogemicro-organisms
content, but it does not eliminate it completeljhis problem can be
solved by desalination of the treated wastewater, this is an
expensive process and is usually not required ftbe aspect of
agricultural use.
Different crops that are irrigated by recycled \easiter pose various
threats to human health. There are crops with gatic micro-
organisms contamination that do not seem to pogé&ealth risk:

- Industrial crops such as cotton or fodder.

- Fruits that are dried in the sun for at least 6@sdster last irrigation.

- Watermelons grown for edible grains or for seetiat are irrigated

only before blooming.
- Groves or flora, without human access. .

The agricultural system, which includes land anapsr is defined in
the planning stages of the recycling supply systeach land and crop



has its own irrigation quality permit. The law régs the receipt of a
permit from the Ministry of Health, for every tredt wastewater
irrigated land or crops. As mentioned above, thaldished committee
regulations pose a set of high quality standawtsurlimited irrigation,

which are supposed to prevent any potential he#th from eating

treated wastewater crops or exposure to the effluen

It appears that there are unknown risks where tiadity of the treated
wastewater is unsuitable. It is not always possiblesolve such a
condition except with substantial means, finanarabthers.

An additional potential health threat might hapgfemcross connection
between the effluent and the fresh water pipingesys occurs. This
situation poses a risk of a massive disease ouibwesause it could
insert the microbiological contamination directhta the fresh water
piping system. Regulations were made in order tevemt this

hazardous situation.

5.2 Environmental Risks

Irrigation with treated wastewater might add cert@ontaminates, such
as chlorides, to the groundwater [2]. This risk la&s accumulative
nature as the contaminates appear in the watetyssypgtems, flow to
the treatment plants and back to the aquifer. Té$lesrin this respect
have a long-term influence and are difficult toleese.

According to the health regulation treated wastewatrigation is
forbidden in the vicinity of drinking water welleXcept for effluent
that does not pose any risk). In addition, treat@dtewater irrigation
along the national water carrier route (from thea $¢ Galilee) is
completely forbidden. Irrigation above fresh watgipes can be
approved, only if the treated wastewater is atrideded quality level,
if the water pipe is in good condition and therengs risk of under-
pressure in the pipe. Untreated wastewater systemst have a
minimal distance of 3 meters from the irrigatedaaesd point to the
fresh water pipe.

In addition to microorganisms, household sewage abntains also
substantial salts additions [3]. Besides the riskhe quality of the
ground water due to seepage, irrigation with tictatastewater causes
land salinity. Treated wastewater irrigation alsoses land sealing and
sodium accumulation, which could cause increasedoftiand lands
erosion. The above mentioned regulations for thatéd wastewater
guality, deal with these issues as well.

Other potential environmental effects



— Poor quality treated wastewater, or treated wagewhat is being sucked
from unaerobic layers of the treatment plant's rig@ge could cause a
strong odor nuisances.

— lIrrigation with treated wastewater, if not propecintrolled, could cause a
decrease in yield, as well as in the quality ofdieps.

5.3 Economic Risks

Unbalanced supply — demand - In the recycling sugyistem, the
water source is fully managed and controlled qtainiely. On the

other hand, agricultural demand is based on sutstamcertainty and
may fluctuate significantly. Possible reasons fodesmand reduction
could be: the farmers abandoning their fields duedonomic losses
and/or shortage of low-salary workers, a changdesignation of the
agricultural areas for real estate purposes, makgroblems abroad
which are attributed to the unapproved water squaite

A situation in which a rapid decrease in demanduccould cause a
substantial lost of money to the entrepreneur, viniould have to flow

the extra treated wastewater to the sea, with mopeasation. This
situation might lead to a risk of closing the teshivastewater facility
due to economic issues.

On the other hand, a situation in which there isemmugh supply to
meet the demand will cause shortage damages. Téie ofothese

damages is estimated according to Yaacov Gadishi¢esed memory)
in the function that is presented below:

Table 6: Shortage and damage

The shortage | The damage
(mcmy) ($/cm)

25 0.58

50 0.81

100 1.02

150 1.09

200 1.17

250 1.47

>250 1.78




Another condition that may cause a significant loEsnoney to the
entrepreneur is a change in the wastewater qudlitg. quality of the
source water is determined according to the qualitythe source
sewage and the treatment technology. The contret this quality is
not absolute, since, both because the sewage tdr@stcs are not
homogenous, as well as due to a possible inapteprieatment plant
management. The recycling plant’s obligations talsats consumers
usually include quality specifications. A sizablevdition from these
specifications could cause great damage, and enevemqt use of the
water.

6. Conclusions

In addition to all health, environmental and ecorarisks, using treated
wastewater in such extended volumes, and investnigiany resources in
developing and establishing treated wastewatelitfasiand technologies,

pose one more great risk to the State of Israedtradegic risk.

The water sector reduces the exposure to these ushkg the various methods in
its possession. “Large projects” are establishediekorot. The arrangement of
costs between the company and the State insuresthgany against failures that
are not under its control. That is to say, the eStaisures the project, and
eventually the risks are its responsibility.

The State’s participation in the investments, while project’s entrepreneur is
only partially involved in the financing, enablelset entrepreneur to create a
premium as part of its income, to cover those ribls are not under its control.
The dependency of Israel's agriculture on the weater treatment system
exposes it to a risk at national level. Agriculturseing natural water has been
widely practiced for thousands of years, everywhar¢he world, and it poses
legitimate and known risks. Israel is a pioneea gtobal level in recycled treated
wastewater irrigation. If an essential problem \aipear, environmental, public
health or regulative, that will prevent the usetlo¢ recycled wastewater, the
potential damage could be enormous.

However, when making such an analysis, one mustidenthe cost of avoiding
the development of a treated wastewater supplyptdn Israel, we are taking the
risk because we are convinced that this cost ishnmigher. One should keep in
mind that the alternatives are either seawater lidesed water supply, or
decreased irrigated agricultural areas. Both afevanable.
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