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Lake Sevan-River Hrazdan Surface Water Resources

Monitoring Strategy 

1:   INTRODUCTION
The Sustainable Water Resources Management Project (SWRMP) is a three-year bilateral initiative financed by the United States Agency for International Development (USAID).  The over-arching goal of this national program is to assist the development of Armenian capacity to promote integrated sustainable management of its critical water resources to support enhanced environmental quality and economic growth.  Development of a dependable program for monitoring surface water quantity and quality is integral to the achievement of this goal.

This Monitoring Strategy provides the conceptual basis for improving routine water quantity and quality monitoring in Armenia, and provides a framework for rebuilding water resources capabilities for this system.    While water quantity monitoring has been conducted somewhat regularly during the past decade, water quality monitoring has been very limited.  Monitoring has been severely affected by deteriorating facilities and a lack of supplies and resources.  This Monitoring Strategy is a necessary step in the process of reestablishing dependable water monitoring.  It also provides a basis for developing priorities for funding of monitoring equipment upgrades and enhancements.  While the Project cannot guarantee that it will be able to provide funding to enable implementation of the entire Strategy, it will accomplish what it can, given available resources and timeframe.  This document provides a useful tool for other international donors to use in developing programs that build upon assistance provided under the SWRMP. 

This monitoring strategy is subject to future revision based upon definition of changing data and information needs and altered availability of supporting resources.  The Strategy as currently conceived is considered a core, or nuclear, program that may be expanded, contracted, or replicated in future applications.

1.1  PROJECT BACKGROUND AND PRINCIPLES

The SWRMP consists of four tasks.  Task 1 is directed toward capacity building and coordination, while Task 2 concerns legal, policy and institutional framework.  Task 3 is to increase capacity for water resources monitoring, including both water quality and quantity monitoring, as well as technical support for natural resource planning.  Task 4 is to increase local participation in integrated water resources management; it will include public participation activities and a small grants program for pilot projects.  This Monitoring Strategy is a component of Task 3.

1.1.1.
Basin Approach

Initial monitoring focus will be on the important Lake Sevan – Hrazdan River hydrologic systems in order to efficiently apply initial monitoring resources.  It is anticipated that procedures and decisions tested in these defined basins will provide the basis for expansion as monitoring resources increase in the future, and that this focused program will become the reproducible model for a national monitoring system.

1.1.2.
Need-Driven Construct

Because monitoring resources are limited, efficiency requires that resource expenditures be linked to resource management needs.  Each data point collected must have a purpose and must provide information needed by resource managers.  Superfluous and redundant data collection merely wastes valuable resources, and must be discouraged.

1.1.3
Coordination with USAID Regional Program

The program for Strengthening Water Management in the South Caucasus is a concurrent regional water resources program also supported by USAID, with several objectives related to those of SWRMP.  Close coordination must assure that investments of the two programs in development of monitoring protocols, principles, and equipment are compatible, and to the degree possible, synergistic.

1.2
BACKGROUND

Because this Monitoring Strategy will provide a foundation for future water quantity and quality monitoring in Armenia, it is important that it be based on reliable information and stakeholder consensus.  Several evaluations and stakeholder participation activities have therefore contributed to the development of this Monitoring Strategy.

An initial Project Needs Assessment was conducted from January 1 – March 16, 2001.  This assessment included distribution of a detailed questionnaire to a wide range of stakeholders to probe issues related to water resources management, and a Stakeholder Workshop on February 16-17, 2001.  Through a consensus-building process at the workshop, stakeholders identified a set of nineteen priority action areas, several of which related to monitoring and data management deficiencies.

The Project Needs Assessment was followed by a Data Needs Assessment, which employed local consultants and stakeholders to evaluate numerous aspects concerning monitoring data needs.  Consultants produced 47 task reports evaluating historic monitoring priorities and agencies, and identifying data users and their needs in several GoA agencies and ministries, locations of pollution point sources and watershed land uses, and evaluating laboratory analytical resources.

A subsequent Sevan-Hrazdan Hydrologic System Workshop was held in Tsaghkadzor on September 25-26, 2001.  Breakout stakeholder sessions were conducted to develop consensus on several monitoring issues, including a prioritized list of needed water quantity monitoring post improvements, guidelines for assigning monitoring locations, and recommendations for water quality parameters to be monitored.

1.3 ANTICIPATED FUTURE ACTIVITIES

This Monitoring Strategy is an incremental step in the process of reestablishing dependable water resources monitoring in Armenia.  As described above, several steps preceded its development.  Similarly, several steps will follow adoption of the Monitoring Strategy.

1.3.1. EQUIPMENT IMPROVEMENTS

One of the primary objectives of the Sustainable Water Resources Management Project is to provide monitoring equipment upgrades and enhancements to support surface water quality and quantity monitoring.  Although this Strategy outlines a needs-based approach to monitoring throughout the system, it also provides a priority framework for upgrades and enhancements.  While the Project may not be able to fund all enhancements and upgrades needed to implement the entire Strategy, it will make every attempt with available resources and time to meet that objective
.  Priorities will be further synthesized to maximize the interest of the Government of Armenia and key local stakeholders in its monitoring enhancement program.

1.3.1.2.
Water Quantity Equipment Improvements
Near term improvements are anticipated at three existing Armhydromet flow monitoring stations:

· Hrazdan-Yerevan Post: Repair of footbridge for safety reasons and installation of an automatic graph recorder

· Hrazdan-Masis Post: Installation of river transit cable to replace the existing vehicle bridge, and an automatic graph level recorder. 

· Marmarik-Aghavnadzor Post: Replacement of the river transit cable and installation of an automatic graph recorder

In addition, potential options for upgrading and automating the Hrazdan-Geghamavan Post and the Arpa-Sevan Post have been evaluated and considered for implementation.  These are the stations monitoring inflow and outflow from Lake Sevan, and their dependable operation is critical to effective water resource management in Armenia.  International Short Term Technical Assistance (ISTTA) was applied to evaluation of these alternatives.

1.3.1.3. 
 Water Quality Equipment Improvements

Equipment needs for implementation of the strategy was evaluated using outside international expertise.  The ISTTA consultant evaluated existing resources available for implementing this strategy, and then developed recommendations for additional equipment and supplies for procurement.  In making these evaluations, the consultant considered the potential for maximizing on-site (stream- or lake-side) analyses in order to minimize the numbers of samples requiring transport to and analysis in a central laboratory.

In developing recommendations concerning analytical laboratory equipment purchases, the consultant weighed numbers and frequencies of samples specified in the Monitoring Strategy against equipment capacity.  If equipment needs exceed Project resources to purchase them, adjustments may be needed in the Monitoring Strategy based upon prioritization of monitoring data needs.

1.3.1.4.  Training

ISTTA consultants will also be charged with assessing initial training needs associated with purchased equipment and Quality Assurance and Control protocols, including sampling techniques.  Training programs will then be established within this Project.

1.3.1.5.   Database and Technical Tools Development

Monitoring data are of limited use until they are collected and analyzed to provide needed management information.  During the equipment procurement process, therefore, development of a central database will be initiated to prepare for electronic archiving of data expected to result from water resource monitoring.  This database will assure safe storage of the data, as well as capability for its wide dissemination and analysis.  In addition, analytical needs will be identified in consultation with data users, and to the extent Project resources allow, technical tools, such as analytical software and data presentation formats, will be developed to facilitate effective use of the monitoring data.  The design and development of this database will be closely coordinated with USAID’s Regional Water Resources Management Project to ensure compatible systems are put in place for analysis of data collected for the national and regional projects.

It is presently anticipated that the database will be constructed using readily available commercial software, such as “Excel” and “Access.”  This approach will build upon existing familiarity with these programs, but will exploit the presently under-utilized power of these software resources.

2:   INSTITUTIONAL ARRANGEMENTS FOR WATER MONITORING

Prior to 1992, water quantity and water quality monitoring were both conducted by Armhydromet.   GoA Decision #261 of May 1, 1992 transferred responsibility for water quality monitoring to the Ministry of Nature Protection (MoNP), where it resides today, within the Ministry’s Environmental Monitoring Center (EMC).  The relationship of the EMC with other components of the MoNP has been clarified by recent GoA decisions.

A new Law of the Republic of Armenia on Hydro-Meteorological Activities was adopted by Parliament on February 7, 2001.  This law assigns responsibility for state water monitoring to Armhydromet, including providing for databases and data dissemination.

The institutional structure for accomplishing water monitoring was clarified by GoA Decision #199, effective March 6, 2002.  Provision #1 of this Decision states: “The Republic of Armenia Hydrometeorological Department [Armhydromet] and “Environmental Monitoring Center” [EMC] State Institution under the structure of the Republic of Armenia Ministry of Nature Protection shall be reorganized by means of merging within the Republic of Armenia Hydrometeorological and Environmental Monitoring Agency [HEMA] acting as part of the structure of the Republic of Armenia Ministry of Nature Protection with the status of an institution’s separate subdivision.”  Thus it appears that this new agency will be responsible for government-sponsored water quality and water quantity monitoring in Armenia.

Sample analysis will require the designation of a central analytical laboratory to conduct water quality analyses difficult to conduct on-site in the field, and to provide analyses of split and duplicate samples for quality assurance purposes.  It is anticipated that this laboratory will be established within HEMA, in facilities of the former “EMC.”

Future development of a database facility for storing, archiving, analyzing, and disseminating data gathered within this monitoring program and elsewhere is anticipated.   SWRMP assumes this database will be developed within HEMA, but the location of specific facilities, staff assignments for operation and maintenance, and protocols for data management are yet to be decided.  Future short-term ISTTA will be utilized to clarify and resolve these issues.

3:   MONITORING LOCATION NOMENCLATURE

Surface water monitoring location nomenclature, or location naming, is a key component to be clarified within the SWRMP.  Monitoring locations are currently designated with differing systems by different agencies, which is incompatible with establishment of a centralized database.  For example, water quantity monitoring stations maintained by Armhydromet are named geographically using a river and town system, as in Marmarik (river)-Aghavnadzor (town).  Other organizations use geographic coordinate systems.

SWRMP proposes to implement a unified system for designating river-monitoring locations compatible with common international applications.  Existing designations will also be maintained to avoid confusion, but the nomenclature discussed below will be designed into the future database.

3.1  RIVER MONITORING NOMENCLATURE

International river location nomenclature as proposed by SWRMP names each specific location based on its distance in kilometers from the mouth of the river.  Thus, a monitoring post located on the hypothetical “Earth” River where it enters the equally hypothetical “Sun” River is designated “Earth 0.0.”  Another monitoring post on the Earth River located  1.2 km upstream would be designated “Earth 1.2.”  Similarly, a post located 5.7 km upstream from the river mouth would be designated “Earth 5.7,” and it becomes immediately apparent, even to a person unfamiliar with local geography, that station 5.7 is upstream from station 1.2, and that the two posts are separated by 4.5 km.  The concept is illustrated in Figures 3-1 and 3-2.

	Figure 3-1. Suggested monitoring sampling location nomenclature.
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  EARTH 0.0              Sun River


	Figure 3-2. Suggested monitoring sampling location nomenclature         (tributary).
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The decision to begin numbering kilometer locations at the river mouth is in concert with international convention.  In many cases around the globe, the headwaters of rivers move depending upon rainfall events.  In the case of spring-fed rivers, as in Armenia, this issue is less obvious, and an argument may be made for numbering beginning at the headwaters.  However, this would be counter to international convention, create an exception to internationally recognized systems, and create the potential for confusion.

In the case of rivers flowing into lakes, such as Lake Sevan, establishment of the 0.0 km baseline post can be complicated by changes in the shorelines.  The actual “mouth” of the river may move by substantial linear distances as the lake level rises and lowers. In these cases, it is usual to establish a conventional point 0.0 at some agreed-upon surveyed point, and then to measure distances upstream from this point on a positive scale, and measure distances downstream from this point on a negative scale.  For purposes of this document, the 0.0 points on Lake Sevan tributary streams are designated to be at the mouth of the streams at the present shoreline of Lake Sevan.  This means that at this time, there will be no locations downstream designated by negative numbers.  In the future, however, if the lake level drops from its current level, negative designations may become necessary.

On the other hand, if the lake level rises in the future, the 0.0 point will become inundated, and will lie within the lake itself.   The point will not be changed, however, and will remain as a surveyed reference point for measuring upstream locations so that upstream location designations will not have to be changed over time.

A secondary benefit to this designation will be the clearly demonstrated success or failure of water management efforts to raise the surface of Lake Sevan.  If the Lake level rises over coming years, these “0.0” point will be inundated; if the lake level lowers, these “0.0” locations will clearly be left high above the new mouth.  Upon implementation of this strategy, these or other points will be established and marked to serve as the basis for future measurements.

This new river nomenclature system has a number of advantages:

· Compatibility with international systems

· Standardization of designations

· Usefulness of database entries

· Simplicity and clarity

Table 3-1 provides the new nomenclature designations for several existing Armhydromet water quantity monitoring posts.  Table 3-2 illustrates the new system by providing new designations for several previously used water quality monitoring locations.

3.2
LAKE MONITORING NOMENCLATURE

In contrast to river monitoring nomenclature, the lake nomenclature system cannot be based on an indication of distance from the shore of the lake.  A system of geographic coordinates has been consistently used in Armenia for more than 50 years, and will be maintained by SWRMP.

	Table 3-1. New Nomenclature for Existing Water Quantity Monitoring Posts



	Existing Name
	New Designation

	Hrazdan-Geghamavan
	Hrazdan 126.3

	Hrazdan-Hrazdan
	Hrazdan 113.0

	Hrazdan-Lusakert
	Hrazdan 79.0

	Hrazdan-Yerevan
	Hrazdan 42.0

	Hrazdan-Masis
	Hrazdan 9.4

	Marmarik-Hankavan
	Marmarik 30.0

	Marmarik-Aghavnadzor
	Marmarik 8.0

	Gomur-Meghradzor
	Gomur 1.8

	Dzknaget-Tsovagyugh
	Dzknaget 1.0

	Drakhtik-Drakhtik
	Drakhtik 0.8

	Pambak-Pambak
	Pambak 1.8

	Masrik-Mets Masrik
	Masrik 2.8

	Karchaghbyur-Karchaghbyur
	Karchaghbyur 0.8

	Arpa-Sevan-Tsovinar
	Arpa-Sevan 1.0

	Vardenis-Vardenik
	Vardenis 4.1

	Martuni-Geghhovit
	Martuni 7.2

	Argichi-Verin Getashen
	Argichi 6.0

	Lichk-Lichk
	Lichk 3.0

	Bakhtak-Tsakqar
	Bakhtak 6.1

	Gavaraget-Noradus
	Gavaraget 6.0


	Table 3-2. New Nomenclature for Certain Previously Used or Existing

Water Quality Monitoring Locations



	Existing Designation
	New Designation

	13 km upstream from Hrazdan City
	Hrazdan 119.0

	1 km downstream from Hrazdan City
	Hrazdan 101.5

	1.5 km upstream from Charentsavan City
	Hrazdan 69.5

	2.5 km downstream from Charentsavan City
	Hrazdan 60.0

	0.6 km upstream from Kanaker HPP
	Hrazdan 49.5

	13 km downstream from Yerevan
	Hrazdan 15.4

	Marmarik River Mouth
	Marmarik 0.0

	Getar River Mouth
	Getar 0.0

	Dzknaget River 1.0 km downstream from Tsovagyugh
	Dzknaget 0.0

	Masrik River 3.7 km west of Torf Village
	Masrik 29.6

	Sotk River 5 km upstream from Sotk Village
	Sotk 15.8

	Sotk River 6.5 km downstream from Sotk Village
	Sotk 0.0

	Karchaghbyur River Mouth
	Karchaghbyur 0.0

	Arpa-Sevan Canal, near Tsovinar Village
	Arpa-Sevan 0.0

	Vardenis River near Vardenik Village
	Vardenis 6.7

	Martuni River 0.5 km upstream from River Mouth
	Martuni 0.5


4:   WATER QUANTITY MONITORING

It was determined at the Sevan-Hrazdan Hydrologic System Workshop in Tsaghkadzor in September, 2001, that the locations of existing Armhydromet water quantity monitoring posts are adequate for monitoring water quantity in the Lake Sevan – Hrazdan River basins.  In addition, it was agreed that established procedures in place for many years are adequate.  Several of these facilities require repairs, however, and at least one should be considered for upgrading, as discussed below.

4.1  
MONITORING LOCATIONS - LAKE SEVAN

Armhydromet maintains 16 observation posts in the Lake Sevan Basin, including 12 flow monitoring posts on rivers flowing into the lake, and 4 lake level monitoring posts.  Four lake level locations are required to compensate for tidal and weather influences, and are intended for calculating Lake Sevan’s water balance.  These locations include:

· Lake Sevan-Peninsula

northwest lake location

· Lake Sevan-Shorzha

east lake location

· Lake Sevan-Karchaghbyur
southeast lake location

· Lake Sevan-Martuni

southwest lake location

The 12 river monitoring posts are listed in Table 4-1, and their locations are depicted on maps in Attachment 1.  Because of irrigation water extracted from these rivers during the agricultural growing season, the flow of all of these rivers is seasonal.  The flow is greatly reduced in all of them, while in some all water is commonly extracted, leaving a seasonally dry riverbed.

4.2
MONITORING LOCATIONS - HRAZDAN RIVER BASIN

Armhydromet currently operates 8 observation posts on the Hrazdan River and its tributaries.  They are listed in Table 4-2, and their locations are depicted on maps in Attachment 1.

4.3
ANTICIPATED FACILITY INVESTMENTS

Near term improvements are anticipated at three existing Armhydromet flow monitoring stations:

· Hrazdan-Yerevan Post: Repair of footbridge for safety reasons and installation of automatic graph recorder

· Hrazdan-Masis Post:  Installation of river transit cable to replace the existing vehicle bridge, and automatic graph level recorder

· Marmarik-Aghavnadzor Post: Replacement of the river transit cable and installation of automatic graph recorder

Potential options for upgrading and automating the Hrazdan-Geghamavan Post will be evaluated and considered for implementation.  This is the station monitoring outflow from Lake Sevan, and its dependable operation is critical to effective water resource management in Armenia.  Evaluation of these alternatives is facilitated by International Short Term Technical Assistance (ISTTA) during the first quarter of 2002.

Several upgrade options are under consideration for this monitoring post, including replacement of existing technology, digital data collection and storage, an acoustic sensing system, and telemetry.  Final decisions have not yet been made.

In addition to the Geghamavan Post, the monitoring post at Arpa-Sevan is being evaluated.  With the exception of an acoustic sensing system, the same upgrade options are under consideration for Arpa-Sevan as for Geghamavan.

4.4
DATA COLLECTION AND HANDLING

Procedures for collection of water quantity data are well established within Armhydromet, and will continue in use as they are.  Data will be disseminated according to established practice until such time as development of the centralized database is initiated.   At that time, changes may be made if deemed appropriate.

	Table 4-1. Armhydromet Flow Monitoring Posts

Located on Rivers Flowing into Lake Sevan



	Name of Post
	Designation
	Water Contribution

	Dzknaget-Tsovagyugh
	Dzknaget 1.0
	Medium

	Drakhtik-Drakhtik
	Drakhtik 0.8
	Medium

	Pambak-Pambak
	Pambak 1.8
	Medium

	Masrik-Mets Masrik
	Masrik 2.8
	High

	Karchaghbyur-Karchaghbyur
	Karchaghbyur 0.8
	Low

	Arpa-Sevan-Tsovinar
	Arpa-Sevan Canal 1.0
	High

	Vardenis-Vardenik
	Vardenis 4.1
	High

	Martuni-Geghhovit
	Martuni 7.2
	High

	Argichi-Verin Getashen
	Argichi 6.0
	High

	Lichk-Lichk
	Lichk 0.3
	Medium

	Bakhtak-Tsakqar
	Bakhtak 1.0
	Low

	Gavaraget-Noradus
	Gavaraget 6.0
	High


	Table 4-2. Armhydromet Flow Monitoring Posts

Located in the Hrazdan River Basin



	Name of Post
	Designation
	Notes

	Hrazdan-Geghamavan
	Hrazdan 126.3
	Measures water release from Lake Sevan

	Hrazdan-Hrazdan
	Hrazdan 113.0
	Below mixing zone with Marmarik River

	Hrazdan-Lusakert
	Hrazdan 79.0
	0.1 km upstream of the Argel Hydro Power Plant

	Hrazdan-Yerevan
	Hrazdan 42.0
	Downstream of Yerevan

	Hrazdan-Masis
	Hrazdan 9.4
	Upstream of flow into Araks River

	Gomur-Meghradzor
	Gomur 1.8
	Major tributary to Marmarik River

	Marmarik-Hankavan
	Marmarik 30.0
	Headwaters of Marmarik River

	Marmarik-Aghavnadzor
	Marmarik 8.0
	Just upstream of Hrazdan


5:   WATER QUALITY MONITORING - PARAMETERS AND FREQUENCIES

Water quality monitoring can serve multiple purposes.  “Routine” monitoring is used for general surveillance of surface waters throughout an area of interest.  Parameters recorded in routine monitoring, therefore, include items of general interest and indicators that water quality problems may exist.  Routine monitoring does not include all possible parameters, but it should include a sufficient breadth of parameters that it will alert resource managers to potential water quality issues.  Once a potential issue is identified, it may be further clarified with additional or more intensive monitoring and analysis designed for the specific issue at hand.

Resource managers are also frequently interested in monitoring near pollution sources to maintain vigilance concerning possible human health or environmental problems, or for assuring regulatory compliance by dischargers.  In these cases, a suite of parameters specifically appropriate to the pollution source may be designated for monitoring. Because these two types of monitoring involve somewhat different suites of parameters, they are treated separately below.

5.1 ROUTINE MONITORING PARAMETERS

A suite of 27 parameters is recommended for routine monitoring.  At the Sevan-Hrazdan Hydrologic System Workshop in Tsaghkadzor in September, 2001, an initial list of 54 parameters was discussed, and a consensus-based list of 34 parameters was developed for routine monitoring.  This list provided the basis for additional evaluation, resulting in the paring of selected parameters from the list.

The parameters removed from the Tsaghkadzor list are indicated below, with the reasons for their removal:

· H2S/S2- - Hydrogen sulfide is an indicator of severe contamination and anaerobic decay processes, more commonly found in stagnant rather than flowing waters, where it has not generally been an issue in Armenia.  Its presence in contaminated waters is usually readily detected by smell at very low concentrations, and is likely to be reported independently of water analysis if it becomes an issue.  It is sometimes used to indicate dissolve oxygen deficiency, but dissolved oxygen will be monitored directly.

· CO2 - While carbon dioxide is essential as a source of inorganic carbon for aquatic vegetation, it contributes little as an indicator of water quality problems from a water resource management perspective.

· Phenols - Phenols generally result from specific types of industrial activity, and as such are more appropriately treated as point source pollution monitoring parameters.  While phenols can be formed by decomposition of organic matter, this potential issue will also be indicated by other routine monitoring parameters, such as BOD and COD.

· Lithium - Lithium occurs naturally in some mineral water spring fields in Armenia, but it has never been known to approach problematic concentrations in water supplies or surface waters.

· Pesticides - Pesticide use has decreased dramatically in Armenia over the past decade or longer.  In addition, the many forms of potential pesticides require different analytical protocols, hence the term “pesticides” is too general for application.  When DDT was widely used, it was appropriate to monitor for DDT and its breakdown products.  If pesticide use increases in Armenia, then it may become appropriate to add specific pesticide forms to the suite of routine monitoring parameters.  For the present, however, this is deemed inappropriate. 

· Bottom Sediments - This parameter refers to the levels or volumes of sediment accumulating in water bodies, reducing water storage capacities.  This parameter is therefore inappropriate to a routine surface water monitoring program, which includes numerous water bodies not used for water storage.  In addition, the widely dispersed nature of routine monitoring posts will not provide sufficient data for analyzing water storage capacities in any case.  This parameter is more appropriate for reservoir management monitoring.

· (/( Radiation – In previous years, radiation monitoring of specific objects such as air, soil, food products, and water, was conducted by various agencies, including the Ministry of Health Sanitary-Epidemiological Stations; the Republican Center for Radiation Monitoring of Armhydromet; and the Armenian Nuclear Power Plant in Metsamor.  Since 2001, however, responsibility for state radiation monitoring of all environmental media is assigned to GosArmAtomNadzor, the Armenian State Nuclear Safety Survey.  Radiation monitoring, therefore, is clearly the responsibility of GosArmAtomNadzor, and does not lie within the purview of this Monitoring Strategy.
The list of 27 parameters recommended for routine monitoring is provided as Table 5-1.  The reasons for monitoring are provided for each parameter, as is the recommended frequency of monitoring.  Also indicated is the minimum analytical detection level required, based upon water quality standards previously applied in Armenia (Table 5-2).  These standards are currently under review, and should not be applied as such here.  Their sole purpose in this document is to establish analytical detection level requirements.

5.2  POLLUTION POINT SOURCE PARAMETERS

Based on information presently available, almost all existing point source discharges in the Hrazdan River and Lake Sevan basins consist of either domestic and municipal wastes, or food processing wastes.  Three additional types of discharge have also been reported, including wastes from metals mining, glass production, and leather tanning.  Each of these point source types requires a different set of monitoring parameters, as indicated by Table 5-3.  All monitoring of known pollution point sources should be accomplished at least monthly. 

5.3  YEREVAN AREA PARAMETERS

Numerous discharges into the Hrazdan River exist in Yerevan and its vicinity.  Most of these consist of domestic waste and urban runoff, but other types of discharges also occur.  Among these are discharges from a leather tannery, a chemical plant, and a light bulb manufacturing plant.  In addition, there are reports of numerous small-scale and unregulated manufacturing, metal-working, and other types of enterprises discharging into domestic waste and runoff streams.  This mixture potentially results in a wide variety of discharge types and pollution effects.  Therefore, routine monitoring posts located within and downstream of Yerevan will monitor for the normal suite of routine monitoring parameters, plus all other parameters designated for all other pollution point source types described in previous sections.  In addition, all of these parameters will be monitored on a monthly basis.
	Table 5-1. Parameters for Monitoring



	Parameter
	Reason
	Frequency
	Minimum Detection

Level Requirement

(Table 5-2)

	1. Temperature (C)
	· Living organisms have limited tolerance ranges

· Data helpful to interpretation of other parameters, such as dissolve oxygen

· High temperature can aggravate odor, color and corrosion issues

· Can influence bacterial and algal growth
	Monthly
	---

	2. pH
	· Living organisms have limited tolerance ranges

· Indicator of some industrial discharges, especially acid or basic

· Indicates suitability for some uses

· Can indicate limitations in water use
	Monthly
	---

	3. Suspended Solids


	· Primary cause of turbidity

· Types of particles can indicate specific forms of pollution

· Effects water column light transmission

· Can indicate land runoff and erosion problems

· Can influence water uses
	Monthly
	0.25 mg/l

above background

	4. Dissolved Oxygen


	· Living organisms have limited tolerance ranges

· Can indicate pollution by organic compounds

· Can indicate thermal pollution

· Can indicate pollution by salts

· Can influence self-purification activity of water body
	Monthly
	4.0 mg/l

	5. Five-Day Biochemical Oxygen Demand – BOD5
	· Indicator of organic content of waters

· Can indicate organic pollution, such as sewage, food processing, and agricultural waste

· Can indicate eutrophic conditions
	Monthly
	3.0 mg/l

	Table 5-1 (Page 2 of 5 Pages). Parameters for Monitoring



	Parameter
	Reason
	Frequency
	Minimum Detection

Level Requirement

(Table 5-2)

	6. Chemical Oxygen Demand – COD


	· Indicator of organic pollution by refractory organics

· Can indicate synthetic organics, as differentiated from BOD, which better indicates natural organics

· Can influence water uses
	Monthly
	10 mg/l

	7. Ammonium – NH4+

	· Can indicate recent pollution by municipal and livestock wastes

· Can indicate pollution by fertilizers

· Can indicate eutrophication

· Can indicate decay and presence of organic pollutants

· Toxic to aquatic life

· Odor can limit recreational water use

· Can drive eutrophication
	Monthly
	0.5 mg/l

	8. Nitrite – NO2- 
	· Can indicate recent pollution by municipal and livestock wastes

· Can indicate pollution by fertilizers

· Can indicate decay and therefore presence of organic pollutants

· Can be toxic to humans and farm animals

· Can drive eutrophication
	Monthly
	0.02 mg/l

	9. Nitrate – NO3- 
	· Can indicate chronic pollution by municipal and livestock wastes

· Can indicate pollution by fertilizers

· Can indicate eutrophication

· Can be toxic to humans and farm animals
	Monthly
	9.1 mg/l

	10. Phosphates as PO43-
	· Can indicate domestic waste containing detergents

· Can indicate pollution by fertilizers

· Can indicate eutrophic conditions

· Can drive eutrophication
	Monthly
	3.5 mg/l
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	Parameter
	Reason
	Frequency
	Minimum Detection

Level Requirement

(Table 5-2)

	11. Oil & Grease
	· Can indicate pollution by petroleum products: paraffins, gasoline, kerosene, diesel fuel, mazut (naphtha residue), lubricants, etc.

· Can limit water uses
	Monthly
	0.05 mg/l

	12. Bicarbonate – HCO3-
	· Measure of buffering capacity of water

· Major indicator of alkalinity (at pH 6-9)
	Quarterly
	---

	13. Chloride – Cl-
	· Can indicate pollution by domestic wastes

· Can indicate food processing wastes

· Can indicate some types of small scale industrial activity that might otherwise escape notice, such as small scale gold ore treatment
	Quarterly
	300 mg/l

	14. Sulfate – SO42-
	· Can indicate some mining and industrial pollution sources, such as plaster production

· Can limit water uses
	Quarterly
	100 mg/l

	15. Total Dissolved

Solids – TDS
	· Measure of mineral content, which can limit potential uses of water, such as irrigation or drinking water
	Quarterly
	1,000 mg/l

	16. Sodium – Na+
	· Sodium content can limit potential uses of water

· Can cause soil salinization
	Quarterly
	120 mg/l

	17. Potassium – K+
	· Can be used for calculation of irrigation coefficients to assess potassium needs of soils

· Can indicate pollution by chemical fertilizers and some point sources (e.g. chemical, electroplating)
	Quarterly
	50.0 mg/l

	18. Calcium – Ca2+
	· A primary indicator of alkalinity, hardness and buffering capacity

· Can limit uses of water (scale-forming)

· Can indicate some forms of mining wastes, such as limestone or marl
	Quarterly
	180 mg/l
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	Parameter
	Reason
	Frequency
	Minimum Detection

Level Requirement

(Table 5-2)

	19. Total Iron – Fe
	· Can indicate pollution by metal working enterprises

· Can impair drinking water quality
	Quarterly
	0.05 mg/l

	20. Magnesium – Mg2+
	· Component of water hardness calculation
	Quarterly
	40 mg/l

	21. Mercury – Hg
	· Toxic to aquatic life and humans

· Can indicate industrial pollution
	Semi-annual
	0.001 mg/l

	22. Arsenic – As
	· Toxic to aquatic life and humans

· Can indicate industrial pollution
	Semi-annual
	0.01 mg/l

	23. Lead – Pb
	· Toxic to aquatic life and humans

· Can indicate industrial pollution

· Can indicate non-point source pollution, e.g. runoff of leaded fuels
	Semi-annual
	0.01 mg/l

	24. Cadmium – Cd
	· Toxic to aquatic life and humans

· Can indicate industrial pollution
	Semi-annual
	0.005 mg/l

	25. Chromium – Cr
	· Toxic to aquatic life and humans

· Can indicate industrial pollution
	Semi-annual
	0.001 mg/l

	26. Nickel – Ni
	· Can indicate industrial pollution and runoff from trash dumps

· Moderately toxic to aquatic life and humans
	Semi-annual
	0.01 mg/l

	27. Copper – Cu
	· Toxic to aquatic life and humans

· Can indicate industrial pollution

· Can indicate pesticide pollution (copper sulfate)
	Semi-annual
	0.001 mg/l
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	Parameter
	Reason
	Frequency
	Minimum Detection

Level Requirement

(Table 5-2)

	28. Boron – B*
	· Toxic to aquatic life and humans

· Can indicate industrial pollution (e.g. leather tanning, electroplating)
	Semi-

Annual
	0.5 mg/l

	29. Aluminum – Al*
	· Affects fish by clogging gills

· Can indicate industrial pollution (e.g. leather tanning, metal processing)
	Semi-

Annual
	0.5 mg/l


* - Point-source Parameters

	Table 5-2.  Water Quality Standards in Use in Armenia



	Parameter


	Drinking

Water MAC4 
	Ambient Surface Water MAC1
	Irrigation

Water MAC
	Recreational

Waters MAC1
	Fisheries Protection

MAC1
	Pretreated

Wastewater

MAC

	Temperature, (C
	In general, cool water has more palatable taste, than the warm one. Higher temperatures of water accelerate bacterial growth, and may aggravate problems concerned with taste, odor, color and corrosion5. 
	Summer temperatures of water should not rise for more than 3(C, as a result of wastewater discharges, compared to the monthly-average temperature of water of the hottest month of the year, for the last decade.
	N/A
	Summer temperatures of water should not rise for more than 3(C, as a result of wastewater discharges, compared to the monthly-average temperature of water of the hottest month of the year, for the last decade.
	Water temperature should not rise for more than 5(C, compared to the natural temperature of the water body: not exceeding 20(C in summer, and 5(C in winter for the water bodies for cold-water fishes (salmon, trout, white-fish). For other water bodies, at the most 28(C in summer and 8(C in winter.
	N/A

	pH
	6 – 9
	6 - 9
	Used to calculate the Irrigative Coefficients
	6.5 – 8.5
	6.5 – 8.5*
	–

	Suspended Solids, mg/l
	No Turbidity
	0.25
	
	0.75
	0.25
	215 – 500

	Dissolved Oxygen, mg/l
	NS
	n.l.t  4.0 
	
	n.l.t  4.0
	n.l.t  6.0
	–

	BOD5,, mg/l
	NS
	3.0
	
	6.0
	3.0*
	240 – 500

	NH4+, , mg/l
	1.55
	2.6(3)
	
	2.6(3)
	0.5*
	–

	NO2– , mg/l
	3.05
	0.08 
	
	0.08 
	0.02
	–

	Table 5-2 (Page 2 of 3 Pages).  Water Quality Standards in Use in Armenia



	Parameter


	Drinking

Water MAC4
	Ambient Surface Water MAC1
	Irrigation

Water MAC
	Recreational

Waters MAC1
	Fisheries Protection

MAC1
	Pretreated

Wastewater

MAC

	NO3– , mg/l
	45.0
	40.0 
	
	40.0 
	9.1
	–

	Phosphates (as PO43–), mg/l
	3.5
	3.5*
	
	3.5*
	3.5*
	–

	HCO3– (alkalinity), mg/l
	NS
	NS
	Same as above
	NS
	NS
	–

	Cl– mg/l
	350 (5.05)
	350 (1.5)
	Same as above
	350 (1.5)
	300 (-)
	–

	SO42– , mg/l
	2505
	500
	Same as above
	500
	100
	300?

	Total Dissolved Solids, mg/l
	1000
	1000
	( 1.5 – 2.0 g/l
	1000
	1000
	10,000

	COD, mg/l
	NS
	12 – 30
	
	12 – 30
	10 – 30
	360 – 1.5(BOD5

	Oil and Grease, mg/l
	–
	0.1
	
	0.1
	0.05*
	150

	Na+ , mg/l
	200.05
	120.0
	Used to calculate the Irrigative Coefficients
	120.0
	120.0
	–

	 K+ , mg/l
	3.95
	50.0
	Used to calculate

Irrigative

Coefficients
	50.0
	50.0
	_

	Ca2+, mg/l
	Hardness
	180.0
	Same as above
	180.0
	180.0
	–

	Mg2+, mg/l
	Hardness
	40.0
	Same as above
	40.0
	40.0
	-

	Total Iron (Fe2+/Fe3+), mg/l
	0.3
	0.5
	
	0.5
	0.05
	5.0

	((/(( Radioactivity, Bq/l
	0.1(/1.0( Bq/l5
	0.1(/1.0( Bq/l (3)
	
	0.1(/1.0( Bq/l (3)
	0.1(/1.0( Bq/l (3)
	–

	Hg, mg/l
	0.0015
	0.005
	
	0.005
	0.001
	0.005

	As, mg/l
	0.05
	0.05
	
	0.05
	0.01
	0.1 –  0.2

	Pb, mg/l
	0.03
	0.03
	
	0.03
	0.01
	0.1 – 1.0

	Cd, mg/l
	0.0035
	0.01
	
	0.01
	0.005
	0.1

	Cr, mg/l
	0.055
	0.5
	
	0.5
	0.5
	2.5

	Ni, mg/l
	0.025
	0.1
	
	0.1
	0.01
	0.5 – 1.0
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	Parameter


	Drinking

Water MAC4
	Ambient Surface Water MAC1
	Irrigation

Water MAC
	Recreational

Waters MAC1
	Fisheries Protection

MAC1
	Pretreated

Wastewater

MAC

	Cu, mg/l
	0.1
	0.01
	
	0.01
	0.001
	0.5

	B, mg/l
	0.3
	0.01
	
	0.01
	0.001
	0.5

	Al, mg/l
	0.2
	0.5
	
	-
	0.2
	-


*  - Environmental Monitoring Center (EMC): Guidline Document on Surface Water Quality, USSR.

1. Regulations of Surface Waters Protection from Pollution Caused by Wastewater Discharges, USSR Ministries of Water Economy, Health and Fisheries, Moscow 1975 [Rus.]).

2.
NS - No defined Standard; N/A - not applicable; – Dash means either no data or absence of the parameter; n.l.t. - not less than;
3.
The MACs (Maximum Allowable Concentrations) and approximate safety levels of harmful materials in water of water objects for drinking, domestic, household and cultural uses. Moscow, USSR Min. of Health, 1983, page 61; (IWRMP-Crash Program for One-Year Surface Water Quality Monitoring).
4.
The State All-Union Standard (USSR) for drinking water: GOST-2874-82 "Drinking Water" (Appendix 2).

5.
Guidelines for Drinking-Water Quality, Volume 1: Recommendation, Second Edition, WHO 1994, Geneva [Rus.].

	Table 5-3.  Monitoring Parameters for

Various Pollution Point Source Categories



	Category
	Parameters

	Municipal and Domestic
	Water Temperature

	“
	pH

	“
	Suspended Solids

	“
	BOD5

	“
	COD

	“
	Ammonium – NH4+

	“
	Nitrite – NO2-

	“
	Nitrate – NO3-

	“
	Phosphates – PO43-

	“
	Chloride – Cl-

	“
	Total Dissolved Solids

	“
	Sodium – Na+

	“
	Sulfate – SO42-

	“
	Oil and Grease

	“
	Total Iron

	Irrigation Return Flow
	BOD5

	“
	COD

	“
	Ammonium – NH4+

	“
	Sodium – Na+

	“
	Nitrite – NO2-

	“
	Nitrate – NO3-

	“
	Phosphates – PO43-

	Chemical Plant
	pH

	“
	BOD5

	“
	COD

	“
	Oil and Grease

	“
	Chloride – Cl-

	“
	Magnesium – Mg2+

	“
	Calcium – Ca2+

	Mining
	Suspended Solids

	“
	Phosphates – PO43-

	“
	Chloride – Cl-

	“
	Sulfate – SO42+

	“
	Aluminum – Al

	“
	Total Iron

	“
	Heavy Metals

	Glass Making
	Lead – Pb

	“
	Suspended Solids

	“
	Sodium – Na+

	“
	Calcium – Ca+

	“
	Sulfate – SO42+

	Leather Tanning
	Chromium – Cr

	“
	Aluminum – Al

	“
	Boron – B

	“
	BOD5

	“
	COD

	“
	Suspended Solids

	Lighting Fixture Manufacturing
	Heavy Metals


6:   WATER QUALITY MONITORING – LOCATIONS AND PRIORITIES

During the Sevan-Hrazdan Hydrologic System Workshop in Tsaghkadzor in September, 2001, stakeholder consensus was reached concerning the placement of water quality monitoring posts.  Several principles are agreed, as follows:

1. In major river systems, monitoring posts will be established (a) near the headwaters of the river, (b) Near the mouth of the river, (c) below the mixing zone downstream of each significant tributary entering the river, and (d) in each of these significant tributaries near its mouth.  These principles are to be applied in both the Hrazdan and Marmarik Rivers.

2. At a lower priority if monitoring resources allow, additional locations may be established near the headwaters of each of these significant tributaries.

3. When pollution point sources are identified, monitoring will occur both upstream and downstream of the point source.

4. It is anticipated that non-point pollution sources do contribute contaminants to the tributaries draining the river basin, and that in most cases, monitoring locations established as above will detect problems generated by these sources.  In the unlikely event that a non-point source is determined to avoid detection by this system, than a monitoring station will be established just downstream of the suspected source.

5. Previous research based on monitoring of more than 30 locations has indicated that Lake Sevan water quality may be monitored using only two stations with a potential error of ~30%, and using six stations with a smaller potential error ~10-15%.  It was agreed that this information allowed the surveillance of Lake Sevan’s general water quality to be monitored using two posts on a monthly basis, in combination with monitoring the other four locations on a quarterly or semi-annual basis, in order to maximize cost-benefit concerns.  It is clearly recognized that the numbers and locations of these stations are inadequate for understanding the complex ecological dynamics of Lake Sevan.  This strategy is designed, however, to monitor the general water quality of Lake Sevan; ecological investigations are considered “research” efforts and fall beyond the purview of this monitoring program.

6. Significant tributaries to Lake Sevan will be monitored at their mouths, just upstream of their entry into the lake.  At a second priority as resources allow, additional monitoring locations may be established near the headwaters of these significant tributaries.

The application of these principles has resulted in the provisional establishment of 65 water quality monitoring posts on rivers and tributaries.  Of these, 14 are related to pollution point sources and 51 are for the purpose of routine monitoring.   Of the 51 routine monitoring posts, 5 are considered seasonal, and will be sampled only once per year because low flow conditions prevail in these tributaries for most of the year.  In addition, of the remaining 46 routine monitoring posts, 12 are considered second priority.  If monitoring resources are adequate, it is recommended that all these posts be established.  If resources limit the samples that may be properly collected and analyzed, then future adjustments will be made based upon these agreed priorities.

The only exception to the use of these guidelines concerns the City of Yerevan, where numerous point source discharges exist.  It was determined that monitoring upstream and downstream of each of these sources will exceed available resources.  As a compromise, the portion of the Hrazdan River flowing through Yerevan was divided into sections, with a monitoring post placed downstream of each section.  This will provide a more realistic level of monitoring, and will clarify areas of potential problems based on monitoring results.

In addition to these river posts, six monitoring locations are recommended for Lake Sevan.  Two will be monitored monthly, and another four will be monitored quarterly.  All locations will be sampled at two depths (5 m and 20 m) each time.

These proposed monitoring locations are summarized below, and are indicated on maps provided in Attachment 1.

6.1 HRAZDAN RIVER BASIN LOCATIONS

Routine water quality monitoring posts proposed for the Hrazdan River Basin, including the River Marmarik, are summarized in Table 6-1.  Proposed Point Source monitoring posts are summarized in Table 6-2.

	Table 6-1. Proposed Routine Water Quality Monitoring Locations

in the Hrazdan River Basin



	Location
	Reason for Location
	Priority

	Hrazdan 1.7
	“Mouth” of River
	1

	Hrazdan 39.5
	Lake Yerevan discharge
	1

	Hrazdan 42.0
	Downstream of Getar River Tributary
	1

	Hrazdan 42.7
	Upstream of Getar River Tributary
	1

	Getar 0.0
	Mouth of Getar River 
	1

	Getar 1.2
	Just upstream of confluence with Jrvezh
	1

	Getar 12.0
	Headwaters of Getar River
	2

	Jrvezh 0.4
	Just upstream of Jrvezh River Mouth
	1

	Jrvezh 7.0
	Headwaters of Jrvezh River
	2

	Hrazdan 45.2
	Yerevan Sectional Location
	1

	Hrazdan 49.0
	Yerevan Sectional Location
	1

	Hrazdan 56.5
	Just upstream of Yerevan
	1

	Hrazdan 79.7
	Downstream of Arai R. Tributary, near the village of Karashamb
	1

	Arai 0.0
	Mouth of Arai River Tributary
	1

	Arai 9.8
	Headwaters of Arai River Tributary
	2

	Hrazdan 85.1
	Downstream of Dalarik R. Tributary
	1

	Dalarik 0.0
	Mouth of Dalarik R. Tributary
	1

	Dalarik 5.0
	Headwaters of Dalarik R. Tributary
	2

	Hrazdan 113.0
	Mouth of Marmarik River in dry season
	1

	Marmarik 0.0
	Mouth of Marmarik River in wet season
	1

	Tsaghkadzor 0.0
	Mouth of smaller Tsaghkadzor Tributary
	2

	Marmarik 30.0
	Headwaters of Marmarik River
	1

	Gomur 1.8
	Mouth of Gomur River Tributary
	1

	Hrazdan 126.3
	Geghamavan Post: Headwaters of diverted Hrazdan River
	1


	Table 6-2. Proposed Point Source Water Quality Monitoring Locations

in the Hrazdan River Basin



	Location
	Point Source Category

	Hrazdan 12.1
	Irrigation Return Flow

	Hrazdan 14.9
	Irrigation Return Flow

	Hrazdan 28.3
	Municipal Waste - Yerevan WWTP

	Hrazdan 29.3
	Municipal Waste – Yerevan WWTP

	Getar 1.2
	Leather Tannery

	Hrazdan 54.7
	Lighting Fixture Manufacturing

	Hrazdan 55.7
	Lighting Fixture Manufacturing

	Hrazdan 64.6
	Glass Making

	Hrazdan 66.7
	Glass Making

	Hrazdan 98.1
	Municipal Waste – Sevan/Hrazdan WWTP

	Hrazdan 100.1
	Municipal Waste – Sevan/Hrazdan WWTP

	Marmarik 5.3
	Mining

	Marmarik 8.0
	Mining

	Marmarik 30.0
	Special Case – Headwater Mining


6.2  LAKE SEVAN BASIN LOCATIONS

Routine water quality monitoring posts proposed for the Lake Sevan Basin are summarized in Table 6-3.  In Table 6-3, the posts indicated by asterisk (*) are proposed to be sampled only one time per year, during the spring snowmelt runoff season.  During the remaining portions of the year, their flow is deemed insignificant to surface water quality management issues, because most of the water is used for local agricultural irrigation.

locations in Lake Sevan proper are designated using existing nomenclature.  That is, long established monitoring location numbers will continue to be used without changing their nomenclature, as was done in the river systems.  Location numbers are followed by depth in parentheses ().  Thus, as an example, location number 22(5) is the sample collected from a depth of 5 meters at monitoring location #22. No significant pollution point sources were identified in this basin to require establishment of pollution point source monitoring locations.

	Table 6-3. Proposed Routine Water Quality Monitoring Locations

in the Lake Sevan Basin



	Location
	Reason for Location
	Priority

	Dzknaget 0.0
	Mouth of Dzknaget Tributary
	1

	Dzknaget 8.8
	Headwaters of Dzknaget Tributary
	2

	Hrazdan 141.5
	Outlet of Lake Sevan to Hrazdan River
	1

	Gavaraget 0.0
	Mouth of Gavaraget Tributary
	1

	Gavaraget 13.7
	Confluence of Gavaraget and Tsaghkashen Tributaries
	1

	Tsaghkashen 9.5
	Headwaters of Gavaraget Tributary System
	2

	Shoghvak 0.0
	Mouth of Shoghvak Tributary
	1

	Bakhtak 0.0
	Mouth of Bakhtak Tributary
	1

	Lichk 0.0
	Mouth of Lichk Tributary
	1

	Argichi 0.0
	Mouth of Argichi Tributary
	1

	Argichi 16.7
	Headwaters of Argichi Tributary
	2

	Martuni 0.0
	Mouth of Martuni Tributary
	1

	Martuni 9.3
	Headwaters of Martuni Tributary
	2

	Vardenis 0.0
	Mouth of Vardenis Tributary
	1

	Vardenis 6.7
	Headwaters of Vardenis Tributary
	2

	Arpa-Sevan 0.0
	Mouth of Arpa-Sevan Canal
	1

	Karchaghbyur 0.0
	Mouth of Karchaghbyur Tributary
	1

	Karchaghbyur 12.5
	Headwaters of Karchaghbyur Tributary
	2

	Masrik 0.0
	Mouth of Masrik Tributary
	1

	Masrik 29.6
	Headwaters of Masrik Tributary
	2

	Sotk 0.0
	Mouth of Sotk Tributary
	1

	Sotk 15.8
	Headwaters of Sotk Tributary
	2

	Pambak 0.0 *
	Mouth of Pambak Tributary
	1

	Jil 0.0 *
	Mouth of Jil Tributary
	1

	Daliagha 0.0 *
	Mouth of Daliagha Tributary
	1

	Artanish 0.0 *
	Mouth of Artanish Tributary
	1

	Drakhtik 0.0 *
	Mouth of Drakhtik Tributary 
	1

	Sevan #4 (5)
	Lake Sevan Primary Location #4, 5 m
	1

	Sevan #4 (20)
	Lake Sevan Primary Location #4, 20 m
	1

	Sevan #22 (5)
	Lake Sevan Primary Location #22, 5 m
	1

	Sevan #22 (20)
	Lake Sevan Primary Location #22, 20 m
	1

	Sevan #9 (5)
	Lake Sevan Secondary Location #9, 5 m
	1

	Sevan #9 (20)
	Lake Sevan Secondary Location #9, 20 m
	2

	Sevan #18 (5)
	Lake Sevan Secondary Location #18, 5 m
	1

	Sevan #18 (20)
	Lake Sevan Secondary Location #18, 20 m
	2

	Sevan #24 (5)
	Lake Sevan Secondary Location #24, 5 m
	1

	Sevan #24 (2)
	Lake Sevan Secondary Location #24, 20 m
	2

	Sevan #30 (5)
	Lake Sevan Secondary Location #30, 5 m
	1

	Sevan #30 (20)
	Lake Sevan Secondary Location #30, 20 m
	2


7:   SUMMARY OF MONITORING SCHEDULES

In order to assess requirements for equipment and supplies, it is necessary to understand the numbers of samples this strategy entails, so that capacity limitations may be considered in procurement planning.  The total numbers of samples and analysis required per year to achieve this monitoring strategy are summarized in Table 7-1.  This table is based upon data presented in Tables A2-1 through A2-4 in Attachment 2 to this document.

	Table 7-1. Numbers of Analyses per Year by Parameter



	
	Sampling Frequency Category
	

	Parameter
	Monthly
	Quarterly
	Semi-

Annual
	Annual
	Total

Per Year

	Water Temperature
	708
	32
	0
	0
	740

	pH
	708
	32
	0
	0
	740

	Suspended Solids
	780
	32
	0
	0
	812

	Dissolved Oxygen
	660
	32
	0
	0
	692

	BOD5
	744
	32
	0
	0
	776

	COD
	744
	32
	0
	0
	776

	Ammonium – NH4+
	732
	32
	0
	0
	764

	Nitrite – NO2-
	732
	32
	0
	0
	764

	Nitrate – NO3-
	732
	32
	0
	0
	764

	Phosphates as PO43-
	768
	32
	0
	0
	800

	Oil & Grease
	708
	32
	0
	0
	740

	Bicarbonate – HCO3-
	84
	208
	0
	0
	292

	Chloride – Cl-
	168
	208
	0
	0
	376

	Sulfate – SO42-
	192
	208
	0
	0
	400

	Total Dissolved Solids
	132
	208
	0
	0
	340

	Sodium – Na+
	180
	208
	0
	0
	388

	Potassium – K+
	84
	208
	0
	0
	292

	Total Iron – Fe
	168
	208
	0
	0
	376

	Calcium – Ca2+
	108
	208
	0
	0
	316

	Magnesium – Mg2+
	84
	208
	0
	0
	292

	Mercury – Hg
	144
	0
	102
	5
	251

	Arsenic – As
	144
	0
	102
	5
	251

	Lead – Pb
	168
	0
	102
	5
	275

	Cadmium – Cd
	144
	0
	102
	5
	251

	Chromium – Cr
	156
	0
	102
	5
	263

	Nickel – Ni
	144
	0
	102
	5
	251

	Copper – Cu
	144
	0
	102
	5
	251

	Boron – B
	12
	0
	0
	0
	12

	Aluminum – Al
	12
	0
	0
	0
	12


8:   INTERNATIONAL TECHNICAL ASSISTANCE

International short-term technical assistance will be provided for several purposes, all focused on the successful implementation of this monitoring strategy.

In Q1 2002, a consultant will evaluate equipment required for implementation of the water quality monitoring component of this monitoring strategy.  Specifically, this consultant will evaluate opportunities for maximizing the use of on-site analytical equipment, the kinds and amounts of field equipment required, and the instrumentation and supply requirements of the centralized analytical laboratory.  Sampling and analytical capacity will be designed around this Monitoring Strategy.

Also in Q1 2002, a hydrological consultant will develop specifications for procurement of upgrades at certain existing Armhydromet posts, and will evaluate opportunities for upgrading or improving water quantity monitoring at the Geghamavan and Arpa-Sevan Canal posts.

Technical assistance will provide training in field sampling and on-site analyses, use of analytical chemistry instrumentation purchased under SWRMP, and quality control procedures and protocols.

Finally, assistance will also be provided to aid development and implementation of database facilities and technical tools.

ATTACHMENT 2

	Table A2-1.  Numbers of Monthly Analyses per Parameter by Location



	
	Hrazdan Basin
	Lake Sevan Basin
	
	

	Parameter
	Yerevan

Routine
	Other

Routine
	Point

Source
	Tributaries
	Lake
	Total

Per Month
	Total

Per Year

	Water Temperature
	7
	17
	4
	27
	4
	59
	708

	pH
	7
	17
	4
	27
	4
	59
	708

	Suspended Solids
	7
	17
	10
	27
	4
	65
	780

	Dissolved Oxygen
	7
	17
	0
	27
	4
	55
	660

	BOD5
	7
	17
	7
	27
	4
	62
	744

	COD
	7
	17
	7
	27
	4
	62
	744

	Ammonium – NH4+
	7
	17
	6
	27
	4
	61
	732

	Nitrite – NO2-
	7
	17
	6
	27
	4
	61
	732

	Nitrate – NO3-
	7
	17
	6
	27
	4
	61
	732

	Phosphates as PO43-
	7
	17
	9
	27
	4
	64
	768

	Oil & Grease
	7
	17
	4
	27
	4
	59
	708

	Bicarbonate – HCO3-
	7
	0
	0
	0
	0
	7
	84

	Chloride – Cl-
	7
	0
	7
	0
	0
	14
	168

	Sulfate – SO42-
	7
	0
	9
	0
	0
	16
	192

	Total Dissolved Solids
	7
	0
	4
	0
	0
	11
	132

	Sodium – Na+
	7
	0
	8
	0
	0
	15
	180

	Calcium – Ca2+
	7
	0
	2
	0
	0
	9
	108

	Total Iron – Fe
	7
	0
	7
	0
	0
	14
	168

	Magnesium – Mg2+
	7
	0
	0
	0
	0
	7
	84

	Mercury – Hg
	7
	0
	5
	0
	0
	12
	144

	Arsenic – As
	7
	0
	5
	0
	0
	12
	144

	Lead – Pb
	7
	0
	7
	0
	0
	14
	168

	Cadmium – Cd
	7
	0
	5
	0
	0
	12
	144

	Chromium – Cr
	7
	0
	6
	0
	0
	13
	156

	Nickel – Ni
	7
	0
	5
	0
	0
	12
	144

	Copper – Cu
	7
	0
	5
	0
	0
	12
	144

	Potassium – K+
	7
	0
	0
	0
	0
	7
	84

	Boron – B
	0
	0
	1
	0
	0
	1
	12

	Aluminum – Al
	0
	0
	1
	0
	0
	1
	12


	Table A2-2.  Numbers of Quarterly Analyses per Parameter by Location



	
	Hrazdan Basin
	Lake Sevan Basin
	
	

	Parameter
	Yerevan

Routine
	Other

Routine
	Point

Source
	Tributaries
	Lake
	Total

Per Quarter
	Total

Per Year

	Water Temperature
	0
	0
	0
	0
	8
	8
	32

	pH
	0
	0
	0
	0
	8
	8
	32

	Suspended Solids
	0
	0
	0
	0
	8
	8
	32

	Dissolved Oxygen
	0
	0
	0
	0
	8
	8
	32

	BOD5
	0
	0
	0
	0
	8
	8
	32

	COD
	0
	0
	0
	0
	8
	8
	32

	Ammonium – NH4+
	0
	0
	0
	0
	8
	8
	32

	Nitrite – NO2-
	0
	0
	0
	0
	8
	8
	32

	Nitrate – NO3-
	0
	0
	0
	0
	8
	8
	32

	Phosphates as PO43-
	0
	0
	0
	0
	8
	8
	32

	Oil & Grease
	0
	0
	0
	0
	8
	8
	32

	Bicarbonate – HCO3-
	0
	17
	0
	27
	8
	52
	208

	Chloride – Cl-
	0
	17
	0
	27
	8
	52
	208

	Sulfate – SO42-
	0
	17
	0
	27
	8
	52
	208

	Total Dissolved Solids
	0
	17
	0
	27
	8
	52
	208

	Sodium – Na+
	0
	17
	0
	27
	8
	52
	208

	Calcium – Ca2+
	0
	17
	0
	27
	8
	52
	208

	Total Iron – Fe
	0
	17
	0
	27
	8
	52
	208

	Magnesium – Mg2+
	0
	17
	0
	27
	8
	52
	208

	Potassium – K+
	0
	17
	0
	27
	8
	52
	208


	Table A2-3.  Numbers of Semi-Annual Analyses per Parameter by Location



	
	Hrazdan Basin
	Lake Sevan Basin
	Sum

of

Row
	

	Parameter
	Yerevan

Routine
	Other

Routine
	Point

Source
	Tributaries
	Lake
	
	Total

Per Year

	Mercury – Hg
	0
	17
	0
	22
	12
	51
	102

	Arsenic – As
	0
	17
	0
	22
	12
	51
	102

	Lead – Pb
	0
	17
	0
	22
	12
	51
	102

	Cadmium – Cd
	0
	17
	0
	22
	12
	51
	102

	Chromium – Cr
	0
	17
	0
	22
	12
	51
	102

	Nickel – Ni
	0
	17
	0
	22
	12
	51
	102

	Copper – Cu
	0
	17
	0
	22
	12
	51
	102


	Table A2-4.  Numbers of Annual Analyses per Parameter by Location



	
	Hrazdan Basin
	Lake Sevan Basin
	Sum

of

Row
	

	Parameter
	Yerevan

Routine
	Other

Routine
	Point

Source
	Total

Per Year
	Lake
	
	Total

Per Year

	Mercury – Hg
	0
	0
	0
	5
	0
	5
	5

	Arsenic – As
	0
	0
	0
	5
	0
	5
	5

	Lead – Pb
	0
	0
	0
	5
	0
	5
	5

	Cadmium – Cd
	0
	0
	0
	5
	0
	5
	5

	Chromium – Cr
	0
	0
	0
	5
	0
	5
	5

	Nickel – Ni
	0
	0
	0
	5
	0
	5
	5

	Copper – Cu
	0
	0
	0
	5
	0
	5
	5
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