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Abstract:

Average precipitation in Iran is less than onedhaf the world’'s, and is very unevenly
distributed across the country. In recent yearsgwable water sources have dramatically
declined in the face of growing population and ewea lifestyles. This has made water
conservation an unavoidable necessity. With theaianprecipitation rate of less than 135 mm
and a population of over one million, the city abr® has historically tackled the water scarcity
problem. To address the issue the idea of sepgrétenpotable water network from non-potable
water distribution network was put forward. To implent this idea, design and execution of
separating the potable water from non-potable waétwork was launched in 2000. At this
stage, the revision of all procedures related testment, water production, distribution and
sales of potable water in addition to the mainteraof water distribution network and other
water utilities as well as the consumption pattdsesame imperative. The responsibility of
supplying quality water from a number of wells ke tdistribution network, using the existing
pipes that could be separated from the main netweds transferred to the private sector
following a bidding process. Then, the water dttion network was extended and the number
of potable water distribution stations utilizing Ri@salination equipment increased, thus, the
water of a higher quality was produced and distaduin the city. Moreover, aroduction
capacity of 1500 cubic meters per day has beerettewith the possibility of increasing it to
6000 cubic meters per day, distributed in the séemiwork through the stations.

The execution of the above said project addressedtioe most crucial issues faced by the
national and provincial authorities related to supply of potable water to the city of Qom, as
the quality of available potable water resourcesh@ province of Qom had lowered due to
insufficient rainfalls in the previous years. Fostance, the Electrical Conductiv{&C) of water

in the distribution network exceeded 4000 pumhosicrthe years 2000-2002 and 2009-2010.
The potable water quality at the stations is EC8 gkhhos/cm, TDS = 320 mg/l and TH= 81
mg/l CaCO3.



Introduction :

About 5 — 10% of household water consumption igldse drinking and cooking, whereas the
remainder is used for sanitary uses. In recentsygapulation growth of cities and enhanced
lifestyles have resulted in increased water consiom@and water demand.

On the other hand, given the limited water sous&slable, the importance of maintaining the
quality of potable water has always been the prynsancern of planners in the water industry.

Therefore, since 1998 Qom Water and Wastewater @oynpave undertaken serious studies on
the effective management of existing water resauacel supplying the potable water of suitable
quality. Finally, the separation of the potable avdtom non-potable water distribution network
was approved and highly prioritized as an effectighition to resolve the problem in the short
and long terms. Efforts made by planners and implgation managers of the company for
more than a decade have resulted in creation of dejparate networks for potable and
non-potable water across the city of Qom. Moreouwke financing of the project and
investments for production and distribution of gu¢awater were made by the private sector.

This paper is aimed at explaining the problem argessifications behind approval of this plan
and its results. It is hoped that the above sapke&nce would prove useful for cities with
similar water supply problems.

Background of the Project Execution:

Iran, with an average annual precipitation of 250 mhich is less than one third of the world’s
average, is classified as a semi-arid country iae torld. Moreover, this little annual
precipitation is distributed unevenly across theintoy, as 1% of the country’s area gets a
rainfall of over 1000 mm while 28% of the countrgshless than 100 mm. Furthermore, 70% of
the total annual precipitation of Iran is evapodaté-actors such as population growth, need for
enhanced sanitation and social welfare and indlsievelopment increase the water demand
every day. In other words, the annual per capitawarnof the renewable water sources has
dropped from 7000 cubic meter in 1956 to less 200 cubic meter in 2007. According to the
classifications of the UN, Iran will enter the sev&vater scarcity conditions this year and, thus,
management of water sources through a number bihitad, administrative and legal measures
will become a serious concern for Iran.

Qom province, located in the central desert of,If@s historically suffered from water scarcity

problem. The shortage of water and the unavaitgiwh suitable potable water has been the most
critical problem of this city for ages. Annual pitation rate of Qom province amounts to 135

mm with an extremely high evaporation rate owinglésert conditions. Besides, immigration to

this city has been extremely high and incompar#édlanywhere else in the country since the
years after the Islamic revolution (growth rate asfer 8% since 1980's) due to its various

attractions, boosting demands for water.



Table 1: Status of Renewable Water Resources in tiwdorld
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Figure 1: Average Water Budget of Iran (Long-Term)
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Figure 2: Position of Qom Province (Located at th€entral Desert of Iran, with pilgrim
admission and a high population growth)
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Water supply resources for the city of Qom:

Water supply issue of Qom has been has been ratseatious intervals and the initial studies
for a modern system were launched by French ancdialtaengineers in 1952. The ever-
increasing population and pilgrim admittance by ttity has led to an increase in water demand,
resulting in various water supply schemes bein@ big the relevant officials’ agenda as detailed
below:

1. Ground waters of Qom Plateau
2. Ground waters of Ali-Abad Plateau (wells)
3. Panzdah-Khordad Dam

The groundwater resources of Qom plateau genetaliyain various salts and compounds of
high solubility as the result of contact with theurrounding formations. They quickly lose their



quality and turn brackish. Chloride ion concentnas in these waters in the range of 2000 to
3000 milligram per liter on average, have madeahesource&unfit for drinking purposes.

Ali-Abad zone has 13 wells with an approximate désge rate of 60 lit/'sec and the electrical
conductivity (EC) in the range of 1900 to 2700 psibm.

The length of water transmission line from Panzihhbrdad Dam to the city of Qom measures
75 km, while the water supply line from Ali — abaélls to Qom is 40 km long.

Description:

Continuous droughts in the country during the ya&332002 have led to a dramatic decline in
the rainfall.Consequently many cities in Iran aseed with water supply problems and
experience continuous water cut-offs and rationifigpe quality of wells within Qom province
also had an all-time decline and EC at the Pankdaitdad dam increased to 5000 pmhos/cm,
which is not acceptable for drinking by any Iranidational standard due to high salinity and
bitterness. Therefore, citizens of Qom sought othethods to meet their potable water needs,
such as:

1. Purchase from tankers supplying potable water flloenneighboring areas. This caused
several health problems as neither the method @plgunor the “water quality
measurements were supervised.

2. Use of bottled water , which could only be affordgda number of people.

3. Transport of freshwater from the neighboring vidagand cities by personal vehicles,
which was both difficult and achievable by a few.

As can be noted, the supply of potable water hasya been the main concern of people and
authorities alike. Moreover, this issue is the lagandate of Water and Wastewater Company
and is always raised during the periodical meetofghe Company’s managers and executives.
To solve this problem, several solutions were dised and reviewed, some of these are
described below:

! Iranian National Standard for drinking water Quality ( 1053)
? Iranian National Standard for microbiological specifications of drinking water ( 1011 )



Table 2: Options for freshwater supply to Qom

Proposed Solutions

Disadvantages

Desalination of water transmitted
from Panzdah-Khordad dam andxing
with water obtained from Ali-abad
wells

Cost ineffectiveness

Separate storage and intermit
distribution of potable quality water
specific hours

Impossibility of supplying a huge volume of pota
water, as it is used both for drinking and for &y
purposes

Increased water consumption in the city, as unidg
water in the water supply network uld need to H
drained in order to allow for citizen’s access g
potable water

Mixing dam water with waters frg
wells in  the city as well as frg
Ali-abad

m

Low quantity of water obtained from Adibad wells
which leaves little impact on the total qualityvedter

Water transmission from neighbor
urban areas such as Kebar Dam

Various legal and social problems due to the dnoug
the neighboring areas such as:

Negative water table of the plain
Increased water salinity in the above said areaalue
drought
Probable water quality problems in villages lodate
downstream of Kebar dam

Water transmission from distance a
by rail

Water contamination risk during distribution (tarsg
and railway transport)
High transmission and distribution costs within the
city

1”4

Creating a dual distribution netwdrk

Huge investment costs of the separation
Risks associated with this project, as it was a eg
No short-term results may be expected

Huge costs and complicated projects required

Mobilization of stations for distribution and salefsthe potable water




General advantages of separating potable water fromon-potable water:

* Given the low ratio of potable water to the totadter consumption, supplying water
from very high-quality resources would be more pcat, if advanced treatment methods
were required.

 Water treatment utilities of most big cities indlg the treatment plant of
Panzdah-Khordad dam will not meet the future walemands and, therefore, huge
investments will be required for the constructiémew treatment plants.

» In case of creating a dual water network, non-gdetalater could be easily supplied from
available resources.

» The costs of a high-quality water supply and tresattare very high. Therefore, creating
potable water stations will reduce these costs,camdcompensate the huge construction
costs of the distribution stations. This is maidlye to the fact that a small proportion of
the produced water (less than 3-5%) will requirenplete treatment rather than its total
volume.

* Proper quality control of potable water (physiaahemical and biological) given the
limited distribution network and volume of produmti

* Reduction of wear and depreciatidn the distribution network and lower maintenance
costs

* Reduction of stresses resulting from likelihoodaaiter pollution caused by accidents in
the non-potable water distribution network

Materials and methods
1% Phase:

For the first phase of the project, supplying potake water with an EC of around
1850 umhos/cm from Ali-Abad wells and potable watesales at relevant stations across the
city was considered.

The final plan consisted of distributing potablater through potable water stations within the
city. The surveys revealed that people would welkedhe idea of creating these stations. Then,
following some studies on the possibility of usthg existing facilities and based on the above
results (people welcoming these stations), it becalmar that a 400 mm main pipe could be laid
from the extreme northern point of the city to théreme south, to be used as an independent
separate network connected to the existing reseirv@alarieh.



This pipeline was separated by the existing vatweghe line and some minor changes to the
distribution network. In addition to this, wateoifn 6 Ali-Abad wells, which had a higher quality
than other resources, was transmitted to reserviiereafter, a number of water in-take stations
(11 in total) were built at proper locations alaihg 400 mm pipe, to geographically cover the
length of the city.

Distribution of water among these stations putglam in practical test. At the beginning, people
welcomed this plan and stood in line at theseatatto purchase water. Meanwhile, demands
for more stations grew and, therefore the provinaiagthorities and the Ministry of Energy
announced thesupport for its execution.

2" Phase:

At this phase, the distribution stations were incrased to 120 and the potable water
distribution network was extended to 110 km along rain streets and zones to achieve a
maximum spacing of 250 m between stations.

The positive reaction of people to this plan enaged the idea of extending this network to
cover the entire city. Therefore, with the ideacofating an independent network merely for
distribution of potable water in mind, a masternpl@as prepared by a technical consultant to
ensure that all pipes would be laid based on thas pvith the final aim of creating two
independent networks for the city. The per capié@ewconsumption was assumed to equal to 10
lit/day in the design. To fund the costs of theefiiee a justification report was prepared and
presented to the authorities of the province amdMmnistry of Energy. A percentage of the
investment costs were met through the developmedgdts and the remainder from the local
funds. Consequently, the number of active statinoogeased to 120 and the length of the new
network to around 100 km.

The experiences of operating this network, distiiguand selling water at the stations and
planning the network extension indicated that margaghis system by direct administration
requires a large organization with its own costsl &amman resources problems. Moreover,
demands for a better quality of water distributethie network were also growing.

3" Phase:

This phase was planned to enhance the potable watquality, to reduce EC from 1850 to
350 phmos/cm, and to improve the sales system.

In 2001 tender notices in local newspapers invdadlified companies to invest, operate the
utilities and the distribution network, sell watard calculate the final water price.

According to the contract provisions, no finanailation would be established between Qom
Water and Wastewater Company and the selectedactmtr Instead, the latter had to collect the
water price by directly billing the people.



Given that no similar experience was availablehatttme, discussions were held with various
companies to understand the problem areas andeict fee best method. Finally, the contractor
was selected through a bidding process.

The collaboration type considered in the contraes wlesigned in a way as to transfer the
responsibility of investments, construction, consiaaing and management of all desalination
equipment, water treatment, production and saléset@ontractor.

The obligations of the company and the contractomi this collaboration were as follows:
Obligations of the company:

* Provision of a roofed building covering an ared@d square meters

» Provision of water connections and delivery of naater with a maximum EC of 3000
pmhos/cm

» Provision of two steel storage tanks, 5000 cubitemeach

» Sales of Raw water at a fixed price for 5 years

* Provision of two storage tanks and a separate \safgly network

» Supervision on the discharge of obligations anditoothe safety of water

Obligations of the Contractor

» Creating the production capacity of 1500 cubic meefeer day, with the possibility of
increasing the capacity to 6000 cubic meters pgr da

» Covering the costs of supplying, installing and cussioning of desalination equipment
and other supplementary machineries

» Conducting (daily) physical and bacteriologicatseand (monthly) chemical tests and
submission of regular reports to the client

» Storage of produced water in two 5000 cubic meteks supplied by the company

» Direct delivery and sales of potable water at munn 240 stations

» Delivery of water of acceptable specifications aqehlity according to the relevant
standards at stations



Figure 3: The increasing trend of potable water sttons
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Table 3: The construction progress of potable watestations from 1999 - 2008

Coniz;fnon 1999 | 2000| 2001| 2002 | 2003 | 2004| 2005 | 2006 | 2007 | 2008
Number of

Annual 14 | 104| 22| 40 | 15 | 19| 13 | 13 | 11 | ®
Constructions

Total Number of
Constructed 14 118 | 140 | 180 195 | 214 | 227 240 | 251 | 257

Stations

Provision of potable water connections to publ&cgl, residential buildings of more than three
stories, schools, administrative buildings and sonaeistries located along the potable water
network's route was among measures taken duringrdject. In this method, after obtaining the
relevant permit from the Ministry of Energy, potabWater connections were provided by the
contractor to applicants without charging any catioa fees, complete with installation of



separate water meters set in accordance with abedravater tariffs. Potable water bills are
collected directly from consumers and there areetiily 700 connections available.

Table 4: Current Situation of Potable Water Distribution Network

Length of Potable water distribution 180 km.
network

Number of potable water distrition 57
stations

Untreated water consumption rate 6000 ni/day
Potable water consumption rate 4500 mi/day
Number of potable water connecti 700

Table 5: Economical Comparison of Water Prices beteen the Separate Potable Water
Network and Other Potable Water Resources

Sale price of water at the potable wa
network per liter

tg{) . 15 US cents

Whole price of bottled water per liter

20 US cents

Daily water costs of a four-persons famil

with a per capita water of 8 liters per day

Using the potable water distribution netwo
0. 48 US cents

rk:

Using bottled water: 6.4 USD

Tariffs of non-potable water as notified
the government (Per liter)

05. 03 US cents




Table 6: Comparison of Main Parameters between Pobde and Non-potable water

Parameters Potable water Non-potable | - Max. A llowed
water according to NIS
Electrical  Conductivit 420 5200
(Lmhos/ cm)
Total . Dissolved  Soli 320 3100 1500
(mag/ lit)
TH (mg /lit CaCO3) 81 1050 500

Results and Discussion

In fact, the scarcity of water resources, the lowaltfy of water and the ever-increasing
population are three constraints causing diffiegltior water supply in the city of Qom. These
factors have always been the major concerns forretevant authorities of the city and the
country alike, particularly, during the years whramfall is low, as the quality of water sources
declines dramatically to a level that makes watdit fior consumption.

Separating the potable water network from non-getdistribution network was an effective and

practical solution, which had invaluable resultstfte company. Execution of the above project
made the supply of the potable water by nationdl @ovincial authorities to people during the

drought periods possible.

For instance, in the current year when the qualityater in the distribution network dropped
drastically while its EC reached to 5000 pmhos/ira,second network made the supply of safe
water possible.

Project Outcomes:

» Flexibility of the construction schedule during j@a execution allowed for some
revisions to the methods used and, thus, incretseéfficiency (sales). For example,
use of the debit card technology and equippingostatwith Point of Sale ( P.O.S )
devices in addition to revision of the stationsisture for an easier and more effective
use should be noted.

» Execution of the above said project provided a shasi complete the T.O.R of the
contractors as it clarified ambiguities about dmdletion between the company and
contractor.



» Given the low quantity of potable water requiret,could be easily supplied and
distributed in the city. Therefore, charging consunthe total costs did not leave a
significant impact on the family cost basket.

» Considering the centralized water production argfrithution system, water safety may
be easily monitored by the company and other dadlduthorities.

* Reduction of stresses resulting from likelihoodvedter pollution in the non-potable
water distribution network following accidents.

» The participation of private sector greatly assigteoject execution. This is mainly due
to the fact that investment, production, distribatiand water sales are carried out
directly by the private sector, without the compaiaying to bear additional work load.

* At present, most schools and administrative bugdiare connected to the potable water
network, and demands for extension of the netwoelhagh.

» One of the most important outcomes was the incteaspectations of people in the long
run. In other words, at the beginning, water withEeC of about 2000 pmhos/cm was
distributed into the potable water network. Howevillowing replacement of the
contractor and distribution of water with an EC agfproximately 350 phmos/cm, two
major points were noted. Firstly, when EC increasdr an accident, consumer
complaints also increased. Secondly, although thality of non-potable water was
improved following a heavy rainfall and increaseduvne of water in Panzdah Khordad
Dam in 2004-2005 (when EC of water declined to kss 2000 phmos/cm for some
months), the level of sales at potable water statéid not diminish.

Since the situation in Qom is similar to many dfithis project may serve as a good pattern to
solve water-related problems. Many cities in thantoy do not have access water of adequate
guality and quantity. However, water transmissimmt remote areas should now be considered
more cautiously. At any event, a number of citiasehalso adopted the Qom model for their
problems.



