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A.1. Review of the Urban Wastewater Reuse Systems Focusing on the Reuse in Agricultural Production 
Although the Turkish legislation on wastewater reuse in agriculture has been established in early 1991, there is no major improvement in the realization since then. Only few, unofficial applications exist in small communities where domestic wastewater is used for irrigation of forest areas, gardens and parks. There are several planning procedures for the treatment of urban wastewater and its reuse for agricultural irrigation. Three case studies that are described in the present report only partially fulfill the requirements of Task 5, Section A. For instance, the first example describes how one part of the treated effluent originating from Ankara UWWTP is used for irrigation of several crops. Herein, ongoing studies on effluent quality and its suitability for irrigation are reported. The second case study describes the planning efforts of using Konya UWWTP effluent for the irrigation of cereals. Konya province is particularly known as the “grain cellar” and the largest agricultural area of the country. The third example reports a comprehensive, regional project that is going to be realized within the next 30 years with the major purpose of providing more irrigation water for agricultural activities in Southeastern Anatolia. This large, regional-scale project is known as the “Southern Anatolia Project” (In Turkish: “Guneydogu Anadolu Projesi”; Abbreviation: GAP). In the second part of Section A (i.e. Section A.2.), reuse standards have been updated. 
In Part B of Task 5 Report, the problems met in our country regarding sustainable wastewater reuse in agricultural activities have been described for the GAP region. It is important to note here that in Turkey, natural treatment plants in the form of constructed wetlands are favored for the economic treatment of domestic wastewater originating from small communities (rural areas) mainly due to economic reasons. Natural treatment systems around Turkey are also reported in the forthcoming sections.
A.1.1. Ankara Urban Wastewater Treatment Plant (ASKI, 2002)
Ankara Wastewater Treatment Plant effluents were tested for fecal coliform for 15 months and the results were compared with WHO Standards. Wastewater samples were taken from each tank effluent. In all samples, most probable number for fecal coliform was greater than 1,000/100 ml, generally between 20,000/100 ml – 1,000,000/100 ml. These results necessitate paying attention to worker’s health. On the other hand, effluent wastewater was not appropriate for irrigation of the plants eaten raw, sport fields and green areas through sprinkler irrigation method.

A great portion of Ankara Urban Wastewater Treatment Plant (UWWTP) effluent is discharged into Ankara Creek, and a portion is discharged into a soil channel for use as irrigation water in Anayurt Village. In order to investigate the change of microbial load through the soil channel connecting the wastewater treatment plant and the village (the distance between two sampling points is ~10 km), fecal coliform, Salmonella spp. and parasite analyses were conducted (Table 1).

Fecal coliform concentrations of 20,000/100ml–1,000,000/100ml were decreased to 9,300/100ml – 93,000/100ml after passing soil channel. Then these values further decreased to 0/100ml -40,000/100ml within 10 kilometers. However, when using this wastewater for the irrigation of plants eaten raw and irrigation of green areas, attention must be paid. On the other hand, neither in the effluent of the wastewater treatment plant, nor in the samples taken through the channel, Salmonella spp., or parasites that may threaten public health was detected. 
Table 1. Microbiological characteristics of treated wastewater used as irrigation water 
	Sampling

Date
	At the entrance of the channel
	Anayurt Village area

	
	Fecal Coliform (MPN/100ml)
	Salmonella

(in 25 ml)
	Parasite
	Fecal coliform (MPN/100ml)
	Salmonella

(in 25 ml)
	Parasite

	July 2001
	93000
	Negative
	No parasite or parasite eggs having medical importance were found
	43,000
	Negative
	No parasite or parasite eggs having medical importance were found

	July 2001
	90,000
	Negative
	“
	40,000
	Negative
	“

	August 2001
	93,000
	Negative
	“
	0
	Negative
	“

	September 2001
	21,000
	Negative
	“
	1,5000
	Negative
	“

	October 2001
	9,300
	Negative
	“
	4,300
	Negative
	“

	November 2001
	90,000
	Negative
	“
	2,300
	Negative
	“

	December 2001
	93,000
	Negative
	“
	9,300
	Negative
	“


Ankara UWWTP effluent wastewaters are analyzed for 16 months in terms of parameters restricting its use. Minimum and maximum concentrations of these parameters are given in Table 2. Table 2 indicates that treated wastewater contributes to moderate salinity. Based on this, and taking into consideration the crop types like sugar beet, cereals, sunflower, corn, and quantity of dilution water were calculated for an area in the vicinity of Ankara Wastewater Treatment Plant. For wheat and beets, soil salinity of 7.4 dS/m can decrease the yield by a maximum of 10%. Thus, the amount of dilution water to be added to the treated wastewater is between 3-5% of irrigation water. For Ankara UWWTP effluent, electrical conductivity is found to be between 0.9 dS/m (minimum) – 1.4 dS/m (maximum). Thus, for the electrical conductivity of 0.9 dS/m 3%, and for the electrical conductivity of 1.4 dS/m 5% raw fresh water should be added.  For sun flower and corn, soil salinity of 2.5 dS/m can decrease the yield by a maximum of 10%. Considering this, 10% rinse water and 15% dilution water are required for electrical conductivities of 0.9 dS/m and 1.4 dS/m, respectively. It should be noted that in an alternating crop production system, sunflower and corn are included. Therefore, raw freshwater addition of 10% and 15% should be considered for all plants and maximum soil salinity of 2.5 dS/m should be permitted.

Sodium in irrigation water decreases the movement of water in soil and soil permeability. When the infiltration rate decreases significantly, water requirement for plant growth cannot be fulfilled. At a certain SAR, the infiltration rate of soil increases or decreases depending upon its electrical conductivity. Thus, for the evaluation of potential permeability problem, both SAR and electrical conductivity should be taken into consideration. When an assessment is made accordingly, Ankara UWWTP effluent willg not or moderately affect the soil infiltration rate, if used as irrigation water. 

Table 2. Analysis results for the parameters restrictive in terms of irrigational use of Ankara UWWTP effluent
	
	Effluent
	Degree of rstriction on use (FAO, 1992)

	Parameter
	Minimum
	Maximum
	Non
	Slight to moderate
	Severe

	Salinity

Electrical Conductivity EC (dS/m)

Total Salt (mg/l)
	0.9

489
	1.4

992
	<0.7

<450
	0.7-3.0

450-2,000
	>3.0

>2,000

	Permeability/Infiltration (EC depending on SAR)

Sodium Adsorption Ratio = 0-6*

Electrical Conductivity EC (dS/m)

pH
	0.9

6.8
	1.4

7.8
	>1.2

<8.5
	1.2-0.3

>8.5
	<0.3

	Phytotoxicity

Surface Irrigation 

SAR (Sodium Adsorption Ratio)

Chloride (mg/l)

Boron (mg/l)
	2.8

65

0.2
	4.2

170

1.04
	<3

<140

<0.7
	3-9

140-350

0.7-3.0
	>9

>350

	Sprinkler Irrigation 

SAR (Sodium Adsorption Ratio)

Chloride (mg/l)

Boron (mg/l)
	91

65

0.2
	134

170

1.04
	<70

<100

<0.7
	>70

>100

0.7-3.0
	>3.0

	Crop quality/protection of groundwater

Total nitrogen (mg/l)
	18
	37
	<5
	5-30
	>30


*As the Sodium Adsorption Ratio (SAR) for treated wastewater was in between 2.8 – 4.2, SAR is categorized as Class 0 – 6.

Phyto-toxicity is a result of ion uptake by a plant, which can give harm, decrease the yield of the plant and its bioaccumulation ability. Most common phytotoxic ions in wastewater are sodium, chloride and boron. Tolerance to toxic ions among plants can vary considerably. In case of wastewater application through surface irrigation, the effect of sodium will appear depending on SAR. It can be concluded that, sodium in Ankara UWWTP effluent will not or moderately affect the plants. Similar effects (non-or moderate) can also be mentioned for chloride and boron (Table 2).

It can be said that, considering the amount of sodium and chloride ions, the use of this wastewater through sprinkler irrigation method can give harm to plants. On the other hand, in practice, sprinkler irrigation is not a desired method of irrigation. The reason for this is the clogging problem of nozzles because of bacteria, algae, and suspended solids in wastewaters. When the nitrogen amount is greater then the plant requirement, excessive vegetative growth, delayed and irregular maturity can occur, as a result, the quality decreases. Nitrogen in wastewater combined with the fertilizer amounts applied to soil can reach levels that can be harmful for plants. Taking this situation into consideration, the amount of fertilizer applied should be reduced if the amount of nitrogen in wastewater is high. High amount of nitrogen in wastewater can also lead to groundwater pollution. It is found that from time to time Ankara UWWTP effluent contains amounts of total nitrogen that can restrict its use. However, the form of nitrogen, soil type, climatic conditions, and crop type should also be considered and the decision of using effluent can be made. 

Another factor that can restrict the use of Ankara UWWTP effluent for irrigation, is its Potential Toxic Element (PTE) content. Results of PTE analyses conducted for 16 months are given in Table 3. As it is seen from these analyses, Potential Toxic Element content of Ankara Wastewater Treatment Plant effluents is suitable to be used for irrigation. 

Table 3. Potential Toxic Element (PTE) analysis of Ankara UWWTP effluent

	Potential Toxic Element (mg/l)
	Effluent
	Maximum allowable  concentration in every type of soil and under continuous irrigation (mg/l)*
	Maximum total amount to be given to unit area of land (kg/ha)*

	
	Minimum (mg/l)
	Maximum (mg/l)
	
	

	Aluminum (Al)
	<0.05
	2.61
	5.0
	4,600

	Arsenic (As)
	<0.01
	0.03
	0.1
	90

	Cadmium (Cd)
	<0.05
	
	0.01
	9

	Chromium (Cr)
	<0.02
	
	0.1
	90

	Copper (Cu)
	<0.05
	
	0.2
	180

	Fluoride (F)
	0.1
	0.8
	1.0
	920

	Iron (Fe)
	<0.05
	1.03
	5.0
	4,600

	Lead (Pb)
	<0.05
	0.25
	5.0
	4600

	Manganese (Mn)
	<0.05
	0.20
	0.2
	920

	Nickel (Ni)
	<0.05
	
	0.2
	920

	Zinc (Zn)
	<0.05
	0.68
	2.0
	1840


*WPCR Technical Bulletin dated 7.1.1991, Ref. Nr. 20748

According to detergent analyses conducted in Ankara UWWTP effluent for one year, anionic surfactants were found to be < 0.2-1.9 mg/l. During wastewater treatment, a great portion of surfactants were removed by settling. A very small portion remains in the effluent and 80-90% biodegradation takes place quite rapidly. Thus, due to both low content of surfactants and the biodegradation process, surfactant pollution is not a major problem.
Consequently, provided that the surface irrigation method is applied, Ankara UWWTP effluent can be used for the irrigation of cereals, industrial plants, feed crops, meadows and grasslands and trees. However, rigorous measurements should be taken to prevent infection of the field workers. 

A.1.2. Konya Urban Wastewater Treatment Plant (Aydin and Gur, 2002)
Konya Greater Metropolitan Municipality is planning to reuse Konya UWWTP effluent for the irrigation of various crops. There is no available data on reuse alternatives of treated wastewater in practice. Generally speaking, in Turkey, almost all the cities such as Konya have the same environmental problems. The environmental and water usage problems have been increasing because of unplanned civilization, increasing population, country’s financial and economical depths, etc. Information on reuse alternatives and applications for UWWTP’s has not been provided yet. There is some minor information on the literature of Turkey’s wastewater reuse practices. 
Konya is the one of the greatest state areas and known as the “grain cellar” of the country. There is no sufficient surface and groundwater around the city. The town has to consider reusing the treated wastewater. In the research paper cited above, potential reuse alternatives of Konya Municipal Wastewater and treatment requirements according to various reuse purposes were evaluated.

Agricultural Reuse Potential 
Konya urban wastewater is currently discharged to Konya main drainage channel that is constructed by State Hydraulic Works (SHW, in Turkish: DSI) in 1974 in order to drain excess water from rainfall and from irrigation. Konya main drainage channel collects excess waters and wastewater of Konya and discharges to the Tuz Lake that is about 150 km away. Pollution problems in the Tuz Lake because of these discharges are also of widespread public concern. The UWWTP of Konya is planned in two stages, as a conventional plug-flow activated sludge process for the years 2015 and 2030. Population and design data are given in Table 4. In this work, effluent characteristics of Konya UWWTP as well as its suitability for irrigation of agricultural land were examined. In addition, applicability of different non-potable reuse applications, treatment and quality requirements for different purposes was evaluated.

Table 4. Konya UWWTP design data 
	Parameters
	Stage I (Year 2015)
	Stage II (Year 2030)

	Population
	1,000,000
	1,600,000

	Dry Weather Flow (m3/day)
	200,000
	300,000

	Wet Weather Flow (m3/day)
	400,000
	600,000


Characteristics of raw wastewater of Konya UWWTP were determined by analyzing water samples taken from sewerage outlet. Analyses results are summarized in Table 5. From the table it can be seen that the wastewater of Konya lies within the limits of heavy metals standards even without treatment. Microbiological quality requirements for grains crops would easily be satisfied by providing disinfection employed after conventional activated sludge process and surface irrigation is applied.

Grain crops are grown in about 50% of cultivated land of Konya and making up about      1,357,557 ha. Irrigation water demands of grain crops are calculated approximately as 2,155 m3/ha in total, consisting of 535 m3/ha in April, 1470 m3/ha in May and 150 m3/ha in June.

Effluent of wastewater treatment plant would meet irrigation water demand of 8,352 ha of grain crops if stored only three months of irrigation period. In case the effluent is stored for a year, 33,410 ha of cultivated land would be irrigated until 2015. In the second stage of the treatment plant, 12,529 ha of crops would be irrigated if water is stored only three months. However, 50,116 ha can be irrigated if effluent water is stored for a year. Furthermore, N and P removal treatment stages could be omitted from the wastewater treatment plant since these constituents are beneficial as fertilizers when reclaimed wastewater is used as irrigation water. Thus, construction and operation costs of the wastewater treatment plant will be reduced. For one year storage of effluent of Konya UWWTP would require about 110x106 m3 storage volume. A natural dry lake called Hotamis Lake, with a storage capacity of nearly 300x106 m3, is located only about 40 km away from the city. Therefore, the effluent of wastewater treatment plant would be stored in Hotamis Lake. This attempt could help restoring recreational value of the lake as well as improving effluent quality by natural oxidation and provide irrigation water to about 5% of the grain fields of Konya. 

Table 5. Analysis results for Konya raw wastewater 
	Parameter
	Mean
	Minimum
	Maximum

	EC x 106 ((mhos/cm)
	1,387
	980
	1,980

	pH
	7.1
	6.6
	7.6

	TDS (mg/l)
	833
	590
	1,190

	SS (mg/l)
	54.3
	8.2
	197

	Turbidity (NTU)
	46.2
	16.4
	103.2

	BOD5 (mg/l)
	330
	185
	470

	COD (mg/l)
	655
	400
	1,000

	NH3-N (mg/l)
	54
	45
	78

	Total-N (mg/l)
	79
	60
	92

	PO4-P (mg/l)
	16.4
	13.5
	19.8

	Na (mg/l)
	170.4
	11.5
	410.7

	K (mg/l)
	10.6
	2.3
	23.4

	Ca (mg/l)
	252
	84
	528

	Mg (mg/l)
	122.4
	41.3
	290.4

	Cd (mg/l)
	0.0020
	0.0007
	0.0050

	Zn (mg/l)
	0.1100
	0.0600
	0.1500

	Cu (mg/l)
	0.0090
	0.0030
	0.0200

	Pb (mg/l)
	0.0950
	0.0200
	0.2100

	Total Cr (mg/l)
	0.0960
	0.0340
	0.2500

	Hg
	0.0002
	0.0001
	0.0024

	SAR (meq/l)
	2.19
	0.25
	3.54


A.1.3. Southeastern Anatolia (GAP) Project 

General Information about the GAP Project (GAP Project, 2001)
The GAP Project is the largest Regional Development Project ever undertaken in Turkey, and also one of the largest in the world. The GAP project area represents approximately 10% of Turkey’s total land area, covering 9 provinces and involving 9.5% of the country’s population.

Originally focusing on the development of irrigated farming with the construction of major hydraulic infrastructure (i.e. the Ataturk Dam), the initial scope of the project has considerably changed throughout the years. The large area and the diversity of its needs have led to a more comprehensive issue, namely to the systematic development of the regional economy.

The GAP Project features the creation and improvement of communication infrastructure, industrial development with the processing of agricultural products and supplies for the producers, and the development of social infrastructure, especially educational training, as well as improvement of the urban environment.

After defining its objectives, the management of the project was entrusted to a special authority created for that purpose, namely the GAP Regional Development & Administration (GAP-RDA). The Turkish Prime Minister is directly in charge of GAP-RDA. Since 1997, the GAP project has been funded by the United Nations Development Plan (UNDP) by a total amount of 5.2 million USD under a Program called “The Strengthening of Integrated Regional Development and the Reduction of Socio-Economic Inequality in the GAP Region”. This program consists of 28 jointly financed regional sub-projects in various fields ranging from a few months to five years.

With regard to environmental pollution in this area, in the GAP Region, the situation regarding sewerage and reuse of urban wastewater is considered as worrying both in terms of public health and the quality of the environment. Uncontrolled, direct reuse of raw wastewater is common, and, for example, raw urban wastewater is often used for irrigation purposes. This situation is a consequence of the following facts;
· The delay in installing wastewater collection and treatment facilities. 

· Poor coordination between local governmental departments responsible for health, wastewater treatment and irrigation facilities.

· The rapid urban growth in this area.

· Legislation that does not tackle with the problem with sufficient precision and, above all, the enforcement of the existing regulation is poor.

The development of technical, economic and institutional solutions for sustainable waste water treatment and reuse is obviously one of the major challenges in the GAP region and in Turkey in order to preserve the quality of vulnerable water resources such as reservoirs and groundwater.

Main Objectives of the Project

The aim of the wastewater reuse project is to identify and develop technical, economical and institutional solutions to guarantee wastewater treatment and control of its reuse, more specifically in medium-sized towns.

This challenge can be detailed according to the following objectives:

· Offer suitable technical solutions for water treatment, considering public health and available finance.
· Define the type of treatment so that wastewater can be reused for agricultural purposes.
· Define irrigation methods, crops, irrigation equipment, safety precautions and quality control.
· Identify shortcomings in regulations and propose alternatives.
· Propose the setting-up of a management structure responsible for reuse; an interface between the body responsible for treatment and groups of farmers.

In order to develop and test these recommendations and solutions, an original and progressive approach was proposed, based on case studies and the development of a pilot project. Consequently, a three-phase project was developed prepared by the GAP-RDA in 1999 for the sustainable reuse of municipal wastewater:

· Phase 1: Identification and site selection, case studies, organization issues.
· Phase 2: System preliminary design for a pilot site.
· Phase 3: Detailed design and construction.

A French grant, completed by the UNDP-GAP specific fund for the program, finances Phases 1 and 2 of this project. This study is being carried out by the French engineering company BRL ingenierie (BRLi), in a joint venture with the Turkish engineering company SUYAPI.

Following consultations with GAP-RDA, six medium-sized towns (Besni, Bismil, Kiziltepe, Silvan, Siverek and Viransehir) have been targeted for analyses during Phase 1. They are relatively representative of the situation of the region and also face acute problems of improper urban sewerage, wastewater treatment and reuse.

Among the most relevant and representative cities, the town of Siverek was finally chosen for different reasons, such as:

· Presence of the Hacihidir Dam 

· Presence of significant wastewater pollution 

· Land availability

· Current major use of untreated sewage for the irrigation of vegetables

In the following sections, studies conducted in Siverek that was selected as the representative town to test the suitability and feasibility in terms of wastewater reuse applications, are presented.
Description of Siverek’s Present Situation

Climatic Conditions: Siverek is situated at an equal distance between Diyarbakir and Sanliurfa, at an elevation of 750 m. Surrounded by plains and relatively close to the Ataturk Dam, the town is facing a rapid population growth during the last 10 years. Siverek’s climatic conditions are continental; i.e. the winter is cold and rainy, January is the coldest and the wettest month (2.9°C and 985 mm, respectively), whereas summers are hot and dry; during July and August, no rainfall is observed and the temperature exceeds 30 °C. The annual average temperature is 16.3°C and annual average rainfall is 550 mm. The maximum variability in rainfall is observed in March (13 to 286 mm).
Wastewater Production: It is estimated as 150 l/sec in average. It is almost totally reused during the irrigation period to irrigate around 150 ha land, essentially cotton, cereals and vegetables. The water is in general supplied by gravity, through soil channels. Sometimes pumping can also be used. 

Demographic Situation: Like in many other towns in that area, Siverek has faced a sharp increase of population during recent years. According to SIS, Siverek has a population in 2000 of 122,500 inhabitants, which is an important increase compared to the 1997 census (Table 6).
Table 6. Siverek District urban & rural population in 1997
	Town & Province
	In town
	Surroundings
	Urban centre population 
of total population (%)

	Siverek
	71,324
	74,291
	49

	Sanliurfa province
	725,221
	526,928
	58


Considering that the town will continue to attract people from the surrounding villages, the estimated growth rate for the next 30 years is 2.5% per year. (Expected population in 2030 is 257 000 inhabitants).
Public Health Records: The relevant elements are the main death indicators at the provincial level as well as the disease statistics registered in the municipal hospital. These health indicators and environmental risk measurements are relatively scarce and vary in standards. SIS (State Institute of Statistics) statistics point out the most serious causes of mortality. 1997 values clearly indicate that the provinces in this area have death rates being significantly higher than Turkey’s average, if the three main causes of mortality related to sanitary deficiencies in urban area are grouped together (Table 7). The data gathered by the Siverek Municipality show the number of illnesses treated at the town hospital (Table 8). The values fluctuate throughout the year with a peak in the summer when temperature is high.

Table 7. Mortality rates in 1997 in GAP provinces and in Turkey (SIS, 2000)
	Provinces
	Total
	Enteritis & other diarrheal diseases
	Tuberculosis and respiration system
	Meningococcal
	Diseases rate
(%)

	
	a
	b
	c
	d
	e = (b+c+d)/a

	Adiyaman

Diyarbakir

Gaziantep

Mardin

Sanliurfa
	668

2,032

3,709

279

1,412
	14

48

45

40

94
	3

15

12

0

22
	28

145

291

3

94
	7

10
9
15
15

	Sub-total 
(5 provinces)
	8,100
	241
	52
	561
	11

	Anatolia-Turkey
	168,060
	753
	674
	3,242
	3


Table 8. Main diseases recorded at Siverek’s hospitals with > 1 hospitalisation day
	Disease
	1999
	2000
	2001*

	Typhoid
	5,638
	4,140
	1,750

	Brucellosis
	1,121
	507
	584

	Diseases caused by a parasite
	1,092
	2,715
	222

	Enteritis
	4,237
	4,048
	1,027

	Malaria
	1,636
	403
	637

	Amoebiasis
	0
	-
	118

	Total
	13,724
	11,813
	4,338


*For 2001: Data from January to September only

According to health specialists in Siverek, the number of cases given above represents only one third of the total infectious disease cases detected among 300,000 people. From January to the end of October 2001, the town hospital registered a great number of positive laboratory results, specifically:
· 9,200 cases of salmonellosis

· 7,600 cases of brucellosis

· 4,200 cases diseases caused by parasites

· 825 cases of hepatitis A and B

· 9,700 cases of enteritis

The above data reflect that in one year, over 100,000 people have suffered from illnesses due to bad quality drinking water and improper sewerage services, i.e. approximately 35% of the inhabitants of the district. The rate is too high. 
Water Supply and Treatment. The water feeding the water supply system comes from two main sources: Springs from Karaca Mountains and groundwater. The total capacity reaches 360 l/sec, shared between:
· 60 l/sec of surface water

· 300 l/sec of groundwater, provided by 7 deep boreholes out of 9 in total (2 are not used). 

There is no water treatment plant in Siverek, but automatic chlorination drip systems are installed on storage tanks. Chlorine concentrations should remain between 0.5 mg/l and 1.0 mg/l according to the municipality. Water storage tanks are cleaned and disinfected at least once a year in winter.

Water Storage Tanks. Water is stored in two main reservoirs before supplying the distribution network (2,500 m3 for the upper service and 3,000 m3 for the lower service). These are 2 compartment tanks, which means that they do not need to be totally emptied for cleaning. The total length of the water supply network is around 130 km. It is estimated that up to 95% of the population is served. 
Design of the Sewerage Network

An old combined sewerage system currently collects wastewater in the city. It suffered from heavy floods a few years ago and was deteriorated in some places. Extension of the network is minimized and completed by the municipality.
The main collector comprises of 2 concrete (1,000mm pipes (1 km long). The secondary network is generally made of (300 to (400mm concrete pipes. Connections are mostly installed by the householders, under Municipality supervision. They are made of PVC for ( 150 mm, most of the time, and concrete for ( 200 mm, sometimes. The average depth of the network is about 1.7 m. Grids can be found in the city centre and manholes are only visible in the main street.

Wastewater Discharge. 98% of the wastewater is directly discharged to the sewerage network, which flows into a natural stream; the Esmer Creek. This creek feeds Hacihidir Dam, which is a tributary of the Ataturk Dam. 

Design of an Urban Wastewater Treatment Plant for Siverek
Due to the amount of uncertainty and the financial problems encountered, implementation of UWWTP is proposed to be realized in several phases. The economic aspects of the project have also been examined, so that both the investment and the operating costs, as well as the resources necessary to build a sustainable project can be minimized.

Pollution Load at Siverek Town
The data used below were gathered during the field investigations at Siverek in November 2001. Data allowing the assessment of the quantities of wastewater produced are scarce. The following facts were therefore used to minimize the current situation:
· Population estimate: 122,500 inhabitants according to 2000 Census

· Drinking water consumption: 55 l/capita/day in 2000.
Assuming these criteria the total wastewater discharge in 2000 was slightly higher than 5,000 m3/day.

The quantities of wastewater to be treated in dry weather in future situations will depend on:
· Population growth in Siverek,

· Changes in individual drinking water consumption,

· Increase of the overall wastewater production ratio

· Forecasts of the amount of parasitic water (including inflow not originating from the drinking water network).
Maximum wastewater discharge can be expected to reach 9,250 m3/day in 2010, 14,500 m3/day in 2020 and 22,500 m3/day in 2030. These values correspond to the overall wastewater flow rates (wastewater + parasitic water or equivalent) of around 14,500 m3/day in 2010, 19,500 m3/day in 2020 and 28,000 m3/day in 2030.

Unit domestic pollution load is accepted as 40 g BOD5/person/day. So far, there have been no activities generating specific (industrial) pollution other than domestic. The BOD5 load to be treated in the future should be around 5,550 kg/day in 2010, 7,100 kg/day in 2020, 9,050 kg/day in 2030.
Constructing lagoons in the area has several advantages, one of them being their flexibility. Therefore, the planned treatment system will be designed in 3 phases. Construction during the second and third phases will be implemented based on actual measurements of the flow and quality of wastewater. Considering only volume parameters, the second phase should be implemented between 2011 and 2014 (around 15,000 m3/day) and the third phase between 2020 and 2026 (around 20,000 m3/day).

It is important to remember here that treated effluent must be available for irrigation mainly from May to September. Wheat is sometimes irrigated from the end of April onwards and fruit trees sometimes still need water in October. As previously mentioned, the dimensioning of lagoons must in particular take into account the restrictions set for the parameters BOD5, Nematode eggs and fecal coliform.
System Design and Sizing

The first step was to establish the dimensions of natural lagoon process with the above mentioned performances both in summer and in winter. To limit the surface area requirement, an anaerobic pond was planned as a first stage, followed by a second facultative pond. The size of the area required for a natural lagoon to ensure performances that reduce the BOD5 to meet the standards is large. Therefore, it is best to examine the sizing necessary for an aerated pond in which the aeration would only operate in winter.

Tables 9 summarizes the system dimensions obtained for the treatment of all wastewater produced at Siverek by natural lagooning during the irrigation season, natural lagooning during the winter and aerated lagooning during the winter. The following process is proposed because it will minimize the amount of land necessary for the ponds, therefore the cost of the earthworks:
· Natural lagoons, with an anaerobic pond at the start, of suitable capacity to handle effluent from May to October with performances corresponding to the most stringent level of treatment for effluent to be used for irrigation purposes (i.e. “unrestricted” irrigation)

· Aerated lagoons, with an anaerobic pond at the start and of suitable capacity to keep the treated wastewater up to the legally required standards outside the irrigation (i.e. winter) season. Part of the facultative ponds would then be aerated in summer; the other part would be used for clarifying.
As is evident in Table 9, natural lagooning alone would require a large surface of treatment ponds in winter. Therefore, aerated lagooning is necessary to minimize this area.
Table 10 gives the corresponding surface area necessary for the ponds. As it will be necessary to plan extra ponds so that some of them can be emptied for sludge scouring, the following should be considered:
· At least one third of the surface of the anaerobic ponds (capacity adapted to the winter season) must be free from May onwards.

· Facultative pond surface availability must be 25% more in the summer so that one fifth of the total pond surface can be freed.

Table 9. Pond dimensions for natural lagoons in winter and summer seasons only
	Irrigation period
	Anaerobic ponds (I)
	Facultative ponds (II)
	Total (I + II)

	Year
	Area (ha)
	Retention time (days)
	Area (ha)
	Retention time (days)
	Area (ha)
	Retention time (days)

	2005-2007
	1.0
	2.2
	14.4
	13.2
	15.4
	15.4

	2011-2014
	1.1
	2.3
	16.8
	13.4
	17.9
	15.7

	2020-2026
	1.5
	2.3
	22.5
	13.5
	24.0
	15.8

	2027-2032
	1.8
	2.3
	26.8
	13.3
	28.6
	15.6

	In Winter
	Anaerobic ponds (I)
	Facultative ponds (II)
	Total (I + II)

	Year
	Area (ha)
	Retention time (days)
	Area (ha)
	Retention time (days)
	Area (ha)
	Retention time (days)

	2005-2007
	2.2
	4.9
	47.6
	43.4
	49.8
	48.3

	2011-2014
	2.5
	5.0
	55.2
	44.1
	57.7
	49.1

	2020-2026
	3.4
	5.0
	74.2
	44.4
	77.6
	49.4

	2027-2032
	4.0
	5.0
	88.2
	43.3
	92.2
	48.3


Phasing

Table 10 presents the dimensions of the treatment ponds according to pollution loads that are estimated to be discharged into the treatment plant from today until around 2030 (between 2027 and 2032, depending on the hypothesis). The operation of 50 % of all anaerobic ponds can be stopped in summer, indicating that there is plenty of extra capacity in winter (Table 11). The facultative ponds will be much deeper than the minimum required depth, i.e. 2.5 m instead of 1.2 m. The proposed phasing includes the construction of 4 lines in parallel. 
Table 10. Dimensions of the treatment ponds
	Year
	Area Required (ha)

	
	Anaerobic ponds
	Facultative ponds in summer, used as aerated ponds in winter
	Facultative ponds in summer, used as clarifying ponds in winter

	2005-2007
	2.16
	13.50
	4.56

	2011-2014
	2.51
	15.75
	5.19

	2020-2026
	3.37
	2122
	6.95

	2027-2032
	4.01
	25.14
	8.34


System Performance - Treated Effluent Quality

The performance of the previously defined treatment system will meet the objectives of using treated effluent for unrestricted irrigation according to the WHO guidelines from May to October. Without aeration in winter, the BOD5 of the effluent discharged would be around 100 mg/l. The quantities of treated effluent produced by the treatment plant (therefore available in summer for irrigation) are listed in Table 12, taking into account the average evaporation rate recorded in Siverek. The estimates are based on the soil permeability that is 5x10-8m/sec. 

Table 11. Summer and winter constraints – calculation of necessary treatment ponds area
	Year
	Necessary area (ha)

	
	Anaerobic ponds necessary in summer

(1)
	Anaerobic ponds necessary in winter

(2)
	Anaerobic ponds out of service for sludge scouring (summer)

(3)
	Anaerobic ponds in service (summer)

(4 = 2 – 3)

(4 > 1 OK)
	Facultative ponds (summer)

(5)
	Facultative ponds out of service for sludge scouring (summer)

(6)
	Facultative ponds necessary in summer

(7 = 5 + 6)
	Aerated ponds (winter)

(8)
	Clarifying ponds (winter)

(9)
	Secondary ponds necessary in winter

(10 = 8 + 9)
	Required secondary ponds

(= 7)

(7 > 10 OK)

	2005-2007
	0.99
	2.16
	0.72
	1.44
	14.44
	3.61
	18.06
	13.50
	2.63
	16.13
	18.06

	2011-2014
	1.14
	2.51
	0.84
	1.67
	16.75
	4.19
	20.94
	15.75
	3.00
	18.75
	20.94

	2020-2026
	1.54
	3.37
	1.12
	2.25
	22.53
	5.63
	28.16
	21.22
	4.01
	25.23
	28.16

	2027-2032
	1.83
	4.01
	1.34
	2,67
	26.78
	6.69
	33.47
	25.14
	4.83
	29.96
	33.47


In conclusion, the total necessary area (anaerobic + facultative ponds in summer, anaerobic + aerated + clarifying ponds in winter) are the following:
· 2.16 + 18.06 = 20.22 ha in 2005-2007

· 2.51 + 20.94 = 23.45 ha in 2011 – 2014

· 3.37 + 28.22 = 31.59 ha in 2020 – 2026

· 4.01 + 33.47 = 37.48 ha in 2027 – 2032 

Table 12. Estimation of irrigation rates for a clay permeability of 5x10-8 m/sec
	
	Phase 1
	Phase 2
	Phase 3

	
	From 2005 to 2011-14
	20011-14 to 2020-26
	2020-26 to 2027 – 2032

	
	Total effluent
	Total effluent
	Total effluent
	Total effluent
	Total effluent
	Total effluent

	Total inflow in the anaerobic ponds
	(m3/yr)
	-
	-
	-
	13,000
	15,000
	15,000
	20,000
	20,000
	25,000

	
	(l/sec)
	-
	-
	-
	150
	174
	174
	231
	231
	289

	Anaerobic ponds area
	(ha)
	-
	-
	-
	2.7
	2.7
	3.4
	3,4
	4.0
	4.0

	Facultative ponds area
	(ha)
	-
	-
	-
	22.3
	22.3
	27.9
	2.9
	33.4
	33.4

	Outflow from the treatment facility
	(l/sec)
	-
	Evaporation (mm/months)
	Rainfall (mm/months)
	-
	-
	-
	-
	-
	-

	
	
	January
	0.5
	98.5
	147
	170
	169
	227
	226
	284

	
	
	February
	0
	83.3
	147
	170
	169
	227
	226
	284

	
	
	March
	80.5
	75.8
	138
	161
	157
	215
	212
	270

	
	
	April
	125.8
	57.8
	131
	155
	150
	208
	203
	261

	
	
	May
	203.6
	38.9
	123
	146
	139
	197
	190
	248

	
	
	June
	305.9
	7.1
	109
	132
	122
	180
	170
	227

	
	
	July
	393.9
	0.9
	101
	125
	112
	170
	158
	216

	
	
	August
	363
	0,6
	104
	127
	116
	174
	162
	220

	
	
	September
	275.9
	2.8
	112
	135
	125
	183
	173
	231

	
	
	October
	164.4
	31.8
	126
	149
	143
	200
	194
	252

	
	
	November
	60.4
	63.8
	138
	161
	158
	216
	213
	271

	
	
	December
	33.8
	84.4
	143
	166
	164
	222
	220
	278

	Average outflow from the treatment facility
	(l/sec)
	-
	-
	-
	127
	150
	144
	202
	196
	253


* The standards of BOD5 filtered <0. 45 m and Fecal Coliforms < 103 /ml are guaranteed from May to October according to WHO guidelines.
· 101 to 125 l/sec during the first phase (4 lines operating until 2011-2014),

· 112 to 170 l/sec during the second phase (5 lines operating from 2011-2014 to 2020-2026),

· 158 to 216 l/sec afterwards (when 6 lines are operating).

These are minimum values as all ponds are considered to be in use in summer. This is more or less equivalent to 75 % of the volume of 1 line; the additional volume would be approximately 75,000 m3 or 15 l/sec for two months a year (June and July when the irrigation water demand is at a maximum). 

Financial Analysis

The investment and operating costs are presented below. They were established according to information from experts in Turkey and/or recent documents published by Turkish national organizations. To avoid uncertainty and problems of reliability in the estimates, the costs were assessed first in “Yeni Turkish Lira”, abbreviated as “YTL” and converted to USD. The investment costs presented below are expressed as costs of works. They do not include:
· The cost of the land on which the UWWTP will be built.

· The cost of access to this land.

· The cost of installing electricity and a transformer station on the site (especially if an intensive process is to be installed, e.g. activated sludge with prolonged aeration).

· Other utilities (drinking water supply, telephone, etc.).

· The cost of engineering services for the design works, tendering, work site management and approval formalities.

· The cost of preliminary measurements and investigations 
A comparison of the cost of extended activated sludge treatment and the previously described pond treatment is also provided. The cost of the activated sludge system does not include storage ponds which would be necessary after tertiary treatment for reuse as irrigation water. Operating costs were assessed by means of generally accepted ratios for the natural lagooning and extended activated sludge processes. 
The ponds will only be aerated in winter, and the cost of electricity for 20 hours/day aeration for four months in winter. The consumption is 2.37 kWh/kg removed BOD5. The electrical power required for aeration is approximately 800 kW.

The sludge removed from the ponds will be used as fertilizer. 
A summary of the treatment systems’s main features is given in Table 13.

Table 13. Wastewater treatment facilities’ main features
	Wastewater treatment
	· Objective of reuse for irrigation: High quality standard

· Current effluent production is 5800 m3/day 
· Growth of population, water consumption and network improvement would result in a production of 22500 m3/day in 2030 and a load of 9000 kg BOD5/day

· The proposition is a three phases treatment plant

	Extended activated sludge versus lagooning  treatment system
	· Extended activated sludge system 

· Process requires skilled manpower 
· Necessity of sludge management  
· More or less the same cost (higher investment – double - and operating costs – multiply by 4 - than lagooning system)

· Does not meet the requirement for irrigation 

· Chlorination or UV treatment is not satisfactory in performance - do  not remove helminth eggs - Will need about the same surface with ponds for tertiary treatment

	Pond treatment system
	· Natural lagooning or aerated lagooning 

· Natural lagooning is a longer process but of higher microbiological performance

	Sizing of the proposed extensive process
	· Series of ponds: anaerobic, facultative aerobic, maturation

· Choice for aeration in winter of a part of facultative ponds: allows to compensate lower temperature and not expand the surface

· Additional area is required for sludge management
· Minimum discharge of treated water in July and August (peak demand) would range from 120 l/sec in 2005 to 240 l/sec in 2030.

	Location of the treatment ponds
	· Outside the urban area and away from boreholes

· Altitude coherent with main collector elevation - 724 m - for gravity supply with 3% slope 

Geotechnical characteristics - clay for low permeability, flat position

	Costs
	· Investment costs

· Phase 1: 4.20 million US$ (+ land: 40,000 US$ + 15% detailed design and supervision: 630,000 US$ - Total: 4.88 million US$)

· Phase 2 and Phase 3: 1,2 million US$ each all included

· Total costs 3 phases: 7.28 millions US$

· Operating costs: Maximum 205,000  US$ per year


Crop Pattern and Land Use 

Table 14 lists the crops grown and the surface area involved according to the main land managers interviewed. Table 14 shows 2001 figures for the local crop pattern. The irrigated plots are the largest ones, representing over 75% of the surface area. Two managers use wells in addition of wastewater resources. Cotton is predominant among the irrigated crops. This situation is temporary. Cotton has suddenly become very common which explains why so much land is growing cotton in 2001. However, with crop rotations, there will be less surface area planted with cotton in 2002. The above data is gathered from the interviews. Cadastral digitizing operations have been completed by field surveys at the end of October and early November 2001. The field surveys give slightly different results: The total surface area to be taken into account in the project is around 350 ha, including approximately 250 ha of crops and 100 ha of fallow land. The proportion that is irrigated with urban wastewater is between 140 and 190 ha.

Table 14. 2001 local crop pattern
	Crop
	Cultivated area
	Irrigated land 
with 

wastewater
	Irrigated land with 

groundwater
	No irrigation

	
	ha
	%
	Ha
	%
	ha
	%
	ha
	%

	Cotton
	158
	54.5
	140
	65.6
	18
	61.0
	0.0
	0.0

	Wheat
	46
	15.9
	0.0
	0.0
	0.0
	0.0
	47
	97.9

	Corn
	10
	3.5
	5
	2.4
	5.0
	16.7
	0.0
	0.0

	Barley
	10
	3.5
	5
	2.4
	5.0
	16.7
	0.0
	0.0

	Vegetables
	36
	12.4
	34
	16.1
	2.0
	5.7
	0.0
	0.0

	Poplars
	29
	10.0
	29
	13.6
	0.0
	0.0
	0.0
	0.0

	Pistachio
	1.0
	0.3
	0.0
	0.0
	0.0
	0.0
	1.0
	2.1

	Orchards
	-
	-
	-
	-
	-
	-
	-
	-

	Total
	290
	
	213
	
	30
	
	48
	


In the project area, most of the stakeholders are well aware of the fact that the way they use wastewater at the moment is not a solution for the future. But the use of urban effluent has increased farmers’ income and all of them have gradually increased the amount of land watered, even if there is no satisfactory quality water to do so. Strengthened by their recent experience, all the farmers in the area would like to have enough water to meet their ever-increasing needs. Some of them have already spent a lot of money on wells to supplement the free surface water already available.

The recent introduction of cotton in the area, and its persistence despite falling prices, confirms the will of the farmers to rely more on local water resources. This is why - although it is always difficult for farmers to make commitments or plans for the future - farmers answer that they would like to maintain their five year cropping systems with three years cotton and one or two years cereals (wheat then barley), or one year cereals and the other year vegetables.

With vegetables, double winter crops are grown either after a first vegetable crop (tomato, pepper, eggplant) or after the wheat harvest in June/July. The second cycle of vegetable crops is more diversified: carrots, cabbage, spinach, leek, ladyfingers. The presence of greater quantities of quality water should increase vegetable crops. The overall cotton-growing surface should slightly increase to 44% of the total crop land and parallel to this less cereals will be grown.

Some dry-farmed plots will be maintained, alternating cereals and legumes, in particular lentils and chickpeas, which are well suited to the soils, and other plants such as sesame. Existing pistachio trees will be maintained (approx. 1 ha) because the trees are extremely long-lived and profitable. 40 ha of the land will be occupied by the planned UWWTP. The forecasts are based on discussions with the farmers and on the proposed hydraulic scheme. The future project crop pattern is as follows:
· Cereals: 30%

· Cotton: 44%

· Vegetables: 24%

· Other (fruit trees): 2%

In long term (25 years), even if farmers are still using furrow irrigation, 125 ha of new land can be irrigated due to the increase in treated wastewater. This represents a minimum supplementary production of around 40 ha of cereals (wheat and barley), 55 ha of cotton and 30 ha of vegetables. 

Wastewater Reuse for Irrigation

Untreated wastewater from Siverek is used to irrigate 140 ha - 190 ha of land between Siverek and Hacihidir Dam, along the Esmer Creek. The wastewater treatment project will divert all the urban wastewater through the treatment facilities. After implementation of the project, Esmer Creek will no longer carry raw wastewater and it will be virtually dry in the summer. In practice, it will be impossible to continue irrigation between Siverek and Hacihidir Dam as in the present situation. At the beginning, the amount of treated wastewater available for irrigation will be less than raw wastewater currently available for irrigation. 
The project consists of an UWWTP to be located just south of Gozelek Hamlet. The effluent will be supplied by gravity further southwest than in the present situation. Table 15 presents the theoretical irrigation discharge at the UWWTP outlet in June, July and August.
The theoretical discharge available at the UWWTP outlet is divided by the theoretically required module at the network headworks to irrigate during the severest month, i.e. 0.976 l/sec/ha for furrow irrigation and 0.630 l/sec/ha for drip irrigation 

Table 15. Theoretical irrigation discharge at the UWWTP outlet in June, July and August
	Years
	2005 – 2007
	2030

	Flow rate (l/sec)
	120
	230

	                                                    Irrigation area according to the outflow (ha)

	Furrow irrigation 
(module: 0.976 l/sec/ha)
	123
	236

	Localized irrigation 
(module: 0.630 l/sec/ha)
	190
	365


Project Crop Pattern 

After field surveys and discussions with the future users, the crop pattern retained for the sizing of the irrigation network is given in Table 16.
Table 16. Project crop pattern
	Crop 
	Distribution (%)

	Cotton 
	44

	 Wheat 
	30

	 Tomato 
	9

	 Pepper  
	9

	 Eggplant  
	6

	 Fruit Trees 
	2

	Total 
	100


Finally, the main results and characteristics of the irrigation network are given in Table 17.

Table 17. Main characteristics of the irrigation network
	Theoretical irrigation discharge at the lagooning plant outlet during the peak months
	120 l/sec

	Theoretical irrigation module required at the network to meet peak month irrigation requirements (furrow irrigation)
	0.976 l/sec/ha

	Maximum net irrigable surface area (furrow irrigation in 2005 – 2007) 
	120 / 0.976 = 123 ha


Projection of Wastewater Reuse at Siverek

With the proposed irrigation methods used in the project area, the crops that can be grown and the population of Siverek, the net irrigable surface area using the treated effluent from the future UWWTP (construction of 4 lines by 2005-2007) is estimated as 123 ha. Different elements will modify the surface area in the future. The principal ones are the evolution of the discharge at the UWWTP and the evolution of irrigation methods.

According to the projection (2030) the theoretical irrigation discharge at the lagooning plant outlet will be 230 l/sec during the least productive months. With gravity irrigation, it is possible to irrigate 236 ha, i.e. 113 ha more than today. 
Irrigation Methods and Irrigable Area
The sizing of the network takes into account that farmers will continue to use furrow irrigation. On this basis, the theoretical irrigation discharge at the network during the most stringent month was estimated at 0.976 l/sec/ha. With drip irrigation, the theoretical irrigation discharge would be 0.630 l/sec/ha. Modern irrigation methods would enhance water resource availability and increase the irrigated surface area: Supposing that modern irrigation methods are introduced on a quarter of 123 ha, the supplementary discharge available would be 12 l/sec, i.e. enough to irrigate an additional area of around 12 ha by gravity or 20 ha with drip irrigation.

Water Stored in Hacihidir Dam and Irrigation of its Downstream Area

Hacihidir Dam receives part of the raw wastewater (practically 100% during the winter season). Although partial self-purifying occurs, its quality is severely deteriorated and therefore does not comply with the required standards for irrigation. It has been stated that workers in the downstream area suffer from diseases when manipulating this poor quality water. As far as the quantity is concerned, the volume stored in the dam during the last years seemed to be rather limited compared to the amount necessary to irrigate its downstream area (13 to 42% of the 2,080 ha were irrigated between 1995 and 1999, although these years were not particularly dry). With the very limited data available, a hydrologic analysis was conducted. The volume of wastewater is significant in the dam; according to the calculation it represents 7% to 25% of the total effluent, depending upon the rainfall condition.
The volume of treated wastewater flowing into the dam after the project will be around 2.8 Mm3 in 2005-2007 and 5.8 Mm3 in 2030. Considering an “average” evaporation of 2 Mm3/year, the surface area irrigated with the effluent from Siverek is expected to be close to 500 ha in 2030, depending on the crop pattern and as detailed in the Table 18.
Table 18. Area irrigated with the effluent from Siverek in Hacihidir downstream area
	Estimated 
Evaporation Rate: 2 Mm3
Efficiency: 0,48
	Irrigated area (ha)

(Crop pattern: 100% cotton - 12.600 m3/yr)
	Irrigated area (ha)

(Project crop pattern: 44% cotton + others - 9900 m3/yr

	2005-2007 "5 year dry"
	187
	239

	2005-2007 "median 2 year"
	206
	262

	2030 "5 year dry"
	402
	512

	2030 "median 2 year"
	429
	548


Therefore, treated Siverek wastewater can be reused to irrigate from 300 ha in 2005-2007 to 700 to 800 ha in the future (2025-2030); i.e. minimum 235 ha upstream Hacihidir Dam (around the treatment ponds), and even more if the efficiency is improved; i.e. 400 to 550 ha downstream Hacihidir Dam, depending on the crop pattern.

Irrigation Water Quality 

As presented in the water quality analysis in the following sections, the salinity (conductivity value) of natural water is around 400 µS/cm. This level increases in the raw wastewater up to 900-950 µS/cm. After passing the treatment ponds, and due to evaporation, the salts concentration should be multiplied by around 1.2 and therefore increases up to 1200 µS/cm, reaching even 1300 µS/cm in July. These values may generate some decrease in the potential yield of different crops, depending on their degree of tolerance. However, Table 19, based on FAO Guidelines, reveals that this risk is rather limited for the present crops cultivated in the project area.

Table 19. Tolerance and potential yield of some crops in the project area as a function of the water salinity
	Crop Type
	Potential Yield

	
	100 % 

Ecw (µS/cm)
	90 % 

ECw (µS/cm)
	75 % 

ECw (µS/cm)

	Cotton
	5,100
	6,400
	8,400

	Wheat
	4,000
	4,900
	6,300

	Maize
	1,100
	1,700
	2,500

	Pepper
	1,000
	1,500
	2,200

	Tomato
	1,700
	2,300
	3,400

	Lettuce
	900
	1,400
	2,100


Water Quality Assessment
Esmer Creek, a small stream, runs south-south-east through Siverek into Hacihidir Dam. During the irrigation season, almost all the flow from the Esmer Creek is used to irrigate farmland, mainly by gravity. Throughout the rest of the year, water is stored in Hacihidir Dam and conveyed along a concrete canal to irrigate farmland about 12 km further downstream. Apart from irrigation, the water from the Esmer Creek is hardly used. The people living in Siverek and surroundings know that the water is of bad quality and are aware of the risks.
Esmer Creek receives wastewater from Siverek and runoff caused by rainwater directly and via groundwater inflows. The water is of very poor quality, with oxygen levels close to zero, high turbidity and high amounts of ammonia. Among aquatic life forms, only worms (oligochaeta annelida) and insect larvae (bloodworm larvae) seem to be present in the sediments. Other species use the watercourse in a transient manner, i.e. turtles (near the outfall) and frogs (all along). The river banks are mainly occupied by reed grasses, which sometimes form real corridors of plants fifty or sixty meters long. Some pioneer plant species are now growing in recently worked areas (small earth dikes). Besides, the high variations in reservoir water level have exterminated riparian vegetation. However, the vegetation in the normal riverbed at the tail end of the reservoir is dense. It is only temporary vegetation because the area is normally submerged, which makes the vegetation disappear when the dam is filled.

Analyses of water quality were performed in October and November 2001 in an attempt to:
· Determine the physico-chemical characteristics of the raw wastewater in the sewers of the town to define the size of the wastewater treatment facilities 

· Establish the risks entailed in case people use raw wastewater downstream of Siverek.

· Determine the impact of the discharge of Siverek’s wastewater on the quality of the water in the dam and on the water used to irrigate crops.

The analyses were carried out at the SHW Laboratory at Diyarbakir. Samples were taken from irrigation canals (just downstream of Siverek) and from the dam in October 2001 (Table 20).
Sampling from October to November took place in relatively severe drought conditions. The groundwater and river reserves were probably at their lowest level. Hence, most of the water flow in Esmer Creek was originating from Siverek effluent. It is difficult to make evaluation or estimations on the basis of the obtained test results of the SHW laboratory to characterize and evaluate the raw wastewater discharged by the town of Siverek. Only the ammonia values seem to be appropriate. However, it is possible to mention a few indications as a rough basis (Table 21).

Table 20. Results of water quality analyses on Esmer Creek and tributaries performed by SHW Laboratories (Sanli Urfa and Diyarbakir)
	Parameter
	09/11/2001
	30/04/2001

	
	Downstream slaughter house 
	Upstream the first bridge
	Downstream the second bridge
	Entrance of Hacihidir Dam
	Open water in Hacihidir Dam
	Tributary
	Main Sewer Outlet
	Industrial Zone

	pH
	7.20
	7.17
	7.29
	7.43
	7.95
	7.73
	8.10
	8.00

	Temperature (°C)
	21.0
	21.0
	21.0
	21.0
	21.0
	21.0
	20.3
	20.0

	Conductivity (S/cm)
	975
	920
	940
	820
	430
	405
	951
	619

	Chlorine (mg/l)
	68.75
	71.18
	63.95
	45.51
	19.56
	16.51
	
	

	Ammonia NH3-N (mg/l)
	46.20
	55.93
	46.20
	14.59
	6.08
	0.55
	
	

	Nitrite NO2--N (mg/l)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	
	

	Nitrate NO3--N (mg/l)
	8.41
	7.79
	9.65
	19.66
	17.76
	24.01
	
	

	Total Alkalinity CaCO3 (mg/l)
	355.0
	341.0
	349.0
	325.0
	170.5
	164.5
	
	

	Dissolved Oxygen (mg/l)
	0.5
	0.4
	0.7
	5.3
	9.1
	8.2
	
	

	Permanganate (mg/l)
	4.86
	4.03
	3.98
	3.04
	3.08
	1.47
	
	

	Orthophosphate (mg/l)
	4.80
	4.90
	4.10
	2.70
	1.00
	0.14
	
	

	Total Dissolved Solids (mg/l)
	633
	598
	611
	533
	279
	263
	
	

	Suspended Solids (mg/l)
	110.8
	86.3
	88.7
	48.3
	22.6
	19.9
	
	

	Turbidity (NTU)
	60
	60
	60
	40
	20
	10
	
	

	Color (scale Pt-Co)
	60
	60
	60
	40
	20
	10
	
	

	BOD5 (mg/l)
	83.0
	82.0
	56.0
	4.6
	4.6
	1.4
	114.0
	78.0

	COD (mg/l)
	332.0
	328.0
	225.0
	60.0
	30.0
	15.0
	479.0
	310.0

	Sulfate SO4 2- (mg/l)
	39.94
	31.92
	30.07
	29.45
	23.90
	17.12
	
	

	Sodium Na (mg/l)
	39.30
	32.70
	27.20
	23.40
	18.90
	10.80
	
	

	Potassium K (mg/l)
	16.50
	13.60
	11.50
	7.54
	6.67
	0.79
	
	

	Total Carbonate Hardness 

CaCO3 (mg/l)
	385
	385
	395
	359
	180
	181
	
	

	Calcium (mg/l)
	94.38
	94.58
	96.79
	92.38
	52.10
	52.80
	
	

	Magnesium (mg/l)
	36.11
	36.35
	37.33
	31.37
	12.16
	12.16
	
	

	Fluorine (mg/l)
	1.82
	1.80
	1.73
	0.37
	1.73
	0.22
	
	

	Boron (mg/l)
	2.2
	2.1
	2.3
	2.0
	2.1
	2.0
	
	

	Zinc (mg/l)
	
	
	
	
	
	
	
	0.320

	Lead (mg/l)
	
	
	
	
	
	
	
	0.064

	Chromium (mg/l)
	
	
	
	
	
	
	
	0.186


Table 21. Wastewater characteristics of Siverek Town and estimation of reduction of the polluting load in the river and in the dam reservoir
	
	BOD5
	COD
	NH3
	SS
	Total Coliform
	Dissolved O2
	Conductivity
	Salinity
	Boron

	Measured
	80-110 mg/l
	332-479 mg/l
	60 mg/l
	110 mg/l
	106
	0,0 mg/l
	900 µS/cm
	<0,5 g/l
	2,1 mg/l

	Taken into account
	400 mg/l
	1,000 mg/l
	60 mg/l
	220-330 mg/l
	106
	0.0 mg/l
	900 µS/cm
	<0.5 g/l
	2,1 mg/l

	Estimation of the pollution reduction in the river
	20 to 30%
	20 to 30%
	
	20%
	1 to 2 log units 
	
	
	
	0

	Estimation of the pollution reduction in the reservoir
	90%
	90%
	90%
	75%
	1 to 2 log units
	
	
	
	0 - 10%

	Irrigation water for dam area 
	15-30 mg/l
	50-80 mg/l
	6 mg/l
	44-66 mg/l
	102-104
	
	
	
	2 mg/l


· BOD5 and COD: Experts estimate the daily BOD5 production per person as 40g. Considering that the population of Siverek was 122,500 in 2000, the daily BOD5 discharge is around 4,000 kg (with a return ratio of 78%). If the flow of the effluent is estimated around 150 l/sec, the BOD5 should be above 350 mg/l, and the COD above 800-900 mg/l
· SS: The laboratory measurements of SS in the untreated effluent are very low (110 mg/l). The water also appeared to be visually clear. The total dissolved solids appear to be closer to reality (i.e. 633 mg/l).

· Pathogens: The only measurement available for the main sewerage network was 8.0x106 total coliforms. The other data are from the measurements in irrigation canals downstream of Siverek (1.6 to 1.8.105 total coliforms), and in the dam reservoir (2.1x104 total coliforms). 

· Salinity: Conductivity values imply that the soluble salts in Esmer Creek are around 500 mg/l, not posing a danger to crops and soils.

· Boron: The effluent discharged at Siverek contains very high quantities of boron (around 2 mg/l). The geological structure of Siverek, mainly with volcanic basalt flows, is likely to result in high amounts of Boron in ground and surface water. At a later stage, it will be important to monitor this parameter more rigorously, both in irrigation water and in cultivated soils.

Water from the dam is used directly to irrigate cropland in the dam area. The total area of the irrigation scheme ranges from 1,540 ha to 3,400 ha. According to SHW, the suitable irrigation area is 2,080 ha. In practice, the irrigated area has often been less in recent years because the dam was probably not full (Table 22).
Table 22. Irrigated area from the Hacihidir Dam
	Year
	Irrigated area (ha)
	Ratio of irrigated area to project area (%)

	1995
	260
	13

	1996
	280
	13

	1997
	250
	12

	1998
	150
	7

	1999
	880
	42


Pollution Load from Siverek Town to Hacihidir Dam

The estimated mean flow of the wastewater discharged by the town is around 150 l/sec for a population of 125,000 in 2000 (SIS, 2000). During the irrigation season (April to October), a large part of the flow from the stream supplies the area between Siverek and the dam. According to a survey in the field this area is estimated as 140 ha. The estimated seasonal volumes are given in Table 23.
Table 23. Wastewater volumes from Siverek flowing into Hacihidir Dam
(Estimated for 2001)
	
	Jan.
	Feb.
	Mar.
	Apr.
	May
	June
	Jul.
	Aug.
	Sept.
	Oct.
	Nov
	Dec.
	Total

	Discharge of wastewater (Mm3)
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	4.74

	Use for Irrigation (Mm3)
	-
	-
	-
	0.03
	0.20
	0.41
	0.45
	0.41
	0.20
	0.03
	-
	-
	1.73

	Inflow into Hacihidir Dam (Mm3)
	0.40
	0.40
	0.40
	0.37
	0.20
	0.00
	0.00
	0.00
	0.20
	0.37
	0.40
	0.40
	3.02


These estimates were carried out for a median year (return period = 2 years), for the five-year dry year and the five-year wet year. 

The characteristics of the effluent after self-purification in the Esmer Creek were given previously. These values can be used to calculate the concentration and quantities of pollutants reaching the dam reservoir. Hacihidir Dam is much larger than dams mentioned in other international references. Therefore the area-based daily polluting load provides additional information. The results of the estimations can be found in Table 24. 
Hacihidir Dam is probably capable of significant elimination of the pollution from the wastewater discharged at Siverek due to its very high MRT (mean retention time). The reservoir’s functioning is probably aerobic or facultative aerobic. Even with this purification process, the water in Hacihidir Dam belongs to Class IV, due to its very high COD, BOD5, ammonia, boron value and coliform counts. The results for “theoretical” purification (calculated according to the values measured in November 2001) confirm this point. Although very high, the self-purifying capacity of the reservoir does not produce water of acceptable quality for irrigation. To confirm this statement, the quality of the water used to irrigate crops in the dam command area must be checked at least once a month during the irrigation season. The end of the irrigation season is a critical period in reservoir functioning. The low storage volumes limit the reservoir’s purifying capacity when the effluent is at its most concentrated. Locally, serious problems due to hypoxia combined with high ammonia counts may occur. This probably accounts for fish mortality in former years, the most recent episode being at the end of September and early October 2001.
Table 24. Estimated characteristics of the effluent entering Hacihidir Dam
	
	Parameter
	Jan.
	Feb.
	March
	April
	May
	June
	Jul.
	Aug.
	Sept.
	Oct.
	Nov.
	Dec.

	Median
	BOD5 (mg/l)
	24.9 – 33.3
	22.9 – 30.5
	35.6 – 47.5
	35.0 – 46.7
	86.9 – 116.1
	0.0
	0.0
	0.0
	138.8 – 185.3
	74.6 – 99.6
	28.3 – 37.8
	22.5 – 30.0

	Year
	COD (mg/l)
	56.6 – 83.5
	51.9 – 76.6
	80.8 – 119.3
	79.4 – 117.2
	197.4 – 291.4
	0.0
	0.0
	0.0
	315.0 – 465.0
	169.4 – 250.1
	64.3 – 94.9
	51.0 – 75.3

	
	NH3 (mg/l)
	10.8
	9.9
	15.4
	15.1
	37.6
	0.0
	0.0
	0.0
	60.0
	32.3
	12.2
	9.7

	
	Tot.Col. (nb/100 ml)
	1.44x104
	1.32x104
	2.05x104
	2.02x 104
	5.01x104
	0.0
	0.0
	0.0
	8.00x104
	4.30x104
	1.63x104
	1.30x104

	Dry
	BOD5 (mg/l)
	12.7 – 17.0
	13.9 – 18.6
	13.2 – 17.6
	17.3 – 23.0
	15.2 – 20.3
	0.0
	0.0
	0.0
	72.4 – 96.7
	22.7 – 30.3
	16.1 – 21.5
	12.9 – 17.2

	Year
	COD (mg/l)
	28.8 – 42.6
	31.6 – 46.6
	29.9 – 44.1
	39.2 – 57.8
	34.6 – 51.1
	0.0
	0.0
	0.0
	164.5 – 242.8
	51.5 – 76.0
	36.6 – 54.0
	29.3 – 43.3

	
	NH3 (mg/l)
	5.5
	6.0
	5.7
	7.5
	6.6
	0.0
	0.0
	0.0
	31.3
	9.8
	7.0
	5.6

	
	Tot.Col. (nb/100 ml)
	7.33x103
	8.03x103
	7.59x103
	9.95x103
	8.79x103
	0.0
	0.0
	0.0
	4.18x104
	1.31x104
	9.29x103
	7.45x103


All of the water from the wastewater network will be sent to the treatment plant (lagooning). In its upper course, the Esmer Creek will be mostly receiving runoff water and groundwater. It is difficult to assess the exact amount of inflow. As is the case on the other small watercourses, the flow increases further down the stream because of the inflow. The noticeable improvement in water quality will mean that sediments containing a lot of organic matter will have to be washed from the normal riverbed. This will take place naturally during floods. The water in the stream should meet the requirements of Class I or at least Class II.

As previously mentioned, the contribution of Siverek’s wastewater to the contents of Hacihidir Dam should be between 10 % (for an average year) and 25 % (for a dry year). The management of the flow through the lagooning facilities will be the same as at present. From March to April, most of the discharge will be used for crop irrigation. The rest of the year, treated effluent will be returned to the river. If farm irrigation methods do not change, the wastewater treatment system will only have a very limited impact on the reservoir. The only notable difference will be the volumes lost through evaporation in the lagooning ponds. As previously discussed, the theoretical discharge from the lagooning plant should be between 2.8 Mm3 (2005-2007) and 5.8 Mm3 (2025-2030), compared to the presently estimated 3 Mm3. The quality of the discharge will be guaranteed from May to October with a BOD5 of 44 mg/l and fecal coliforms estimated at 4.6x102 per 100 ml. In the worst case, under anaerobic conditions (an option which can be chosen to reduce the operating costs in the first years), the BOD5 and fecal coliform concentrations should be less than 97 mg/l and 6.8x103 per 100 ml, respectively. At the treatment plant outfall, the pollution load will be almost below the previously mentioned critical thresholds. In addition, there will be dilution thanks to runoff water and the natural purifying process in the watercourse. The self-purifying capacity will be higher compared to what is possible today because the oxygenation of the water will be better. This should give less than 35 mg/l BOD5 and around 10 fecal coliforms per 100 ml. In the dam, the MRT will be reduced due to the volume increase to 5.48 Mm3 in 25 years. The pollution reduction in the dam should be high enough to meet Class I quality water for irrigation purposes. The BOD5 content should be below 5 mg/l during the irrigation season and fecal coliforms should be always less than 10.

A.1.4. Alternative Rural Wastewater Treatment Methods for Developing Countries: ‘Natural Treatment Project’ (Natural Treatment Systems Booklet, 2004)
Even though this subject does not fit directly to the scope of this report, it is important to mention that natural treatment projects are currently planned and partially realized in Turkish rural areas with populations less than 5,000. The main idea and purpose of these constructed wetlands is to meet agricultural irrigation standards. The existing conventional urban UWWTP’s do not function satisfactorily due to high operational (mainly energy costs + chemical costs) and maintenance costs, and those that are planned to be constructed require high investment costs due to the use of mechanical equipment. Therefore, the General Directorate of Rural Affairs under the Ministry of Agricultural and Rural Works has initiated a nation-wide project named as “Natural Treatment Project” that aims to naturally treat rural wastewater especially in small districts and villages to obtain effluent quality being suitable for agricultural irrigation. These constructed wetlands are easy to install and construct, and operate without the need for qualified personnel or energy. The wetlands are highly tolerable to shock and hydraulic loading, that makes them convenient to apply in small communities. Aquatic plants such as Cannas, Canna Generalis, Sedges, Typhia and Juncus are used to treat domestic wastewater with very high removal efficiencies such as 80 - 99 % BOD5, COD and bacteria, 92 – 95 % TSS, 30-80 % TN, and 20-70 % TP. The comparison of treatment efficiencies of various UWWTPs with the National and EU Discharge Standards are given in Table 25. 
Table 25. Comparison of Treatment Efficiencies for Wetland Systems and 
National/International Discharge Standards
	Parameter
	Average Domestic WW Conc.

(mg/l)
	Average Treatment Efficiency by Septic Tanks

(%)
	Average Treatment Efficiency by Constructed Wetlands

(%)
	Expected Effluent Concentration of Constructed
Wetlands

(mg/l)
	National Wastewater Discharge Std. (mg/l)


	EU Discharge Std.
(mg/l)

	BOD5
	240
	30
	85
	25
	35-50
	25

	COD
	350
	30
	80
	49
	90-120
	125

	SS
	200
	40
	90
	12
	25-45
	35

	pH
	6.0-9.0
	-
	-
	7.0-7.5
	6.0-9.0
	-


The basic components of constructed wetlands are aquatic plants (annual, seasonal, submerged or floating), soil (minerals or organic sediments) and hydrology. Aquatic plants play the major role of storing nutrients that they require for growth by means of physical, chemical and biological removal mechanisms. They have the ability to resist water flows in the wetland, increase hydraulic detention times and precipitate the suspended solids. They are generally narrow, long and shallow ponds with low construction costs. The required area which depends on the pond type, flow configuration and detention time, has a typical range of 0.5-5 m2/capita. During land preparation spared for the construction of the pond, engineering concepts such as hydraulic calculations are of utmost importance as the water will flow by gravity and not by the help of mechanical equipment. The impermeability of the soil has to be maintained by clay at the bottom, over which gravel, sand and soil layers have to be placed. The distribution and drainage pipes have to be installed according to the type of the pond and the construction is completed by planting the suitable aquatic plants. The constructed wetlands will use solar energy of environment and have the ability of replenishing themselves. Projects have been initiated in 2003, and the required preliminary research has been completed within the same year. Some pilot plants have been constructed in Dikilitas Village and Haymana District in Ankara, as well in Korucuk Village and Torbali District in Izmir. The projects that have been completed by June 2004 and those that are at the start – up stage are given in Table 26 together with properties of these wetlands.
Compared with the conventional treatment systems, constructed wetlands have investment and annual operational costs are found to be 40 times and 60 times less, respectively for plants serving to a population of 5,000 capita. Tables 27 and Table 28 state the comparison of investment and operational costs of various treatment systems for a population of 5 000.

Table 26. Summary of natural treatment projects
	Province
	District
	Village
	Project population (capita)
	Project area
(m2)

	Ankara
	Haymana
	Dikilitas
	NA*
	NA*

	Izmir
	Torbali
	Korucuk
	1,095
	1,425

	Adana
	Yureyir
	Yeniyayla
	NA*
	NA*

	Mersin
	Merkez
	Musali
	1,105
	560

	Mersin
	Erdemli
	Sariyer
	1,000
	600

	Karaman
	Merkez
	Kizilyaka
	416
	679

	Manisa
	Akhisar
	Sakarkaya
	724
	567

	Isparta 
	Egridir
	Agilkoy
	600
	300

	Tekirdag
	Merkez
	Dedecik
	390
	250

	Tekirdag
	Malkara
	Cavuskoy
	534
	270

	Kahramanmaras
	Pazarcik
	Cigdemtepe
	185
	90

	Kilis
	Merkez
	Besikkaya
	240
	120

	Isparta
	Egridir
	Sorkuncak
	1,332
	1,100

	Usak
	Merkez
	Hocalar
	135
	195


*Not Available
Table 27. Investment costs of various treatment systems for a population of 5000 in Turkey
	System
	Construction costs (US $)
	Mechanical costs (US $)
	Energy cost
(US $)
	Total

(US $)

	Biofilters
	394,000
	86,000
	130,000
	610,000

	Biodiscs
	175,500
	214,500
	10,100
	414,100

	Activated Sludge
	267,000
	55,000
	143,000
	465,000

	Stabilization ponds
	299,000
	66,300
	-
	305,300

	Constructed wetlands
	7,500
	-
	-
	7,500


Table 28. Operation and maintenance costs of various treatment systems 
for a population of 5000 in Turkey
	System
	Construction costs (US $)
	Mechanical costs (US $)
	Energy cost
(US $)
	Total

(US $)

	Biofilters
	16,900
	2,960
	10,400
	30,300

	Biodiscs
	16,100
	2,180
	970
	19,800

	Activated sludge
	14,900
	9,750
	6,760
	30,600

	Stabilization ponds
	1,380
	-
	-
	1,380

	Constructed wetlands
	0-300
	-
	-
	0-300


The aim of this new project is summarized as follows,
· Protect water resources,

· Spreading the use of this project nationwide,

· Recovery of treated water to be used in agricultural irrigation,
· Applying the system in 5,208 in villages whose sewage systems have been completed.

As Turkey is still a developing and an agricultural country with the highest area devoted to agriculture among EU countries, this project has already gained attention by public and by the farmers of small communities. The application of this project to obtain irrigation water in rural areas is highly favored compared to obtain effluent from urban treatment plants for the purpose of agricultural irrigation due to its advantages mentioned above. However, the application of constructed wetlands can also be feasible in urban areas in case land is available.
A.2. Review and Update the Reuse Standards in Turkey

Prior to discussing and reviewing the current status of Turkish Legislation on wastewater reuse in agriculture, a remarkable revision will be referred that had been recently accepted and approved by the Government which closely relates to this ongoing project. As mentioned in the previously submitted Task Reports, the national domestic wastewater discharge standards to receiving water had taken part in the Water Pollution Control Regulation (WPCR) in the form of Tables based on the population and/or pollution loads in terms of population equivalency. The new revised form of the legislation registered in the Official Newspaper dated December 31st, 2004, No: 25687 states 5 Tables instead of 4 (from Table 21.1 to 21.5 in the WPCR). The revised form of these tables is given in Table 29 that relates directly to the removal efficiency urban wastewater treatment plants (WPCR, 2004). 

Table 29. Receiving water discharge standards for domestic wastewater

a. (Table 21.1: Sector: Domestic Wastewater (Class 1: Pollution Load in terms of raw           BOD5: 5-60 kg/day, population: 84-1,000))

	Parameter
	Unit
	Composite sample- 2 hours
	Composite sample- 24 hours

	BOD5
	mg/l
	50
	45

	COD
	mg/l
	180
	120

	SS
	mg/l
	70
	45

	pH
	-
	6-9
	6-9


b. (Table 21.2: Sector: Domestic Wastewater (Class 2: Pollution Load in terms of raw BOD5: 60-600 kg/day, population: 1,000-10 ,000))

	Parameter
	Unit
	Composite sample- 2 hours
	Composite sample- 24 hours

	BOD5
	mg/l
	50
	45

	COD
	mg/l
	160
	110

	SS
	mg/l
	60
	30

	pH
	-
	6-9
	6-9


c. (Table 21.3: Sector: Domestic Wastewater (Class 3: Pollution Load in terms of raw BOD5: 600-6,000 kg/day, population: 10,000-100,000))
	Parameter
	Unit
	Composite sample- 2 hours
	Composite sample- 24 hours

	BOD5
	mg/l
	50
	45

	COD
	mg/l
	140
	100

	SS
	mg/l
	45
	30

	pH
	-
	6-9
	6-9


d. (Table 21.4: Sector: Domestic Wastewater (Class 4: Pollution Load in terms of raw BOD5 > 6,000 kg/day, population: >100,000))

	Parameter
	Unit
	Composite sample- 2 hours
	Composite sample- 24 hours

	BOD5
	mg/l
	40
	35

	COD
	mg/l
	120
	90

	SS
	mg/l
	40
	25

	pH
	-
	6-9
	6-9


e. (Table 21.5: Sector: Domestic Wastewater (applicable to natural treatment (constructed wetlands) without considering the population and to biological urban wastewater treatment plants operating by stabilization ponds)) 

	Parameter
	Unit
	Composite sample- 2 hours
	Composite sample- 24 hours

	BOD5
	mg/l
	75
	50

	COD
	mg/l
	150
	100

	SS
	mg/l
	200
	150

	pH
	-
	6-9
	6-9


Compared with the previous form of the Regulation, it is seen that a new table (Table 21.4), that covers the population greater than 100,000 capita is added with the corresponding new standards.

Besides, Item 28 of the same regulation that is on the reuse of treated wastewater in irrigation states that “In order to reuse wastewater in irrigation, suitability of a treated water mass in irrigation will be determined and approved by a commission consisting of members from Provincial Directorate of Ministry of Environment and Forestry, Provincial Directorate of Ministry of Agriculture, Regional Directorate of State Hydraulic Works under the Coordination of the Governor of the Province” (WPCR, 2004). The commission formed will have members from the Regional authorities and the Provincial directorates, previously the members were to be selected from the Headquarters of these State Offices. Iller Bankasi (Bank of Provinces) member is excluded from the recently accepted revised version of the Item. This new change will give a chance to better maintain the coordination and applicability of reuse activities as the authorities in charge of giving approval are to be selected from the regional state members rather than the central ones.

Water reuse has been officially legitimized in 1991 through the Regulation for irrigational wastewater reuse issued by the Ministry of Environment (WPCR Technical Bulletin, 1991). The table that is on the classification of irrigation water is stated as Table 4 in the WPCR Technical Bulletin (1991) and has already been given in the Appendices of Task 2. It is referred below again in Table 30. Since then, there have been no changes and revisions of the regulation, however, the applications have not been satisfactorily realized so far.
The most important criteria for evaluation of suitability of treated wastewater for irrigation use are; public health aspects, salinity (especially significant in arid regions), and heavy metals and harmful organic substances. In addition to standards, regulations can include best practices for wastewater treatment and irrigation techniques as well as regarding crops and areas to be irrigated. 

Table 30. Turkish water quality criteria for irrigation (WPCR Technical Bulletin, 1991)

	Quality Criteria
	Quality Classes of Irrigation Water

	
	Class I

(Perfect)
	Class II

(Satisfactory)
	Class III

(Usable)
	Class IV

(Usable with care)
	Class V

(Improper harmful)

	EC25 (microhos at 25 oC) ×106 
	0-250
	250-750
	750-2,000
	2,000-3,000
	>3,000

	Sodium (Na, %)
	<20
	20-40
	40-60
	60-80
	>80

	Sodium Adsorption Ratio (SAR)
	<10
	10-18
	18-26
	>26
	

	Residual Sodium Carbonate (RSC) 

In meq/l or

mg/l 
	>1.25

<66
	1.25-2.5

66-133
	>2.5

>133
	
	

	Chloride (Cl-) 

In meq/l or

mg/l
	0-4

0-142
	4-7

142-249
	7-12

249-426
	12-20

426-710
	>20

>710

	Sulphate (SO4=)

In meq/l or

mg/l
	0-4

0-192
	4-7

192-336
	7-12

336-575
	12-20

575-960
	>20

>960

	Total Salt Concentration

(mg/l)
	0-175
	175-525
	525-1,400
	1,400-2,100
	>2,000

	Boron Concentration

(mg/l)
	0-0.5
	0.5-1.12
	1.12-2.0
	>2.0
	-

	Class of Irrigation Water *
	C1S1
	C1S2,

C2S2, C2S1
	C1S3, C2S3,

C3S3, C3S2
C3S1
	C1S4, C2S4,

C3S4, C4S4,

C4S3, C4S2
C4S1
	-

	NO3--N or NH4+-N 

(mg/l)
	0-5
	5-10
	10-30
	30-50
	>50

	Fecal Coliform**

1/100 ml 

(CFU in 100 ml)
	0-2
	2-20
	20-100
	100-1,000
	>1,000

	BOD5 (mg/l)
	0-25
	25-50
	50-100
	100-200
	>200

	TSS (mg/l)
	20
	30
	45
	60
	>100

	pH
	6.5-8-5
	6.5-8.5
	6.5-8.5
	6.5-9
	<6 or >9

	Temperature (oC)
	30
	30
	35
	40
	>40


* there exists a diagram that indicates the relationship between SAR and electrical conductivitiy

** varies according to type of plantation

In Turkey, the WHO standards have been adopted except the limits for the intestinal nematodes and the residual chlorine. Concerning the microbiological standards, the Turkish regulation consists of only fecal coliform parameter and thus, it seems to be insufficient and needs to be revised in terms of health aspects. 

Boron concentrations are known to be important for Turkey’s conditions as the country is rich in boron sources. Therefore, water for irrigation is separately classified regarding the boron concentrations in Table 9 of the WPCR Technical Bulletin (1991). The table stating the boron concentrations in terms of irrigation water classes is given below in Table 31.

Table 31. Classification of irrigation water with respect to resistance of plants to boron mineral (Table 9 in WPCR Technical Bulletin, 1991)
	Classification of irrigation water
	Boron concentration (mg/l)

sensitive plants*


	Boron concentration (mg/l)

semi-sensitive plants**
	Boron concentration (mg/l)

tolerable plants***

	I
	< 0.33
	< 0.67
	< 1.0

	II
	0.33-0.67
	0.67-1.33
	1.00-2.00

	III
	0.67-1.00
	1.33-2.00
	2.00-3.00

	IV
	1.00-1.25
	2.00-2.50
	3.00-3.75

	V
	> 1.25
	> 2.50
	> 3.75


*e.g. walnut, lemon, fig, apple, grape and bean.

**e.g. barley, wheat, maize, oats, olive and cotton.

***e.g. sugar beet, clover, horse bean, onion, lettuce and carrot.   

In the same WPCR Technical Bulletin, also a table exists (Table 5) on maximum allowable concentration of heavy metals and toxic elements in irrigation water. It is given below in Table 32 and is adopted from EPA.
There are two more Tables (Table 6 and Table 8) in the WPCR Technical Bulletin on reuse of treated effluent for irrigation purposes. Table 6 states the technical limitations and related basis on reuse of water in irrigation whereas Table 8 indicates the suitability of treated domestic wastewater in irrigation without disinfection. Both tables are shown in Table 33 and Table 34.

Table 32. Maximum allowable concentration of heavy metals and toxic elements
in irrigation water in Turkey

	Elements
	Max. total amount to be given to unit area of land 
(kg/ha)
	Maximum allowable  concentration in every type of soil and under continuous irrigation (mg/l)
	Maximum allowable concentration in clayey soil (pH: 6.0-8.5) irrigation less than 20 years (mg/l)

	Aluminum
	4,600
	5.0
	20.0

	Arsenic
	90
	0.1
	2.0

	Beryllium
	90
	0.1
	0.5

	Boron
	680
	specified in Table 9 of the bulletin
	2.0

	Cadmium
	9
	0.01
	0.05

	Chromium
	90
	0.1
	1.0

	Cobalt
	45
	0.05
	5.0

	Copper
	180
	0.2
	5.0

	Fluoride
	920
	1.0
	15.0

	Iron
	4,600
	5.0
	20.0

	Lead
	4,600
	5.0
	10.0

	Lithium *
	-
	2.5
	2.5

	Manganese
	920
	0.2
	10.0

	Molybdenum
	9
	0.01
	0.05*/**1

	Nickel
	920
	0.2
	2.0

	Selenium
	18
	0.02
	0.02

	Vanadium
	-
	0.1
	1.0

	Zinc
	1,840
	2.0
	10.0


* 0.075 mg/l is recommended for irrigation of citrus fruits

*/** allowable concentration in only acidic clay soil with high iron content

Table 33. The technical limitations and related basis on reuse of water in irrigation 
(Table 6 of WPCR Technical Bulletin, 1991)
	Type of crops
	Technical limitations

	Orchard and vineyards
	-No spray irrigation

-Fruits falling on ground cannot be eaten

-Fecal coliform <1,000/100 ml

	Fibrous and seed crops
	-Surface or spray irrigation

-Disinfection and biological treatment are required for spray irrigation

-Fecal coliform <1000/100 ml



	Feed crops, flowers, vegetables which are not eaten raw
	-Surface irrigation

-Minimum mechanical treatment


Table 34. Suitability of treated domestic wastewater in irrigation without disinfection 
(Table 8 of the WPCR Technical Bulletin, 1991)

	
	Arable land


	Meadow and pasture
	Vegetables
	Feed crop
	Fruit production
	Forestry &

Woodland

	Effluent of biological treatment plant or pre-treatment effluent (with 2 hours detention time sedimentation tank)
	(+) for both  NP & P
	(+) for both  NP & P
	(-) for both  NP & P
	(+) for NP

(-)  for P
	(-) for both  NP & P
	(+)

	Effluent of aerobic stabilization ponds and lagoons
	(+) for NP

(-)  for P
	(+) for NP

(-)  for P
	(-) for both  NP & P
	(+) for NP

(-)  for P
	(-) for both  NP & P
	(+)


NP= no plantation

P= plantation (with or without fruits)

Comparison of Reuse Standards for Irrigation in Various Countries
There is not a common regulation of wastewater reuse in the world due to various climatic, geological and geographical conditions, water resources, type of crops and soils, economic and social aspects, and country /state policies towards using wastewater effluents for irrigation purposes. Some countries and organizations have already established reuse standards such as USEPA, California, WHO, FAO, Israel, France, Italy. Most of the developing countries have adopted their own standards from the leading standards set by either FAO, WHO, California, etc. There is not any common regulation of wastewater reuse also at European level. Preparation of wastewater directive is under construction to encompass all of the European water regulations. 

The French guidelines impose a strict control of chemical and microbiological quality of reclaimed waters for reuse; it is similar to WHO standards. In Italy again, an extremely strict guidelines exist on wastewater quality requirements. These guidelines dictate that the area irrigated with wastewater should be marked with signs which warn of possible hygienic dangers. The irrigated area should also be surrounded by a buffer zone of at least 80 meters without taking into account the quality of the wastewater and the irrigation method. The current law imposes to use minimum secondary treatment. Israeli Guidelines are costly and need to be sub sized by the Government. Similar to Italy, the type of treatment required should be kept as secondary treatment. Disinfection and long storage of effluent is required prior to irrigation. WHO emphasize on stabilization ponds as a necessity to meet microbial water quality requirements. The California state stipulates conventional biological wastewater treatment followed by tertiary treatment including filtration and chlorine disinfection to ensure pathogen- free effluent. WHO requires monitoring the intestinal nematodes while California State depends on treatment systems and monitoring of total coliform count The California Wastewater Reclamation Criteria - Title 22 - 1978 is one of the leading ones stated in 1978 that refers to quite detailed and strict guidelines on the basis of its use. The application areas stated are widespread including the irrigation of recreational areas open to public, restricted areas to public like irrigation of golf areas and cemeteries, and agricultural areas. The agricultural areas are also divided into two parts; areas where crops eaten raw are cultivated, and areas where none of the plantation is eaten like meadows, grassland. 

B. Development of Specifications for the Urban Utilization Focusing on the Reuse in Agricultural Production
B.1. Storage of Treated UWWTP Effluent
Information related with this subject was already provided in Sections A.1.2 and A.1.3. 
B.2. Problems Met in Turkey Regarding Sustainable Wastewater Reuse
Even in the greater metropolitan cities and industrialized regions of Turkey, the country is not yet at the stage of implementing reuse technologies, methods and systems. Turkey is currently completing large–scale water supply and UWWTP projects and huge sewage collectors. In short, for Turkey advanced wastewater treatment and reuse application of still of second priority. However, has started negotiations with EU, more projects will have to be implemented in these subjects in the nearest future.
Health Problems Encountered due to Direct Use of Urban Wastewater for Irrigation without Disinfection and even without Treatment 
Due to regional water shortage problems, farmers prefer to directly use sewage for agricultural irrigation purposes. Sewage thereby also provides a good source of nutrients (N, P) for the irrigated crops.  However, this unconscious and uncontrolled use negatively affects public health due to irrigation with water obtained from the sewer (see previous section A.1.3, health impacts of wastewater in the GAP region). 
Treatment Requirements for Sustainable Reuse Application
As Turkey is facing special problems with Boron, this parameter deserves special attention in Turkish legislations. A separate consent exists for Boron (see Table in Section A.2). Besides, some parameters are completely missing in the national legislations. For instance, residual chlorine that is important for the adjustment of disinfection conditions, and some biological parameters such as helminth eggs are not indicated in the legislations. These parameters are of major importance if wastewater reuse is considered for agricultural irrigation purposes. Special attention must be paid for effective and appropriate chlorination. In addition, preparation of guidelines in not sufficient, management strategies, continuous monitoring, legal enforcement strategies, sanctions and heavy penalties must be adopted. This is in particular valid for most of the developing countries. There is also a conflict about who is in charge of responsibilities. In order to eliminate the gaps or redundancies in implementation activities, coordination among the related groups must be achieved.
Irrigation Methods for Sustainable Wastewater Reuse
Irrigation methods advised according to crop type are given in Table 33.
References
ASKI, 2002. General Directorate of Ankara Greater Municipality Water and Sewerage Administration, Treatment Plants  Department - General Directorate of Rural Affairs, Research Institute of Ankara, Ankara, 2002.  Land Use of Biosolids (Treatment Sludge).
Aydin, M. E. and Gur, K O., 2002. Using Reclaimed Municipal Wastewater for Irrigation. Proceedings of International Conference on Sustainable Use and Management, Soil Science Society of Turkey, Canakkale.

FAO, 1992. Wastewater Treatment and Use in Agriculture. M.B. Pescod. FAO Irrigation and Drainage Paper Nr. 47, Food and Agricultural Organization, Rome. pp.125.
GAP Project, 2001. Treatment of Municipal Wastewater and its Reuse in the GAP Region. Siverek Pilot Case Feasibility Study, Final Report, CDROM, BRL Ingenierie – SU YAPI, 2001.
Natural Treatment Systems Booklet, 2004. Ministry of Agriculture and Rural Works, General Directorate of Rural Affairs.

SIS, 2000. State Institute of Statistics, Mortality Analysis 1999 Census of Population.

WPCR Technical Bulletin, 1991. Turkish Water Pollution Control Regulation (WPCR) Technical Bulletin, January 7th, 1991, Reference Nr. 20748.
WPCR, 2004. Turkish Water Pollution Control Regulation, Official Newspaper, December 31st 2004, Reference Nr. 25687.

 MEDAWARE 


   ME8/AIDCO/2001/0515/59341-P033 








PAGE  
2

[image: image4.jpg]MEDA Water



