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1. Executive Summary

Existing municipal collection systems and wastewater treatment plants in the five riparian countries, with direct discharge of wastewater to the Caspian Sea, have been identified, and treatment practices have been studied.

Most major cities have municipal wastewater collection systems, but in general only part of the inhabitants are connected. It also seems, that the municipal collection systems in the region, in generally are in bad or very bad physical conditions, mainly due to lack of maintenance. Further to this, it is commonly observed that only part of the collected wastewater receives treatment at a wastewater treatment plant prior to discharge to the Caspian Sea.  

In many smaller towns and settlements, there are no central collection systems. Wastewater from these agglomerations is typically disposed to small deep ponds (pits). Particles would settle in such ponds, whereas the water would infiltrate the soil and/or evaporate. During periods with high hydraulic loads, or in situations where the pit is filled with sludge, there will be an overflow of wastewater. This overflow could enter small channels or creaks, and may finally be discharged to the Sea.

Two major wastewater treatment plants (WWTP’s) are located in the Apsheron area of Azerbaijan. Those are the Govsany WWTP in the City of Baku (5.7 m3/s), which is by far the largest plant in the whole area of the coast of the Caspian Sea, and the Sumgayit WWTP in the City of Sumgayit (1.7 m3/s). In addition to these major plants there are a number of minor plants in the Apsheron area, but the total flow from these plants contributes with less than 10% of the total flow from the Apsheron area. At the coastal areas outside the Apsheron Peninsula, a total of 11 towns from which municipal wastewater is discharged directly to the Sea, have been identified. The number of inhabitants in these cities varies between 2,000 and 70,000. Wastewater treatment plants have been constructed in many of these cities, but it seems that only one of the plants is actually in operation. In the remaining cities construction of WWTP’s were commenced but never finalised. At least in one city, the treatment plant were flooded as a result of the rising Sea level.       

In Russia, the main cities with direct discharge to the Caspian Sea are Astakhan, located in the Volga delta, and Makhachkala located in Dagestan. Both these major cities have mechanical and biological treatment plants. In the City of Astrakan, there are a total of three plants serving a population of a little less than 500,000 inhabitants. However, it seems that the treatment efficiency is low. A number of small biological treatment plants were identified in the Volga Delta outside the City of Astrakhan. However, the total flow from these plants contributes with less than 5% of the flow from the City of Astrakhan. No data from kalmykia was obtained.

Only one city in Kazakhstan, the City of Aktau has direct discharge of municipal wastewater. 75 % of the wastewater discharged to the Caspian Sea has received biological treatment in the KOC-1 municipal WWTP of Aktau. The other main city at the Kazakhstan coastline, Atyrau wastewater is discharged to an evaporation ponds, and therefore there is no discharge of municipal wastewater to the Caspian Sea from Atyrau.  

The only major city in Turkmenistan at the coastline of the Caspian Sea is the city of Turkmenbashi which has approximately 65,000 inhabitants /4/. In Turkmenbashi it is in principle the practice to discharge the wastewater, treated or untreated, to the desert for infiltration/evaporation. However, due to failure in the operation of pumping stations, from which the wastewater is pumped to the evaporation pond, the wastewater is typically discharged directly to the Sea through emergency outlets. Two smaller towns, Cheleken and Bekdash are also discharging directly to the Caspian Sea.

A total of 15 cities along the Iranian coast are assumed to discharge municipal wastewater directly to the Caspian Sea. The population of these cities varies from 30,000 to 230,000 inhabitants. The existence of central sewage systems seems to be less common in I.R. Iran than in the other riparian countries /5/. Therefore it must be assumed that a considerable part of the municipal wastewater along the Iranian coast is discharged to pits, open channels, creaks and small rivers. However for the preparation of the load inventory of this study, it is assumed that most of the discharged municipal wastewater eventually reaches the Sea. According to /5/, there are no treatment plants in the coastal cities. A treatment plant is presently being constructed in the City of Rasht, and the wastewater from this city is discharged to a major river.

Most, if not all, treatment plants identified in the study area are assumed to have been constructed during the Soviet period (exept the wastewater treatment plant under construction in Rasht). The process layouts and the applied machinery and control concepts, appear to be very similar for all the plants, and typical for the Soviet era. The plants are either solely mechanical plants or combined mechanical-biological plants. The mechanical stage typically consists of coarse screens, grit removal and primary sedimentation. If present, the biological stage is generally designed for BOD-removal only, and based on activated sludge with diffusers or turbine surface aerators. Many of the plants are designed for disinfection of the effluent wastewater by addition of chlorine.

In several cases data on effluent wastewater indicates, that the biological plants are operating with full nitrification. This is in accordance with the fact that the effluent standards for some plants, shows very low limit concentrations for ammonia nitrogen. There are apparently no plants in the region designed for removal of nitrogen and phosphorous. 

Monitoring of operational parameters, process control and data sampling and processing, are typically conducted manually and locally at the different unit processes. 

Sludge handling usually consists of dewatering in drying beds and subsequent disposal in landfill deposits. Agricultural use of sludge does not seem be common practice in the region. Digesters are some times present at the larger plants, but it appears that they are only occasionally in operation.

The load of pollutants from municipal wastewater discharged directly to the Caspian Sea, treated as well as untreated has been estimated. Wastewater discharge from the Apsheron peninsula in Azerbaijan, including the City of Baku and the City of Sumgayit, is by far the largest single contributor to the direct loads of pollutants to the Caspian Sea, originating from municipal wastewater sources. Thus, more than 45% of the total flow of municipal wastewater discharged to the Caspian Sea, comes from the Apsheron area. In terms of BOD the percentage is somewhat smaller (around 35 %), since a considerable part of the flow from the Apsheron area, are treated in biological wastewater treatment plants.    

For the whole Caspian Sea, it is estimated that some 40 % of the municipal wastewater discharged directly to the Sea, has received mechanical treatment and in some cases also biological treatment. This means that 60 % of the municipal wastewater is discharged directly to the Caspian Sea without any treatment. 

To set the load of pollutants from municipal wastewater in perspective, an estimate of the pollution load from rivers has also been made. 

As expected the vast majority of the water flowing into the Caspian Sea comes from the rivers, and especially the Volga River dominates the picture. Thus more than 80% of the total flow of water, and around 70% of the load of BOD, into the Caspian Sea, comes from the Volga River. The flow of municipal wastewater discharged directly to the caspian Sea constitutes only 0.3% of the total flow of water to the Sea. However, in terms of BOD load, the municipal wastewater contributes with some 14% of the total load to the Sea. 

From the above it would appear, that the discharge of pollutants with municipal wastewater is a minor problem in terms of the general state of the Environment of the Caspian Sea. However, from a local point of view, municipal wastewater may play a decisive role, especially with respect to the hygienic conditions in the cities as well as along the coast of nearby population centres. Therefore, it is recommended that high priority is given to the upgrading of the collection systems and wastewater treatment facilities.

Three scenarios for such upgrading of collection and wastewater systems have been compiled. 

For the first scenario it is assumed that cities with direct discharge of municipal wastewater to the Caspian Sea, generating a load of less than 15,000 p.e., are covered by collection systems and by mechanical treatment of the collected wastewater. Cities generating a load over more than 15,000 p.e., are in addition covered by biological treatment. This is assumed to correspond, more or less, to compliance with national intentions in most riparian countries. Compared to the present load – i.e. the do nothing situation – applying scenario 1 will reduce the BOD, Total-N, Total-P and E. Coli loads to the Caspian Sea with 83, 25, 29 and 85% respectively. A rough cost estimate indicates the total investment cost for implementation of scenario 1 to be of the magnitude of 2.3 billion EURO. 80% of this investment is allocated to the renovation and extension of the collection systems. In addition to the investment costs, annual operation and maintenance cost of the magnitude of 2.3 million EURO must be taken in to account.   

In the second scenario it is assumed that the wastewater is treated in accordance with the EU standards for discharge of municipal wastewater to sensitive recipients /13/. This means that all discharges above 10,000 p.e. must be covered by mechanical and biological treatment with N and P removal. Applying scenario 2 will greatly improve the removal of nitrogen and phosphorous, but at an extra cost for WWTP investments around 300 million EURO compared to scenario 1. Investments in collection systems will remain the same. The removal of E. Coli will be around 99%, and this is without implementation of a disinfection stage. 

The third scenario is an extension of the first scenario, so in addition to the demands of the first scenario it is assumed, that cities with more than 100,000 p.e, is also covered with nitrogen removal. For Cities with more than 100,000 p.e, and located at the northern coastlines of the Caspian Sea where the water is shallow and has a low salinity, treatment also includes phosphorous removal. Applying scenario 3, will result in a considerable nitrogen removal, whereas the phosphorous removal is only slightly better than that of scenario 1. The extra costs for WWTP investments compared to scenario 1, is some 150 million EURO.

The implementation of chlorine based disinfection stages are not included in any of the compiled scenarios, since such disinfection stages is not recommended in the present study. This is due to the widespread worries that this practice could result in the generation of chlorinated organics with potential carcinogenic effects. And furthermore, that although E. Coli counts is extensively reduced, chlorination may be less efficient in removing the real pathogenic organisms.

Based on the above abatement scenarios it is recommended to move towards an extension and upgrading of the collection and treatment facilities aiming at scenario 3 as the long term goal. As a short term goal scenario 1should be implemented. 

The upgrading and extension of wastewater treatment facilities should be based on a strategy of phased implementation according to the following phases:

Phase 1: Sea out falls are constructed at existing treatment plants, suitable for upgrading, or at new localities where the construction of new treatment plants are planned. The collected wastewater is discharged untreated or, if a WWTP exists, after treatment according to the capabilities of the existing plant. Sea out falls may not be applied in the Astrakhan region because of the shallow water in the northern basin. In such cases the discharge point should be chosen to obtain maximum dilution. Most likely this will be in the middle of strong river currents.  

Phase 2: The collection systems in major cities are extended and upgraded. 

Phase 3:
WWTP´s are constructed (or renovated and upgraded) for mechanical and biological treatment (BOD-removal only). The new WWTP and the renovated/upgraded WWTP´s should be prepared for further upgrading to nutrient removal technology. 

Phase 4:
If ecological studies shows that nutrients discharged by municipal wastewater has an important effect on the local or overall environmental conditions in the Caspian Sea, the major WWTP should be further upgraded for nutrient removal. This could be a differentiated upgrading, in the sense that WWTP’s located at the northern coastlines, where the water is shallow and the salinity is low, should have both nitrogen and phosphorous removal, whereas the southern plants should only have nitrogen removal. 

Regarding appropriate monitoring of effluent wastewater from wastewater treatment plants, it is recommended that considerable effort is put into the improvement of flow measurement and sampling procedures. It is recommended that continuous flow measurement is implemented on all treatment plants. Furthermore it is recommended that time proportional sampling is introduced at smaller treatment plants (less than 100,000 PE), and flow proportional measurement is applied at larger plants.

Background

In 1995, the Caspian littoral states agreed to improve the Caspian Environment by implementing the “Caspian Environment Programme”, with strong support from a number of financing agencies.

As part of this programme a number of Caspian Regional Thematic Centres (CRTC’s) has been set up. One of them, the Caspian Centre for Pollution Control (CCPC), is established to assess the sources and effects of pollution in the Caspian Sea. Further to this, priorities are to be established for reducing pollution, and recommendations are to be provided for improving control methods. 

The present study is part of the findings within the work programme of the CCPC, and addresses the aspect of pollution from direct discharge of treated or non-treated municipal wastewater to the Caspian Sea. 

The report has been prepared at the CCPC office in Baku by Per Elberg Jørgensen during the periods of 23 August to 25 September 1999 and 15 to 25 November 1999. It is based on information from literature, reports by local consultants in the riparian states, interview of relevant persons and site visits to waste water treatment plants. A list of organisations and persons contacted is given in Appendix 6.

The approach when preparing the report has been to start with the establishment of an overview of the present situation, regarding municipal wastewater collection and treatment facilities in the coastal areas of the Caspian Sea. Following this, an estimation of the loads of pollution from municipal wastewater is given country by country. 

The contribution of pollution loads from municipal point sources to the total load of pollutants to the Caspian Sea, is then set in perspective by comparison with the pollution loads from the rivers flowing into the Sea.     

Further to this, a number of scenarios for wastewater treatment at different levels are set up, and the effects in terms of pollution loads are assessed. Rough estimates for investment costs needed to bring the treatment facilities to the different levels described in the scenarios, are also included.

Finally, recommendations for improved monitoring of domestic wastewater discharged from wastewater treatment plants are suggested. 

Existing wastewater collection and treatment systems 

Five countries have Caspian Sea coastlines in their territories. These are Azerbaijan, I.R. Iran, Kazakhstan, Russia and Turkmenistan. The most populated coast areas are to the north, west and south of the Sea, whereas the eastern coast areas mainly consist of deserts with low numbers of inhabitants. An overview map of the coastal regions of the Caspian Sea, showing the locations of cities, is given in Appendix 1.

In this section is given a country by country overview of the present situation, regarding municipal wastewater collection and treatment facilities in the coastal areas of the Caspian Sea. Collected data on flows and concentration of pollutants is also presented. It must be emphasised that in general only relatively few and scattered data has been available. Further to this, obtained data must often be considered as less reliable since flow is typically based on visual inspection or pump characteristics, sampling is based on grab sampling only, and laboratory facilities is often insufficient.

1.1. Azerbaijan

All data in this section are based on /1/ unless otherwise is stated.

1.1.1 Population Centres

The main part of the population of the coastal area of Azerbaijan is living in the Capital of Baku, located on the south coast of the Apsheron peninsula. The number of inhabitants in Baku and its nearby surroundings is estimated at 2 million. The only other major population centre of the coastal area is the city of Sumgayit located on the north coast of Apsheron. Sumgayit has approximately 340,000 inhabitants.

Along the rest of the Azerbaijan coastline, north and south of the Apsheron peninsula, there are only a few larger cities with direct discharge of wastewater to the Caspian Sea. These are Davichi to the north, and Gobustan, Alyat, Neftchala, Narimanabad, Lenkoran and Astara to the south. The total population of these cities does not exceed 250,000 persons.

1.1.2 Collection and treatment facilities in Baku

The first parts of the collection system were constructed in 1924-34 and the remaining part in a number of phases from 1972-86. Approximately 70% of the population in the city of Baku are connected to the wastewater collection system /8/. A recent study of the physical condition of the collection system concluded that the collection system is generally in a bad shape and major cleaning and rehabilitation works are urgently needed. 

In addition, to connect the whole population, considerable extension works will have to be conducted. Feasibility studies have been prepared regarding the upgrading of the collection system, but due to lack of funds, there are no on-going works being conducted /8, 5/. A feasibility study regarding optimal disposal of wastewater from the Baku area recommended, that the main part of the wastewater should be discharged through one or two sea out falls /16/.

1.1.2.1 Govsany WWTP

The City of Baku has one major wastewater treatment plant (WWTP), the Govsany WWTP. The Baku Sewerage Department, “Bakkanalizasiya”, a branch of the Baku municipal administration, is the overall responsible body for the operation of the WWTP and the collection system. According to /9/, some 1,1-1,2 million inhabitants are connected to the plant, and part of the load (estimated to 20%) originates from industry. The total flow in 1998 was 179 million m3 which gives a daily average flow of 490,000 m3/d /1/.

A visit to the Govsany WWTP was conducted on 1 September 1999. The unit processes of the plant includes: 

· Inlet construction with bypass facilities

· Screening

· Grit removal

· Primary Sedimentation

· Activated sludge diffused air aeration

· Secondary sedimentation

· Chlorine disinfection

Primary as well as secondary surplus sludge was pumped to draining beds, and after drying up, the sludge was disposed at nearby field deposits. Digesters had been constructed at the site, but these have never been in operation due to design errors.  

The plant is constructed during the period of 1979-84. The original design was made for more than twice the existing hydraulic capacity, which is some 600,000 m3/d, but lack of funds stopped finalisation of the original plans.

Taking into account the difficult situation at present, where funds for maintenance are very scarce, the plant seemed to be in quite good condition, and to be surprisingly well maintained. Based on the brief inspection at the visit, it appears that the physical condition of many of the concrete constructions is quite good, and could be reused in a major upgrading and extension of the plant. However, most of the equipment, including blowers, primary sludge pumps, activated sludge recirculation pumps and scraper equipment, have been in service for 15-20 years. This is normally considered to be the typical “living time” for such equipment, and therefore it will soon have to be replaced by new equipment to avoid major mechanical breakdowns.

The screening facilities also appeared to be outdated. The distance between the bars appeared to be in the range of 10 – 20 mm, and at the visit it seemed that only small amounts of screening material was being collected, in relation to the size of the flow. To reduce the risk of clogging of pipes and pumps, finer screens should be installed in the event of a major upgrading of the plant.      

All mechanical equipment was manually and locally controlled. Manual control seems adequate and appropriate for the present process level, and with respect to the present situation in Azerbaijan, where costs for labour is relatively cheap and funds for advanced equipment is lacking. 

One exception from not applying automatic equipment, would be flow measurement. Presently the flow is estimated from water depth (measuring stick) and velocity (looking at particles in the water) in the inlet channel. This practice could results in large errors in the flow data. This is unfortunate since flow is one of the most important parameters from a design and operational point of view.    

The plant had laboratory facilities (not inspected at the visit) with the ability to analyse for all traditional wastewater parameters. 

At the visit, the data from the latest inlet and outlet set of analysis were given to the consultant. This data set is attached as Appendix 2. Some data on effluent concentrations is also available from /6/, and these data are in quite good accordance with the data obtained at the visit to Govsany WWTP. A list of ranges of concentrations for selected key parameters is given in Table 3.1.

Table 3.1 Govsany WWTP. Inlet and outlet data for selected key parameters.  Based on /1/, /6/ and /10/.

Parameter (mg/l)
Inlet
Outlet

BOD5 
75-88
10

COD 
163-215
28-32

SS 
119-127
9-11

Total-N
20
7-8

Total-P
11
1-4

Some data on effluent concentrations is also available from /6/, and these data are in good accordance with the data presented in Table 3.1.

The low to very low concentrations of BOD, COD, SS, Total-N and Total-P is a striking characteristic of the inlet wastewater. In fact, the concentrations for most parameters are less than half the concentrations in typical Western Europe medium strength municipal wastewater. This is however not unusual in Eastern European countries.  

In /6/ data for E. coli counts in effluent wastewater, measured on a monthly basis in 1997 and 1998, can be found. In 1997, the E. coli counts showed values in the range of 2000-5000 counts/100 ml indicating that disinfection stage were out of operation. The counts decreased dramatically to a typical value of 100 counts/100 ml in 1998, when apparently the disinfection stage were back in operation. 

 A summery of all raw data collected is given in Appendix 4.

At the visit, a list of limit values, presently in force, for effluent wastewater discharged from the Govsany WWTP were given to the consultant. A selection of key parameters from this list is given in Table 3.2. A full list of the limit values is given in appendix 3. 

Table 3.2 Govsany WWTP. Selected limit values for effluent wastewater discharged from the Govsany WWTP
Parameter (mg/l)
Limit value

BOD 
15

SS 
15

Ammonium-N
0.5

From Table 3.1 and Table 3.2 it appears that the measured concentrations for BOD and SS is below the respective limit values, i.e. the plant complies to the standards for these two parameters. For ammonia however, measured outlet concentration is much higher the limit value. Single measurements of ammonia effluent concentrations in 1990, 1997 and 1998 can be found in /6/, and these shows ammonia concentrations in the range of 2-4 mg N/l, i.e. also above the limit value. This indicates that in general, the Govsany WWTP can not comply with the effluent standards, and in general do not have full nitrification. For a more general discussion effluent standards, please refer to section 2.1.5.

1.1.2.2 Other WWTP’s in the Baku area

In addition to the Govsany WWTP there are a number of smaller wastewater treatment plants in Baku and it’s nearby surroundings. Some of them are municipal plants, while other are industrial treatment plants receiving also domestic wastewater from the near by settlements. Some key data for these minor treatment plants are given in Table 3.3.

Table 3.3 Selected key data for minor treatment plants in Baku City and surroundings. Based on /1/ and /6/. Data are from 1998 unless otherwise stated

Name of WWTP
Operator
Pro-

Cess
Flow 

(103 m3/d)
BOD

Inlet/Outlet

(mg/l)
Total-N

Inlet/Outlet

(mg/l)
Total-P

Inlet/Outlet

(mg/l)

Zikh
BSD
M
43-45
136 / 63-78
n.a. / 131
n.a. / 2.31

Haji Hassan
AVC
M
17-23
136 / 64-72
n.a. / 201
n.a. / 3.81

Mardakan Shuvelan
BSD
M+D
2.3-3
182 / 83-103
n.a. / 451
n.a. / 4.71

Pirallahi (Arttom) 
Industry
MB
0.2-0.3
n.a. / 10
n.a. / n.a.
n.a. / n.a.

A.N.A.D. Oil Refinery 
Industry
MB
3-20
n.a. / 171
n.a. / 371
n.a. / n.a.  

Oil Platf. Constr.
Industry
MB
0.6
n.a. / 12
n.a. / 2
n.a. / 1.0  

A.N.A.D.: Azerneftyanadjag
BSD:
Baku Sewerage Department,  “Bakkanalizasiya” 

AVC:
Apsheron Vodocanal

M:
Mechanical treatment 

B:
Biological Treatment

D:
Disinfection (by chlorination)

n.a.
Data not available

1:
1991

As it appears from Table 3.3, the total flow for all the minor plants is in the range of 66,000 – 93,000 m3/d. corresponding to 10-15 % of the flow of the Govsany WWTP. Although the effluent concentrations of pollutants may be considerable higher from the small plants, at least from the mechanical plants, compared to the effluent concentrations from the Govsany WWTP, the total load from the small plants is still a minor source of pollution in the overall picture. 

A few data on process temperature are available in /6/. From these data it seems that typical temperatures are in the range 15-25 (C.

Data on E. coli in effluent wastewater are available in the database for a few of the treatment plants. Typical values are around 100 counts/100 ml if disinfection is applied (and properly operated) and 3000-5000 counts/100 ml in effluents from mechanical and mechanical biological WWTP’s.

Please refer to Appendix 4 for a summery of all raw data collected.

1.1.2.3 Azerneftyanadjag Oil Refinery WWTP

The only plant visited among the minor plants was the WWTP at the Azerneftyanadjag Oil Refinery. This plant was selected to see an example of an industrial operated plant. According to the Chief Operator, the plant was designed for a daily average flow of 50,000 m3. Due to a decrease in the production of the refinery, the actual flow is only 20,000 m3/d. Municipal wastewater contributes with approximately 50% of the total flow. Municipal wastewater is led to primary sedimentation tanks and subsequently mixed with process water in an aerated mixing tank. Oil separation of industrial flows is carried out at different locations at the production site. 

The mixture flows to biological treatment in a two stage diffused air activated sludge plant. After secondary settling, the effluent is pumped to the Govsany WWTP where it is mixed with the effluent of the Govsany WWTP and discharged to the Caspian Sea. In general the plant seemed relatively well maintained. At the time of the visit, the diffusers in the first stage of the activated sludge plant had recently been renovated. 

One major operational problem was noticed at the visit; the scrapers of the secondary sedimentation tanks were out of operation, and therefore the concentration of activated sludge in the aeration tanks was much lower than needed for proper biological degradation. It was not clear, whether or not, the operators were fully aware of the importance of a proper function of the scrapers.  

According to the Chief Operator wastewater samples were taken on a routine basis at different points along the process train. Samples were taken as grab samples. The laboratory could not be inspected at the visit. 

There was no equipment for flow measurement. Flow was estimated from pump characteristics.

1.1.3 Collection and treatment facilities in Sumgayit

1.1.3.1 Collection system in Sumgayit

The Sumgayit Water and Wastewater Department, “Sumgayiut Vodocanal”, a branch of the Sumgayit municipal administration, is the overall responsible body for the operation of the collection system and the WWTP in Sumgayit. 

The first parts of the Sumgayit collection system were constructed in 1950. Later, in the sixties, the system was extended to be able to connect the wastewater to the treatment plant. According to /1/ approximately 80 % of the population in the city of Sumgayit are connected to the wastewater collection system. The physical condition of the collection system is a very bad, with major parts close to collapse. Further to this, the construction of unauthorised outlets from domestic and industrial sources leading wastewater directly to the Caspian Sea, i.e. bypassing the municipal collection system, seems to be a common practice in the area /11/.  

Feasibility studies have been prepared regarding the upgrading of the collection system, but due to lack of funds, there are no on-going works being conducted /11/.   

1.1.3.2 Sumgayit WWTP

The Sumgayit WWTP was put into operation in 1967. Originally the plant was designed and constructed to treat process water from the Organic Synthesis Industry. Later the municipal collection system was also connected, and presently it is assumed that some 300,000 inhabitants are connected to the plant. The total flow in 1998 was estimated at 53 million m3, which gives a daily average flow of 145,000 m3. Approximately half of the flow is assumed to come from industrial sources 

A visit to the Sumgayit WWTP was conducted on 7 September 1999. The unit processes of the plant includes: 

· Inlet construction with bypass facilities

· Grit removal

· Primary Sedimentation

· Activated sludge diffused air aeration

· Secondary sedimentation

Sludge handling facilities includes digesters, sand draining beds, and field deposit sites. 

Most of the equipment appeared to be non-operational. This was true for all the scrapers in the primary sedimentation tanks, and most of the scrapers in the secondary sedimentation tanks. As expected, in the light of the scraper problems, the concentration of mixed liquor suspended solids in the aeration tanks, seemed to be very low. The digesters were also out of operation, properly not only because of lack of sludge from the sedimentation tanks, but also because of the generally bad condition of the digester constructions and the equipment.  

From the site visit it was obvious that in general all constructions, machinery and other equipment was outdated, and in a very bad physical condition. 

It is assessed that no part of the treatment plant is feasible for reuse in the case of a re-establishment of the treatment facilities in the city of Sumgayit. 

Data for influent and effluent wastewater at the Sumgayit WWTP is included in Appendix 4.

1.1.4 Collection and treatment facilities in the coastal areas outside the Apsheron peninsula

A number of cities with direct discharge of wastewater to the Caspian Sea has been identified. Regarding the cities outside the Apsheron Peninsula, direct discharge is defined as discharge directly from the sewage system to the Sea, via short distances in minor streams, or via artificial water channels. In Table 3.4, cities with direct discharge of treated or un-treated municipal wastewater to the Caspian Sea are listed along with some discharge key data.

Table 3.4 Selected key data for larger cities in Azerbaijan with direct discharge of municipal wastewater to the Caspian Sea. Based on /1/, /8/. Data are from 1998 unless otherwise stated

Name of City
Population


Discharged 

Flow 

(103 m3/d)
Connected  to sewerage system

%
Discharge

Point 


WWTP

Khudat
12,000
6
0
Samir-Davichi channel
(Yes)

Khachmas
44,000
21
60
Sea
N.i.o (M)

Siazan
21,000
10
n.a.
Sea
(Yes)

Nasosniy
2,000
1
10
Sea
No

Gobustan
13,000
6
95
Sea
(Yes)

Ali-Bayramly
69,000
33
40
Bash-Shivar channel 
No

Salyan
33,000
16
20
Sea
N.i.o

Neftchala
16,000
8
40
Sea
No

Lenkoran
47,000
23
73
Sea
(Yes)

Astara
14,000
7
0
Sea
No

Total
271,000
131,000




(Yes):
Construction started but never finalised – plant not operational. Khudat has a mechanical WWTTP but it is now flooded and out of operation

N.i.o:
Not in operation 

M:
Mechanical WWTP   

n.a.:
Data not available

As it appears from Table 3.4, the total population of the cities discharging directly to the Caspian Sea constitutes some 271,000 persons. This corresponds to only a little more than 10% of the population of Baku and Sumgayit together, and emphasises the minor importance of the discharges outside the Apsheron peninsula. 

All the cities, with the exception of Khudat and Astara, seems to have municipal collection systems. The percentage of the population connected to the sewers varies from 10% in Nasosniy to 95% in Gobustan. The physical state of the collection systems must be assumed to be no better than that of the systems in the Baku area. 

In many of the cities listed in Table 3.4, construction of treatment plants was commenced in the 1980’s. However, due to the lack of funds, most of the plants, if not all, were never finalised, and has never been operational. In fact it seems, that at present, non of the above mentioned cities has operational wastewater treatment facilities, and therefore the wastewater from all the cities is discharged directly to the Caspian Sea without any treatment.

No data is available on the quality of the wastewater discharged from the above mentioned cities. In some cases data on the quality of the channel water exists, but since the channel water is a mixture of water from small streams, drain water and domestic wastewater these data are not relevant with respect to estimation of the load of municipal wastewater.

It should be mentioned that contradictory information has been received, regarding the existence of sewage systems in some of the minor towns listed in Table 3.4. Some information indicates that the smaller settlements typically discharges wastewater to storage ponds, from which the water may infiltrate or evaporate. Therefore there is typically no discharge to the sea from such settlements.

1.1.5 Effluent standards and effluent control

1.1.5.1 Effluent standards

In general, it seems, that the legal system currently used in Azerbaijan in relation to WWTP’s, i.e. issue of effluent standards, control of compliance to standards, and enforcement of the standards by the use of sanctions, is that of the former Soviet Union. 

During the present study, the impression has been that legislation on wastewater aspects is floating in a “vacuum” between the rules of the Soviet era and the endeavours of establishing a new modernised Azerbaijan system of legislation. For instance, under the former soviet period a body entitled “General Environmental Prospect” was, among other things, responsible for the overall planning of the development of water and wastewater facilities. This body would decide in which areas and to what level, collection and wastewater treatment facilities should be implemented. However, after the collapse of the Soviet Union, this body has ceased to operate and therefore it seems that the municipal administrations has no general guidelines to follow.

This leaves the planning of the development of the wastewater facilities, to be a question of local municipal officers interest in these aspects. In addition to this, and overruling the structural problems of the administration, the bad economical situation means that virtually nothing is done at the moment in terms of extension and upgrading of collection and treatment facilities.

The situation certainly also applies for the enforcement of effluent standards, which for the time being seems rather random and inadequate.

On this background, the description of the legislative aspects of the wastewater matters given below, should be regarded merely as a description of principles than as a description of the practices applied.

At the government level, the Ministry of Municipal Affairs, is in principle the body in charge of the legal aspects of the operation of collection systems and WWTP’s.

At the municipality level, all major cities have a special branch of their administration that is responsible for drinking water and wastewater issues. In Baku and Sumgayit the branches are “the Baku Sewerage Department” (Bakkanalizasiya) and “the Sumgayit Water and Wastewater Department” (Sumgayit Vodocanal) respectively.

These departments are the issuing bodies of effluent standards, and at the same time, they are also the overall responsible bodies for the operation of the municipal collection systems and the municipal wastewater treatment plants in Baku and Sumgayit.

Effluent standards are in principle issued separately for each WWTP. However in practice it seems that certain “standard” guidelines (see Table 3.5) based on the applied level of process technology are usually followed /7/.

Table 3.5 Often used limit value guidelines for WWTP effluent standards in Azerbaijan.

Parameter
Mechanical

Treatment
Biological

Treatment

BOD5 (mg/l)
-
15

SS (mg/l)
25
15

Ammonia-N (mg/l)
-
0.5

Nitrate-N (mg/l) 
-
40

Nitrite-N (mg/l)
-
0.08

Oil hydrocarbon (mg/l)
251
-

1: Only for treatment plants receiving wastewater form oil industry 

As it appears from Table 3.5, the maximum allowable effluent concentration of ammonia is 0.5 mg N/l for treatment plants with a biological stage. This means that the biological stage must be designed for nitrification. However, since there is no limit for total-N, denitrification will not be necessary, and therefore no nitrogen removal will take place, apart from the nitrogen removal related to the assimilation of nitrogen during the BOD-removal process

From Table 3.5 it further appears that, that the removal of phosphorous is not considered in Azerbaijan.

The effluent standards for Govsany WWTP (discussed in section 2.1.2), appears to be in accordance with the guidelines given in Table 3.5, except that Govsany WWTP has no standards for nitrate and nitrite.

1.1.5.2 Control of effluent standards

The State Committee of Ecology is the body responsible for the sampling and analysing of effluent wastewater in order to control that the treatment plants are in compliance with the effluent standards.

All sampling appears to be based on grab samples. For the large Govsany WWTP the sampling and analysis schedule includes analysis for BOD, E. coli and active chlorine every day, whereas most of the remaining parameters are checked once every 10 days. For minor treatment plants, more modest four times a year sampling and analysis schedule including all the parameters, seems to be the rule.

The State Committee of Ecology operates a number of laboratories that has among their task to analyse the effluent samples from the treatment plants. In Baku, one of the laboratories used is located at the “State Caspian Sea Inspectorate”. 

1.1.5.3 Sanctions

The control authority (State Committee of Ecology), have a range of sanction possibilities to enforce the compliance to effluent standards. Sanctions on municipal WWTP’s ranges from warnings, in case of minor failures and for less important parameters, to fines in case of more severe and persistent failures. The control authority can also fine industries if these fail to comply with their discharge standards. Usually the fines to be paid by industries are much larger than the fines laied down on municipal WWTP’s.

If it is found that standards are not complied to because of insufficient technical capacity of the WWTP, the municipal administration, in case of Baku and Sumgayit, and the Ministry of Municipal Affairs, in case of cities outside the Apsheron peninsula, should allocate money for upgrading and extension. However, since both the municipalities and the Ministry is short of funds, no money seems to have been allocated for such purposes since the collapse of the Soviet Union.

1.2. I.R. Iran

At the time of the finalisation of this report, no data had been received from I.R. Iran. Cities on, or very close to the coastline, are assumed to discharge wastewater directly to the Sea. Such cities have been identified by the use of commercial maps, and listed in Table 3.6. The number of inhabitants of some of the cities could be obtained from /18/. The indicated discharge flows are based on the number of inhabitants, and a water consumption of 480 l pr. capita/day, that is the water consumption level generally found in the Caspian Region. 
Table 3.6 Selected key data for larger cities in I. R. Iran with direct discharge of domestic wastewater to the Caspian Sea. Based on /5, 18/. 

City / District
Population


Discharged 

Flow 

(103 m3/d)
Connected  to sewerage system

%
Discharge

Point 


WWTP

Astara / G
33,000
16,000*
n.a.
Sea
n.a.

Hashtpar / G
230,000
110,000*
n.a.
Sea
n.a.

Bandar Anzali / G
112,000
54,000*
n.a.
Sea
n.a.

Fooman / G
175,000
84,000*
n.a.
Sea
n.a.

Some-h-sara / G
132,000
63,000*
n.a.
Sea
n.a.

Langarud / G
110,000
53,000*
n.a.
Sea
n.a.

Rud Sar / G
202,000
97,000*
n.a.
Sea
n.a.

Ram Sar / M
n.a.
n.a.
n.a.
Sea
n.a.

Tonkabon / M
n.a.
n.a.
n.a.
Sea
n.a.

Chalus / M
n.a.
n.a.
n.a.
Sea
n.a.

Now Shahr / M
n.a.
n.a.
n.a.
Sea
n.a.

Nur / M
n.a.
n.a.
n.a.
Sea
n.a.

Fereidun Kenar / M
n.a.
n.a.
n.a.
Sea
n.a.

Babolsar / M 
n.a.
n.a.
n.a.
Sea
n.a.

Quam-Shahr
124,000
60,000*
n.a.
Sea
n.a.

Total






n.a.:
Data not available

*:
Based on the number of inhabitants and a water consumption of 480 l/capita*day

G:
Gilan 

M:     Mazandaran

1.3. Kazakhstan

In this section all data are based on /3, 14/. A list received from local experts from Kazakhstan, on cities discharging to the Caspian Sea, is given in Appendix 7.

Two major cities are located at the coastline of Kazakhstan; Atyrau (Atyrau City 150,000 inhabitants and Kurmangazi district 50,000 inhabitants) located to the north of the Sea on the Ural River, and Aktau (130,000 inhabitants) located on the North Eastern part of the Caspian Sea coast line.  

In the city of Atyrau, municipal and industrial wastewater is collected in sewers and treated at a mechanical treatment plant. The treated wastewater is discharged to an evaporation pond. This means, that there is no discharge of municipal wastewater from Atyrau to the Caspian Sea, and therefore Atyrau is not included in the load inventory of the present study.

The City of Aktau has a sewage collection system that in principal covers all domestic areas in the City. The wastewater collected from the lower part of the City, which constitutes 75% of the total flow of wastewater from the city, goes to the KOC-1 WWTP.  The first part of the KOC-1 plant was constructed in 1972, with a capacity of 40,000 m3/d. In 1982 the plant was extended to the present capacity of 72,000 m3/d. The present load is 50,000 m3/d. The unit processes at the KOC-1 WWTP consists of the following:

· Screening

· Grit removal

· Primary Sedimentation

· Activated sludge diffused air aeration

· Secondary sedimentation

· Filtration (sand filters, operated only during summer time)

· Chlorine disinfection

· Sludge drying beds

During wintertime, all treated effluent wastewater is discharged into a channel that flows directly to the Caspian Sea. During the summer period the effluent wastewater is used for irrigation after filtration in the sand filters. Influent wastewater is of the low strength type which is characteristic for the whole Caspian Region. A value of 105 mg/l of BOD is given as an average of one measurement a month for eight months. The analysis of effluent wastewater seems to give unrealistically low BOD values (4 mg/l is reported). The concentration of ammonia in the effluent is low while the concentration of nitrate is high, indicating that full nitrification takes place. Effluent standards are reported to be rather strict. From information given during a visit to the plant the effluent standard for BOD is 3 mg/l, and for ammonia and nitrate it is 2 mg N/l 17 mg N/l respectively.

The remaining 25% of the total flow, collected from the upper part of the city, is led to the KOC-2 WWTP. The construction of this WWTP was commenced in 1991, but due to lack of funds, it was never completed, and at present it is not operating. Thus the wastewater is bypassed the WWTP. The discharge point of the wastewater is the “Koshkarada” Lake, which in reality is an evaporation pond, i.e. the wastewater is not discharged to the Sea.

1.4. Russia

In this section all data are based on /2/ unless otherwise is stated.

The Russian territory with Caspian Sea coastlines includes three provinces (oblast’s):

1. Astrahan

2. Kalmykia

3. Dagestan

The main city in the Astrahan oblast is the city of Astrahan with approximately 500,000 inhabitants. There are three municipal WWTP’s in the city of Astrahan and all of them have biological treatment stages. The WWTP’s are operated by the “VODOCANAL” Water Company, which belongs to the municipality of Astrahan.

The official data on the effluent waters from the treatment plants shows very low concentrations of pollutants, i.e. 3-5 mg BOD/l. At the same time it is stated that the treatment is “non-effective”. This highly contradicting information indicates that the data can not be relied upon for the preparation of load inventories. The City is located in the Volga delta and wastewater is discharged to several river arms. For the preparation of load inventories this wastewater is regarded as discharged directly to the Caspian Sea.

A number of cities with direct discharge of wastewater to the Caspian Sea (or discharge to river arms in the Volga delta), have been identified. Direct discharge is defined as discharge directly from the sewage system to the Sea, via short distances in minor streams, or via artificial water channels. Table 3.7, cities with direct discharge of treated or un-treated municipal wastewater to the Caspian Sea are listed along with some discharge key data. Lists received from local Russian experts on cities discharging to the Caspian Sea are given are Appendix 7.

Table 3.7 Selected key data for larger cities in Russia with direct discharge of domestic wastewater to the Caspian Sea. Based on /2/. Data are from 1998 unless otherwise stated

City / District
Population


Discharged 

Flow 

(103 m3/d)
Connected  to sewerage system

%
Discharge

Point 


WWTP

Astrachan / A
484,000
199,000
n.a.
Volga delta
WWTP

Kamyzyak / A
16,000
1,800
n.a.
Volga delta
WWTP

Ikranoye / A
19,900
1,100
n.a.
Volga delta
WWTP

Moumra / A

600
n.a.
Volga delta
WWTP

Yaksatovo / A

700
n.a.
Volga delta
WWTP

Krasniye / A
6,400
2,700
n.a.
Volga delta
WWTP

Belyachnoye / A

600
n.a.
Volga delta
WWTP

Kalmykia Oblast
123,200
55,000
n.a.
Sea
None

Makhachkala / D
330,000
118,000
n.a.
Sea
WWTP

Kaspyisk / D
68,200
13,700
n.a.
Sea
WWTP

Izerbash / D
37,000
4,300
n.a.
Sea
None

Derbent / D
90,000
10,000
n.a.
Sea
none

Total
1,056,200
407,300




n.a.:
Data not available

A:
Astrachan

D:
Daghestan

Only a few data on the effluent quality for the wastewater sources mentioned above has been available (See appendix 4). In all cases where data has been available, the pollution concentration levels are unrealistically low. For instance, concentrations of BOD are in the range of 3-5 mg/l.

No data was obtained from Kalmykia.

1.5. Turkmenistan

The only major city in Turkmenistan at the coastline of the Caspian Sea is the city of Turkmenbasi which has approximately 65,000 inhabitants /4/. In Turkmenbasi it is in principle the practice to discharge the wastewater, treated or untreated, to the desert for infiltration/evaporation. In some cases treated effluent is also used for irrigation purposes. However, according to /17/, the pumping stations from which the wastewater is pumped to the evaporation pond is in general out of operation. As a result the wastewater is discharged directly to the Sea through emergency outlets. Two smaller towns, Cheleken and Bekdash are also discharging directly to the Sea. 

In Table 3.8, cities with direct discharge of municipal wastewater to the Caspian Sea are listed along with some discharge key data. The lists received from local experts in Turkmenistan on cities discharging to the Caspian Sea, are given in Appendix 7.

Table 3.8 Selected key data for cities in Turkmenistan with direct discharge of domestic wastewater to the Caspian Sea. Based on /2, 17/. 

City / District
Population


Discharged 

Flow 

(m3/d)
Connected  to sewerage system

%
Discharge

Point 


WWTP

Turkmenbasi
64,700
35,000
n.a.
Sea
None

Cheleken
10,300
1,500
n.a.
Sea
None

Bekdash
4,600
66
n.a.
Sea
None

Total
79,600
35,566




n.a.:
Data not available

Estimation of present loads of municipal wastewater

To enable the estimation of total loads of treated and non-treated municipal wastewater to the Caspian Sea, general assumptions concerning concentrations of pollutants and per capita flows, have been made. These assumptions are based on the collected raw data, as given in Appendix 4. The assumptions regarding concentrations of key pollutants are summarised in Table 4.1.

Table 4.1 Assumed concentrations of key pollutants in municipal wastewater according to treatment level. 

Treatment level
BOD

mg/l
Total-N

Mg/l
Total-P

mg/l
E. Coli

Counts/100 ml

No treatment
125
30
8
1,000,000

M
75
25
7
500,000

MB
15
20
5
100,000

MBN
15
8
5
10,000

MBNP
15
8
1.5
1,000

Disinfection
-
-
-
100

M: Mechanical

MB: Mechanical + biological

MBN: Mechanical + biological + nitrogen removal

MBNP: Mechanical + biological + nitrogen and phosphorous removal

The per capita flow is assumed to be:
480 l/capita*day
Combining the assumed BOD concentration for untreated wastewater with the assumed per capita flow, a per capita BOD load of 60 g BOD/capita*day is found. This load is in good accordance with observed BOD loads for the major Azerbaijan WWTP’s and the number of inhabitants connected to these WWTP’s. The BOD load is also in good accordance with typically loads observed in municipal societies in Western Europe.

This set of assumption have been used for all the riparian countries, since concentrations and per capita flows seems to be of the same magnitude for both Azerbaijan, Russia and Kazakhstan.

The estimated loads of treated and untreated municipal wastewater to the Caspian Sea, based on the above-mentioned assumptions, are summarised in Table 4.2. A more detailed list of loads is given in Appendix 5A.

If available, observed flows has been used together with the assumed concentrations of pollutants given in Table 4.2, in the calculation of loads of pollutants. In many cases however, only the number of inhabitants of a city is know. In these cases the assumed per capita flow of 480 l/per capita*d has been used in the load calculations.

Table 4.2 Loads of domestic wastewater, treated or non-treated, discharged directly to the Caspian Sea, distributed on countries and major sources. Load percentages are related to the total load to the Caspian Sea. 

Source
Flow
BOD
Total-N
Total-P
E. Coli


106 m3/

year
%
Tonnes/year
%
tonnes/year 
%
tonnes/year 
%
1015 c./

year
%

Azerbaijan

Baku

Sumgayit

Other

Total Azerbaijan
378

60

47

485
39.0

6.2

4.9

50.2
24,500

7,500

5,500

37,500
28.1

8.6

6.4

43.0
9,250

1,800

1,400

12,500
35.7

6.9

5.3

48.0
2,400

480

370

3,250
35.3

7.0

5.4

47.8
1,700

600

440

2,740
25.5

9.0

6.5

41.0

I.R. Iran

Gilan Provins

Mazandaran Provins

Total Iran
174

83

257
18.0

8.6

26.6
21,800

10,400

32,200
25.0

11.9

36.9
5,200

2500

7,700
20.1

9.6

29.8
1,400

660

2,060
20.4

9.7

30.1
1,740

830

2,570
26.1

12.4

38.6

Kazakhstan

Aktau

Total Kazakhstan
18

18
1.9

1.9
274

274
0.3

0.3
365

365
1.4

1.4
91

91
1.3

1.3
0.02

0.02
0.0003

0.0003

Russia 

Astrachan oblast

Kalmykia oblast

Dagestan oblast

Total Russia
81

20

92

193
8.4

2.1

9.5

20.0
9,200

2,500

3,800

15,500
10.6

2.9

4.4

17.9
2,300

600

2,100

5,000
9.1

2.3

8.0

19.3
620

200

530

1,350
9.1

2.9

7.7

19.2
740

210

290

1,240
11.1

3.1

4.4

18.5

Turkmenistan

Total Turkmenistan
13
1.4
1,600
1.9
400
1.5
107
1.6
130
2.0

Total Caspian Sea
967
100
87,200
100
26,000
100
6,850
100
6,680
100

As it appears from Table 4.2, it is estimated that approximately 40% of the municipal wastewater discharged to the Caspian Sea comes from the Baku area. This makes the Baku area far the largest point source of municipal wastewater. In terms of BOD load, the percentage contribution from Baku is estimated to 29%. This relatively low figure (compared to the number of inhabitants) is due to the BOD removal at the Govsany WWTP that treats around half the flow from the Baku area. 

From the table it is also clear that the contribution from the areas on the eastern coastline of the Caspian Sea (Kazakhstan and Turkmenistan) is less than 4% of the total load.

I.R Iran is estimated to contribute with approximately one third of the total flow of municipal wastewater, and with about 40% of the BOD load. However, it must be emphasised that especially the data from I.R. Iran is rather ill-founded.

For the whole Caspian Sea, it is estimated that some 40 % of the municipal wastewater discharged directly to the Sea, has received either mechanical or mechanical biological treatment. This means that around 60 % of the municipal wastewater are discharged directly to the Caspian Sea without any treatment (See Appendix 5). 

Comparison of loads from municipal wastewater and rivers

1.6. Loads from Rivers

In Table 5.1 is given a summary of loads from rivers to the Caspian Sea of pollutants regarding selected key parameters. 

Table 5.1 Loads of pollutants to the Caspian Sea from rivers. Based on /1/, /2/, /3/, /4/, /5/, /6/. 

Source
Flow
BOD
Total-N
Total-P
E. Coli


109 m3/year
%
Tonnes/

Year
%
tonnes/

year
%
Tonnes/year 
%
1015 coun./

year
%

Azerbaijan

Kura

Others 
16.8

1.4
5.8

0.5
31,910

1,260
6.3

0.2
21,161

392
3.2

0.06
1,176

70
1.3

0.08
87,333

1,539
6.1

0.1

I.R. Iran

All
10.1
3.5
23,526
4.6
4,039
0.6
606
0.7
697
0.05

Kazakhstan

Ural

Other
8.1

1.7
2.8

0.6
19,920

4,283
3.9

0.8
4,373

578
0.7

0.09
486

68
0.6

0.08
42,107

1,869
2.9

0.1

Russia 

Volga

Others
237.0

14.6
81.8

5.0
402,776

24,813
79.0

4.9
592,317

36,489
89.8

5.5
80,555

4,963
0.92

5.6
1,232,019

75,897
85.5

5.3

Turkmenistan

All*
0
0
0
0
0
0
0
0
0
0

Total Caspian Sea
289.7
100
508,486
100
659,348
100
87,923
100
1,441,461
100

*: Loads from rivers in Turkmenistan is insignificant

As it appears from Table 5.1, The Volga River totally dominates the load from the rivers, both in terms of flow, pollutants and E. Coli counts.

1.7. Comparison of loads from municipal point sources and river sources

In Table 5.2 is given some key figures, based on Table 4.2 and Table 5.1, for comparison of loads from municipal wastewater and from rivers.

Table 5.2 Comparison of loads from municipal point sources and river sources. 

Source
Flow
BOD
Total-N
Total-P
E. Coli


109 m3/year
%
Tonnes/

Year
%
Tonnes/

year
%
Tonnes/

Year
%
1015

c/year
%

Municipal WW

Baku Area

Other

Total wastewater
0.38

0.56

0.94
0.1

0.2

0.3
24,500

62,700

87,200
4.1

10.0

14.1
9,250

16,750

26,000
1.4

2.3

3.7
2,400

4,450

6,850
2.5

4.4

6.9
1,700

4,980

6,680
0.1

0.3

0.4

Rivers

Volga

Others

Total rivers
237

52

289
81.7

17.9

99.7
403,000

106,000

509,000
68.0

17.9

85.9
592,000

67,000

659,000
86.5

9.8

96.3
80,600

7,400

88,000
85.2

7.8

93
1,232,000

209,000

1,441,000
85.1

14.4

99.5

Total Caspian Sea
290
100
596,200
100
685,000
100
94,850
100
1,447,680
100

As it appears from Table 5.2, the vast majority of the water flowing into the Caspian Sea comes from the rivers. Especially the Volga River dominates the picture as it delivers more than 80 % of the water flowing into the Caspian Sea. Regarding pollution loads in terms of BOD, Total-N and Total-P, the Volga River is again the largest source, but loads from municipal wastewater are now visible.

From the table above it appears that the discharge of pollutants with municipal wastewater is a minor problem regarding the general state of the Environment of the Caspian Sea. However, from a local point of view, municipal wastewater may play a decisive role, especially with respect to the hygienic conditions - in the cities as well as along the coast of nearby population centres. Therefore, it must still be considered important, that high priority is given to the upgrading of the collection systems and wastewater treatment facilities.

Wastewater treatment scenarios

1.8. Assumptions

Three Load scenarios have been compiled. The assumptions for the scenarios are as follows:

1.8.1 Scenario 1 – BOD removal

For the first scenario it is assumed that cities with direct discharge of municipal wastewater to the Caspian Sea, generating a load of less than 15,000 p.e. are covered by collection systems and by mechanical treatment of the collected wastewater. Cities generating a load over more than 15,000 p.e., are in addition covered by biological treatment. This is assumed to correspond, more or less, to compliance with national intentions in most riparian countries. 

1.8.2 Scenario 2 – EU standards (BOD, N and P-removal)

In the second scenario it is assumed that the wastewater is treated in accordance with the EU standards for discharge of municipal wastewater to sensitive recipients /13/. Effluent standards in this case are as follows:

Table 6.1 EU effluent standards for discharge of municipal wastewater to sensitive recipients.

Parameter
10,000-

100,000 p.e.
More than 100,000 p.e.

BOD5 (mg/l)
25
25

Total-N (mg/l)
15
10

Total-P (mg/l)
2.0
1.5

This means that all discharges above 10,000 p.e. must be covered by mechanical and biological treatment with N and P removal. 

1.8.3 Scenario 3 – Treatment level according to size and location criteria

The third scenario is an extension of the first scenario, so in addition to the demands of the first scenario it is assumed, that cities with more than 100,000 p.e, is also covered with nitrogen removal. For Cities with more than 100,000 p.e, and located at the northern coastlines of the Caspian Sea, where the water is shallow and has a low salinity, treatment also includes phosphorous removal. 

1.9. Load estimates

Load estimates for the different scenarios are calculated using spread sheets. The details of the spread sheets for scenario 1, 2 and 3 are shown in the appendices 5B, 5C and 5D respectively. Each city or WWTP is assigned a treatment level, ranging from “no treatment” (n.t.) to “Mechanical + biological + N&P removal” (MBNP), according to the scenario in question.  Each treatment level is, in it’s turn, assigned outlet concentrations for BOD, Total-N, Total-P and E. Coli count. Based on these concentrations and the assumed flows from the cities or WWTP’s the spread sheet then returns the corresponding loads.  

In Table 6.2 is shown a summary of the estimated loads for the different scenarios.

Table 6.2 Comparison of total loads of municipal wastewater to the Caspian Sea for scenario 1, 2 and 3. 


BOD
Total-N
Total-P
E Coli


103 tonnes/

year
% 

reduc-tion*
103 tonnes/

year
% 

reduc-tion*
103 tonnes/

year
%

reduc-tion*
1015 

counts/

year
% 

reduc-tion*

Scenario 1
15.1
83
19.4
25
4.9
29
1007
85

Scenario 2
14.8
83
8.2
70
1.6
79
69
99

Scenario 3
15.1
83
10.2
62
4.3
36
305
96

*: Reduction percentages are related to the present situation (“Do nothing situation”) 

As it appears from Table 6.2, compared to the present load – i.e. the do nothing situation – applying scenario 1 will reduce the BOD load to the Caspian Sea extensively. The reduction in Nitrogen and phosphorous loads are more modest since only BOD removal treatment technology is assumed.

Scenario 2 assumes extensive nitrogen and phosphorous removal, and this is evident from the high reduction percentages for nutrients. Applying nutrient removal technology also results in extensive reduction of the Coli counts.

Scenario 3 result in a high reduction in nitrogen, since this scenario assumes that al the major plants has nitrogen removal technology. The reduction in phosphorous is only slightly higher than for scenario 1, since only the major plant located at the northern coastlines of the Caspian Sea are assumed to implement phosphorous removal processes.

1.10. Cost estimates

Cost estimates for the different scenarios are calculated using spread sheets. The details of the spreadsheets for scenario 1, 2 and 3 are shown in the appendices 5B, 5C and 5D respectively.

The implementation of wastewater collection is assigned an investment cost rate of 325 EURO/p.e. The p.e load is based on the BOD load of the raw wastewater and a ratio of 60 g BOD/p.e.*day. The cost rate is then multiplied with the p.e. loads of the different cities or WWTP’s to find the total investment cost. This methodology gives only a very rough indication of the investments needed, since the actual costs strongly depends on the coverage and the physical condition of the existing collection system. Nevertheless, this methodology has been applied since a detailed examination of the all collection systems in the region is far beyond the scope of the present study.

Investment cost rates (EURO/p.e) are assigned for implementation of each of the treatment levels as shown in Table 6.3. 

Table 6.3 Investment cost rates for implementation of different wastewater treatment levels
Treatment level
Investment cost rates

(EURO/p.e)

No treatment 
0

Mechanical
50

Mechanical + biological
85

Mechanical + biological + N removal
140

Mechanical + biological +N&P removal
142

Rates, according to the treatment level in question, are then multiplied with the flows of the different cities or WWTP’s to find the total investment costs. This methodology gives only a rough indication of the investments needed, since the actual costs depends on both the size of the WWTP in question and on the condition of possible existing constructions. Regarding the size of the WWTP, the rate is chosen to be close to the rate of larger treatment plants, since these plants will dominate the total investment costs in the region. This means that the investment costs for smaller plants will be considerable underestimated, whereas the costs for larger plants may be a little overestimated. Regarding existing constructions, it is the impression, that most of the existing treatment facilities are outdated and/or badly maintained to the extent that completely new facilities will have to be constructed.

Cost estimates are also given for implementation of sea out falls (See Section 5.4) at the largest WWTP. The following plants are taken into consideration for implementation of sea out falls:

· Astrachan 

· Makhachkala

· Sumgayit

· Baku North

· Baku South

· Hashtpar

· Fooman

· Rud Sar

The sea out falls are roughly estimated to cost 5-15 million EURO each, depending on the flow capacity, length and local geological conditions. Using an average of 7.5 million Euro the total cost for implementation of sea out falls at the eight plants will be 60 million EURO.

The annual Operation and maintenance costs (O+M costs) are calculated as 10% of the total investment costs over 20 years.

In Table 6.4 is given a summary of the cost estimates for implementation of the three scenarios. It is emphasised that the cost estimates should only be regarded as rough indicators on cost magnitudes and on the relation between cost levels and treatment levels.

Table 6.4 Cost estimates for scenario 1, 2 and 3. 


Collector

Investment

106 EURO
WWTP

Investment

 106 EURO
Sea Out fall

Investment

 106 EURO
O + M

Costs

106 EURO

Scenario 1
1,794
467
60
2.3

Scenario 2
1,794
770
60
3.9

Scenario 3
1,794
709
60
3.5

Since all three scenarios assume renovation and extension of the collecting systems, the estimated costs are the same for all scenarios regarding collector investments.

The relatively large difference in the WWTP costs for scenario 1 and scenario 2 & 3, is due to the shift in treatment technology from BOD-removal plants to nutrient removal plants. Nutrient removal plants would typically have process volumes 2-3 times the size of BOD removal plants.

It must be emphasised that the above estimate is based on very general assumptions. Therefore, the actual amounts given in Table 6.4, should only be taken as indications of the order of magnitudes of the costs, and as indications of the effects on the costs, of applying different treatment technologies.

1.11. Recommendations for phased implementation of wastewater treatment facilities

Based on the findings as described in the sections above, it seems obvious that there is a huge need for extension and upgrading of the wastewater collection and wastewater treatment facilities in the Caspian Region. Since the Western and Southern coast lines are by far the most populated areas, these are also the areas with far the largest need for improvement of the facilities. Although almost all of the major cities has sewage systems, and in most cases also treatment plants, the existing facilities typically only covers part of the urban areas, and existing constructions are usually outdated and poorly maintained.

In terms of the general environmental conditions of the Caspian Sea, the load of pollutants from discharge of municipal wastewater may not play a decisive role. However, from a local point of view, the proper diversion of raw wastewater from domestic areas, and the protection of the local coastal environment by proper treatment of the collected wastewater, has major effect on the living conditions for the population in those areas.

On this background, the following overall recommendations are made, based on a strategy of a phased implementation of improved wastewater treatment facilities:

Phase 1: Sea out falls are constructed at existing treatment plants, suitable for upgrading, or at new localities where the construction of new treatment plants are planned. The collected wastewater is discharged untreated or, if a WWTP exists, after treatment according to the capabilities of the existing plant. Sea out falls may not be applied in the Astrakhan region because of the shallow water in the northern basin. In such cases the discharge point should be chosen to obtain maximum dilution. Most likely this will be in the middle of strong river currents.   

Phase 2: The collection systems in major cities are extended and upgraded.

Phase 3:
WWTP´s are constructed (or renovated and upgraded) for mechanical and biological treatment (BOD-removal only). The new WWTP and the renovated/upgraded WWTP´s should be prepared for further upgrading to nutrient removal technology. 

Phase 4:
If ecological studies shows that nutrients discharged by municipal wastewater has an important effect on the local or overall environmental conditions in the Caspian Sea, the major WWTP should be further upgraded for nutrient removal. This could be a differentiated upgrading, in the sense that WWTP’s located at the northern coastlines, where the water is shallow and the salinity is low, should have both nitrogen and phosphorous removal, whereas the southern plants should only have nitrogen removal. 

The implementation of Phase 1-3, would correspond to the implementation of scenario 1, as described in section 5. Implementation of phase 4 would correspond to scenario 3. 

It should be noted that the implementation of chlorine based disinfection stages is not included in any of the compiled scenarios, since such disinfection stages is not recommended in the present study. This is due to the widespread worries that this practice could result in the generation of chlorinated organics with potential carcinogenic effects. And furthermore, that although E. Coli counts is extensively reduced, chlorination may be less efficient in removing the real pathogenic organisms. 

In stead of disinfection by chlorination, a good hygienic quality of the effluent wastewater is ensured by the implementation of proper biological treatment processes, and good hygienic conditions in the local environment is ensured by proper diversion of the treated wastewater through Sea out falls.

Monitoring of wastewater discharged from municipal WWTP’s

An appropriate monitoring programme of wastewater discharged from municipal WWTP’s will vary according to the purpose of the monitoring activity. In the following, the programme is seen as a mean for effluent standard control, and for collection of data in relation to the assessment of the effect of the load of pollutants on the ecological system.

First of all it is recommended that considerable effort is put into the improvement of flow measurement and sampling procedures. At present, data on flows at wastewater treatment plant (WWTP’s) are based on rough estimates from visual inspection of flow velocities or pump characteristics, and sampling appears to be based on grab sampling only. This practice results in highly unreliable data on flow and loads of pollutants. It is recommended that continuous flow measurement is implemented on all treatment plants. Furthermore it is recommended that time proportional sampling is introduced at smaller treatment plants (less than 100,000 PE) and flow proportional measurement is applied at larger plants. A project proposal to be considered for phase 2 of the Caspian Environment Programme, regarding sampling and flow measuremen, is attached as Appendix 8.

In general, the list of parameters for analysis should be based on the list of parameters of the effluent standards. The effluent standards should reflect the treatment level applied, i.e. the list of parameters would be extended in case of a more advanced treatment process in comparison to a less advanced process.

The sampling and analysis frequency should reflect both possible requirements with respect to legislation and to the size of the treatment plant in question, i.e. the larger the plant, the higher the sampling frequency.

Finally the list of parameters and the frequency of analysis should take in to account the resources available in the countries in question. 

On this basis the following sampling and analysis programme is suggested as a first step to improve the possibilities of enforcing effluent standards and to obtain appropriate data for assessments of pollution loads to the receiving waters (Table 7.1 and Table 7.2).

Table 7.1 Suggested sampling and analysis programme for effluent wastewater at municipal wastewater treatment plants. 

Parameter
M
MB/MBN/MBNP

Flow
X
X

COD
X
X

BOD
X
X

SS
X
X

TN
X
X

NH4-N

X

NO3-N

X

TP
X
X

Table 7.2 Suggested frequency of sampling and analysis in relation to WWTP size.
WWTP size (p.e.)
Sampling and analysis frequency
Sampling method

< 10,000 
4 
Time proportional

10,000 – 100,000
12
Time proportional

> 100,000
24
Flow proportional

In case of effluent standards that relates to the percentage of reduction by the treatment process, the sampling and analysis programme should include the influent wastewater as well. Samples of influent wastewater should be taken after screening but up stream any internal recirculated streams.

Conclusions and Recommendations

1.12. Conclusions

From the finding of this study, as described in sections 2-4 of this report, the following is concluded:

1.12.1 Collection system

Most major cities have municipal wastewater collection systems, but in general only part of the inhabitants are connected to the collectors. It also seems, that the municipal collection systems in the region, in generally are in bad or very bad physical conditions, mainly due to lack of maintenance.

In many smaller towns and settlements, there are no central collection systems. Wastewater from these agglomerations is typically disposed to small deep ponds (pits). During periods with high hydraulic loads, or in situations where the pit is filled with sludge, there will be an overflow of wastewater, and the wastewater may finally be discharged to the Sea.

1.12.2 Wastewater treatment plants 

All treatment plants identified in the study area are assumed to have been constructed during the Soviet period. The process layouts and the applied machinery and control concepts, appear to be quite similar for all the plants, and typical for the Soviet era. All treatment plants identified have been either mechanical plants or mechanical biological plants designed for BOD removal only.

In general, the treatment plants in the region seem to be in bad or very bad physical conditions.

Monitoring of operational parameters, process control and data sampling and processing, are typically conducted manually and locally at the different unit processes.

1.12.3 Sampling and flow measurements

In general it seems, that data on flows at wastewater treatment plants are based on rough estimates from visual inspection of flow velocities or pump characteristics. Sampling appears to be based on grab sampling only. This practice may result in highly unreliable data on flow and loads of pollutants.

1.12.4 Present loads

The vast majority of the load of municipal wastewater comes from the western and southern coastlines of the Caspian Sea, since these areas are by far the most populated. The City of Baku makes up the largest single point source, with a discharge of municipal wastewater corresponding to approximately 40% of the total flow of municipal wastewater discharged to the Caspian Sea.  

For the whole Caspian Sea, it is estimated that some 60 % of the municipal wastewater is discharged directly to the Sea without any treatment. The remaining 40 % have received mechanical, and in most cases, also biological treatment. 

When compared to discharge of pollutants from rivers, the discharge of pollutants with municipal wastewater seems to be a minor problem to the general state of the Environment of the Caspian Sea. From a local point of view however, municipal wastewater may play a decisive role, especially with respect to the hygienic conditions. 

1.12.5 Wastewater treatment scenarios

Three scenarios for such upgrading of collection and wastewater systems have been compiled. In all three scenarios, a comprehensive renovation and extension of the collection systems are assumed. The investment costs related to the upgrading of the collection systems, are roughly estimated to be around 1.8 billion EURO.  

Implementation of biological treatment of the collected sewage is also part of all three scenarios, but nutrient removal is assumed to a different extent for the different scenarios. Investment costs related to WWTP’s varies according to the level of nutrient removal from 470 million EURO (BOD removal only) to 770 million EURO (Extensive nutrient removal).

1.13. Recommendations

The findings and the above mentioned conclusions has led to the following overall recommendations:

1.13.1 Phased implementation of improved wastewater treatment facilities

The upgrading and extension of wastewater treatment facilities should be based on a strategy of phased implementation according to the following phases:

Phase 1: Sea out falls are constructed at existing treatment plants, suitable for upgrading, or at new localities where the construction of new treatment plants are planned. The collected wastewater is discharged untreated or, if a WWTP exists, after treatment according to the capabilities of the existing plant. Sea out falls may not be applied in the Astrakhan region because of the shallow water in the northern basin. In such cases the discharge point should be chosen to obtain maximum dilution. Most likely this will be in the middle of strong river currents.  

Phase 2: The collection systems in major cities are extended and upgraded. 

Phase 3:
WWTP´s are constructed (or renovated and upgraded) for mechanical and biological treatment (BOD-removal only). The new WWTP and the renovated/upgraded WWTP´s should be prepared for further upgrading to nutrient removal technology. 

Phase 4:
If ecological studies shows that nutrients discharged by municipal wastewater has an important effect on the local or overall environmental conditions in the Caspian Sea, the major WWTP should be further upgraded for nutrient removal. This could be a differentiated upgrading, in the sense that WWTP’s located at the northern coastlines, where the water is shallow and the salinity is low, should have both nitrogen and phosphorous removal, whereas the southern plants should only have nitrogen removal. 

1.13.2 Flow measurement 

It is recommended that continuous flow measurement is implemented at the outlet of all treatment plants. 

1.13.3 Monitoring programme

It is recommended that time proportional sampling is introduced at smaller treatment plants (less than 100,000 PE), and flow proportional sampling is applied at larger plants. A sampling frequency should be determined for the different plants according to size criteria.

Furthermore, it is recommended that the analysis programme for the effluent samples include only the most basic key parameters. 
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Appendix 1

Overview map of point sources of municipal wastewater of the Caspian Sea

Appendix 2

Govsany WWTP. Inlet and outlet data. Routine analysis from Govsany WWTP laboratory July 1999

Concentrations in wastewater
Govsany Wastewater Treatment Plant, July 1999

Parameter
Inlet, mg/l
Outlet, g/l

PH
8.2
7.88

BOD5
88.1
10.3

COD
215.1
29.6

Suspended Solids
119
8.75

Total Solids
1133.3
847.3

Oil products
0.39
0.05

Synthetic Surface Active Substances
0.67
0.17

Phosphates
10.6
4.1

Total-N
20.2
7.6

Ammonia-N
18.9
4.6

Nitrate-N
0.13
1.47

Nitrite-N
0.27
0.1

Phenols
0.024
0.003

Fats
10.6
7.9

Chlorides
303.98
306.2

Sulfates
177.8
170

Sulfides
0.36
0.15

Iron
0.37
0.15

Copper
0.02
0.005

Zinc 
0.04
0.01

Chromium
0.07
0.045

Manganese
0.99
0.57

Active Chlorine
-
1.43

Head of Chemical Laboratory

S. Orujova

Govsany WWTP

Appendix 3

Baku Sewarage Department (Bakkanalizasiya). Limit values for effluent wastewater discharged from the Govsany WWTP

Order

For Baku Sewerage System

Baku
01 April 1991

To establish the List of Ingredients for Govsany Wastewater Treatment Plant to increase the demands of environmental authorities concerning the concentrations in treated wastewater reported to Baku Sewerage Department (Bakkanalizasiya).

Concentration Limits.

Table No. 1

No.
Parameter
Concentration, mg/l



city sewerage system outlet
Station inlet
After treatment

1.
Suspended solids
375
375
15

2.
BOD5
375
150
15

3.
PH

6.5-8.5
6.5-8.5

4.
Chlorides




5.
Sulfates




6.
Ammonium


0.5

7.
Synthetic Surface Active Substances
25.0
10.0
2.0

8.
Oil Products
0.8
0.3
0.05

9.
Phenols
0.06
0.02
0.001

10.
Copper
0.013
0.005
0.001

11.
Iron
0.5
5.0
3.3

12.
Cadmium
0.260
0.105
0.042

13.
Cobalt
0.40
0.16
0.08

14.
Nickel
0.40
0.16
0.08

15.
Lead
2.5
1.0
0.81

16.
Zinc
0.65
0.26
0.08

17.
Chromium
0.50
0.50
0.42

18.
Residual Chlorine


1,50

To have the Order valid since 01.04.91.

Head engineer of 

The Department
Dadashov Y.A.

Baku Sewage Department (Bakkanalizasiya)

Appendix 4
Summary of collected raw data from the riparian countries

Pop.


Flow











Temp.
%
Wastew.


thous-

WWTP
Daily
BOD (mg/l)

COD (mg/l)

TS (mg/l)

Tot-N (mg/l)

Total-P (mg/l)

E. Coli Out
Out
Pop.
Ratio

Area/City
ands
Discharge / Operator
Process
103 m3
In
Out
In
Out
In
Out
In
Out
In
Out
c/100 ml
C
Con.
%





















Azerbaijan



















Khudat
11,8
Directly to Caspian Sea
 -
1,9















Khachmas
44,1
Directly to Caspian Sea
M
3,1















Siazan
21
(Siazan WWTP)
(MB)
4,5












 -


Nasosniy
2
Directly to Caspian Sea
 -
0,3












10


Sumgayit/Sumgayit
250-350
Sumgayit WWTP / SVC
(MB+C)
145
98
15


39
16





15-22
88
50

Baku/Baku
 11000-12000
Hovsan WWTP / BSD
MB+C
 490-565
 75-88
10
 163-215
 28-32
 119-127
 9-11
20
 7-8
11
 1-4
100-5000

100
20

Baku/Baku
86
Zikh WWTP / BSD
M
43-45
136
 63-78
330
207
179
 61-82

13

2,3
3200-5200
29
100


Baku/Markadan Shuvelan
15-28
Mar. Shuv. WWTP / BSD
M+C
 2.3-3
182
 83-103


271
 125-130

45

4,7
100

40


Baku/Khirdalan
33
Haji Hassan WWTP / AVC
M
 17-23
136
 64-72


193
 61-96

20

3,8
90-3200

100


Pirallahi (Arttom)
11
Pirallahi WWTP / Industrial
MB
0.2-0.3

10



12

n.a.




70


Baku/Baku
 10-20
Baku Oil Refinery WWTP / Industrial
MB
 3-20

17



54

37



 18-25
100
50

Sahil (Shelf)
n.a.
Oil Platf. Constr. WWTP / Industrial
MB
0,6

12



66

2

1

 11-25



Baku Area
 700-950
Directly to Caspian Sea + Hovsan Canal
 -













70


Gobustan
13
(Gobustan WWTP)
(MB)
4,6












95


Ali-Bayramly
69
Channel to Caspian Sea
 -
60












40


Salyan
33
(WWTP) Channel to Caspian Sea
(MB)
411












20


Neftchala
16
Channel to Caspian Sea
 -
436












40


Lenkoran
47
(Lenkoran WWTP)
(MB)
145












73


Astara
14
Directly to Caspian Sea
 -
5,3












0






















Russia



















Astrachan / A
258
Northern WWTP (Bolda)
(MB)
106

2.9-7.9

29-50

 11-13









Astrachan / A
226
Southern WWTP (Volga)
(MB)
93

3.5-4.7

35-79

12,3









Astrachan / A

3rd WWTP (Right side bank)
(MB)


2.6-2.9

29.8-30.4











Kamyzyak/A
16
Kamyzyak WWTP
MB
1,8















Ikranoye/A
20
Ikranoye WWTP
MB
1,1

5,3



12,4









Moumra/A
1,5
Moumra WWTP
MB
0,6

2













Yaksatovo/A
1,8
Yaksatovo WWTP
MB
0,7















Krasniye/A
6,4
Krasniye WWTP
MB
2,7















Belyachnoye/A
1,5
Belyachnoye WWTP
MB
0,6















Kalmykia Oblast

Directly to Caspian Sea
n.t.
55















Derbent / D
90
Directly to Caspian Sea
n.t.
10















Izberbash / D
37
Directly to Caspian Sea
n.t.
4















Kaspyisk / D
68
Kaspyisk WWTP
MB
14















Makhachkala / D
330
Makhachkala WWTP
MB
118















Kazakhstan

















Aktau
90
KOC-1 WWTP/State
(MB+C)
50
105
4
237
32
180
11,2

80

8

23-26



















Turkmenistan

















Turkmenbashi

Directly to Caspian Sea


202-261



23-24








Cheleken

Directly to Caspian Sea















Bekdash

Directly to Caspian Sea

































Iran

















Astara / G
33
















Hashtpar / G
230
















Bandar Anzali / G
112
















Fooman / G
175
















Some-h-sara / G
132
















Langarud / G
110
















Rud Sar / G
202
















Ram Sar / M

















Tonkabon / M

















Chalus / M

















Now Shahr / M

















Nur / M

















Fereidun Kenar / M

















Babolsar / M 

















Quam-Shahr
124
















Appendix 5

Load Scenarios and treatment cost estimates for discharge of municipal wastewater to the Caspian Sea

5A: Estimated present loads - Do nothing

5B: Scenario 1 – BOD removal

5C: Scenario 2 – EU standards (BOD, N and P-removal)

5D: Scenario 3 – Treatment according to size and location criteria

Values in gray cells can be changed – all other values are calculated















Code
Process description

Assumed concentrations




Assumed per capita loads










BOD
Tot-N
Tot-P
E. Coli

Flow
BOD
Tot-N
Tot-P







mg/l
mg/l
mg/l
c/100ml

l/PE*d
g/PE*d
g/PE*d
g/PE*d




















n.t.
No treatment

125
30
8
1,0E+06

480
60
14
4




M
Mechanical

75
25
7
5,0E+05









MB
Mechanical+biological

15
20
5
1,0E+05









MBN
Mechanical + biological + N removal

15
8
5
1,0E+04









MBNP
Mechanical + biological + N&P removal

15
8
1,5
1,0E+03









D (x)
Disinfection




1,0E+02




















Outlet
Outlet
Outlet
Outlet






Flow
Flow
Outlet
Outlet
Outlet
Outlet
BOD
Total-N
Total-P
E. Coli


Population

WWTP
Disin-
Daily
Yearly
BOD
Total-N
Total-P
E. Coli
Yearly
Yearly
Yearly
Yearly

City/District
Thousands
Discharge (Operator)
Process
fection
103 m3
106 m3
mg/l
mg/l
mg/l
c/100 ml
tonnes
tonnes
tonnes
1015 c

Azerbaijan















Khudat
12
Directly to Caspian Sea
MBNP

6
2
15
8
1,5
1,0E+03
32
17
3
0

Khachmas
44
Directly to Caspian Sea
MBNP

21
8
15
8
1,5
1,0E+03
116
62
12
0,1

Siazan
21
(Siazan WWTP)
MBNP

10
4
15
8
1,5
1,0E+03
55
29
6
0,0

Nasosniy
2
Directly to Caspian Sea
M

1
0
75
25
7,0
5,0E+05
26
9
2
1,8

Sumgayit
300
Sumgayit WWTP / SVC
MBNP

145
53
15
8
1,5
1,0E+03
796
424
80
1

Sumgayit
40
Directly to Caspian Sea
MBNP

19
7
15
8
1,5
1,0E+03
105
56
11
0,1

Baku
1100
Hovsan WWTP / BSD
MBNP

525
192
15
8
1,5
1,0E+03
2 874
1 533
287
1,9

Baku
86
Zikh WWTP / BSD
MBNP

44
16
15
8
1,5
1,0E+03
241
128
24
0,2

Markadan Shuvelan/Baku
23
Mar. Shuv. WWTP / BSD
MBNP

3
1
15
8
1,5
1,0E+03
14
7
1
0,009

Khirdalan/Baku
33
Haji Hassan WWTP / AVC
MBNP

20
7
15
8
1,5
1,0E+03
110
58
11
0,1

Pirallahi (Arttom)
1
Pirallahi WWTP / Industrial
M

0,3
0
75
25
7,0
5,0E+05
7
2
1
0,456

Baku
20
Baku Oil Refinery WWTP / Industrial
MBNP

10
4
15
8
1,5
1,0E+03
53
28
5
0,0

Sahil (Shelf)
2
Oil Platf. Constr. WWTP / Industrial
M

1
0
75
25
7,0
5,0E+05
26
9
2
1,75

Baku
900
Directly to Caspian Sea + Hovsan Canal
MBNP

432
158
15
8
1,5
1,0E+03
2 365
1 261
237
2

Gobustan
13
(Gobustan WWTP)
M

6
2
75
25
7,0
5,0E+05
171
57
16
11

Ali-Bayramly
69
Channel to Caspian Sea
MBNP

33
12
15
8
1,5
1,0E+03
181
97
18
0,1

Salyan
33
(WWTP) Channel to Caspian Sea
MBNP

16
6
15
8
1,5
1,0E+03
87
46
9
0,1

Neftchala
16
Channel to Caspian Sea
MBNP

8
3
15
8
1,5
1,0E+03
42
22
4
0,0

Lenkoran
47
(Lenkoran WWTP)
MBNP

23
8
15
8
1,5
1,0E+03
124
66
12
0,1

Astara
14
Directly to Caspian Sea
MBNP

7
2
15
8
1,5
1,0E+03
37
20
4
0

Total Azerbaijan
2 776



1 329
485




7 460
3 933
744
20


Rough cost indications






Collection
Construction of new WWTP

O + M Costs (WWTP+PS)



EURO/p.e.
Process
EURO/p.e.
% of investment






over 20 year



325
n.t.
0
10




M
50





MB
85





MBN
140





MBNP
142






Annual




Investment
Investment
Operation and




Costs
Costs
Maintenance

103 p.e.


Collection
WWTP
Costs

raw wastewater

City/District
106 EURO
106 EURO
103 EURO
Remarks
(60gBOD/p.e.*d)








Azerbaijan






Khudat
3,9
1,7
9

12

Khachmas
14,3
6,2
31

44

Siazan
6,8
3,0
15

21

Nasosniy
0,7
0,1
1

2

Sumgayit
98,4
43,0
215
Sea outfall: 5-15 mill. EURO
303

Sumgayit
13,0
5,7
28

40

Baku
355,5
155,3
777
Sea outfall: 5-15 mill. EURO
1 094

Baku
29,8
13,0
65

92

Markadan Shuvelan/Baku
1,7
0,7
4

5

Khirdalan/Baku
13,5
5,9
30

42

Pirallahi (Arttom)
0,2
0,0
0

1

Baku
6,5
2,8
14

20

Sahil (Shelf)
0,7
0,1
1

2

Baku
292,5
127,8
639
Sea outfall: 5-15 mill. EURO
900

Gobustan
4,2
0,7
3

13

Ali-Bayramly
22,4
9,8
49

69

Salyan
10,7
4,7
23

33

Neftchala
5,2
2,3
11

16

Lenkoran
15,3
6,7
33

47

Astara
4,6
2,0
10

14

Total Azerbaijan
900
392
1 958

2 769

Russia















Astrachan / A
484
(3 municipal WWTP)
MBNP

200
73
15
8
1,5
1,0E+03
1 095
584
110
1

Kamyzyak/A
16
Kamyzyak WWTP
MBNP

8
3
15
8
1,5
1,0E+03
42
22
4
0,0

Ikranoye/A
20
Ikranoye WWTP
MBNP

10
4
15
8
1,5
1,0E+03
53
28
5
0,0

Moumra/A
1,5
Moumra WWTP
M

1
0
75
25
7,0
5,0E+05
16
5
2
1,10

Yaksatovo/A
1,8
Yaksatovo WWTP
M

1
0
75
25
7,0
5,0E+05
19
6
2
1,28

Krasniye/A
6,4
Krasniye WWTP
M

3
1
75
25
7,0
5,0E+05
84
28
8
5,61

Belyachnoye/A
1,5
Belyachnoye WWTP
M

1
0
75
25
7,0
5,0E+05
16
5
2
1,10

Kalmykia oblast
123
Directly to Caspian Sea
MB

55
20
15
20
5,0
1,0E+05
301
402
100
20,08

Derbent / D
90
Directly to Caspian Sea
MBNP

43
16
15
8
1,5
1,0E+03
237
126
24
0,2

Izberbash / D
37
Directly to Caspian Sea
MBNP

18
6
15
8
1,5
1,0E+03
97
52
10
0,1

Kaspyisk / D
68
Kaspyisk WWTP
MBNP

33
12
15
8
1,5
1,0E+03
179
95
18
0,1

Makhachkala / D
330
Makhackala WWTP
MBNP

158
58
15
8
1,5
1,0E+03
867
463
87
1

Total Russia
1 179



529
193




3 007
1 817
370
31

Kazakhstan















Aktau
90
KOC-1 WWTP / State
MBNP

50
18
15
8
1,5
1,0E+03
274
146
27
0,18

Total Kazakhstan
90



50
18




274
146
27
0,18

Turkmenistan















Turkmenbashi 
65
Directly to Caspian Sea
MB

35
13
15
20
5,0
1,0E+05
192
256
64
13

Cheleken
10,3
Directly to Caspian Sea
M

2
1
75
25
7,0
5,0E+05
41
14
4
3

Total Turkmenistan
75



37
13




233
269
68
16

















Iran















Astara / G
33
Directly to Caspian Sea
MBNP

16
6
15
8
1,5
1,0E+03
87
46
9
0,06

Hashtpar / G
230
Directly to Caspian Sea
MBNP

110
40
15
8
1,5
1,0E+03
604
322
60
0,40

Bandar Anzali / G
112
Directly to Caspian Sea
MBNP

54
20
15
8
1,5
1,0E+03
294
157
29
0,20

Fooman / G
175
Directly to Caspian Sea
MBNP

84
31
15
8
1,5
1,0E+03
460
245
46
0,31

Some-h-sara / G
132
Directly to Caspian Sea
MBNP

63
23
15
8
1,5
1,0E+03
347
185
35
0,23

Langarud / G
110
Directly to Caspian Sea
MBNP

53
19
15
8
1,5
1,0E+03
289
154
29
0,19

Rud Sar / G
202
Directly to Caspian Sea
MBNP

97
35
15
8
1,5
1,0E+03
531
283
53
0,35

Ram Sar / M
50
Directly to Caspian Sea
MBNP

24
9
15
8
1,5
1,0E+03
131
70
13
0,09

Tonkabon / M
50
Directly to Caspian Sea
MBNP

24
9
15
8
1,5
1,0E+03
131
70
13
0,09

Chalus / M
50
Directly to Caspian Sea
MBNP

24
9
15
8
1,5
1,0E+03
131
70
13
0,09

Now Shahr / M
50
Directly to Caspian Sea
MBNP

24
9
15
8
1,5
1,0E+03
131
70
13
0,09

Nur / M
50
Directly to Caspian Sea
MBNP

24
9
15
8
1,5
1,0E+03
131
70
13
0,09

Fereidun Kenar / M
50
Directly to Caspian Sea
MBNP

24
9
15
8
1,5
1,0E+03
131
70
13
0,09

Babolsar / M 
50
Directly to Caspian Sea
MBNP

24
9
15
8
1,5
1,0E+03
131
70
13
0,09

Quam-Shahr
124
Directly to Caspian Sea
MBNP

60
22
15
8
1,5
1,0E+03
326
174
33
0,22

Total Iran
1 468



705
257




3 858
2 058
386
3

Total Caspian Sea
5 589



2 649
967




14 831
8 222
1 595
69

Russia






Astrachan / A
135,4
59,2
296
Sea outfall: 5-15 mill. EURO
417

Kamyzyak/A
5,2
2,3
11

16

Ikranoye/A
6,5
2,8
14

20

Moumra/A
0,4
0,1
0

1

Yaksatovo/A
0,5
0,1
0

1

Krasniye/A
2,1
0,3
2

6

Belyachnoye/A
0,4
0,1
0

1

Kalmykia oblast
37,2
9,7
49

115

Derbent / D
29,3
12,8
64

90

Izberbash / D
12,0
5,3
26

37

Kaspyisk / D
22,1
9,7
48

68

Makhachkala / D
107,3
46,9
234
Sea outfall: 5-15 mill. EURO
330

Total Russia
358
149
745

1 103








Kazakhstan






Aktau
33,9
14,8
74

104

Total Kazakhstan
34
15
74

104








Turkmenistan






Turkmenbashi
23,7
6,2
31

73

Cheleken
1,0
0,2
1

3

Total Turkmenistan
25
6
32

76








Iran






Astara / G
10,7
4,7
23

33

Hashtpar / G
74,8
32,7
163
Sea outfall: 5-15 mill. EURO
230

Bandar Anzali / G
36,4
15,9
80

112

Fooman / G
56,9
24,9
124
Sea outfall: 5-15 mill. EURO
175

Some-h-sara / G
42,9
18,7
94

132

Langarud / G
35,8
15,6
78

110

Rud Sar / G
65,7
28,7
143
Sea outfall: 5-15 mill. EURO
202

Ram Sar / M
16,3
7,1
36

50

Tonkabon / M
16,3
7,1
36

50

Chalus / M
16,3
7,1
36

50

Now Shahr / M
16,3
7,1
36

50

Nur / M
16,3
7,1
36

50

Fereidun Kenar / M
16,3
7,1
36

50

Babolsar / M 
16,3
7,1
36

50

Quam-Shahr
40,3
17,6
88

124

Total Iran
477
208
1 042

1 468








Total Caspian Sea
1 794
770
3 851
Sea outfall: 60 mill. EURO
5 519

Appendix 6

Contacted organisations and persons
Contacted organisations and persons

Mr. Zakir Aliyev, Chief Manager

Hovsan WWTP

Baku, Azerbaijan

Mr. Kocharli F. Gasanov, First Deputy Director General

Baku Executive Authority, Production Association “Bakkanalizasiya” (Wastewater & Sewage Association)

Baku, Azerbaijan

Mr. Maarten Gischler, Project Manager

IWACO - Baku Bay Oil Pollution Project

Baku, Azerbaijan

Dr. Latifa Guseynova, Deputy Chief of Analytical Affairs

Caspian Sea Inspectorate

State Committee of Ecology

Baku, Azerbaijan

Mr. Arif Islamzadeh, Project Manager

UNDP  - Environmental Rehabilitation of Sumgait

Sumgayit, Azerbaijan

Mr. Oktay Jafarov, Head of Department of the Environment

State Committee of Ecology

Baku, Azerbaijan

Mr. Islam Mamedov, Monitoring Team Leader

UNDP  - Environmental Rehabilitation of Sumgait 

Sumgayit, Azerbaijan

Mr. NNN, Chief Manager

Sumgayit WWTP

Sumgayit, Azerbaijan

Mr. Abdul Novruzof, WWTP Chief Manager

Baku Oil Refinery (Azerneftyanadjag)

Baku, Azerbaijan

Mr. Mohammad Reza Sheikboleslami, Director 

Caspian Regional Thematic Centre for Effective Regional Assessment of Contaminant Levels 

Tehran, I.R Iran
Appendix 7

Information on Cities

Azerbaijan
The List of Cities and Towns Connected to Sewerage System, 1997

City/town
Coordinates

x/y
Popu-lation
Distance to the Sea km
Popu-lation con. to sewerage system%
Discharge to (rivers, canals, sea)
Wastewater flows
1000m3/year 
Type of treatment facilities

Astara
48,52,30/38,36
13,700
0.0
0.0
Sea
1,950
B 

Lenkaran
48,51,18/38,45
47,100
0.0
73.0
Sea
53,000
MC  

Gobustan
49,25/40,05,12
12,600
0.0
95.0
Sea
1,690
BMC

Baku
47,15/40,24
1,725,900
0.0
98.8
Sea
484,000
BMC 

Pirallahy
50,19,35/40,28
10,600
0.0
70.0
Sea
1,059
B 

Surakhan
50,00,05/40,25,30
5,600
15.0
40.0
Channel to Sea
220,000
MC

Markadan
50,08,40/40,29,20
13,700
0.0
40.0
Sea
1,750
BMC

Sumgayit
49,39,40/40,30,00
249,700
0.0
87.6
Sea
67,322
-

Nasosny
40,39,40/40,37,50
1,500
0.0
10.0
Sea
120
MB 

Khachmas
48,48,24/41,27,56
44,100
18.0
60.0
Sea
1,148
B 

Siyazan
49,07/41,04,30
20,700
8.4

Sea
1,650
-

Guba
48,31/41,21,30
27,400
51.0
70.0
Collector to Sea
1,113
-

Massally
48,40,06/39,01,30
16,300
22.8
20.0
Vilyash River
150
-

Altyagaj
48,56,15/40,51,30
1,400
10
40.0
Kizlichay River
500
-

Gusary
48,26,12/41,26,24
73,100
51.6
22.8
Channel to Sea
4,100
-

Khudat
48,41/41,38
11,800
13.2
0.0
Collector to Sea
700
-

Neftchala
49,15,00/39,27,20
16,300
13.2
40.0
Channel to Sea
159,000
-

Yevlakh
47,08/40,37
6,700

0.0
Kura River
1,560
-

Salyan
48,58/39,33,50
32,700
32.4
20.0
Collector to Sea
149,900
B

Sabirabad
48,28/40,00,30
20,800
87.0
30.0
Channel to Sea
140
B

Ali-Baramly
48,51/39,37,20
69,200
42.0
40.0
Collector to Sea
21,900
-

Tovuz
45,37/40,59,30
13,400

7.0
Tovuzcha River
120
-

Gazag
45,21,30/41,05,18
20,100

20.0
Agstafachay R.
35,000
B

Ganja
46,15/40,32,30
291,900

87.6
Korchay River
25,000
MB

Mingechevir
47,18,00/40,36,30
96,700

20.0
Kura River
933,200
B

B: Biological, M: Mechanical, C: Chemical

Kazakhstan
A list of communities provided with a wastewater system and discharging wastewater to the Caspian Sea

Community
Loca

tion
Population
Distance to the Sea km
Population connected %
Discharge to (rivers, canals, sea)
Wastewater flows
MM3/year 
Type of treatment facilities

Atirau city
West Kazakhstan
150000
22
100
Evaporation ponds
454.3
Mechanical 










Kurmangazi district of Atirau region

50000
32
50
Waste stabilization ponds
59.06
Mechanical 

Russia
Astakhan: List of Cities/Towns

City/town
Location in Astrakhan Oblast
Population
Distance to the Sea km
Population connected %
Discharge to (rivers, canals, sea)
Wastewater flows
MM3/year 
Type of treatment facilities

Astrakhan
Astrakhan
484,000
69

Volga River

Bolda River
34,004,000

38,571,000
Bio. 

Kamyzyak
Kamyzyakski Region
16,000
36

Kamyzyak/ Volga Delta
660,000
Bio.  

Ikranoye
Ikryaninskiy Region
19,900


Khurdun/ Volga Delta
417,000
Bio.

Volodaskiy
Volodarskiy Region
9,800
42

Markarka/ Volgo Delta
47,320
Bio. 

Znamensk

Military  fac.
Akhtubinskiy Region
35,000
360

Gniloy / Volga Delta
4,907,800
Bio. 

Biryukovka
Privoljskiy Region

50

Sukhoy River
63,070
Bio. 

Seitovka
Krasnoyarskiy

Region

66

Akhtuba River
44,000
Bio.  

Yevpraksino
Privoljskiy Region

50

Bolda River
87,000
Bio.

Mumra
Ikryaninskiy Region

3

Yamnaya Trtibutary
215,000
Bio. 

Astrakhan 2 Station
Astrakhan

69

Bolda River
501,718
Bio. 

Volgo Kaspiyskiy
Kamyzyakski Region
2,800
51.6

Volga River
96,700
Bio. 

Yaksatovo
Privoljskiy Region

51

Armyanka/ VolgaDelta
225,000
Bio.  

Krasniye

Barrikady
Ikryaninskiy Region
6,400
54

Bakhtemir River
970,000
Bio.

Bakhtemir
Ikryaninskiy Region

23

Bakhtemir River
9,500
Bio. 

Belyachnoye
Krasnoyarskiy

Region

65

Akhtuba River
208,000
Bio. 

Russia
Dagestan: Cities and Towns discharging to the Caspian Sea

City/town
Location in Astrakhan Oblast
Population
Distance to the Sea km
Population connected %
Discharge to (rivers, canals, sea)
Wastewater flows
MM3/year 
Type of treatment facilities

1989

Derbent
Coastal Zone



Caspian Sea
8,435,000
Bio.  

Izberbash
Coastal Zone



Caspian Sea
3,646,000
None

Caspiysk
Coastal Zone



Caspian Sea
6,000,000
Bio. 

Makhackala
Coastal Zone



Caspian Sea
64,460,000
Bio. 

Kizliyurt


48.6

Sulak
3,368,000
Bio. 

Kizlyar


55.8

St Terek
2,227,000
Bio.  

Buynaksk


37.8

Shura-Ozen
3,628,000
Bio.

Khasavyurt


76.2

Yaryk-su
5,388,00
Bio. 

1997

Derbent
Coastal Zone
90,000


Caspian Sea
4,706,000
None 

Izberbash
Coastal Zone
37,000


Caspian Sea
1,750,000
None

Caspiysk
Coastal Zone
68,200


Caspian Sea
5,000,120
Bio. 

Makhackala
Coastal Zone
330,000


Caspian Sea
48,004,000
Bio. 

Kizliyurt

40,000
48.6

Sulak
4,261,000
Bio. 

Kizlyar

50,000
55.8

St Terek
2,628,000
Bio.  

Buynaksk

60,000
37.8

Shura-Ozen
3,930,000
None

Khasavyurt

80,000
76.2

Yaryk-su
290,000
Bio. 

1998

Derbent
Coastal Zone
90,000


Caspian Sea
3,720,000
None 

Izberbash
Coastal Zone
37,000


Caspian Sea
1,550,200
None

Caspiysk
Coastal Zone
68,200


Caspian Sea
5,000,500
Bio. 

Makhackala
Coastal Zone
330,000


Caspian Sea
43,000,000
Bio. 

Kizliyurt

40,000
48.6

Sulak
4,500,000
Bio. 

Kizlyar

50,000
55.8

St Terek
2,064,000
Bio.  

Buynaksk

60,000
37.8

Shura-Ozen
2,800,000
None

Khasavyurt

80,000
76.2

Yaryk-su
5,500,000
Bio. 

Turkmenistan
Cities and towns discharging wastewater to Caspian Sea

City/Town
Location
No. of People
Distance from Sea (km)
No. of People connected to the sewerage system, (%)
Discharge point
Amount of Discharge, m3/y
Treatment type

Cities








Nebitdag
Balkan Veleyat
88,657
80
88
Fields
13,626,000
None

Turkmenbashi
Balkan Veleyat
64,700
12
92.5
Fields
8,000,000
None

Gumdag
Balkan Veleyat
21,670
71
25
Fields
73,400
None

Cheleken
Balkan Veleyat
10,300
2
100
Fields
547,500
None

Etraps








Turkmenbashi
Balkan Veleyat
3,200
5
50
Fields
7,050,000
None

Gyzylarbat
Balkan Veleyat
47,357
389
1.0
Fields
8,000
None

Garrygalla
Balkan Veleyat
16,800
418
No sewerage system, no data

Gazandjik
Balkan Veleyat
16,000
190
No sewerage system, no data

Esenguly
Balkan Veleyat
7,200
2
No sewerage system, no data

Kizylatrek
Balkan Veleyat
7,900

No sewerage system, no data

Settlements








Jebel
Balkan Veleyat
7,960
60
3.00
Fields
6,048
None

Mollagara
Balkan Veleyat
800
60


240
None

Bugdayli
Balkan Veleyat
1,373
90
No sewerage system, no data

Belek
Balkan Veleyat
1,100
51
No sewerage system, no data

Ekerem
Balkan Veleyat
2,300
1
No sewerage system, no data

Goturdepe
Balkan Veleyat
-

No sewerage system, no data

Vyshka
Balkan Veleyat
650
44
49
Fields
4,500
None

Bekdash
Balkan Veleyat
4,600
3


24,240
None

Guvlymayak
Balkan Veleyat
1,200
0.1
No sewerage system, no data

Appendix 8

Project proposal
Project proposal 

Title

Transfer of knowledge on flow measurement, sampling procedures and use of obtained data

Background

Data on flows at Wastewater treatment plant (WWTP’s) are based on rough estimates from visual inspection of flow velocities or pump characteristics, and sampling appears to be based on grab sampling only. This practice results in highly unreliable data on flow and loads of pollutants. Further to this, the currently applied sampling frequency, and the list of parameters analysed, seems inappropriate. This is most unfortunate since flow and load data are the basis of many activities such as:

· Many administration matters 

· Design for upgrading and extension

· Optimised operation of WWTP

· Control of compliance to effluent standards 

· This situation seems to prevail in all the riparian countries.

Objectives

The long term objective is to improve the administration of sewerage system and WWTP related matters, to optimise the operation of the WWTP and to improve the control of compliance to effluent standards.

The immediate objective is to enable Control authority technical staff and/or WWTP technical staff, from one or two of the riparian countries, to perform proper flow measurement and sampling, to set up appropriate sampling and analysis programmes, and to efficiently process and use obtained data. 

Outputs

Equipment for continuous flow measurement purchased and installed (flow measurement structure, i.e. flume, constructed in case of stationary and permanent flow measurement set up).

Simple equipment for time or flow proportional sampling purchased and installed 

Control authority staff and/or WWTP staff trained in:

· Flow measurement

· Time and flow proportional sampling

· Preparation of proper sampling and analysis programmes

· Efficiently process and use of obtained data

· Implementation strategy

The project should be implemented at one WWTP in one or two of the riparian countries. 

Equipment (western European makes) is purchased by the consultant. Equipment is installed at a WWTP in close co-operation with local control authority and/or WWTP staff. 

If a stationary and permanent flow measurement structure (Parshall flume or the like) is chosen, the project will start with a construction phase. In this phase the municipality staff or local consultants, in close co-operation with the foreign consultant, will prepare detailed design and conducts other necessary project management in relation to the construction works. 

The Govsany WWTP in Azerbaijan seems to be the best site . At present, information on WWTP’s in the other riparian countries is limited 

Training of local control authority and/or WWTP staff is conducted as a mix of “hands on” and classroom training.  The Consultants input will consist of intensive periods with training conducted at the site, and less intensive periods where the staff to be trained performs agreed tasks in the absent of the consultant.

Tentative budget

Time budget

Time budget for Consultant (one WWTP and mobile flow measurement set up):

Purchase of equipment
1       Man months

Installation
0.5    Man months 

On site training
3       Man months 

Planning, reporting etc.
1.5    Man months

Total   
6       Man months 

Extra time if stationary and permanent flow measurement set up is chosen: 

Planning and construction site inspection
1,5    Man months

Equipment Costs 

Costs for purchase of equipment (one WWTP and mobile flow measurement set up):

Flow measurement hardware
25,000 EURO

Sampling hardware
25,000 EURO

Total
50,000 EURO

Extra costs if stationary and permanent flow measurement set up is chosen: 

Civil constructions
40,000 EURO

Time schedule 

The Project period should include 3 months for purchase and installation of equipment, and 12 month for the training programme. Consultants input at the site could be 2-4 month depending on whether both aspects of the programme, i.e. both operation and control, are included.

� Translated by CCPC from hand written Russian original handed over at Govsany WWTP 1 September 1999 


� Translated by RCPC from Russian original handed over at Govsany WWTP 1 September 1999
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