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1 Introduction
This report summarizes the key findings of an Integrated Water Resources Management
(IWRM) project called “MoMo” developed in Mongolia between 2006 and 2009 under the
“Research for Sustainability” Programme of the German Ministry of Education and Research
(BMBF).
The project assessed scientifically important water resource management issues of the river
Kharaa in the North-East of Mongolia and the related city of Darkhan. The project identified
important management related issues in the river basin such as impact of “climate change”,
ground water depletion and pollution, land management, material fluxes in receiving surface
waters, ecology, drinking water supply and waste water disposal in settlements along the
river. Its aim was to propose innovative solutions to identified difficulties that could also find
wider application in other comparable river catchments in Mongolia and in Central Asia.
The project was a joint co-operation of research institutes and administrations from Mongolia
and Germany that aimed at creating a scientifically sound knowledge base that could serve as
model for improved IWRM in Mongolia and the region. As such it tackled water resource
management issues and explored elements of solutions linked to the impacts of global change,
increasing draughts, expanding mining activities as well as problems of drinking water supply
and waste water treatment in human settlements.
The project was especially justified by the following points:
x

An analysis of the situation indicated a rapid increase in problems having to do with
freshwater resources use and protection in Mongolia justifying targeted and urgent
actions.

x

A good data set has been identfied for the most significant sectors of water resources
management in the river catchment of River Kharaa (including City of Darkhan).
Hence, it seemed feasible that advanced studies on integrated water management
could be carried out here with only a modest marginal effort to collect new data.
Furthermore, results from a previous BMBF- funded project on “Ecological impact of
open cast gold mining” in the same region could also be directly integrated in this new
project.

x

The project was supported by an established solid cooperation between Mongolian and
German institutions at the local, regional and national levels involving the active and
constructive participation of most important water management authorities and
stakeholders (water supply and waste water management companies; municipal,
regional and national authorities, user groups, NGO´s). Their active participation has
been confirmed with official agreements in the year 2006.

x

The project fulfilled the important need for capacity building on many levels (esp.
technological and scientific capacity building for both practical applications and
academic activities). A basis is provided by previous projects (esp. BMBF- funded
project on “Capacity building in applied Hydrobiology and Water Resources
page 13
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Management”) and by the established Mongolian-German alumni network. These
activities were further expanded on the international level and in agreement with
UNESCO activities.

Mongolian Partners
On the national level:
x Mongolian Ministry Nature, Environment and Tourism
x Mongolian Ministry Education, Culture and Science
x Mongolian Ministry of Transportation, Construction & Urban Development
x Mongolian Ministry of Finance
x Ministry of Food and Agriculture Mongolia
x National Agency for Meteorology, Hydrology and Environment Monitoring of Mongolia
x National Water Authority
On the regional level:
x Darkhan Uul aimag
x Darkhan Uul Aimag, State Professional Inspection Agency
x Darkhan sum, Environmental agency
x Meteorological Institute of Darkhan
x Water supply and Sewerage System in Darkhan City
x Thermal power station Darkhan
On the academic level:
x National University of Mongolia, Ulaanbaatar
x Mongolian University of Science and Technology, Ulaanbaatar and Darkhan
x University of Agriculture, Darkhan
x Mongolian Academy of Sciences
German partners in Mongolia:
x gtz, Ulaanbaatar
x German Embassy in Mongolia

German Partners
x
x
x
x
x
x
x

Fraunhofer Applications Center for Systems Technology, Ilmenau
Consulting Engineers Dr. Pecher & Partner, Berlin
Leibniz-Institute of Freshwater Ecology and Inland Fisheries,Berlin
University of Kassel, Centre for Environmental Systems Research, Kassel
Technical University Ilmenau, Faculty of Computer Science and Automation, Ilmenau
Helmholtz Centre for Environmental Research, Leipzig
University of Heidelberg, Department of Geography, Heidelberg

Figure 1-1: Mongolian and German project partner cooperating in the MoMo project.

x

Further synergetic effects were achieved by linking the MoMo-project with other
German activities in the field of economic and technological cooperation (esp. the
GTZ-programs in Mongolia on “Protection and Management of natural resources”,
and “Regional development in the region of Darkhan” (ongoing)).

x

It could be shown that there is a significant potential for the transfer and
implementation of German know-how and technologies with a corresponding potential
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market in Mongolia (esp. planning tools, waste water treatment technology). A
successful transfer and implementation of technologies under the extreme conditions
in Mongolia would provide an important model for the rest of Central Asia and other
regions around the world.
The project was organized into eight separate work packages. This structure has been
developed and agreed upon on the basis of the results obtained from two workshops held at
Kassel University (in November 2004) and at Technical University of Mongolia in
Ulaanbaatar (in March 2005). The cooperation structure between the German consortium
partners has been linked in detail and the Mongolian counterparts were identified accordingly.
The research concept was divided into eight work packages:
Work package 1: Assessing the potential impact of “global change” on water resources at
two scales -- in the model region and in Central Asia; analysis of potential impacts of changes
of population, economic growth, land cover and climate on water use (in different water use
sectors) and hydrology (flow regime, frequency of extreme runoff events); application of the
Train model at the catchment scale and the WaterGAP model at the Central Asian scale;
analysis of current situation as well as scenarios up to 2050. (Center for Environmental
Systems Research, Research group GRID, University of Kassel, Prof. Dr. J. Alcamo, Dr.
Lucas Menzel, Dr. Jörg Priess).
Work package 2: Analysis of land use patterns, nutrient balances and heavy metal deposition
on regionally differentiated scales; quantification of regionally differentiated deposition
(nutrients, heavy metals) in the river basin based on the adapted model MONERIS (Leibniz
Institute of Freshwater Ecology and Inland Fisheries (Berlin), Dr. J. Hofmann).
Work package 3: Ecology of fresh water bodies and river basin management; mining
impacts on water quality, other significant impacts on fresh water bodies, monitoring of water
quality and ecological status, synthesis, integration and river basin plan (Center for
Environmental Systems Research (Research group INTEGER), University of Kassel, Prof.
Dr. D. Borchardt and Dr. Ralf Ibisch).
Work package 4: Drinking water- and ground water extraction through deep wells as well as
its purification; estimation of quantity and quality for sustainable population and economic
growth (FhAST, Ilmenau, Dr. B. Scharaw; TU Ilmenau, Prof. Dr. P. Li and Dr. Hopfgarten).
Work package 5: Water supply, waste water treatment; identification of shortcomings and
bottle necks in the water supply system using methods developed with the help of the
Technical University of Ilmenau and the FhAST, development of a general concept for the
restructuring and expansion of the waste water treatment under the extreme climatic
conditions of Mongolia, adaption and application of models Hydrdyn and TOS, economical
studies, (FhAST, Dr. B. Scharaw and Dr. Pecher and Partner Consulting Engineers, Dipl.-Ing.
Milojevic/Prof. Dr.-Ing. Pecher).
Work package 6: Infrastructure of waste water collection, transport and waste water
treatment; identification of available technical options for restoring the waste water
infrastructure; adaptation of technologies, development of a master plan for the restoration
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and upgrading of the waste water infrastructure in the model region Darkhan/Kharaa, transfer
of German Know-how and technologies (FhAST, Dr. Scharaw; Dipl.-Ing. S. Dietze; Dr.
Pecher and Partner Consulting Engineers, Dipl.-Ing. Milojevic/Prof. Dr.-Ing. Pecher).
Work package 7: Capacity building; transfer of knowledge by means of practical
applications and teaching in an academic environment (all partners).
Work package 8: Synthesis and integration of work packages; implementation of an IWRM
network and platform, development of a cooperative implementation process with
participation of relevant groups, implementation of a project office in Mongolia as (all
partners).
The dissemination of knowledge and the publication activities is a joint effort of all partners
and will be supervised by the project coordination.

MoMo - concept and scientific working packages
Impact of Global Change on water resources and water uses (WP 1)
Nutrient and contaminant fluxes on river basin scales (WP 2)
Ecology of streams and rivers (WP 3)
Drinking water abstraction, purification and distribution (WP 4 and 5)
Waste water treatment rehabilitation and maintenance of sewerage infrastructure (WP 6)
Capacity building and knowledge transfer (WP 7)
IWRM-Strategies (WP 8)
Figure 1-2: Project structure of the project Integrated Water Ressource Management in Central Asia –
Model region Mongolia.

The paragraphs below summarize briefly for the Kharaa River and Mongolia as a whole, the
findings of the project structured in the following successive themes: hydrology, land-and
water-use, matte fluxes and water quality, river ecology, groundwater, water supply in
Darkhan, waste water and stormwater management in Darkhan. Each theme assessment is
concluded by specific recommendations in terms of capacity building needs as well as
desirable priority infrastructure investment or actions. The chapter 5 concludes with a brief
introduction of the planned phase II of the project which is currently under discussion and
review by BMBF.
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2 Executive summary
Climate & Hydrology
Inter-seasonal, inter-annual and spatial variability of precipitation has been remarkable in
several parts of Mongolia. According to Batima et al. (2005), the last decades showed a clear
decrease in summer rainfall and a strong increase in winter precipitation (with low absolute
values however). Climate variability was also observed at weather stations and discharge
gauges located in and close to the Kharaa basin during the period 1986-2006. Observations do
not indicate a significant increase in mean annual air temperature, because warmer summers
(+0.65 °C) and colder winters (-1.1 °C) almost level out. In the same period, annual
precipitation decreased however by 13 %. Mean discharge of the Kharaa decreased from
approximately 22 m³/s for the years 1990-1995 to 9 m³/s in the period 1996-2002. This
remarkable decrease in runoff is mainly driven by less precipitation and higher potential
evapo-transpiration. Increasing anthropogenic water use may also have contributed to runoff
decrease due to evaporation losses. At the moment the ground water resources seem to be
sufficient to fulfil the needs for water for households and industry in the city of Darkhan.
Ground water abstraction is expected to increase in the future because of expected population
growth, planned expansion of mining activities, and industrial development (refinery,
metallurgy) in the city of Darkhan. Furthermore, project results show that a large amount of
ground water is also extracted for agriculture and mining in the surroundings of the urban area
and other parts of the catchment.
First results of climate change scenario applications (Menzel et al. 2008) indicate a
precipitation decrease of 20% in western Mongolia and a temperature increase of 3 to 5°C for
Mongolia as a whole until 2100. Due to the expected increase in temperature, evaporation is
also expected to increase, while changes in precipitation are ambiguous. The combined effects
are expected to reduce ground water recharge and thus a reduction of ground water
availability. Under the expected future conditions any significantly increased demand for
ground and surface waters is expected to cause water shortage problems, an issue which will
be discussed in more detail in the next section. Note that more climate change scenarios need
to be calculated before any robust conclusions can be drawn, but it is obvious that the spatial
heterogeneity of climate change impacts needs to be considered in any long-term IWRM
strategies.
Land- & Water-Use
In the Kharaa river basin the main types of land-cover are grasslands (60%), forests (26%)
and croplands (11%). The spatially most important land-use activities in the river basin are
livestock grazing and farming (mostly wheat, potatoes, and recently also vegetables). Next in
importance are open pit mining (mainly gold) and forest use (legal and partially illegal timber
extraction), followed by urbanization (mainly in Darkhan). Each of these major land-use
activities is subject to a number of environmental and socio-economic driving forces,
resulting in considerable land-use dynamics. Major land-use changes of the recent past
include (i) a strong increase in life stock population, decrease of agricultural activities, timber
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extraction and reduction of forest cover, increase of mining activities and an ongoing
industrialisation & urbanisation (mainly in Darkhan). Currently, average cultivated crop area
is approximately 59,000 ha of which approximately 6,000 ha are considered to be suitable for
irrigation, while fallows on average sum up to 93,000 ha. Note that the transition from
socialist to market-oriented agriculture caused a considerable decrease in land-use intensity
and spatial extent of agriculture during the period 1990-2006. Since the late 1980ies a decline
in crop yields was observed. High inter-annual variations in average yields point out the high
variability and vulnerability of the food supply system. The described trend is reversed by
current national land-use policies, which are aiming at (re-)converting additional 50,000 ha
for agriculture until 2010, with most of the land being located in the Kharaa and neighbouring
catchments. Simultaneously, due to the ongoing intensification, an increase in water
abstraction for irrigation purposes is expected. First simulation results indicate that
sustainable irrigated crop production might be limited by water availability, even if increasing
demands of other water users are not considered.
Furthermore, model results showed that projected climate change for the period 2071-2100
could lead to an increase in irrigation water demand of up to 35 %. If this occurs, such
development would dramatically aggravate the competition for water resources in the
catchment.
Ecological Status of rivers in the Kharaa catchment
The ecological status was studied using biological, chemical, physical and morphological
parameters. Currently, the general status of the surface waters is in some cases ‘moderate’, but
in most river sections and sampling points ‘good’, based on European quality standards,
which still need to be adapted to Mongolian conditions and regulations. It is noteworthy that
repeatedly measurements and observations showed clear negative impacts of (i) overuse of
riverbanks, (ii) over-fishing, (iii) inadequate waste water treatment and (iv) efflux of toxic
elements from mining sites on the ecological health status of the Kharaa and some of its
tributaries.
Matter Fluxes (Nutrients & Toxic Components)
Agriculture and life stock: During the last two decades low nutrient outputs from agriculture
due to low rates of nutrient application and reduced spatial coverage (as compared to the
1970ies and 1980ies) have been observed. However, recent changes in agricultural policies
and large amounts of money made available for the agricultural sector will bring about
substantial changes (starting in 2008). Firstly, the agricultural area in the Kharaa basin will
approximately double until 2010. Secondly, agricultural production will intensify with respect
to the use of agricultural machinery, irrigation equipment as well as the application of
fertilisers and other agro-chemicals. Thirdly, as a consequence of 1 and 2, erosion losses (both
wind and water) will increase, and thus sediment and nutrient loads of the Kharaa River and
its tributaries. As most of the agricultural fields are located on flat terrain or gentle slopes,
simple contour ploughing (instead of the current downhill ploughing) would increase water
infiltration and nutrient retention, and reduce soil losses and pollution.
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Many direct and indirect effects of life stock on water quality have been observed, but the
current database does not permit a quantitative assessment of impacts for the entire
catchment. Yet a number of negative impacts can be clearly identified. Watering of large
numbers of life stock is causing riverbank erosion via trampling and via strongly reduced
vegetation cover. Increasing number of live stock contribute to the loss of riparian vegetation
and soils. Additionally, large amounts of excrements are contaminating the tributaries and the
main river, which are still used as a source of drinking water for thousands of people (and
livestock) living downstream.
Households, Industry and Mining: Several severe water quality problems occurred during
recent years, several high risk areas have already been identified, and various ‘time bombs’
are ticking, sooner or later putting the drinking water supply of thousands of households as
well as industrial water supply at risk.
The major reasons for concern are twofold. First, toxic sludge from (insufficient) waste water
treatment of villages, cities, industry and mining activities is currently deposited with no or
insufficient security measures (e.g. against leakage), often closely to surface waters or
groundwater extraction sites. Second, insufficient treatment of water used in households,
industry and mining is partly causing direct contamination of surface- and ground-waters.
Because the availability of clean surface water resources is limited in the Kharaa catchment
area, adequate ground water quality is fundamental to secure drinking water in human
settlements in the basin (Note that the same applies for example for the cities of Erdenet and
Ulaanbaatar). The Kharaa river basin has numerous spots were contamination of ground water
mainly from mining activities have occurred in the past.
The high risks mentioned above refer to the potential leakage of toxic sludge deposits,
inadequate use of contaminated areas (e.g. for agriculture) and the risk of spill over or of toxic
sludge or the break of dams of sludge reservoirs.
The time bombs mentioned above refer to known incidents of heavy metal contamination
with unknown groundwater flow velocity, thus it is unclear at which point in time nearby
drinking water wells will be contaminated.
All issues presented above, require thorough monitoring, clear regulations and proactive
policies e.g. with respect to the use of certain toxic substances, protection of water supply
areas, water treatment or emergency plans in case of contamination.
Drinking water supply
The drinking water supply system of the city of Darkhan (DWSS) was put into operation in
the 1960ies. Drinking water is extracted from 18 ground water wells located about 8 km south
of the city Darkhan near the Kharaa River. The capacity of all wells together is 70,000 m3/d.
In 3 distribution zones (Old Darkhan, New Darkhan and Industry) the daily water demand
sums up to 21.500 m³. Drinking water is not purified or chemically treated. It is noteworthy
that the daily private per capita water consumption is extraordinarily high (400 l), but includes
40% losses (=160 l). In urban ger settlements drinking water is predominantly provided by
water kiosks, providing on average 20-40 l per capita per day, an amount that can also be
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assumed to be valid for sum centers with water kiosks. In the ger settlements in the flood
plain around Darkhan, the ground water level is only 2 to 4 m below the surface, which is the
reason why most families use private wells on their properties as additional water source. The
(rural) population without access to drinking water supply systems or water kiosks consumes
only 8 l per capita per day from surface- or groundwater sources.
Waste water infrastructure
The waste water treatment plant in Darkhan was installed in 1968 and is using mechanical
and biological treatment, but provides no denitrification and phosphorus removal. A screen, a
grit channel as well as primary and secondary sedimentation tanks provide mechanical
treatment. A polishing pond provides additional treatment. Currently only a third of the
capacity remains operational due deteriorated civil works and equipments. Due to the
prevailing cold climate in winter, the efficiency of the system and the polishing pond strongly
deteriorate in the winter.
The sewer network connects apartment buildings in the city centre and the industrial zone
with the waste water treatment plant. Due to heavy infiltration and leaky connections, waste
water inflows increase considerably during rainfall events. At peak flows, significant
overflows discharge untreated waste waters into the Kharaa River. Due to the lack of
wastewater infrastructure in urban ger settlements, sanitation standards are below the
requirements set by the Mongolian Government. In the drainage and sewer system,
deteriorated and inefficient equipment causes high operational costs and the risk of increasing
system breakdowns and environmental pollution. Similar settings are found in other larger
communities such as Zuunkharaa and Mandal, while most of the villages are left without any
waste water treatment.
The storm water network in Darkhan is equally deficient. Open channels are regularly
blocked with solid waste and pipes are frequently blocked with sediments. Some open
channels are used as driveways. The blocked channels and pipes cause regular flooding in
residential areas near the market in Old Darkhan and on the main roads in Old and New
Darkhan. No information is available about the storm water networks in other communities.
Priorities for action
Environmental monitoring seems to be one of the keys to inform decisions of local and
national authorities. The components to be monitored include (i) water quantity, -quality and use in major sectors (agriculture, households, industry and mining); (ii) the analysis of
impacts of climate change and land use change e.g. on grasslands, crops and forests via
repeated satellite-based observations; and (iii) the improvement of local and regional
documentation (e.g. statistical data of actual land use; No. of lifestock, etc.). Simultaneously,
already ongoing efforts to establish catchment based authorities and regulations for water
resources management need to be pushed forward with high priority.
Without doubt, a substantial number of excellent scientists and administrative staff are
already involved in developing the scientific basis and providing the institutional framework
for the implementation of IWRM in Mongolia. However, additional training and capacity
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development e.g. in the fields of environmental monitoring and simulation methods, both at
technical and scientific levels, might motivate involved staff and contribute to produce the
required high quality information. Authorities and (IWRM) regulations created for other parts
of the world, e.g. the EU, might prove helpful as a 1st order approximation to avoid depletion
and degradation of the water resources in the Kharaa and other Mongolian catchments. It is
obvious that adaptations to national laws and regulations are needed in order to comply with
and support for example forestry laws or national mining regulations and regional
development plans.
Outlook
The consortium of the MoMo project is currently discussing with the German Ministry of
Education and Research (BMBF) the prolongation of the project in a phase II expected to
cover the period 2010 – 2013. This phase II would build on the experience, results and
findings of the phase I and develop models allowing the definition and review of alternative
scenarios aiming at facilitating the sustainable use of water resources in the country in the
future.
These scenarios are envisioned as decision support tools for the Mongolian Water Authority
and relevant Ministries to define and develop an IWRM strategy in the Kharaa River Basin.
Such IWRM strategy could then be duplicated for application in other comparable basins in
the country with the help of additional dataset about hydrology, water quality, land-use and
ecology of these basins. The exact content and scope of phase II being still under preparation
and review by BMBF aiming at capacity building and infrastructural investment projects or
programmes that could be financed with the help of IFIs grants or loans. Particular tasks of
the work plan of the Phase II include among others:
1) Review of the legal regulatory framework of WRM in the country and drafting of
recommendation for an IWRM strategy for selective river basins in the country.
2) Design and specification of water monitoring infrastructure (groundwater and surface
water) and equipment for RB management; Development of guidelines for the establishment
and operation of RB councils (RBC); Development of scenarios to help RBC allocate water
resources among users and preferable source of funding for infrastructure investment and
their sustainable operation.
3) Design, specification and documentation for the design and implementation of low cost and
ecologically sound watering platforms for cattle along selective rivers.
4) Reviewed enhanced guidelines for water abstraction, registration, monitoring and control
for the mining industry.
5) Pilot testing and preliminary design of innovative year-through low costs, efficient waste
water treatment system compatible to the harsh climatic conditions of the country.
6) Guidelines for improving water supply services in urban areas.
7) Pilot testing of efficient and cost effective technical solutions for improving water services
(water supply and sanitation) in Ger and rural areas.
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3 IWRM-tools to assess climate, hydrology, land- and wateruse dynamics, ecological status and environmental quality
IWRM and similar processes require a broad range of methods and tools to carry out the
multitude of tasks and subtasks, study different management options etc. Below, a list of
methods is provided, to accomplish most of tasks typically related to IWRM. All tools and
methods have been tested and applied in the Kharaa catchment, but most of them are generic,
which means they can be applied under similar conditions for example in other Mongolian
(CentralAsian) basins, such as the Tuul or the Selenge basins.
Note that the most of the tools and methods require thoroughly prepared datasets, often in
special formats. These datasets are currently covering the Kharaa catchment and are readily
available or on request, free of charge for all Mongolian authorities and participating
Mongolian and German MoMo and IWAS related scientists. (The use of data by other
users/parties may be restricted; please contact one of the coordination offices in Mongolia or
Germany for details.)
The table below is intended to provide an easily accessible overview which tool or method
might be suitable for which task or research question. Tools and methods are grouped into
different categories, and their typical application is briefly explained. More detailed
information about data requirements, results, limitations etc. are presented in the chapters of
this handbook, the appendices and the references.
Table 3-1: IWRM tools that have been applied in the Kharaa catchment. Most of them are generic and
applicable under comparable conditions in other Mongolian or Central Asian basins.

Tool or Method

Comments and Description

Data sources and
data-processing

Secondary statistics: Annual data at sum, aimag and national level
(agriculture, animal husbandry, households, industry, mining, demography;
GDP; etc.)
Measurement & monitoring data: International (environmental)data,
Mongolian Ministries, academic institutions, and regional companies (e.g.
USAG; Boroo Gold Mining)
Spatial interpolation: e.g. to derive gridded data from climate stations, or
disaggregate coarse gridded data by applying case-sensitive interpolation
and spatial statistical methods (e.g. Kriging, Inverse Distance Weighting,
etc.)
Satellite images:
1. Generation of land-cover / land-use maps, based on land-cover
information from satellites (e.g. LANDSAT, SPOT) and land-cover/landuse information from various sources (statistics, etc.).
2. Generation of phenological maps, aboveground biomass and other
relevant information (MODIS, etc.) e.g. by analysing available MODIS
products Æ see also monitoring
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Tool or Method

Comments and Description

Water use

This category of dynamically changing data is mentioned separately,
because it is considered a key input to IWRM.
Calculations are based on a broad range of data sources and assumptions on
surface- and groundwater use of all major users (agriculture, animal
husbandry, households, industry, mining)
Water use estimates include technologies (e.g. in mining, irrigation),
efficiency (e.g. losses in tubes, channels, or via evaporation), and living
conditions (e.g. urban, rural)
Æ see also data, monitoring and scenarios

Scenario development
and analysis

The major objective is to generate regional scenarios, applicable and
relevant in the sense that they are representing the key socio-economic,
demographic and environmental conditions and dynamics to assess
potential future development pathways and IWRM strategies
MoMo scenarios are based on a combination of methods:
1. Downscaling of global scenarios to the regional scale
2. Complementing IWRM-relevant drivers and processes with
3. input from international and Mongolian experts and
4. stakeholders (from science & administration)
Æ see participatory methods and simulation models

Monitoring

IWRM requires numerous regularly updated socio-economic and
environmental parameters were monitored (continuosly, in certain intervals,
once or event based) using a broad range of (partly automated ) sampling,
analysis and processing methods
Monitoring parameters and methods (examples):
- Weather parameters – weather station with automated data loggers or daily
manual recording
- Ground water level & air pressure - automated data loggers
- Household water use – manual flow meters (by USAG)
- Ecological status of surface waters using biological components (fish,
macroinvertebrate and diatom communities).
- Water quality – repeated manual sampling & analysis (USAG & MoMo)
- Environmental quality – repeated and singular evaluation and
measurements
- River discharge – monthly manual measurements (Institute for
Meteorology and Hydrology, MoMo and other institutions)
- Demography, migration, livestock, etc. – repeated analysis of regional and
national statistics Æ see data
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Tool or Method

Comments and Description

Participatory methods

IWRM provides various opportunities to apply participatory methods e.g. at
local or community scale, or at the level of aimag or national authorities. In
the process of developing IWRM methodologies, MoMo used participatory
methods in the form of
1. involving regional and national experts and professionals during the
development process and
2. during workshops for institutional stakeholders, mainly focusing on
scenario development
to improve relevance, plausibility and credibility of approaches, estimates
and scenario assumptions.
Æ see scenarios

Cost-utility analysis

Apply the economic tool of cost-utility analysis to identify the “best”
development pathways regarding capital and operating expenditures,
improvement of living conditions, environmental protection, reliability,
manageability etc.

Simulation models

A broad range of simulation models based on various methods can be
applied e.g. to quantify scenario assumptions and/or provide estimates of
environmental and socio-economic dynamics or technical parameters such
as hydrology, water consumption, land use, ground water level or runtime
and energy consumption of water pumps etc.
Hydrology models:
1. Calculate vertical and horizontal water fluxes for small to meso-scale
basins applying mostly process based models such as TRAIN or HBV
2. Calculate vertical and horizontal water fluxes for macro-scale basins
applying mostly conceptual models such as WaterGAP, which calculates
also water use in major economic sectors
3. Explore the ground water aquifer applying a dynamic simulation model
based on partial differential equations
Integrated models (comprising 2 or more linked models):
Calculate regional land-use and water-use dynamics employing e.g. the
SITE modelling framework, which calculates also the management and
productivity of grasslands, forests and crops
Environmental quality:
Calculate nutrient & heavy metal emissions into and nutrient load of river
systems at catchment scale with modelling systems such as MONERIS
accounting for emission, transport and retention of nutrients and toxic
substances.
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Tool or Method

Comments and Description

Simulation models

Ecological quality:
Calculate habitat availability and habitat suitability in surface waters at the
river reach scale with modelling systems such as CASIMIR accounting for
different environmental scenarios (e.g. discharge or colmation scenarios).
Drinking water abstraction & distribution:
1. Compute ground water abstraction employing a model based on
predictive optimization algorithms
2. Compute and analyse the water consumption in urban and rural
settlements with dynamic simulation models
3. Simulate hydraulics and water quality of the drinking water supply
networks using dynamic simulation models such as HydroDyn, including
minimisation of leakages
Waste water treatment and storm water flow:
1. Calculate the biological and sedimentation processes of the waste water
treatment (POS) from urban households and industry
2. Simulate storm water flow with hydrodynamic models, including the
optimisation of sewer systems dimensions
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4 Case Study Kharaa River Basin
4.1 Main characteristics of the Kharaa river basin
4.1.1 General information
The Khaara River basin is located in northern Mongolia not far away from the capital
Ulaanbaatar, between latitudes 47°53’ and 49°38’ N and longitudes 105°19’ and 107°22’ E,
with a catchment area of 14,534 km2 (Figure 4-1). The lowest elevation near the outlet of the
catchment is about 654 m a.s.l. and the highest point (2668 m a.s.l.) is located in the vicinity
of the Asralt Hairhan, the highest peak of the Khentii Mountains (2799 m a.s.l.), the
headwaters of some important Mongolian rivers. In around 60 % of the basin area the
elevation ranges between 900 and 1300 m a.s.l., and the average altitude of the whole
catchment is 1,167 metres.

Figure 4-1: The Kharaa river basin (red colour) as part of the Selenge catchment (hatched) which drains
an essential part of Mongolia.

The Kharaa river is 362 km long and has a mean long-term annual discharge (1990-2008) of
12.1 [m3 s-1] at the outlet of the Kharaa river basin (gauge station Buren Tolgoi, close to the
city of Darkhan), equivalent to a mean specific runoff of 0.83 [l s-1 km-2]. Together with the
Orhon river (133,000 km2) the Kharaa is a tributary to the Selenge river basin (about 459,000
km2, see Figure 4-1) being the main source region for the Lake Baikal.

4.1.2 Geology and geomorphology
The structural setting of the river basin is dominated by several northeasterly striking strikeslip faults that are considered terrane-bounding in nature and may have tens of kilometres of
cumulatice sinistral displacement. From its headwaters in the southeast to the outlet in the
northwest the Kharaa river crosses three major tectonic regions with northeasterly striking
strike-slip faults:
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-

Khentii terrain (terrigenous clastic and volcanic clastic basin of early to mid paleozoic
eugeocline) with post Permian intrusions and Mesozoic volcanoes were extruded

-

North Khentii terrain (terrigenous clastic basin of early to mid paleozoic miogeocline)
with mostly monotonous of flysch sediments consisting of siltstone, sandstone and
greywacke. Intrusive rocks of leucocratic granite and granodiorite have intruded the
sediments. In the contact zone mineralization has occurred bearing major gold facies.
The famous Boroo gold deposits are located near a northwesterly striking structure
locally termed the “Highway fold”

-

Taryato-Selenge Terrain (stable craton of upper palezoic marine platform)

Figure 4-2: Elevation distribution and river network in the Kharaa river basin. In the MoMo project, the
catchment was delineated into ten subbasins (see numbers and legend on the map); the respective
watersheds are given in red.
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Thus on its way the Kharaa River cuts across several major morphological and geological
units and fault zones of the Mongol-Baikal Lake tectonic system, such as the famous
Transmongolian Lineament. As a result the river basin has part of following morphological
units:
-

The upper course of the Kharaa (comprising the subbasins 2 to 5 in Figure 4-2,
measured from its headwaters to the junction of Tunkhelin Gol with the Kharaa) is
characterized by mid to high mountain ranges of the Khentii mountains with steep
valley slopes and rises while the summit region Asralt Hairhan (peak altitude 2799 m
a.s.l.) is dominated by denudated, flattened and periglacially transformed mountains.
In contrast, the Mandalin Gol (1) has a quite different landscape type with broad
valleys and several small meandering streams. Downstream of the confluence of
Mandalin Gol (1) and Sugnugr Gol (3) the main river is named Kharaa Gol
(gol=river). From this point until the outlet of the upper course (4) near the city of
Tunkhel the Kharaa Gol cuts into the massive magmatic and metamorphic rocks of the
Khentii mountains in form of a river canyon with steep valley flanks. This bottleneck
position is a natural obstacle for traffic systems (e.g., the Transmongolian railway
line) and favours a high flowing velocity of the running waters

-

In the middle reaches (comprising subbasins 6 to 8 in Figure 4-2, measured from the
Tunkhelin Gol (5) to the confluence of Zagdelin Gol (7) to Kharaa main river) the
relief is dominated by broad valleys with significant terrace levels and hilly uplands
with gentle slopes as well as remnants of denudated rocks. In this river section the
Kharaa Gol flows through a wide floodplain and has a meandering channel 10-25 m
wide and 0.2 to 2 m deep. Vast areas of earth hummocks show evidence for periglacial
activities under present climate conditions in the valley. Upstream of the city of
Zuunkharaa the river splits into several small and shallow branches. During the
socialistic period a netwotk of irrigation channels was constructed in this area being
still in use. Due to geological reasons the placer gold deposits are mainly concentrated
in this region

-

The lower reaches (comprising subbasins 9 and 10 in Figure 4-2, measured from the
gauge station at Baruunkhaara to the confluence of Kharaa Gol with Orchon Gol) is
typical for open steppe and lowland landscape with features of peneplain formation
processes and emerged isolated outcrops of the basement complex. In the lowlands the
Kharaa Gol flows as a natural meandering river system with ancient cut-off meanders
in some places. Channelization was conducted only in some very limited river areas.
Therefore the floodplain meadow still serves its natural retention function, a situation
which is important for nature conservation

4.1.3 Climatic and hydrologic conditions
The climate in the Kharaa basin can be characterised as dry winter continental, with mean
annual temperatures oscillating around 0 °C. Therefore, the winters are typically very cold,
long and dry, and mean monthly temperatures in January are ranging between minus 20 and
minus 25 °C (with minimum temperatures dropping to minus 40 °C) (Figure 4-3). In contrast,
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the short summers are warm to hot (with an average July temperature exceeding 15 °C), and
the majority of the scarce precipitation falls between June and August (Figure 4-3). There is
also a distinct daytime variability of air temperatures during summer, when maximum
temperatures might rise up to 40 °C while the nights are usually cool. The area is in the
transition zone between the Koeppen climate classes Dwc (boreal climate with cold and very
dry winters) and BSk (cold, semi-arid steppe climate). Since few precipitation falls during
winter, there is usually a thin snow cover only, and in the dry, cold air snow is often subject to
sublimation (Wimmer et al., 2009). Although the region is cold and winter dry, permafrost
plays probably a secondary role only since the continuance of permafrost requires even lower
temperatures. Therefore, permafrost occurs in discontinuous distribution only, such as under
north-facing slopes or under narrow valley floors. An important characteristic in the Kharaa
basin is the occurrence of a continuous ice cover on the rivers between November and March.

Figure 4-3: Mean monthly precipitation and temperature (left) based on daily measurements at
Baruunkharaa. The right graph shows mean monthly potential evaporation (from daily computed data)
(Menzel & Munkhtsetseg, 2008).

Mean annual precipitation in the Kharaa basin is ranging between 250 and 350 mm
(precipitation totals in the high elevation zone of the Khentii are unknown), however, with a
large spatial and temporal variability which is characteristic for the semi-arid climate zone.
During summer, rainfall might occur with high intensities; therefore, episodic floods can
occur, sometimes of destructive nature. Since potential evapotranspiration is high during
summer (Figure 4-3), a main part (between 85 and 95 %) of precipitation is lost by
evapotranspiration. Therefore, specific runoff in the Kharaa is comparatively low (Törnros &
Menzel, 2009). The runoff regimes mainly follow the rainfall distribution (Figure 4-4), i.e.,
the months with highest discharges occur during summer, and a secondary peak occurs
around May when melt waters from the Khentii temporarily raise the water levels. The basic
data regarding the hydrogeographic characteristics of the Kharaa subbains are given in Table
4-2 on page 73.
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Figure 4-4: Runoff regime (mean monthly discharge; blue bars) of the Kharaa, based on daily observed
data during 1951 and 2001 at gauge Baruunkharaa. The two respective lines show the lowest and highest
monthly discharges during the given period, indicating a high temporal variability (Menzel &
Munkhtsetseg, 2008).

4.1.4 Land-cover and land-use
With regard to vegetation patterns the major part of the Kharaa river basin is characterized by
widely distributed grasslands (59 % of the total area of the Kharaa basin), mainly in the lower
reaches, and increasing shares of mountain forest steppe zone in the middle reaches. The
strong elevation gradients in the upper reaches of the catchment cause a clearly expressed
zonality with a boreal coniferous zone (e.g. larch (Larix sibirica), arolla pine (Pinus sibirica)
and fir (Abies sibirica)) on the north facing slopes and forest steppe zones on the south facing
slopes. The share of forests at the whole basin area is 26 %. Above 2300 m a.s.l there is a
distinct zone of alpine shrub and meadow vegetation. In general, the pastures, wood and water
makes the Kharaa river basin an important area for herders and their livestock. Due to the
consequences of the transition from regulated (socialistic) to global market conditons the
return of pastoral nomadism with its animal husbandry (sheep, goats, horses, cows) and its
spatial mobility plays an important role for securing people’s existence under harsh ecological
conditions. Moreover, the Kharaa basin is one of the main agricultural centres of Mongolia.
However, the adverse physiographic and climatic conditions only allow an 11.2 % share of
arable land at the total basin area. The areas most suitable for agriculture are predominantly
located in the Zagdalin Gol (where mainly potatoes and wheat are currently grown), Boroo
Gol (vegetables) and the lower reaches of the Kharaa (almost only wheat production). The
largest problems related to crop production are the short vegetation period (on an average less
than 120 days) and the frequent water scarcity which often requires additional water supply
through irrigation. Water surface areas are limited to the river network since there are no
freshwater lakes and only one reservoir at Zagdalin Gol.
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4.1.5 Administrative units and population
The Kharaa river basin is shared among three administrative units (provinces, or aimags):
Selenge aimag, Tov aimag and Darkhan Uul aimag, and it includes the industrial city of
Darkhan, being the third largest city of Mongolia with about 74,000 inhabitants (Figure 4-2).
The entire population of the Kharaa River basin is about 133,000, which is approximately 5%
of the total population of Mongolia. In general the population density is about 9.2 people per
km² with the highest values (about 300 people per km²) in the centre of Darkhan.

4.1.6 Current problems
Historically, up to the beginning of the 20th century, the Kharaa river basin was inhabited by
nomadic tribes that crossed during their seasonal migrations from steppe to mountainous
regions and vice versa. During this period only a wide network of small settlements existed
and the livelihood of the people was based on pastoral nomadism in form of a subsistence
economy. Industry and cultivation of grain did not play any role. As a consequence of the
introduction of socialist politics and centrally planned economy during the period of the
People’s Republic (1924-1990) a tremendous change pushed the traditional nomadic way of
life to an industrialized agrarian state within a few decades. The problems of the Kharaa
developed since the late 1950’s and early 1960’s when the communist government decided to
found the industrial city of Darkhan (17th October 1961) and to change the traditional pasture
system into an agro-industrial farming complex with an extensive cultivation of cereals.
Discharge of poorly treated municipal and industrial waste water as well as land-use
alterations (extensive tillage for cereal and potatoe production, deforestation, overgrazing etc.)
have reduced the naturalness in the lower and middle reaches. Following the economic and
political collapse after 1990, agricultural productivity was much lower than before and the
out-dated waste water technology led to higher inputs of poorly treated waste water. During
the transformation period activities of gold mining industry played an important economic
role and led to several hazardous situations with the release of mercury and cyanide
compounds (e.g. Khongor incident in April 2008). It is worth to notice that the most
productive gold minig sites of Mongolia (esp. Boroo gold mine) are located in the Kharaa
river basin. The demand of water is increasing year by year because of population growth,
industrialization, mining industries, irrigation of arable land and lifestyle changes. Currently,
a major concern is also related to climate change. Current and future climate change with
enhanced climate variability will likely increase water resources scarcity in the Kharaa basin
as well as in Mongolia as a whole. Past and present climate trends are – like in other parts of
Asia – characterised by an increase in surface air temperature, with more pronounced
temperature rises during winter (Cruz et al., 2007). Observations indicate that over the last 60
years there was a 1.8°C temperature increase in Mongolia (Batima et al., 2005). Interseasonal, inter-annual and spatial variability of precipitation has been remarkable in several
parts of Mongolia. Menzel et al. (2008) show that average annual precipitation in the Kharaa
is projected to increase for a number of scenarios. The projected precipitation increase also
leads to rising actual evapotranspiration in this semi-arid region. Rainfall excess and
increased spring snow melt might lead to an increase in runoff.
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4.2 Hydrology
4.2.1 Objectives
The main aim of this part of the Kharaa River case study was to compile basic information on
the water situation in Mongolia, with special focus on the Kharaa basin, and to assess the
potential impacts of global change processes on water resources. This includes the analysis of
potential impacts of land-use change and climate change on hydrology (e.g., water
availability, flow regime, extreme events) and water use in different sectors. The studies were
carried out on three spatial scales, the catchment scale (Kharaa catchment), the national scale
(Mongolia) and the continental scale (Central Asia). The task requires the development of
specific field methods, data retrieval and data analysis techniques as well as the further
development and application of a suite of modelling tools.
In the hydrology part of the study three hydrological models were applied to review the
knowledge of relevant hydrological processes on the point scale, basin scale, and national or
continental scale. The adequate description of these processes is the basis for the
implementation of a successful IWRM. With decreasing spatial resolution of the models, the
processes are implemented with less degree of detail, and thus, more conceptual components
are included in the model.
The finest spatial resolution, i.e., the plot scale or individual grid squares as primary units,
each of 1km x 1km extent, is represented by the physically based model TRAIN (Menzel,
1997), with special attention on water exchange at the soil-vegetation-atmosphere interface.
Rainfall-runoff modelling for the Kharaa river basin and ten sub-basins was carried out with
the well established conceptual model HBV-D (Menzel et al., 2006). On the national and
continental scale, the water resources were assessed by the application of the global
hydrology and water use model WaterGAP.
Following the analysis of the historical and current distribution and dynamics of water
resources, four climate change scenarios for 2070-2100 have been used as model drivers to
assess the potential impact of climate change on the water resources in the study region.
An additional scientific goal was the further development of the models to adapt important
process descriptions to Mongolian conditions, e.g. sparse vegetation, permafrost occurrence,
and water use by the mining industry.

4.2.2 Data
The input data for the regional hydrological models (TRAIN, HBV-D) was based on daily
values of precipitation (P), air temperature (T), sunshine duration (SD), relative humidity
(rH), and wind speed (u), provided by the Institute of Meteorology and Hydrology (IMH) in
Ulan Bator and the National Agency for Meteorology, Hydrology and Environmental
Monitoring of Mongolia (NAMHEMM). Data from altogether 12 meteorological stations and
14 posts were used (Figure 4-5). At all stations P, T, rH and u were available for at least 300
days per year on average. In general, data availability at the posts was poorer, especially for
rH which usually was not measured during winter due to technical limitations. Sunshine
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duration was available at six stations, three (station 3, 8, and 4) at the north-western and three
(station 12, 13, and 16) at the south-eastern edge of the catchment (Figure 4-5). Additionally,
daily discharge of the Kharaa River measured at two gauges (Buren Tolgoi, Baruunkharaa)
was used for model calibration and validation. The time series of meteorological and hydrological data covered the period 1986 – 2006. Topographical information was derived from
the Hydrosheds DEM with 90m spatial resolution for the Kharaa basin and its surroundings
(Lehner et al., 2006).
In cooperation with the Geographical Institute of the Mongolian Academy of Science a digital
soil map for the Kharaa catchment was prepared (see Figure 4-17).

Figure 4-5: Location and altitude of meteorological stations (12) and posts (14) in the Kharaa catchment
and its surroundings.

Satellite data with a temporal resolution of 8 days on a 1 km x 1 km grid for the period 20002006 were used to derive the mean annual dynamics of Leaf Area Index LAI (MODIS,
MOD15A2).
Climate forcing data for past and current climate conditions used for the large scale model
was taken from a global data set, which has been compiled and regionalized by the Climate
Research Unit (CRU) of the University of East Anglia (Norwich, U.K.). CRU TS 2.1 data
covers the time period of 1901 to 2002 in 0.5° spatial resolution and monthly time steps,
whereas nine climatic parameters are provided (Mitchell and Jones, 2005). Measured runoff
page 34

IWRM in Central Asia – Model Region Mongolia (MoMo): Final Project Report – September 2009

data for three Mongolian rivers have been provided by the Global Runoff Data Center
(GRDC). From Mongolian authorities we have received mining data on location, type,
minerals and water use for 2005 to 2007 (see Appendix).
For the scenario analysis, simulation results of two Global Circulation Models (GCM’s),
ECHAM5 (Roeckner et al., 2006) and HadCM3 (Gordon et al., 2000), based on the two IPCC
emission scenarios A1B and B1 (IPCC, 2000) for the time slice 2071-2100, were used.
Hence, altogether four different combinations of emission scenario and GCM, in the
following referred to as A1B-ECHAM5, A1B-HadCM3, B1-ECHAM5, and B1-HadCM3,
were available as model input. These data sets were provided in monthly time steps with 0.5 °
spatial resolution.

4.2.3 Methods
Interpolation of meteorological data
The daily meteorological station data were interpolated to a 1 km x 1 km grid using an
automated procedure according to Wimmer et al. (2009). Depending on the meteorological
parameter and the data availability for the individual days, the most appropriate interpolation
method was chosen automatically from inverse distance weighting, Ordinary Least Squares
interpolation, Ordinary Kriging or Universal Kriging. In contrast to Wimmer et al. (2009)
elevation was considered as predictor for precipitation. Additionally, the number of
precipitation events for each grid cell was limited to the number of days with observed
precipitation (N) at the meteorological stations. In a first step, N was interpolated to the grid
on a monthly basis, i.e., January 1986, February 1986 to December 2006. In a second step, for
each grid cell and month all precipitation values except the N largest were set to zero. With
this procedure, an unrealistic high number of weak precipitation events (mostly < 0.5 mm/d),
artificially generated by the interpolation, was avoided.
Global radiation was derived from interpolated SD (Wimmer et al., 2009). Therefore, clear
sky global radiation and sunshine duration were computed using a GIS tool taking into
account the mean slope and aspect of the grid cell as well as shading caused by mountain
ranges (Fu and Rich, 1999).
Distributed hydrological modeling
A modified version of the hydrological model TRAIN was used to simulate the water balance
components, e.g. evapotranspiration, soil moisture, runoff generation, snow accumulation,
snow melt and sublimation of snow. TRAIN is a one-dimensional model that simulates the
water balance at the interface of soil, vegetation and atmosphere (Menzel, 1997). Its modified
version operates on daily time steps on a regular grid with a spatial resolution of 1 km x 1 km.
The model input, specified on the grid cell level, comprises time series of precipitation,
sunshine duration or global radiation, air temperature, relative humidity and wind speed.
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Runoff modeling with the HBV-D model
A lumped version (hydrological basin as primary unit) of the conceptual rainfall-runoff model
HVB-D (Menzel et al., 2006) was manually calibrated with measured runoff data for the
whole Kharaa catchment for the period 1990-2002. The calibrated model parameters were
thereafter used when the runoff was modeled for each of Kharaa’s 10 sub-basins (HBV-D
distributed version). In this study the performance of the model was evaluated with the R²Vcriterion (Lindström, 1997). This multi-objective criterion is a combination of the NashSutcliffe criterion R² (Nash and Sutcliffe, 1970) and the relative volume error (Törnros and
Menzel, 2009).
Further water balance components that were modeled, but could not be validated due to the
lack of observed data, are evapotranspiration, soil moisture, snow cover and snow water
equivalent.
Large scale hydrological modeling
The global hydrology and water use model WaterGAP has been applied in MoMo to analyze
changes in the hydrological cycle on the large scale. Model runs have been conducted in 0.5°
spatial resolution and for the period 1901 to 2002. For each grid cell (approximately 50km x
50km) and each river basin within Mongolia daily water balances, including runoff
generation, river discharge, evapotranspiration, and snow duration, have been calculated with
monthly outputs. A permafrost module has been integrated to assess the degradation of
permafrost in Mongolia (aus der Beek & Teichert, 2008).
Climate scenario analysis
For the assessment of potential climate change impacts on hydrology, the climate scenario
data sets A1B-ECHAM5, A1B-HadCM3, B1-ECHAM5, and B1-HadCM3 were used directly
as model input to WaterGAP. The results, representing the hydrological conditions projected
for 2071-2100, were finally compared to the simulation results for current conditions. A
similar approach was carried out with TRAIN and HBV-D on the catchment and subcatchment scales. However, the scenario input was first converted to daily time steps and a
1 km x 1 km spatial resolution. Therefore, the climate scenario datasets were used to derive
projected long-term (2071-2100) monthly mean values of T and P in the Kharaa catchment.
Their deviation (Figure 4-6) from current long-term monthly mean values (CRU dataset,
1961-1990) was added to the daily model input (Menzel et al., 2008, Wimmer et al., 2009).
Figure 4-6 shows projected monthly mean P and T for the scenario realisations. In general the
variants based on A1B featured a higher temperature increase (up to 4.3 K on average) than
the moderate B1 scenarios. For the projection of precipitation, however, the differences
between the individual GCMs were larger than the differences between the scenarios.
HadCM3 results show a considerable increase in precipitation (up to 70 mm on annual
average), especially for the summer months, while ECHAM5 results are clearly drier with a
relatively high increase in winter.
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Impact of land-use and land-cover change on runoff generation
Preliminary land-cover change scenarios have been developed for selected sub-basins of the
Kharaa River and their impact on hydrology has been studied with HBV-D. For example,
frequent forest fires have drastically reduced forest cover in the Sugnugr sub-basin (ca.
500 km² catchment area) within the last decade. Therefore, HBV-D was run with historical
land-cover information (full forest cover) and with an estimated forest area which represents
the current conditions. This analysis aimed at an assessment of possible future hydrological
conditions under a drier climate with a higher risk of forest fire.

4.2.4 Results
Kharaa catchment
The aggregated spatial interpolation of the daily data measured from 1986 to 2006 showed a
variation of mean annual P from about 400 mm in the mountainous eastern part to about 260
mm in the center of the study region (Figure 4-7). Mean annual T correlated with topography
and ranged between -3.7 °C in the mountains and 0.6 °C in the Kharaa valley (Figure 4-8;
results for rH, u and SD are not shown here). Mean annual rH was between 58 % and 72 %
and, similar to T, was strongly influenced by elevation. Wind speed averaged 1.9 m s-1 during
the whole period. It was also influenced by the relief but showed a strong increase from north
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to south. The long-term annual mean of daily SD was about 6.8 h and almost spatially
uniform.

Figure 4-7: Mean annual precipitation in
the Kharaa catchment, based on daily
interpolated data over the period 1986 –
2006.

Figure 4-8: Mean annual temperature in
the Kharaa basin, interpolated from
daily observations for 1986 – 2006
(Wimmer et al., 2009).

The HBV-D model was applied to the Kharaa river basin and to its individual subbasins.
Considering the high uncertainties in data input (e.g., the general data scarcity and the poor
spatial coverage of observed meteorological parameters), the simulation results can be rated
as satisfactory to good (Figure 4-9).
The model was calibrated for three time periods: for the years with comparable high runoff
(1990-1995) (resulting in R²V=0.71), for the years with lower runoff (1996-2002) (R²V=0.68)
as well as for the whole period 1990-2002 (R²V=0.71). The parameter setting had been
calibrated for one specific time period and was thereafter validated for the other two time
periods. The validation resulted in lower R²V-values. However, all three calibrated parameter
settings coincided with the observed runoff decrease in the mid 1990ies by simulating runoff
about three times lower for the years 1996-2002 compared to 1990-1995. Although absolute
runoff values are not yet available, the relative changes in runoff generation simulated by
TRAIN in 1986-2006 (not shown) featured dynamics similar to the HBV-D results. Thus, it
has been proven that the strong observed decrease in runoff is not caused by any
discontinuities in the observation systems, but it can be explained by a combination of
meteorological and hydrological processes and their temporal variability (Törnros and
Menzel, 2009).
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Figure 4-9: Comparison between observed and simulated runoff of the Kharaa at gauge Buren Tolgoi
(14,534 km²). In this case, HBV-D was calibrated for the time period 1990-2002. The model was well
applicable (R²V= 0.71) and was able to reproduce the observed runoff decrease in the mid 1990ies
(Törnros & Menzel, 2009).

The average annual indices of the water balance from the application of the HBV-D model for
the entire basin for the years 1990 to 2002 are: precipitation 345 mm, runoff 21 mm and
actual evapotranspiration 328 mm. Based on the application of HBV-D for the ten sub-basins
of the Kharaa catchment, the spatial distribution of runoff generation was assessed (Figure
4-10). It is evident from the results that the headwaters (e.g. Sugnugr Gol and Bayan Gol)
generate a considerably higher amount of runoff per unit area than the downstream areas. This
is mainly due to higher precipitation in the Khentii Mountains and physiographic features in
the headwaters (e.g., a lower water holding capacity of shallow mountain soils) which favour
comparatively high runoff formation rates.
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Figure 4-10: Mean specific runoff [l s-1 km-2] 1990-2002 for the ten sub-basins of the Kharaa as simulated
by HBV-D (Menzel & Munkhtsetseg, 2008).

In contrast to climate projections for entire Mongolia, mean annual precipitation in the Kharaa
basin is projected to increase for all scenario/GCM combinations. At the same time, the
climate projections indicate a temperature rise throughout the year as well. This leads to
higher simulated evapotranspiration rates (Figure 4-11), which partly compensated for the
surplus of rainfall. The change in evapotranspiration was highest (17-22%) in the lower parts
of the catchment were productivity of the steppe vegetation is stronger limited by water
availability. The lowest increase in evapotranspiration (13-16%) was found in areas which
show already today comparatively higher precipitation amounts and thus a better water supply
from soil moisture.
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Figure 4-11: Mean relative change in simulated evapotranspiration (TRAIN) for the scenario realisations
(2071-2100) A1B-ECHAM5, A1B-HadCM3, B1-ECHAM5 and B1-HadCM3 compared to current (19862006) conditions.

According to the water balance simulated with HBV-D, mean monthly runoff showed an
increase compared to the calibrated runoff in 1986-2006 for almost the entire year (Figure
4-12). Especially during snow melt (March-June), runoff for all scenario realisations was
considerably higher. This is due to increasing mean winter and spring precipitation in the
future. Because mean winter temperatures remain well below zero, the simulated snow water
equivalent increases (however, mostly with climate input from ECHAM5). Since the
snowmelt period remained almost unchanged the rate of snowmelt was enhance leading to
higher runoff peaks. In contrast, simulated scenario runoff in July scattered around the values
for 1986-2006. This reflected the contrast between the warm and dry A1B-ECHAM5 scenario
and the cool and moist B1-HadCM3 scenario. The runoff peaks in August and September
were considerably higher in three of four scenarios and indicate a potential doubling of
simulated peak runoff.
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Figure 4-12: Daily average discharge for current conditions (1986-2006), overlaid by daily average
discharge for the selected climate scenarios (2071-2100) (A1B-ECHAM5, A1B-HadCM3, B1-ECHAM5,
B1-HadCM3) (Menzel et al., 2008).

The model results for the applied land cover-change scenario (forest reduction in the Sugnugr
Gol subbasin) show a considerable increase in runoff (Figure 4-13). The assumption of a 90%
reduction of forest cover due to forest fires or wood cutting is rather arbitrary. However, the
strong increase in simulated runoff peaks, which almost double in comparison to the
calibration period, clearly show that land-cover changes strongly influence runoff generation.
Accordingly, deforestation would lead to a severely higher flood risk in the investigated
catchment.

Figure 4-13: Results from a land-cover change scenario for the Sugnugr Gol basin, a sub-basin of the
Kharaa which has been strongly affected by forest fires. The graph shows the comparison between two
simulated hydrographs, one based on the assumption of full forest cover, the other with an assumed forest
decrease of 90%.
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Mongolia and Central Asia
Hydrological studies on the national scale have shown the natural diversity of this vast
country. The Gobi Desert in the south and the dry valleys of the Altai Mountains in the west
are exceptionally arid and offer few possibilities for IWRM schemes. In the middle and
eastern parts of Mongolia the semi-arid steppe dominates the landscape. Northern regions,
such as the Selenge basin and the Khovsgol catchment, feature moderate water availability
and thus, higher density of population (i.e. in Erdenet and Darkhan) and agro-industrial
complexes. These spatial patterns can also be observed in Figure 4-14, where the modelled
occurrence of soil water indicates the potentials of ecosystems services for human well being,
e.g. water and soil available for agricultural production.

Figure 4-14: Mean annual soil water content in Mongolia (1971-2000) as calculated with the WaterGAP
model. The black bordered cells in the northern part show the location of the Kharaa river basin.

In general, river runoff can be characterized as highly variable with decades of high flows
following decades of low flows. Runoff is mainly being generated in the mountainous
headwaters, which often are pristine, but also are at risk of destructive exploitation by strip
mining companies. The high inter- (Kharaa: 280 mm precipitation in 1989 vs. 430 mm in
1990) and intra-annual (-40 to +35 °C mean daily air temperature) climate variability
complicates spatial-temporal meteorological and hydrological measurements (additional to
permafrost, frozen rivers and difficulties to access mountainous regions). However, these data
are crucial for the assessment of the current state, the understanding of the system processes
and the ability to estimate and model future changes in water availability.

4.2.5 Significant problems, pressures, and impacts
Two main complex processes have been identified, which currently and very probably in the
future have a large impact on the water resources of Mongolia: climate change and
exploitation of ecosystems.
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Climate change
Analysis of historical climate change studies in Mongolia point out the shift in agro-climatic
zones, the desiccation of rivers and lakes, as well the proliferation of desertification.
However, climate projections assume a more dramatic temperature increase for the future than
for the past. Thus, pressure and impact studies have been carried out within MoMo: First
results of these climate change scenario applications on the national scale (Menzel et al. 2008)
indicate a precipitation decrease of 20% in western Mongolia and a temperature increase of
3°C (IPCC SRES scenario B1) to 5°C (IPCC SRES scenario A1B) for Mongolia as a whole
until the 2080s. Figure 4-15 shows the spatial distribution of the mean absolute air
temperature increase, as calculated from two IPCC SRES scenarios (A1B, B1) in combination
with two GCM’s (ECHAM5, HadCM3). The highest increase has been projected for the
south-western part, whereas northern Mongolia features the lowest increases. Rising air
temperatures cause increasing evapotranspiration, which leads to lower water availability and
thus, higher water stress. Additionally, it also induces higher water uses, e.g. from agriculture
and households, which then amplifies water stress.

Figure 4-15: Mean absolute air temperature increase in Mongolia from two IPCC SRES scenarios (A1B,
B1) in combination with two GCMs (ECHAM5, HadCM3) for the 2080s. The black bordered cells in the
northern part show the location of the Kharaa river basin.

In addition, climate change will probably also influence the seasonality of temperature and
precipitation patterns, which could lead to an increase in extreme events, such as droughts and
floods. Dry season low flows can have dramatic impacts on food security, ecosystems, human
well-being and economic production, especially in a semi-arid country like Mongolia.
Climate change can also lead to strong degradation of permafrost occurrence, which is
suspected to cause changes in the hydrological cycle and regime.
The impact of the climate change scenarios mentioned above on the hydrological cycle has
been modelled with WaterGAP. The results for the 2080ies project a temporal shift of snow
melt induced runoff towards spring for most Mongolian rivers. Similar to the Kharaa basin
study results, precipitation induced summer runoff is increasing for most Mongolian rivers.
The highest increase of mean monthly discharge features the A1B-HadCM3 scenario,
whereas the A1B-ECHAM5 scenario shows low increases and even decreases. An analysis of
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the spatial distribution of runoff generation under scenario conditions indicates an increase of
15% to 30% for the middle and eastern part of Mongolia. Western parts, on the other hand,
are suspected to have a decrease in runoff generation of 10% to 20%.
In comparison to other parts of Mongolia projected climate change in the Kharaa catchment
and its surroundings are relatively moderate. However, the simulation studies in MoMo
showed that the region faces considerable alteration of the runoff. Although on average water
availability might even improve, the variability of river runoff is likely to increase. Hence,
floods and low flow periods will probably occur more frequently. Additionally, the forest
cover in the headwaters of the Kharaa River, which is the most important runoff generation
area, has a damping effect on river discharge. Hence, deforestation due to forest fires or wood
cutting would aggravate the contrast of flood and low flow conditions.
Exploitation of ecosystems
Most regions of Mongolia fall within a semi-arid to arid climate zone, which generally can be
characterized as water scarce. Thus, to avoid the degradation of ecosystems and river basins,
it is very important to use the small available Mongolian water resources in a reasonable and
sustainable manner. However, human water abstractions are constantly rising throughout the
last decades (2005: 434 mil m³ (Batsukh et al. 2008)). An overview of the sectoral Mongolian
water use is given in Figure 4-16.

Figure 4-16: Sectoral Mongolian water use for 2005(derived from Batsukh et al. 2008).

Especially the increasing urbanization affects nearly all water use sectors: Domestic uses are
rising as rural population is moving to sum centres and cities. Due to high water conveyance
losses and old infrastructure in the cities, daily per capita water use rises from 5 litres (rural)
to 250 litres (urban). Urbanization and industrialization also lead to high water withdrawals
for the Energy production and Industry sector, which are accountable for more than 50% of
the total withdrawals. The rural population satisfies their energy demand mostly in a selfsustaining manner and relies on small portable photovoltaic panels or diesel driven
generators. On the other hand, due to a higher standard of living, the urban population uses
more energy, mostly from old and inefficient power plants. The largest water use increase
within the last decades can be observed in the rapidly growing mining sector. Especially the
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gold strip mines often reinsert polluted water directly or indirectly into the rivers, causing
ecological and human disasters in downstream areas (e.g. Boroo River). The Livestock water
use sector is highly variable as it depends on climate and on market prices for meat. Extreme
winters, called Dzuuds, can have a large impact on livestock populations, as for example in
1999 and 2000, where 3 million animals were killed and more than 450,000 herders were
affected. Before urbanization started, herding used to be the base of existence for most
Mongolian citizens. Due to the extreme and harsh climate and rare soil fertility, the
Mongolian Irrigation sector is small, compared to other water competing sectors. However,
one of the few positive impacts of climate change in Mongolia is the extension of the
vegetation period, which could lead to an increase in agro-industrial production, and thus in
irrigation water abstractions.

4.2.6 Priorities for action
Law and regulatory framework
In order to avoid overuse of the water resources in the Kharaa catchment and entire Mongolia,
it is necessary to develop a regulatory framework for water use in agriculture, industry, and
households. The legal limits for individual water abstractions from the river should be
regularized depending on river discharge and the number of water users at the time of
abstraction. These limits must consider ecologically tolerable minimum discharge and fair
partitioning of water among the water users along the river. Furthermore, legal limits for
individual groundwater abstraction should be regularized to prevent decrease in river
discharge due to permanent drawdown of the ground-water table.
Likewise, illegal deforestation in the main runoff generation areas like the Khentii Mountains
must be prevented by strict compliance to governing forestry laws. Thus, harmful effects on
runoff generation, e.g., increasing flood-risk, can be avoided, and the near-natural condition
of these areas can be conserved.
Capacity building at national level
Besides the education of skilled employees in the fields of environmental sciences and
management, capacity building on the national level should focus on the constitution or
expansion of environmental authorities. These authorities should assure the compliance to
governing environmental laws and should be authorized to enact ordinances related to the
implementation of water resources management.
Capacity building at local level
For successful IWRM it is essential to raise, by means of general education, the population’s
awareness of the necessity to conserve water resources. Moreover, capacity building should
support local institutions with the design of an adequate environmental monitoring system.
This includes further training of Mongolian scientists and the education of qualified river
basin managers. Training is most important to improve the quality of hydrological and
meteorological measurements.
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Necessary infrastructural investment
From the hydrologist’s point of view, infrastructural investment in the Kharaa catchment has
to focus on adaption to changes of hydrological conditions due to climate change. The
development of adaption and mitigation strategies requires sufficient information concerning
recent changes in the hydrological cycle. However, the density of the existent Mongolian
network for environmental monitoring is low in comparison to other countries. As a
consequence, current knowledge about hydrological conditions and the impact of climate
change on hydrology in the catchment is poor. Therefore, it is recommended to construct new,
preferably automated, state-of-the-art river discharge gauges with online data connection.
There should be at least two gauges for the Kharaa, i.e., one at the basin outlet and one
representing the headwaters, where runoff is mainly generated. Additionally, permanent
discharge observations in the main Kharaa-tributaries, e.g., Boroo Gol and Zagdalin Gol,
would provide valuable information for river basin management. For example, such
observations facilitate flood warning or the estimation of limits for water abstractions.
Furthermore, the area-wide expansion of the permanent meteorological station network,
especially to the Khentii Mountains, is needed to improve the performance of hydrological
models and flood-forecasting models for the catchment. The meteorological stations should
provide at least hourly observations of precipitation and temperature.
In Mongolia, a considerable amount of historical environmental data is only available in
paper-written form. These historical observations, especially if they cover long periods, are
irreplaceable and of great importance for hydrological sciences. In order to use this data for
climate change research and to prevent data loss it is highly recommended to store digital
backups of the data in computer databases.
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4.3 Land- and water-use
4.3.1 Objectives
The major research objective is the development of a regional land-use model to study and
simulate current and future land-use and land-cover dynamics, with a special focus on linking
terrestrial and hydrological processes and the application of the integrated model to quantify
future scenarios in order to identify robust strategies and potential water use conflicts. The
'SITE-Mongolia' model is an integrated grid based model linking rule-based concepts with a
process based ecosystem model, supporting coupled simulations of the socio-environmental
system combining agriculture, forestry, demography and other economic sectors such as
industry, mining and the private sector. Due to the current development of land use policies in
Mongolia (intensification and expansion of the agricultural sector (Bayar 2008)) a detailed
study of crop production and irrigation issues is being conducted.

4.3.2 Database
The input data used by the land-use model was scaled to a 1km x 1km grid resulting in 14,533
cells, each linked to a set of attributes (see Table 6-2 for the list of input data). Due to the
absence of a detailed, high resolution land use, land cover map for the Kharaa catchment, we
generated a new and detailed land use and land cover reference map as starting point for
land-use change simulations. We used the medium resolution (30 meters) satellite data from
'Landsat 5 TM' acquired on 21st of August in 1989 and the 'Landsat 7 ETM' acquired on the
20th of September in 2000. After atmospheric correction and reduction of illumination
effects, an expert classification approach was applied, employing the methodology described
by Schweitzer et al. (2005), resulting in nine major land use and land cover classes: settlement
(urban & rural), mining areas, wheat, potato, fallow, grassland, riparian area, evergreen needle
leaf forest and mixed forest. The linked ecosystem model, responsible for the daily simulation
of plant growth (e.g. grassland, forest) and crop yields, requires a set of input variables, which
on the one hand represent the biophysical environment like climate data (e.g. daily values of
precipitation, minimum and maximum temperature) and soil properties and on the other hand
reflect land management like irrigation, tillage or harvesting (Priess et al. 2009). The soil
data and properties used in our model were extracted from a the digital soil map of the
Kharaa region which was prepared in cooperation with the Soil Science Lab of the Institute of
Geography, Mongolian Academy of Science (Iderjavkhlan 2008). This detailed soil map is a
regional refinement of the map presented in “Soils of Mongolia” from Dorjgotov (2003). The
new map includes soil profile data from literature (e.g. Russian soil campaigns, Mongolian
reports) in combination with measured field data. In September 2008 a field campaign was
carried out, to fill identified gaps and taking additional soil samples with the objective to
increase the density of soil information within the basin. Finally a digital soil map was
compiled (Figure 4-17).
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Figure 4-17: Digital soil map of the Kharaa catchment.

Another set of input data is based on regional and national scale statistical data. In order to
perform transient dynamic simulations, these datasets must be provided in the form of
continuous time series. In the land use model the annual allocation of land is driven by
statistical data or in the case of land scenarios on assumed rates of change. For agricultural
land, the amount of commodities known or assumed for a certain year, have to be met by the
simulated production, either by expanding the agricultural area, or by increasing the amount
of fallow land. Crop production data was used from the National Statistical Office (NSO
page 50

IWRM in Central Asia – Model Region Mongolia (MoMo): Final Project Report – September 2009

2004, NSO 2005, NSO 2007) available on aimag scale, for spring wheat, potatoes and
vegetables. Fertilizer consumption is only available on national level (FAOSTAT 2008) and
these were only estimated values of moderate quality. The dynamical allocation of settlement
areas is driven by population data which is available on sum level provided by the NSO.
Due to the large differences in water consumption “urban” (living in concrete buildings) and
“rural” populations were considered separately. Livestock statistics are also provided from
NSO on sum level for camel, horse, cattle, sheep and goat. Information on wood extraction
and production is partly provided by the NSO at aimag level. Additional reviews (Tsogtbaatar
2004, The World Bank 2006) try to give supplementary estimates of illegal wood extraction
by households (which use wood as fire and construction wood) or by commercial logging.
The categories were summarized to total wood extraction in the model. Due to the large
importance of illegal timber extraction, the reliability of the estimates is considered to be low.

4.3.3 Methods
For the implementation of the land use model, the SITE (SImulation of Terrestrial
Environments) framework was used (Mimler and Priess 2008). The SITE-Mongolia model
currently simulates the time span from 1989 to 2006 (scenarios until 2050 are in preparation,
based on regionalised global scenarios, stakeholder input and scientific assessments. The
model’s land allocation routine follows the concept of employing a rule-based approach
simulating land decisions in annual time steps. Simulations were carried out in the sequence:
(i) multi-criteria suitability assessment carried out for each land use category and each pixel
individually resulting in suitability maps which are updated every time step. (ii) Land
allocation driven by the regional demand for commodities such as space for housing,
manufacturing or agricultural products, and based on their relative suitability for a given pixel
(Priess et al. 2007).
Subsequently, crop yields and plant biomass is calculated with the process based
(agro-) ecosystem model DayCent (Parton et al. 1998). DayCent simulates carbon and
nitrogen stocks and fluxes of soils, plants and the atmosphere. To initialize DayCent’s soil
organic matter (SOM) pools to an equilibrium state, we used a multistep procedure for the
main vegetation and crop types. For each of them different states of vegetation succession and
conversion (e.g. to agriculture) was simulated. For cropland, equilibrium starts with closed
forest cover (larix sibirica) followed by grasslands, first ungrazed then with slightly increased
grazing, followed by an intensively managed (e.g. fertilizer consumption and irrigation)
cropping system, as it was established from 1960 to the late 1980s. All together an
equilibrium period of 2000 years was simulated for each vegetation type. Agricultural
cultivation in the region comprises mainly wheat (triticum spp.) potato (solanum tuberosum)
and very recently also horticultural crops. In this study only wheat and potato were considered
due to the very limited space covered by horticulture. Therefore we parameterized a spring
wheat variety which was adapted to the continental climate conditions. In the case of potato a
cold-temperate variety was utilised. Simulated land management was adjusted to reflect the
land use conditions in Mongolia. Any detailed information of fertilizer consumption is not
page 51

IWRM in Central Asia – Model Region Mongolia (MoMo): Final Project Report – September 2009

available, thus national averages from FAO (FAOSTAT 2008) were applied in the model.
Real and simulated nutrient uptake and corresponding crop yields were on a very low level
compared to other Asian countries (FAOSTAT 2008). The typical cropping sequence
represented in our approach, consists in the most cases of a two year cultivation period
followed by a fallow period. During the fallow year(s) a mix of C3 grass and legumes are
growing on the fields (and in the simulation), contributing to restore soil C and N pools. For
the studies presented in this paper, the DayCent model was parameterized and calibrated
against region-specific average crop yields and biomass levels.
Motivated by current agricultural land–use policies (Third Campaign of Reclaiming
Virgin Lands (Bayar 2008)), we developed a coupled simulation approach to study the
impacts of potentially limited water availability on irrigated agricultural production. For this
purpose, we linked the SITE-Mongolia and the regional hydrological model of WP1 (Priess et
al. 2009, Schweitzer and Priess 2009). In the coupled system the amount of water available
for irrigation was calculated by the hydrological model and provided to the irrigated crop
cells. This information was used by the SITE-Mongolia model to simulate plant biomass and
crop yields. Vice versa the hydrological model receives dynamic simulated maps of land-use
and land-cover, as well as cells determined suitable for irrigation. Therefore the coupled
system enables the representation of changes in catchment hydrology and dynamically
calculated irrigation water availability and application on a daily basis.

4.3.4 Results
Land use / land cover in the Kharaa catchment

In the Kharaa river basin the main types of land-cover are grasslands (60%), forests (26%)
and croplands (11%). The spatially most important land-use activity in the river basin is
livestock keeping and crop farming (mostly wheat, potatoes and vegetables). Next in
importance are open pit mining (mainly gold) and forest use (legal and partially illegal timber
extraction), followed by urbanization (mainly in Darkhan). Each of these major land-use
activities is subject to a number of (partly overlapping) driving forces, resulting in a
considerable land-use dynamics for which model simulations were carried out for the period
1989 to 2006 and future scenarios (up to 2025).
Average cultivated crop area is approximately 59,000 ha of which approximately 6,000 ha are
considered to be suitable for irrigation purposes. Fallow land (which includes the unused
fields within the crop rotation cycle plus land which was formerly used for agriculture and has
not been re-converted to grassland/pasture) covers on average 93,000 ha. Note that the
transition from socialist to market-oriented agriculture caused a considerable decrease in landuse intensity and spatial extent of agriculture during the period 1989-2006 (Figure 4-18 and
Figure 4-19). The described trend is strongly reversed by current policies, which are aiming at
(re-)converting additional 50,000 ha for agriculture until 2010 (Badrakh 2008; Bayar 2008),
with most of the land being located in the central part of Mongolia (Kharaa and neighboring
catchments). As a result of the mentioned decreased cultivated area, fallow land has
increased, or has partly (re-)converted to grassland or pasture. In Zagdelin Gol where
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intensive agriculture (and irrigation) took place in the 1980ies, most of the remote agricultural
areas in the western part have already been given up (Figure 4-19).

Figure 4-19: 2006 simulated map.

Figure 4-18: 1989 reference map.

With the ‘collapse’ of the centrally organized irrigated agriculture in the 1990ies, the
production is strongly depending on timely and sufficient rainfall in the short vegetation
period from May to August. Early germination is crucial for production success, strongly
depending on available soil moisture. Agricultural practice in Mongolia involves fallow
periods, among other reasons to maximise residual moisture from late summer rains of the
previous year. If delay in rainfall occurs, crop yields are threatened because yield levels and
rainfall or soil moisture were highly correlated. Since the late 1980ies, a decline in crop yield
was recorded. High inter-annual variations of average yields (up to 160% for wheat and 90 %
for potato) point out the high variability and vulnerability of the food supply system in
Mongolia today. The simulated average yields for wheat (0.9 t/ha) and potatoes (8.9 t/ ha)
within the simulated period were agreeing well with values reported in regional statistics
(Figure 4-20 and Figure 4-21).
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Figure 4-20: presents the DayCent calibration of wheat yields. In the left figure average wheat yield levels for the
entire research area are compared with yields from aimag (=district) statistics for the period 1990 - 2006. The
simulated average yield over the entire period is 0.93 t / ha compared to 0.86 t / ha reported in regional statistics
(averaged value for Darkhan, Selenge and Tov). The right figure shows the annual variations in crop yields (error
bars represent lowest and highest simulated yield). On average 570 wheat grid cells were simulated per year.
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Figure 4-21: presents the DayCent calibration of potato yields. Simulated average yield for potato is 8.84 t/ha whereas
statistics reported 8.91 t/ha. The right figure shows the annual variations in crop yields (error bars represent lowest
and highest simulated yield). Note that agreement between observed and simulated is lower than for wheat.

Livestock keeping, which still has a very high importance for the rural population considering
their income and self supply with meat and animal products, has increased by 500,000
animals resulting in 7.5 million recorded for the Kharaa basin in 2006. Due to the
development in the agricultural sector, increasing pasture space was available during the last
twenty years. But livestock husbandry, which in its traditional way enabled the sustainable
use of the Mongolian steppe for centuries, has significantly changed over the last decades
both in its character and its intensity. Historic grazing activities were well organized by a
combination of formal regulations enforced by ruling sovereigns and through informal
customs, described by herders as ‚unwritten laws‘. Until 1992, during the communist period,
pasture management was managed strictly top-down, regulating the allocation of pastures,
size of herds and type of livestock, migration distance and frequency. Today, the lack of
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coordinated measures partly leads to inadequate land management practices, overgrazing and
erosion and degradation.
Population growth and migration are the main drivers for the expansion of urban and rural
settlement and ger areas. The highest increase in space for housing, industry and other urban
activities is observed (and simulated) in the city of Darkhan and its surroundings (Figure 4-18
and Figure 4-19). The cities Zuunkharaa and Mandal, formerly spatially separated, are slowly
growing together. The mining areas in the catchment have also increased considerably, due to
a large number of concessions issued by the Ministry (e.g. the Boroo Gold mine; note that the
spatial dynamics of the mining sector are not yet covered in the simulations). The largest
changes in forest area have been observed mainly in the headwater regions. Forest conversion
is currently based on official timber extraction data. Therefore only gradual changes are
present in the simulated map (Figure 4-19). Main trends are conversion from closed
(=evergreen needle leaf) to a more open forest structure (mixed forest) in which white birch
trees and oak trees are dominating. Since 1995/1996, additional fractions of the eastern forests
have vanished or were strongly degraded due to forest fires and insect calamities. Forest and
steppe fires and illegal logging are considered to be processes important and relevant for
water availability and WRM and need to be further monitored and simulated in more detail.

Linking water availability and crop irrigation

Besides the land conversion in the mining and forestry sector, cropping is one important
sector in which land conversion and huge amounts of water abstraction occurs. Due to the
recently started intensified agricultural activities, based on the “Third Campaign of
Reclaiming Virgin Lands” supported by substantial amounts of money for agricultural
subsidies and loans, an increase in water abstraction for irrigation purposes is expected.
Motivated by these policies, we developed a coupled model approach to study the impacts of
restricted water availability on crop production. Therefore we linked both models the SITEMongolia together with the regional hydrological model of WP1 (Priess et al. 2009).
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Figure 4-22: Simulated crop yields under water limited (sustainable) and unconstrained (unsustainable)
conditions, depleting water resources, expressed as percentage of unsustainable above sustainable crop
yield, calculated for each of 10 sub-catchments. First number: wheat yields; second number: potato yields.

Based on current crop management (crop rotation, fallow, fertiliser), for each of the ten subbasins simulations were carried out evaluating crop production simulated first without water
restrictions (=unsustainable, overexploiting water resources) and second by using only a
sustainable fraction of available water for irrigation. Results indicate clear regional
differences in water availability within the basin (see the hydrology section for more details).
In figure 2-21 we show the average unsustainable yields of irrigated and rainfed wheat and
potatoes as percentage above sustainable yields. On average unsustainable wheat yields are 19% and potato yields 1-15% higher than sustainable yields. (Note that no irrigation occurs in
some headwater regions, which is the reason why the difference between unsustainably and
sustainably achievable yields is zero.) Preliminary simulation results reflecting current
agricultural intensification trends, show on one hand clearly higher crop yields, on the other
hand clearly higher inputs e.g. of fertiliser and increased demand for water under rainfed and
irrigated conditions. Whether or not intensified agriculture in the Kharaa (or Selenge) is
economically and ecologically feasible is one of the key research questions MoMo and IWAS
scientists are currently studying.
Figure 4-23 shows the ratio of water available for irrigation vs. irrigation demand (solid line).
For illustration, measured river discharge is presented (dashed line). It has to be considered
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that the total production within the time period is decreasing and therefore irrigation demand
is decreasing as well. If crop yields are among other factors limited by the availability of
water, the agricultural area needed to produce the same amount of crop is larger under water
limited conditions. Note that the simulated demand for agricultural area was on average 10 %
(~ 6,000 ha) higher when we assumed sustainable production, corresponding to the
differences in yield levels shown in Figure 4-22. Note that the differences in spatial demands
for sustainable vs. unsustainable production are relevant for any regional planning process
and are almost certainly also important for other land-intensive production systems such as
animal husbandry.

Figure 4-23: Ratio of water available for irrigation to irrigation demand and measured river discharge.
Solid line, left axis: ratio of availability and demand (relevant for the coupled = water limited simulation);
dashed line, right axis: river discharge at the basin outlet north of the city of Darkhan.

4.3.5 Environmental Scenarios
Development of regional scenarios for the Kharaa river basin
Describing how the future may unfold according to particular assumptions is one of the main
ideas of scenario storylines. In the case of MoMo, two global scenarios, Markets First
(MaF) and Sustainability First (SusF) from the Global Environment Outlook (GEO4,
http://www.unep.org/geo/) were selected providing framework conditions of future
development possibilities. Based on these scenarios a narrative approach was applied in
combination with outcomes from a stakeholder workshop held in Ulaanbaatar in 2008
targeting towards mapping national assumptions to regional development directions
maintained and combined with quantitative data e.g. rates of change. Scenario data should be
used as a basis for model simulations to identify possible future water shortages, potential
water use conflicts and environmental pressures.
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The Future within ‘Markets First’ (MF)
‘…the private sector, with active government support, pursues maximum economic growth as
the best path to improve the environment and human well-being. Lip service is paid to the
ideals of the Agenda 21 and other major policy decisions on sustainable development. There
is a narrow focus on the sustainability of markets rather than on the broader humanenvironment system. Technological fixes to environmental challenges are emphasized at the
expense of other policy interventions and some tried-and-tested solutions.’ (GEO4)
The future within ‘Sustainability First’ (SusF)
‘…government, civil society and the private sector work collaboratively to improve the
environment and human well-being, with a strong emphasis on equity. Equal weight is given
to environmental and socio-economic policies, and accountability, transparency and
legitimacy are tressed across all actors. As in Policy First, it brings the idealism of the
Brundtland Commission to overhauling the environmental policy process at different levels,
including strong efforts to implement the recommendations and agreements of the Rio Earth
Summit, WSSD, and the Millennium Summit. Emphasis is placed on developing effective
public-private sector partnerships not only in the context of projects but also that of
governance, ensuring that stakeholders across the spectrum of the environment development
discourse provide strategic input to policy making and implementation. There is an
acknowledgement that these processes take time, and that their impacts are likely to be more
longterm than short-term.’ (GEO4)
Results
In the following some (exemplary) outcomes of the scenario development process will be
presented. Time period of the MoMo environmental scenarios is 2005-2050. The figures
indicate the expected relative changes to the base year 2005.
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Table 4-1: Outcomes of the stakeholder workshop. Results from discussion group 1 focussing on future
developments in agriculture, industy and minig.

MF

SusF

Irrigated Area
Mean (per period)
Mean (per year)

2005-2010 2010-2020 2020-2050 2005-2010 2010-2020 2020-2050
44%
17%
20%
28%
15%
16%
8,7%
1,7%
0,7%
5,6%
1,5%
0,5%

Water Use Efficiency Irrigation
Mean (% per year)

2005-2050
1,0

2005-2050
1,4

Industry Growth Rate
Mean (% per year)

2005-2050
8,3

2005-2050
7,7

Water Use Efficiency Industry
Mean (% per year)

2005-2050
2

2005-2050
1,3

Change Mining Act.
Mean (% per year)

2005-2015 2015-2050
5,5
3,5

2005-2015 2015-2050
2,0
2,0

Mining Water Extr.
Mean (m³ Water / m³ ore)

Current

Current

until when 2,5 m3 will be achieved?
1st year with 2.5 m³ water / m³ ore

5,4

5,4

2023

2021

Agriculture: demand for irrigation water

values relative to 2005

1,8
1,6
1,4
+44%

1,2
1
0,8
0,6
0,4
0,2
0
2000

+87%

water demand MaF old
water demand SusF old
water demand MaF stake
water demand SusF stake
2010

2020

2030

2040

2050

Figure 4-24: Agricultural water demand for irrigation purposes. The dashed line marks the first
assumption which has then been corrected (solid line) with stakeholder participation during the workshop
in 2008.
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Water consumption - industry

values relative to 2005

2,5
2,0
1,5
1,0
water consumption MaF

0,5
water consumption SusF

0,0
2000

2010

2020

2030

2040

2050

2040

2050

Figure 4-25: Water consumption by the industrial sector.

values relative to 2005

Water consumption mining
1,8
1,6
1,4
1,2
1
0,8
0,6
0,4

water consumption MaF

0,2

water consumption SusF

0
2000

2010

2020

2030

Figure 4-26: Rates of change for water consumption in the mining industry.
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Water use in the private sector (inc. losses)
(Urban: 392/l/cap/day, Ger: 22l/cap/day)

[m³/day]

20000
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14000
12000
10000

MaF Urban water use
MaF Ger water use
SuF Urban water use
SuF Ger water use
MaF total water use
SusF total water use

8000
6000
4000
2000
0
2000

2005

2010

2015

2020

2025

2030

2035

2040

2045

2050

2055

Figure 4-27: presents the water use scenarios for the private sector. Water consumption in the urban
areas (concrete buildings with centralized water infrastructure) and ger areas (without centralized water
infrastructure) were considered including identified average losses. Rates of change are a result of
combining different datasets: change in population, improvements in the water supply infrastructure,
adaption to water saving technologies and change in water consumption behaviour (please see section
4.9.4 / Table 4-19 for growth rates within different sub-scenarios within the private sector).

4.3.6 Significant problems, pressures and impacts
Agriculture: Since 2008 a re-intensification of agricultural land is on the national agenda

(Bayar 2008), aiming towards increasing agricultural production and crop productivity, and
ultimately the independence from food imports (mainly for wheat and potatoes). Supported by
credits from Russia and the Asian Development Bank, Mongolia plans to achieve this goal
during the coming couple of years via cheap farmer loans and subsidies for irrigation
equipment, machinery, fertilizers and the use of better adapted crop-varieties. While the
precision of irrigation-water estimates is still limited, (e.g. because farmers use a variety of
irrigation technologies and the size of the currently irrigated area is only roughly known; see
Priess et al. 2009) water shortages or water-use conflicts within the agricultural sector or with
other water users may occur.
Livestock: Modern livestock husbandry is driven and constrained by a number of economic,

political, life style and environmental factors including access to infrastructure and domestic
and partly international markets, prices, administrative boundaries, altered migration pattern,
the availability of watering points and feedstock, etc. and the common ’open access to land’
situation which encourages the increase of livestock numbers. In combination with the
decreased amount of steppe areas being grazed, these practices partly result in overgrazing
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and land degradation. Based on Mongolian estimates and own qualitative observations, the
carrying capacity for livestock is already reached or surpassed in large regions, especially in
areas around settlements. Trampling damage is omnipresent in the vicinity of rivers and other
watering points, which is in conjunction with overgrazing decreasing vegetation cover,
damaging river banks and increasing the susceptibility to wind and water erosion of topsoil
layers.
Forestry: In the forestry sector, inefficient management strategies and the lack of law

enforcement seem to be the major flaws. The rate of successful reforestation is far too low and
protection efforts often fail. Furthermore, forests are frequently threatened by forest fires and
in recent years increasingly by pests and diseases. It is noteworthy that in the period 1981 1999 on average 160 forest and steppe fires occurred annually in Mongolia. Especially forests
which are accessible via roads are threatened (World Bank 2006). Reduced forest areas may
severely alter water discharge pattern and contribute to increased risks of both flooding and
reduced water availability.
Mining: A large number of belowground and open pit (gold-) mining concessions have been

issued during recent years within the catchment of the Kharaa river The total area currently
covered by mining licenses is about 130 km² (not including partly illegal ‘ninjas’), but it is
unclear how many mines are actively being exploited. Due to poor monitoring and
enforcement and considering that nearly each mine is relying on its own uncontrolled
groundwater supply, the amount of water withdrawal is substantial, but currently impossible
to quantify. Further uncertainty about actual water use is caused by the fact that government
calculations - on which water fees are based - assume the use of 1-4m³ of water per m³ of ore,
whereas geological conditions and technology in use suggest the use of ~7 m³ of water per m³
ore or more. The amounts of toxic waste (often deposited on unprepared and leaky ground)
containing heavy metals and/or mercury and/or cyanide, are unknown (See the ‘water quality’
section of this report for the impact of mining on water quality.).
Urbanisation, Migration & Industrialisation: The ongoing urbanisation leads to considerably

higher private water consumption (From 1989 – 2002 the population in Darkhan city
increased by 20%, in the capital Ulaanbaatar it grew by 41 % (Worldbank, 2004)). Rural
households consume as little as 7-9 liters of water per capita per day both from surface and
groundwater sources, while village households supplied by water kiosks or trucks consume on
average 22 liters per capita per day. Households connected to the central water supply on the
other hand use more than 400 liters per capita per day including 40% of water losses (see
drinking water supply section for details). Additionally, mainly in Darkhan, the second largest
city in Mongolia, an increasing number of heavy industries and other factories are located.
Besides many other issues related to industrialisation, these companies use a presumably
large, but unknown amount of groundwater for processing, cooling and other purposes,
contributing to the depletion of scarce water resources.

4.3.7 Priorities for action
Based on the assessment of recent land-use dynamics it is expected that the intended
intensification of agricultural land use via irrigation accompanied by simultaneously
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increasing water demands in other sectors (households, industry, mining) will increase the
competition for water resources in the region and potentially generate water conflicts. As the
before mentioned processes are spatio-temporally very heterogeneous and data sources partly
weak, only the first steps have been made to identify both hot-spots of change and potentially
vulnerable places, e.g. natural resources which might need protection.
All of the five land- and water-use issues mentioned in the previous chapter require thorough
monitoring and clear regulations and enforcement as constituents of an Integrated Basin
Management to ensure maximum utility of water resources and minimize negative ecological
and economic impacts.
Environmental monitoring seems to be one of the keys to inform decisions of local and
national authorities. The components to be monitored include (i) water quantity, -quality and use in major sectors; (ii) the analysis of impacts of climate change and land use change e.g. on
grasslands, crops and forests via repeated satellite-based observations; and (iii) the
improvement of local and regional documentation (e.g. statistical data of actual land use; No.
of livestock, etc.). Simultaneously, already ongoing efforts to establish catchment based
authorities and regulations for water resources management need to be pushed forward with
high priority.
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4.4 Matter fluxes and water quality
4.4.1 Objectives
Main objective of this part of the study is the analysis of nutrient and heavy metal fluxes
within the Kharaa river basin and its subbasins via diffuse and point sources. Therefore the
conditions of runoff formation, its boundary conditions and its linkage to nutrient and heavy
metal fluxes has the main priority to be examined. The main task is the setup of a model
system that promotes the analysis of the present state and calculations of possible changes in
the future as well. On this basis a linkage of the model system with the ecological status and
climate scenarios can be achieved. For supplementing these tasks the project phase MoMo I
was focused on four main objectives:
a) The tools and pathways for each source of emission are to be combined into a system
of describing the matter flow from the sources to the riverine transports at the mouth.
b) A spatial digital database for the whole Kharaa basin has to be prepared fo further
analysis especially of the landuse scheme
c) The calibration of the model system has to be carried out by applying the water
balance approach.
d) The quantification of diffuse and point source emissions of nutrients and heavy metals
as well as the load situation have to be deduced.
e) At least signicant pressures and impacts have to be identified and a list of priorities as
well as the first proposal of measures has to be derived.

4.4.2 Database
Spatial input data
For the research project the following data were made available as geo-referenced datasets
that could be integrated into the GIS. For GIS presentation of these data and the calculation
results, the Universal Transverse Mercator projection (WGS 1984 UTM Zone 48 M) was used
with the central meridian 105°E.
 The river network was taken from the Topographical maps in the scale 1:100.000 by
digitizing the river courses (total length of main course = 362 km, total length of all
digitized tributaries = 1589 km).
 The catchment boundaries were constructed in accordance with WP1 and WP3 by
using the digital elevation model. Altogether 10 subbasins were delineated. The mean
size of the subbasins is about 1453 km2 with Zagdelin Gol as the largest (2944 km2)
and Bayan Gol I (338 km2) as the smallest subbasin.
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 The digital elevation model (DEM) from the CGIAR Consortium for Spatial
Information has a resolution of 100 m x 100m and was used for the delineation of the
catchment boundaries.
 For land use classification, data from LANDSAT TM 5 were used with a resolution
of 1 km x 1km. The spatial coverage and the land use classes were set in accordance
with WP1.
 The digital soil map of the Kharaa river catchment was provided by WP1. The map is
based on investigations of O. Batkhishig and S. Iderjavkhlan (Soil Science laboratory,
Institute of Geography, Mongolian Academy of Sciences).
 A hydrogeological map of Mongolia (sheet M-48) was used to for the differentiation
of consolidated and unconsolidated rock regions within the Kharaa river basin. In
addition the map for average discharge of surface and groundwater was used in the
scale 1 : 1.000.000.
 The hydrometeorological input data were provided by the working group of WP1.
For the contribution of the different subbasins with regard to the specific runoff the
maps of the Regional Scheme Complex Utilization and Water Resource Protection of
Selenge River Basin (1986) were digitized and evaluated by using GIS techniques.
 Data on atmospheric depostion of nitrogen oxides and ammonium were not
available. Therefore we derived datasets from the Athabasca river basin in Canada
with comparable climatic and landuse conditions.
 The borders for administrative areas on the Aimag and Sum-level were made
available as digital data sets by WP1.
 For population density statistical data of the National Statistical Office of Mongolia
were used (NSO). A digital map was created based on the sum level. In a second step
these data were aggregated to the subbasin level by using correction factors on a
yearly basis for the period 1989 to 2006. As a reference for the year 2000 the
comparison with the LandScan 2000 Global population database shows good
accordance. For the year 2006 we estimate that 140.000 inhabitants were living within
the Kharaa river basin. About 88% of the inhabitants are living in urban areas
(including Sum centers), while about 12 % are living in rural areas.
 For the calculation of the input of point sources the location and treatment technology
of waste water treatment plants (WWTP) in Darkhan, Salhit, Khongor and Zuunkharaa
was compiled. Detailed data were only available for the WWTP Darkhan (see
appendix 3)
Monitoring quantity and quality data for surface water
Description of raw data: discharge and concentrations
For longterm observations of water discharge (m3/sec) the monthly data sets of only two
stations were available:
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 Baruunkharaa (1951-1993,1995-2006) with a catchment area of 11.346 km2 (= 78% of
the total river basin) mean discharge = 11,1 m3/sec
 Buren Tolgoi (1995-1999, 2007, 2008) at the outlet of the river basin (catchment area
= 14.534 km2).
For the water quality of surface water one dataset (time period 1986-1992, 1994-2007,
monthly data) was existant for two monitoring points upstream (Station: Deed Guur) and
downstream of Darkhan (Station: Buren Tolgoi) for the following parameters:
 Nutrients: ammonium, nitrate, nitrite, phosphate (only as P2O5)
 Heavy metals: iron, manganese, copper (1986-1995), chromium (1987-1991).
Unfortunately there is no information on the exact location of the monitoring points. Therfore
we assume that the location upstream of Darkhan is near the site of Deed Guur, while
downstream of Darkhn is near the site of Buren Tolgoi.
For the assessment of water quality following field several surveys were conducted by the
teams of University of Kassel (CESR) and Leibniz-Institute of Freshwater Ecology and Inland
Fisheries (IGB).
Sampling periods

CESR

IGB

Autumn 2006

26.08.2006 till 14.09.2006

No sampling

Springtime 2007

27.05.2007 till 14.06.2007

04.03.2007 till 18.03.2007

Summer/autumn 2007

28.08.2007 till 12.09.2007

22.08.2007 till 31.08.2007

Springtime 2008

26.04.2008 till 07.05.2008

02.04.2008 till 08.04.2008

Summer/autumn 2008

16.08.2008 till 02.09.2008

25.08.2008 till 09.09.2008

Continous monthly monitoring

12.03.2007 until present

Criteria for the selection of sampling points were: 1) to include the outlets and important
tributaries of each subbasin in the upper, middle and downstream reaches, 2) to compare the
influences upstream and downstream of larger settlements in the basin (like Mandal, Tunchel,
Zuunkharaa, Baruunkharaa and Darkhan), 3) to study anthropogenic impacts like the Khongor
incident. The location of sampling points is given in Figure 4-28. In addition, a monthly
monitoring programme since August 2007 was set up at the outlet of WWTP Darkhan and
three locations upstream and downstream of Darkhan.The locations and results can be seen on
the official MoMo homepage (http://www.iwrm-momo.de/index.php?id=9&L=19. Altogether
following data are available:
 Nutrients (monthly data): Total nitrogen, ammonium, nitrate, soluble reactive
phosphorus, total phosphorus
 Heavy metals (monthly data for August 2007 and April to August 2008): arsen, lead,
cadmium, chromium, copper, nickel, mercury, zinc, iron, manganese.
 Pollution indicators (monthly data of April to August 2008): chloride, boron.
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Agricultural data
Data of livestock numbers (camels, horses, cattle, sheeps, goats; yearly data of the period
1989-2006) and crop yields (wheat average yield 9 to 10 dt/ha, potato average yield 80 dt/ha)
yearly data of the period 2001-2007) were available in tabular form.
Data quality management
The basic outline for the data quality management was written in form of a “Quality
assurance guidance manual guidance” (HOFMANN 2008 c) and delivered to the MoMo
consortium and the Mongolian partner institutions.

Figure 4-28: Sampling points of IGB and University of Kassel during the monitoring programme from
August 2006 until December 2008.
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4.4.3 Methods
MONERIS is a nutrient emission model to be applied for regional, national and international
studies concerning water quality in catchment areas. It was developed at IGB aiming at three
targets:
¾

Identification of the sources and pathways of nutrients emissions on the level of the
analytical units

¾

Analysis of the transport and the retention of nutrients in river systems

¾

Provision of a framework for examining management alternatives (scenarios)

In order to reach "an acceptable chemical state of water condition" the implementation of the
European Water Framework Directive (WFD) requires catchment based approaches for
recording the present state of load and a deduction of recommendations. On the other hand
MONERIS is a very flexible system and therefore it is most suitable to cover these demands
and to support analysis at a variety of scales.
Nutrient emissions of point and diffuse sources into surface waters are evaluated in the model.
Therefore point shaped, areal and administrative information is integrated. Thus, as a rule the
application of geographic information systems (GIS) is essential.
Scenarios offer the possibility to calculate the efficiency of measures to reach suitable water
quality standards (reduction targets, e.g. target concentrations). The approach of MONERIS
provides a correlation to the measures applied on base of the analytical units.
In the model suitable measures are pre-defined which can be implemented by the user either
as single or combined measures. They can, based on analytical units or even covering larger
areas. Therewith, the resulting effect on loads in the catchment can be tested.
By integrating a large amount of possible components into the system, complex analysis can
be obtained in a short time. Questions can be answered more efficiently, data and
management demands can be identified more quickly.
The model was developed at the Leibniz-Institute of Freshwater Ecology and Inland Fisheries
in the Department of Limnology of Shallow Lakes and Lowland Rivers (IGB Berlin). During
the last years MONERIS was adopted for a lot of European river systems (e.g. Axios, Elbe,
Danube, Daugava, Po, Rhine, Vistula, Odra, see BEHRENDT et al., 1999; 2003a; 2003b;
SCHREIBER et al., 2005; BEHRENDT & DANNOWSKI, 2005), for the whole Federal Republic of
Germany (BEHRENDT et al., 2000; Venohr et al., 2008), as well as for river catchments in
Canada (NÜRNBERG et al., 2008), Brazil (VON SPERLING & BEHRENDT, 2007) and China (XU
PENGZU, 2004).
Basic model Structure
The model MONERIS (MOdelling Nutrient Emissions in RIver Systems) is a semi-empiric,
conceptional model, which allows the quantification of nutrient emissions via various point
and diffuse pathways into river basins (Behrendt et al., 2000; 2002a; 2002b). Initially
MONERIS was realized as an EXCEL application. Since 2008 MONERIS was reconfigured
with a new VBA programmed user surface. In addition a scenario manager was developed for
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the calculation of measures and their effects to nutrient emissions for different pathways and
different spatial bases. The model is based on data of discharge and water quality of the
investigation area. The application of MONERIS allows a differentiated analysis of nutrient
emissions into the analytical units of a given river basin. Subsequently the results can be
visualized as maps by GIS application. The decisive pathways and processes are shown in
Figure 4-29. MONERIS considers seven pathways for nutrient emissions into surface waters:
¾ Point sources (discharges from municipal waste water treament plants and direct
industrial discharges)
¾ Direct inputs into surface waters via atmospheric deposition
¾ inputs into surface waters via groundwater
¾ inputs into surface waters via tile drainage
¾ inputs into surface waters via paved urban areas
¾ inputs into surface waters via erosion
¾ inputs into surface waters via surface runoff
While point source emissions of municipal waste water treament plants and industry are
directly discharged into rivers, diffuse emissions into surface waters are caused by the sum of
different pathways which are realised by different flow components. The distinction of these
patways is necessary since the underlying processes and concentrations are clearly different.
MONERIS enables the calculation of of retention in rivers as well as the comparions of
obeved and calculated river loads. The system boundaries of MONERIS are:
¾ topsoil (e.g. Nitrogen surplus of arable land)
¾ groundwater (nutrient emission from the topsoil into the groundwater)
¾ surface water (remaining inputs)
The interpretation of MONERIS results has to consider the following points:
¾

spatial resolution: the subdivision of the river basin starts with the “analytical unit”
(AU) as the smallest modelling unit of the MONERIS approach. In this study the
analytical units are in accordance with the 10 subbasins as given in Table 4-2.

¾

Temporal resolution: MONERIS applies constant and temporal variable input data of
single years or longterm mean values.

¾

Results: all operational results are modelling results.

¾

Modelling concept: MONERIS is based on empirical approaches to represent complex
interrelations. Therefore the water balance is a simplified procedure and not a detailed
hydrological modelling in classical sense.
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Figure 4-29: Pathways and processes in MONERIS (SCHERNEWSKI 2007).

Spatial and temporal resolution of the model
The subdivision of the Kharaa river basin into 10 sub-catchments was performed in agreement
with the project partners (Figure 4-30). Hence a unified delineation for the calculations of the
water balance, matter fluxes and landuse alterations could be applied.
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Figure 4-30: River network and delineation of the Kharaa river basin into 10 sub-catchments.
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Table 4-2: The subbasins of the Kharaa river.

No.
Name of subbasin Area of
of
(= analytical unit in subbasin
sub- MONERIS)
[km2]
basin

1
2
3
4
5
6
7
8
9
10
All

Mandalin Gol
Bayangol I
Sugnugr Gol
Kharaa I
Tunkhelin Gol
Boroo Gol
Zagdalin Gol
Kharaa II
Bayangol
Kharaa III
TOTAL

2155
338
494
825
523
1969
2944
2098
780
2408
14534

Average
altitude
above sea
level [m]

Flowlength
of main
river [km]

1402
1583
1671
1399
1483
1221
1118
1126
1028
866
1167

47
0
0
41
0
0
0
115
0
159
362

Flowlength Stream
of tributary network
rivers [km]
density
[km/km2]

240
98
167
222
148
188
253
171
103
0
1590

0.13
0.29
0.34
0.32
0.28
0.10
0.09
0.14
0.13
0.07
0.13

Table 4-3: The subbasins of the Kharaa river.

No.
Name of subbasin
of
(= analytical unit)
subbasin

Area
of Measurement of discharge Monitoring of Monitoring
subbasin
[m3/sec] and name of nutrient
of heavy
2
[km ]
longterm gauge station
concentrations metal concentrations

1
2
3
4
5
6
7
8
9
10

2155
338
494
825
523
1969
2944
2098
780
2408

Mandalin Gol
Bayangol I
Sugnugr Gol
Kharaa I
Tunkhelin Gol
Boroo Gol
Zagdalin Gol
Kharaa II
Bayangol
Kharaa III

No measurements
No measurements
CESR
No measurements
CESR
CESR
CESR
Baruunkharaa 1952-2008
River bed was dried up
Buren Tolgoi 1990-2008
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2007, 2008
2007, 2008
2007, 2008
2007, 2008
2007, 2008
2007, 2008
2007, 2008
2007, 2008
No data
IGB, CESR
2006-2009
1989-2008

2007, 2008
2007, 2008
2007, 2008
2007, 2008
2007, 2008
2007, 2008
2007, 2008
2007, 2008
IGB,
CESR
2007-2009
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Methodological approach
The application of MONERIS can be explained by Figure 4-31.

Figure 4-31: Modell structure of MONERIS.

The creation of a data base is depending from the scienitific objectives and the minimum data
requirements to run MONERIS. The process of data acquisition, data processing and data
quality assurance is called PRE-PROCESSING. The generated modelling data are stored in
three different database tables according to their temporal and spatial characteristics:
¾

Basicinfo: data of all analytical units, which are concerned to be constant in a given time
period (e.g. elevation data)

¾

Periodical data: time series for all analytical units (e.g. runoff data) and

¾

Country data: country specific time series (e.g. nitrogen surplus for a given country).

The data base also receives Meta-Informations and user specific adjustments for the scenario
calculations. These adjustments control the application of the input data for each analytical
unit with the possibility to save the intermediate calculations.
The respective information (e.g. country code) for the data retrieval is allocated from the
Country-Data-Tables. The hydrological linkage of the analytical units is bease on the flow
tree, which is a hierarchical system of water flow from one unit to the next lower one. This is
also the base for the flow net equation to calculate the total discharge at the river basin outlet.
Emissions from Point Sources
Emissions form point sources depend only to a small extent on the meteorological factors
(e.g. precipitation) and hence they vary only within a small scale. The location of their input
into surface water can be identified in most cases. Emissions from point sources originate
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from municipal wastewqater treatment plants (WWTP) and direct industrial discharges. For
regional estimations of the emissions a treatment plant inventory with information of their
technology and excat location is necessary. Estimations of direct discharges form industry are
carried out by sector specific inventories of nutrient and heavy metal inputs.
Emissions from Diffuse sources
In contrast to point sources the diffuse sources show a high variability of nutrient and heavy
metal fluxes which may range over several orders of magnitude. The magnitude of nutrient
and heavy metal inputs depends highly on hydro-meteorologic factors like precipitation. The
location of matter input can not be recognized in most cases. MONERIS considers six
different pathways of diffuse sources:
¾ Atmospheric deposition on the water surface area: the basis for the estimation of direct
inputs into freshwater by atmospheric deposition is the knowledge of the water surface
area of a basin which is connected to the river system and the annual deposition rates.
¾

Erosion runoff: The sediment and nutrient input via erosion is calculated only for these
areas, which are relevant for the soil loss into the rivers. The erosion module has to be
calibrated with the suspended inorganic load and with the particular phosphorus load of
the rivers.

¾

Surface runoff: The estimation of nutreint inputs is based on the surface runoff and the
proportions of arable land, grassland and open areas with defined concentrations of
nutrients in the surface runoff of these land uses.

¾

Paved urban areas: Inputs via paved uraban areas are calculated under consideration of
the regional differences of the sewage system as well as the degree of storage capacities
of the combined sewer systems.

¾

Tile drainage: The proportion of drained areas is determined on the base of digitalized
drained areas for representative areas, soil type and soil water conditions. Nuterint inputs
into rivers are calculated on the base of summer and winter drainage discharge and the
nutreint balance of the agricultural area.

¾

Base flow/Interflow: nutrient inputs via baseflow are calculated on the base of the
nutrient balance of the agricultural area and the nitrogen concentration in the groundwater
with aid of a retention function depending on the hydrogeological conditions, seepage
rate and the nutrient balance under consideration of the spacious retention time in the
river basin .

Retention
The nutrient retention in surface water is calculated in dependance of the hydraulic load,
water temperature (for Nitrogen) and the specific runoff (for Phosphorus) (BEHRENDT et al.,
2000 and modified by VENOHR, 2006). Therefore a comparison of calculated nutrient load and
the measured nutrient concentrations at gauge stations and monitoring points is possible.
A detailed description of the mathematic formulas for all calculations is given by the
MONERIS user manual (BEHRENDT et al. 2007).
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4.4.4 Results
Results of water analysis show evidence for seasonal variations of nutrient concentrations
with highest values after the melting period. The unique character of the river is given by the
fact that the headwaters are still near the natural background conditions (3 to 6 μg/l TP; 0.3 to
0.5 mg/l TN), while the middle and lower reaches (river basin outlet 54 to 154 μg/l TP, 0.7 to
0.9 mg/l TN) show higher concentrations especially after the snow melting period. In general,
the quality of surface waters in the mountainous region of the Kharaa river basin is good with
low nutrient concentrations, total solids concentrations ranging from 17 – 60 mg/L, very low
Chloride concentrations of 2-4 mg/L and heavy metal concentrations almost below the
detection limit.
However in the middle and lower reaches there are increased nutrient levels, the total
dissolved solids concentrations are as high as 100-340 mg/L with Chloride concentrations of
10-17 mg/L. Heavy metal concentrations show increased levels, although most of them being
lower or near to the allowed maximum concentration. But arsenic concentrations of 1-10 μg/L
and in some places up to 31 μg/L are a point of concern. In some sampling points also
mercury could be detected. Only lead and cadmium could not be detected in most of the water
samples.
The headwaters play a dominant role for runoff generation and water availability and need to
be protected. In the lower reaches urbanization, mining activities and agriculture have
polluted parts of the surface water resources.
The input of industrial and domestic sewage beginning since the 1960’s increasingly impaired
water quality. While in the upper Kharaa basin the anthopogenic influences on water quality
are local due to low population density, the influence of the urban systems at the river basin
outlet is clearly marked by higher nutrient levels. It is interesting to note that in the longtime
comparison the nutrient concentrations at Buren Tolgoi are rising (Figure 4-32 and Figure
4-33). Compared to the LAWA criteria (LAWA 1998) they are still on a low to slightly
medium level (Table 4-4), but the trend of increasing concentrations is clearly marked.
Taking the chloride concentrations as indicator for pollution (see Figures in Appendix) it is
also evident that the lower reaches and especially the groundwater in Khongor show higher
levels than in the middle and upper reaches.
Concentrations of dissolved heavy metals (Table 4-5) in the upper and middle reaches are
often below detection limit (e.g. cadmium and lead). Natural background concentrations in
suspended solids are low. Concentrations of arsenic, primarly originating from human
activities, increase downstream and show increasing values in Darkhan. Although most of the
Arsenic concentrations are below the maximum allowed concentrations of drinking water (10
μg/l As) it is evident, that even in the drinking water system of Darkhan we have proof of
Arsenic levels at about 3 μg/l As. Of greater concern is the leakage of the ash basins of the
Thermal Power Plant. In theses basins the Arsen concentrations are as high as 508 μg/l
(Figure 4-36).
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In general the heavy metal loads of the Kharaa River can roughly be estimated by evaluating
the concentration measures of Momo monitoring data and discharge data. Figure 4-35 gives a
general overview, showing that Iron shows by far the highest importance followed by
Manganese, Copper and Nickel. Mercury could only be detected on some spots near Khongor
and Darkhan in low concentrations, but the most data were below detection limit. It must be
considered that mercury is often bound in river sediments and suspended loads. The river
sediments of Borro River show high concentrations levels, but in the water the concentration
was often below detection limit.
An overview of all major points of concern to water quality issues (so called “hot spots”) is
given in Figure 4-38. During our field surveys we could locate 4 gold mines out of use, 7 gold
mines in operation, 6 main centres of small gold mining acitivities, 9 potentially contaminated
areas and 5 WWTPS. For detailed information and location see Figure 4-38.
An overview of the total nutrient emissions for the year 2005 as calculated by MONERIS is
given in Figure 2-30. For nitrogen we found that the total emission by point and diffuse
sources amounts to about 500 t/yr. The portion of different emission pathways show that
urban sources contribute by 41 %, agriculture by 35 % and geogenic background by 20%.
For phosphorus the total emission by point and diffuse sources amounts to about 122 t/yr. The
portion of different emission pathways show that urban sources contribute by 62 %,
agriculture by 32 % and geogenic background by 3%. Hence the urban areas and especially
the point sources (WWTP) have a remarkable portion of the total emissions. The influence of
agriculture is also evident but in comparison to urban sources it is lower than expected. This
may change if more fertilizer will be applied, bedause in the last years the fertilizer
application was extreme low in the river basin. In relation to the calculated nutrient loads (294
t/yr DIN and 62 t/yr TP) it must be considered that the deviation of measured and calculated
resulting loads show deviations of about 30% (Figure 2-30 b and c) showing an
overestimation by MONERIS. Regarding theses errors it must be considered that discharge
and nutrient measuremtns are often not performed on the same day. The natural retention and
dilution capacity of the Kharaa River is still high and plays an impotant role for future
protection measures.
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Table 4-4: Results of chemical measurements (nutrients, chloride, bor) during the time period September
2006 until December 2008. The calculation of arithmetic mean values starts at n=3 while
median values are given at n = 11. If the measuring values are below the detection limit they
will be considered as half value for the calculation as arithmetic mean and median values. If
more than 50% of the measuring values are below the detection limit, no mean values can be
given at all. The numbers given in pink and red color indicate a low to medium impact to water
quality according to the german LAWA criteria (LAWA 1998).
NO3-N
No.
Name
of Cond.
(μS/cm)
(mg/L)
of
subbasin
subbasin

1
2
3
4
5
6
7
8
9
10

NO2-N
(mg/L)

NH4-N
(mg/L)

DIN
(mg/L)

TN
(mg/L)

PO4-P
(mg/L)

TP
(mg/L)

Cl(mg/L)

B
(mg/L)

Mandalin Gol

391

0.186

0.014

0.033

0.23

0.439

0.131

0.044

6.00

0.03

Bayangol I

104

0.217

0.010

0.025

0.25

0.758

0.038

0.015

0.94

n.d.

Sugnugr Gol

44

0.324

0.008

0.021

0.35

0.590

0.043

0.012

0.59

n.d.

Kharaa I

197

0.134

0.019

0.021

0.17

0.486

0.053

0.022

1,94

0.02

Tunkhelin Gol

151

0.109

0.012

0.022

0.14

0.458

0.053

0.018

0.70

0.03

Boroo Gol

431

0.159

0.022

0.083

0.26

0.792

0.035

0.055

13.90

0.05

Zagdalin Gol

413

0.833

0.016

0.055

0.91

1.520

0.089

0.260

9.70

0.05

Kharaa II

243

0.210

0.008

0.037

0.26

0.527

0.055

0.034

3.70

0.03

341

0.623

0.021

0.109

0.753

1.08

0.113

0.094

8.98

0.04

378

0.812

0,020

0.158

0.99

1.31

0.31

0.097

10.32

0.033

Bayangol
Kharaa III

River basin outlet
at Buren Tolgoi

No data due to the desiccation of Bayangol

n.d. = not detectable, below detection limit
DN = NH4-N (mg/l) + NO3-N (mg/l) + NO2-N (mg/l) +DON (mg/l)

(mg/L)

DIN = NH4-N (mg/l) + NO3-N (mg/l) + NO2-N (mg/l)

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0
1980

1985

1990

1995

NO3-N Buren Tolgoi
ortho-Phosphate-P Buren Tolgoi

DON= DN-DIN

2000

2005

2010

NO3-N Deed Guur
ortho-Phosphate-P Deed Guur

Figure 4-32: Annual average concentration of nitrate (NO3-N) and ortho-Phosphate at Buren Tolgoi
during the period 1986 to 2008. For the years 1993 and 2004 no data were available.
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1,2

(mg/L)

1
0,8
0,6
0,4
0,2
0
1980

1985

1990

1995

DIN (mg/l N) Buren Tolgoi
ortho-Phosphate-P Buren Tolgoi

2000

2005

2010

DIN (mg/l N) Deed Guur
ortho-Phosphate-P Deed Guur

Figure 4-33: Annual average concentration of dissolved inorganic nitrogen (DIN) and ortho-Phosphate at
Buren Tolgoi during the period 1986 to 2008. For the years 1993 and 2004 no data were available.

Table 4-5: Results of chemical measurements (heavy metals) fur subbasin No. 10 and river bain outlet
during the time period September 2006 until December 2008. The calculation of arithmetic
mean values starts at n=3 while median values are given at n = 11. If the measuring values are
below the detection limit they will be considered as half value for the calculation as arithmetic
mean and median values. If more than 50% of the measuring values are below the detection
limit, no mean values can be given at all.

No.
Name of As
Arsen
of
subbasin
(mg/L)
subbasin

10

Kharaa III

River basin outlet
At Buren Tolgoi

0.0021
n = 21
0.0025
n = 11

Pb
Lead
(mg/L)

Cd
Cadmium
(mg/L)

Cr
Chrom
(mg/L)

Cu
Copper
(mg/L)

Ni
Nickel
(mg/L)

Hg
Mercury
(mg/L)

Zinc
Zn
(mg/L)

Fe
Iron
(mg/L)

Mn
Mangan
(mg/L)

n.d.
n = 23
n.d.
n = 11

n.d.
n = 23
n.d.
n = 11

0.0025
n = 11
0.009
n = 11

0.0127
n = 23
0.013
n = 11

0.004
n = 23
0.011
n = 11

n.d.
n = 23
n.d.
n = 11

0.013
n = 11
0.026
n = 11

0.95
n = 23
1.645
n = 11

0.091
n = 23
0.158
n = 11

n.d. = not detectable, below detection limit
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Figure 4-34Annual average concentrations of Iron (mg/l Fe) as measured in Buren Tolgoi 1986 to 2008.
The measurements of 2007 and 2008 were made during the MoMo monitoring programme.

Figure 4-35: Estimated heavy metal loads (t/yr) of the Kharaa Gol for the observation period 2007 / 2008
based on measurements of the MoMo monitoring.
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Figure 4-36: Observed concentrations of Arsenic (µg/L) on a longitudinal profile of the Khaara- main
river and its tributaries as measured during summer 2008.
Dark blue: Surface water of Kharaa Gol, starting at Tunkhel (point no. 10) until Buren Tolgoi Point No.
54). The sampling points 12 and 13 show the Influnce of the Gatsuurt gold mine (26 and 31 µg/L As)
Light blue: Groundwater in Khongor Sum (sampling point 1 to point 9).
Red: Waste water (sampling point 55 to 65) from WWTP and the ash basins of the Thermal Power Plant.
The highest concentratios (73.6 and 508 µg/l As) were found in the ash basins of the Thermal Power Plant
in Darkhan.
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Figure 4-37 a - e: Results of MONERIS
applications for the year 2005.
a) Comparison of measured and observed
discharge of 10 subcatchments
b) Comparison of observed and calculated DIN
loads at Buren Tolgoi (t/yr)
c) Comparison of observed and calculated DIN
concentrations at Buren Tolgoi (t/yr)
d) TN source apportionment
e) TP source apportionment
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4.4.5 Significant problems, pressures and impacts
The problems of the water quality of surface water can be divided in two parts:
-

Emissions from point sources (direct discharges from waste water treatment, industrial
zones)

-

Emissions from diffuse sources (diffuse emissions from agriculture, mining industries,
atmospheric deposition etc.)

Point sources
The discharge of inadequately treated waste water to surface water resources is a major waterquality concern. Significant problems of the waste water treatment plants in the Kharaa river
basin are as follows:
-

The WWTP Darkhan (49°30.523'N 105°54.191'E, appendix 3) is operating with an
outdated technology and its cleaning efficiency with regard to the achieved reduction of
Nitrogen and Phosphorus concentrations is comparatively low (see appendix 3). It is
operated very inefficiently and therefore costly. As stated in section “Waste water
treatment” the polishing pond can not be utilised in winter time and the purification
provides no denitrification. It is by far the biggest WWTP in the river basin.

-

WWTP Zuunkharaa (48°49.575 N 106°27.110 E) is operating since 1999 and has no
direct outlet to the Kharaa river. After the treatment of the waste water the sludge is
deposited in several huge sludge fields close to the Kharaa River. There is high concern
that these sludge deposits may contribute to nutrient and heavy metal inputs to the
groundwater by leakage processes.

-

WWTP Salhit (49°12.150 N 105°51.380 E) belongs to the railway company. It provides
only a mechanical and simple biological cleaning process and discharges directly to the
Kharaa river.

-

WWTP Khongor is operating with a mechanical treatment. The waste water is than
pumped to an infiltration pond (49°18.373 N 105°55.654 E) in the center of the village.
As a consequence of the Khongor incident, which was described in detail by HOFMANN
(2008a), there is high concern that the infiltrated waste water has contributed to the
contamination of the upper ground water level. Here the concentrations of chloride and
boron as pollution indicators show higher concentrations than even the waste water of the
industrial zone of Darkhan (HOFMANN 2008a). Since the drinking water extraction sites
of Darkhan are only 9 km distant, this contamination problem has a high priority for the
drinking water supply of Darkhan city.

There are further WWTP`s in other places (e.g. Bayangol, former Baruunkharaa) which are
using similar technologies. The most villages do not have controlled waste water
infrastructure. Self-built not tight traditional pit latrines without cleanout are in use at every
family’s compound. Urine and faeces leak from the pit latrines into the ground.
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The waste water of the industrial zone of Darkhan is discharged to the WWTP Darkhan
without any pre-cleaning processes (except the tannery).
The impact of waste water input to the nutrient levels as detected by our monthly monitoring
programme (n = 14 months) is shown in Table 4-6.
Table 4-6: Average concentrations of TN, phosphate, chloride and copper at three monitoring points.
TN (mg/l)

PO43- (mg/l)

Chloride (mg/l)

Copper (µg/l)

Upstream of Darkhan /Deed Guur

0,6

0,19

9,9

5,6

Outlet of WWTP Darkhan

19,6

3,84

50,5

7,4

Downstream of Darkhan/Buren Tolgoi

1,4

0,26

12,1

8,0

Location

Thus the impact of the waste water input is detectable although the nutrient levels are on a
moderate level due to the high dilution capacity and the turn over processes in the river
system.
Diffuse sources
The significant problems are as follows:
-

Livestock watering of intensive farming sites directly at the river bank lead to fecal
contamination and direct nutrient inputs to the river water by animal manure;

-

Highest nutrient emissions are derived at the tributary Zagdelin Gol with intense farming
of potatoes and wheat

-

Soil erosion by extensive tillage for cereal production in the subbasins of Kharaa III,
Kharaa II and Zagdelin Gol; the furrows of arable land are often in direction of the
steepest slope gradient thus enhancing the erosion process

-

The Kharaa river basin is prone to floods during heavy rainfall events in the summer. But
also in springtime the frozen manure is washed to the river course by melting water. This
event (called “yellow water” or “shar uus” in mongolian language) lead to high nutrient
input; the related fecal contamination of river water may cause sanitary problems of
drinking water in Darkhan city since the infiltration passage from river water via
groundwater to the water extraction sites is short and the untreated groundwater is used as
drinking water

-

release of mercury, arsenic, cyanide and zinc by gold mining activities with high impact to
ground water quality (e.g. Khongor incident, Gatsuurt, Oktjabr, Tal Bulag

-

Waste-water and sludge from the mining operation of the Boroo gold mine is stored in a
reservoir behind a dam. In case of a leakage this would have high potential of surface
water contamination of the Boroo Gol, a tributary of the Kharaa river

-

Heavy metal contamination (arsenic, mercury etc.) of riverine sediments and soils in
Boroo Gol
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-

release of arsenic from the ash deposit basins (508 mg/L arsenic ) of the Thermal power
plant Darkhan to the ground and the danger of well capture of contaminated groundwater
which affects drinking water quality (Arsenic cloud already be detected in the drinking
water system of Darkhan city with concentrations of 2 μg/L)

-

Disposal of solid wastes as landfill leachates around urban areas and mining sites

-

Data issues: some statistical data (e.g. livestock) are inconsistent and not reliable. Major
data gaps include historical water discharge and water quality data.

Another problem is the unknown exchange between surface water and groundwater. The
highly productive alluvial stream channel aquifers is underlain and surrounded by bedrock
aquifers and in direct contact to the river. Due to the seasonal hydrological conditions the
exchange is variable and can reach from the “losing stream” during the spring flood and wet
seasons in summer to the status of a “gaining stream” during the dry season in winter. Surface
water groundwater interactions are important in water supply and management (e.g. river
recharge to aquifers, bank filtration), health of aquatic systems (e.g. nutrient cycling,
minimum flows) and water quality (e.g. mixing of waters of different quality, well capture of
contaminated surface water especially in the spring time during the melting water period).
It should be kept in mind that the parameters indicating “Pressures in the Kharaa river
basin”, e.g. livestock density, cropped area, fertiliser use (which is negligible at the moment
but may increase in the future), waste water discharge into freshwater systems etc., preferably
ought to be part of policy regulations and of the planned scenarios.

4.4.6 Priorities for action
Protection measures to avoid direct nutrient inputs to the river course (buffer strips)
The practice of livestock watering directly at the river bank lead to fecal contamination and
direct nutrient inputs to the river water by animal manure. Due to the increasing livestock
density this problem is of high priority. Therefore - as a first step - on selected intense farming
sites buffer strips parallel to the river bank should be established to prevent animal manure to
contaminate the river water (e.g. by building double lined fences in a sufficient distance of 50
m to the river bank). Alternatively the livestock watering should be carried out by local wells
etc. Information on proper drinking water management should be provided to the owners and
herdsmen of animal husbandry.
Protection measures to avoid erosion on arable land
The present design of arable land favors erosion. The introduction of soil conservative tillage
practices will reduce the soil erosion significantly especially on areas with slopes >4 %.
Farmers need to be encouraged to introduce conservative tillage practices by incentives.
Rehabilitation of waste water treatment facilities
The impact of waste water input to the nutrient levels as detected by our monitoring
programme is on a moderate level. But with a growing population and due to the inefficient
and outdated waste water technology the re-establishment of a good treatment performance is
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an important step for the protection of the fresh water resources and the Kharaa river
environment.
Advanced model simulations
The impact of direct nutrient inputs to the surface water by animal manure is a significant
pathway. Therefore an additional model component has to be developed and implemented to
the MONERIS model system.
Mitigation of harmful substances in gold mining areas
Open-cast gold mining as well as illegal small-scale mining with uncontrolled use of mercury
in gold extraction, is a growing problem for water resources. To prevent potential
contamination by heavy metals and cyanide it is important to establish effective protection
measures guided by the precautionary principle.
Monitoring
Water-quality monitoring networks (major ions, trace elements and bacterial concentrations)
should be established to effectively monitor the environmental impacts on surface water and
groundwater as well. At present the monitoring of surface water is only performed at Deed
Guur (upstream of Darkhan) and at the gauge station Baruunkharaa on a monthly/bimonthly
basis of nutrients and physical parameters. It is insufficient due to the lack of appropriate
equipment (e.g. detetection limit of lab. equipment for mercury does not fulfill legal
requirements). In rural areas such monitoring is nonexistent.
Application of the cost-effectiveness analysis
The calculations of measures to reduce nutrient inputs should be evaluated not only to their
effect on the environment but also on their cost-effectiveness. This would be an important tool
for the decisions makers.
Setup of a river basin council (RBC)
This organization should be the platform for the most relevant decision makers and
stakeholders as well. This institution can also facilitate the communication with similar
projects related to water issues in the Kharaa river basin (e.g. GEOMIN project from Czech
Republic, USGS project on the environmental review in the Selenge river basin MARTIN
2008).
Setup of a comprehensive GIS
A comprehensive Geographical Information System (GIS) database should be developed to
help, evaluate, manage and monitor the MoMo project and to supply the decision makers and
stakeholders with relevant informations (e.g. identification of “hot spot” areas etc.).
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Capacity Building
The responsible usage of water and the knowledge of the problems concerning the protection
of surface water have to be improved for a majority of the population. This involves lower
and higher education as well as public relations
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Figure 4-38: Location map of hot spots in the Kharaa river basin.
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Explanations of numbers mentioned in Figure 4-38: „Goldmining, waste water treatment
plants and essential contamination areas in the river basin of Kharaa Gol”.
Goldmines out of order
Number
1
2
3
4

LAT
48,849°N
48,749°N
48,705°N
49,083°N

LON
106,349°E
106,431°E
106,277°E
106,540°E

NAME
Goldmine out of order Kharaa zel.st.221
Goldmine out of order Mandal Bayn
Goldmine out of order Boroo Gol
Goldmine out of order Bayan Gol

LON
105,927°E
106,634°E
106,626°E
106,173°E
106,053°E
106,512°E
105,945°E
106,387°E
106,507°E

NAME
Goldmine Naran Tolgoi
Goldmine Bulag
Goldmine Gatsuurt
Goldmine Boroo
Goldmine Oktjabr
Goldmine Sujigtei
Goldmine Tal Bulag
Goldmine Khargat
Goldmine Zuunmod

Goldmines in use
Number
5
6
7
8
9
10
11
12
13

LAT
48,565°N
48,593°N
48,635°N
48,745°N
48,779°N
48,569°N
48,596°N
48,513°N
48,632°N

Main centres of small mining
Number
14
15
16
17
18
19

LAT
48,684°N
48,632°N
48,569°N
48,763°N
48,779°N
49,102°N

LON
106,544°E
106,507°E
106,512°E
106,279°E
106,053°E
106,544°E

NAME
North of Zuunmod
Zuunmod
Sudjigtei
near Boroo
Oktjabr
Bayan Gol

Potentially contaminated areas
Number
20
21
22
23
24
25
26
27
28

LAT
49,470°N
49,306°N
49,437°N
48,705°N
48,774°N
49,308°N
49,075°N
48,602°N
48,596°N

LON
105,934°E
105,928°E
105,932°E
106,276°E
106,057°E
105,934°E
106,556°E
106,694°E
105,945°E

NAME
Outlet of rainwater drainage Darkhan
Khongor waste water basin
Industrial waste water basin
Boroo mercury contamination
Bor Tolgoi soil decontamination of GEOMIN
Mich company, centre of the Khongor incident
Bayan Gol
Gatsuurt
Tal Bulag

Waste water Treatment Plants
WWTP
Zuunkharaa
Salhit
Darkhan
Khongor
Bayangol

LAT
48,8260°N
49,2030°N
49,5090°N
49,3073°N
48,91388°N

LON
106,4520°E
105,8530°E
105,9030°E
105,9360°E
106,0855°E

NAME
WWTP Zuunkharaa
WWTP Salhit
WWTP Darkhan
WWTP Khongor
WWTP Bayangol
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4.5 Ecological status of streams and rivers
4.5.1 Objectives
The IWRM-Principles of sustainable use and management of water resources on the level of
river watersheds are of great importance for Central Asia and Mongolia. There the water
resources are faced with rapidly growing problems like impact of global climate change, overexploitation of water resources, diffuse pollution, mining and waste water inflow from rural
and urban areas. Finally a spectrum of climatic and anthropogenic pressures exists which also
can be found in the Kharaa river basin and which makes it an ideal model region. The
potential impacts of these problems on the ecological functions and services of the river
ecosystems are multiple, sometimes interacting and are barely understood. Monitoring
programs controlling the ecological status of rivers and the trends of relevant impact factors
are rare and not locally adapted. Therefore the main objectives of this part of the study were
were:
-

the survey of ecological characteristics of the Kharaa river basin (including a set of
morphological, chemical, physico-chemical and biological parameters and the ecological
evaluation of these parameters)

-

the identification of significant impacts on the ecological status of the Kharaa river
basin (including the analyses of interdependencies between anthropogenic impacts and
ecological statuses and functions, an estimation of the relevance of occurring impacts, the
definition of environmental ambitions for an sustainable resource use and the
development of new evaluation and monitoring strategies)

-

and the definition of IWRM strategies for the Kharaa river basin as a model region
for Central Asia (including all relevant results from the consortium partners, a scenario
set with corresponding management strategies, which have been harmonized with
Mongolian stakeholders and the publishing of an IWRM handbook)

4.5.2 Databasis and methods
In order to assess the ecological status of streams and rivers in the Kharaa river basin six
four-week field surveys were conducted from 2006 to 2009. A meaningful set of sampling
points in the main channel and in the tributaries to the river Kharaa were selected and a
standard measuring programme at each point was conducted. Additionally, sampling points in
the Eroo river basin have been selected serving as a reference. The measuring programme
covered a set of parameters and can be divided into: a) biological components, b)
chemical/physico-chemical components and c) hydrological / hydromorphological
components (Figure 4-39).
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Biological
components

Chemical & physicochemical components

Hydromorphological components

Aquatic plants

General components

Hydrology

- diatoms (abundances)
- biomass of benthic algae

- temperature, pH
- oxygen content
- ion composition (F, Cl, Br, SO4,
Na, K, Ca, Mg)
- nutrient status (N & P)
- suspended solids, turbidity
- carbon content (TOC, DOC)

- discharge and dynamics of
discharge

Benthic invertebrates
species composition, biomass,
fitness, functional groups

Fish fauna
species composition,
adundances, reproduction,
biomass, fitness

Harmful substances
- heavy metals (Pb, Cd, Cr, Cu,
Hg, Ni, Zn, As)

Longitudinal continuum
Morphology
- variability of river width and
depth
- structure and substrate of
the river bottom
- structure of the river banks

Figure 4-39: Summary of parameters used to assess the ecological status in the project region.

The analyses of fish community and of the chemical and physico-chemical components are
based on the results of all conducted expeditions, where an overall amount of 54.789 fish
were caught and released. Since the analysis of the macroinvertebrate samples is much more
time consuming because of using laboratory facilities the results of only two expeditions
could be used to assess the ecological status. However, two different seasons are included and
the assessment is based on an analysis of more than 106,000 individuals.
Criteria for the selection of sampling points were: 1) to include upper, middle and
downstream reaches of the basin, 2) to study the influences of larger settlements in the basin
(e.g. Zuunkharaa, Baruunkharaa and Darkhan) and 3) to study a typical range of
anthropogenic impacts like land use and mining (see Table 4-7 and section 4.1).
Table 4-7: Characteristics and location of sampling for studying the ecological status.

River Section

Biozoenotic Region

Site

Location

down reaches

Epipotamal

Kh_1

Kharaa River, Buren Tolgoi

Kh_2

Kharaa River, downstream of Darkhan

Kh_3

Kharaa River, Khongor

Kh_4

Kharaa River, downstream of Baruunkharaa

Kh_5

Kharaa River, upstream of Baruunkharaa

Kh_6

Kharaa River, downstream of Zuunkharaa

Kh_7

Kharaa River, upstream of Zuunkharaa

Kh_8

Kharaa River, Unegt

Kh_8.5

Kharaa River, Railway Station km 290

Sug_1

Sugnugr River, 10 km upstream confluence

Sug_2

Sugnugr River, 32 km upstream confluence

Zag_1

Zagdalin River, 3 km upstream of confluence

middle reaches

upper reaches

low gradient

Hyporhithral

Epi- / Metarhithral

Hyporhithral
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tributaries

high gradient

Epi- / Metarhithral

tributaries

reference sites

Hyporhitral

Bor_0.5

Boroo River, 5 km upstream of confluence

Baya_1

Bayan River, 8 km upstream of confluence

Mand_0.5

Mandalin River, downstream of Mandal

Mand_1

Mandalin River, 10 km upstream of Mandal

Mand_2

Mandalin River, 35 km upstream of Mandal

Shiv_1

Shivertin River, 12 km upstream of confluence

Tun_1

Tunkhelin River, 8 km upstream of confluence

Eroo

Eroo River, near junction of Khon & Sharlang

Khon

Khon River, near confluence to Sharlang

4.5.3 Methods
In order to assess the ecological status a set of standard methods was applied following
common European approaches. Where necessary, methods have been adjusted to the local
conditions. Methods for biological, chemical / physico-chemical and hydromorphological
components are described here:
The fish fauna was studied by electrofishing using a standardised sampling effort for each
site (“Catch Per Unit Effort”, CPUE), which allowed comparative analyses within the whole
catchment. For sampling a representative stretch of the river was chosen and habitats were
fished in relation to their occurrence. The fish were caught, identified and a subsample was
measured in length and weight, which allowed analyses of reproduction and biomass
calculations. The Mongolian fish fauna is comparable and in some aspects identical to the
Central European fish fauna. Therefore, in a first approach the German assessment tool
“FIBS” (VDFF, 2009) was used for assessing the fish fauna of the river Kharaa. The method
FIBS uses a set of indicators (e.g. the presence or absence as well as the dominance of species
and ecological guilds, the reproduction of species or the biocoenotic region) and assesses the
ecological status of the fish community by comparing the actual to a reference ichthyofauna.
The reference ichthyofauna is based on expert knowledge considering different biocoenotic
regions of the river Kharaa and neighbouring watersheds and their potentially natural fish
communities (given by Krätz, 2009, Dulmaa, 1999; Ocock et al., 2006).
To sample the macroinvertebrate communities a multi habitat sampling following the
approach of the German assessment method “PERLODES” (Meier et al., 2006) was used,
where every habitat depending on it’s frequency of occurrence was sampled. The analyses of
the samples were conducted in the laboratory using microscope techniques. To evaluate the
quality of the macroinvertebrate communities several structural and functional metrics were
calculated and regression analyses were performed to extract these metrics with the highest
explanatory power.
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Samples for water quality were taken in PE-bottles and were analysed for general parameters
(temperature, pH, conductivity, oxygen and turbidity), nutrient status (ammonium, nitrite,
nitrate and soluble reactive phosphate) suspended matter and for ions and heavy metals. For
the evaluation of the water quality based on chemical and physico-chemical parameters two
Mongolian standards were used:
x

Joint order of Minister of Nature and Environment and Minister of Health (1997):
Surface water classification 143/a/352

x

National Center of Standardizations & Metrology (2005): 13.060.20. Safety of
Environment & Health protection: Drinking water standard. MNS 900: 2005.

Additionally the German Drinking water standard (TrinkwV2001 vom 21. Mai 2001) was
applied for selected parameters. Based on these standards water quality classes were evaluated
for general (nutrient and saprobic) parameters and for toxic substances. The degree of
pollution by heavy metals in stream sediments has been classified using a geoaccumulation
index, defined by (Müller, 1979).
The hydromorphology of the study sites was assessed by a standardised German River
Habitat Survey (LAWA, 2000). This method comprises both, parameters for “instream
structures” as well as parameters, which indicate the degree of land and riparian zone use. At
each site a downstream and an upstream section of 100 to 500 m length (depending on mean
width) were surveyed.

4.5.4 Results
Current ecological status of surface waters
The assessment of the fish communities has shown a good or very good ecological status at
most of the sites (see ). A moderate status, detected at two sites in the watershed, is caused by
the absence of ubiquistic species showing no clear deficits in the ecological integrity of the
fish fauna. Most of the fish species known to occur in the Kharaa basin (Dulmaa, 1999;
Ocock et al., 2006) were detected, however some species seem to be very rare, e.g. taimen
(Hucho taimen), lenok (Brachymystax lenok) or arctic grayling (Thymallus arcticus). Even in
biocoenotic regions, where they find optimal conditions, the average sum of adult fish of
these species is very low (ranging from 0.5 to 7.7 individuals caught during one hour of
sampling).
Also the analysis of the macroinvertebrate communities along the Kharaa catchment
indicated good ecological conditions at most of the sites. However, at many sites of the main
channel, i.e. in the lower part of the middle region and the transition to the down region, and
also in tributaries deficits in benthic communities could be shown. These are mainly caused
by lacking EPT individuals (Ephemeroptera, Plecoptera, Trichoptera) in the community
composition, the absence of so called indicator organisms, especially of the order Plecoptera,
and an abnormal increased percentage of fine sediment colonisers.
The overall assessment of water quality parameters has shown a good status at most
sampling sites in the Kharaa basin. The upstream reaches of the Kharaa River (Sugenuger
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River) represented very good chemical conditions. A moderate status was detected only for
the river Zagdalin, which is caused by elevated nutrient conditions.
The concentrations of heavy metals in the surface water and the river sediment were below
the thresholds at most sampling sites. Elevated concentrations of heavy metals were detected
especially in the Boroo river and downstream of the city of Darkhan.
Table 4-8: Assessment results for selected components of the ecological status and priority substances
along the river Kharaa and its tributaries; (key for quality classes: “very good” = blue, “good”
= green, “moderate” = yellow, “poor” = orange, “bad” = red; no data =gray).

site

Macroinvertebrates

Fish fauna

Water Quality

Ecological
Status

Priority
Substances

average of 5 to 6
metrics

FIBS

General parameters

average of MZB,
fish and Water
Quality

Heavy Metals

2,0
2,0
2,0
2,0
2,0
2,0
2,0
2,0
3,0
2,0
2,0

2,0
1,0
2,0
2,0
2,0
2,0
2,0
2,0
2,0
2,0
2,0

2,0
1,7
2,0
1,7
2,0
2,3
2,3
2,3
2,7
2,0
2,0

2,0
2,0
2,0
2,0
2,0
2,0
2,0
2,0
2,0
5,0
2,0

2,0
3,0
2,0
2,0
1,0
2,0
2,0
2,0

2,0
2,0
2,0
2,0
2,0
2,0
2,0
3,0

2,7
3,0
2,0
2,0
1,7
2,0
2,3
3,0

2,0

Kharaa River Main Channel

Sug_2
Sug_1
Kh_8.5
Kh_8
Kh_7
Kh_6
Kh_5
Kh_4
Kh_3
Kh_2
Kh_1

2,0
2,0
2,0
1,0
2,0
3,0
3,0
3,0
3,0
2,0
2,0

Kharaa River Tributaries

Mand_1
Mand_2
Baya_1
Mand_0.5
Tun_1
Shiv_1
Bor_0.5
Zag_1

4,0
4,0
2,0
2,0
2,0
2,0
3,0
4,0

2,0
2,0
2,0
5,0
2,0

In general, the River Habitat Survey showed a high diversity of “in-stream structures” for
the river Kharaa, but also identified deficits, in particular concerning the structure of the
banks and the bank vegetation. At 80 % of all sites no wooden vegetation was found.
Consequently erosion processes are likely to occur along the banks (see Table 4-9), especially
at channel bends and bank associated habitats (e.g. undercut banks, fallen trees) are rare or
totally missing.
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Table 4-9: River Habitat Survey - Selection of parameters with positive (green) and negative (red)
parameter-values and the proportion of sampling sites (%) showing this specific parametervalue.

Percentage of
sampling sites

Parameter

Parameter-value

curvature
special structures of the river course
diversity of currents
variation of water depth
substrate diversity
Special bottom structures

meandering or sidled
many or several
very high, high or moderate
very high, high or moderate
very high, high or moderate
many or several

100%
91%
85%
88%
91%
91%

riverine vegetation
bank erosion
erosion due to curvature
special bank structures

no vegetation
eroded
frequent and strong
no special bank structures

80%
25%
65%
40%

The overall assessment of the ecological status and the priority substances in the Kharaa River
basin is displayed in Figure 4-40.
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Figure 4-40: Ecological Status (bilogical and general physico-chemical parameters) and priority
substances (heavy metals in surface water and river sediment) at sampling sites along the river Kharaa
and its triburtaries (light green river course = Epipotamal, light blue = Hyporhithral, blue = Epi- /
Metarhithral).

Futuer trends of the ecological status
Future trends for the river Kharaa and its ecological status may vary greatly and are
influenced mainly by changes in climate and land use, which currently and very probably in
the future have a large impact on the water resources of Mongolia (see section Hydrology).
For the MoMo-Project two scenarios, “Markets First” (MaF) and “Sustainability First” (SusF)
with different and sometimes contrasting assumptions were chosen to cover and analyse
potential future trends. For the analyses the following sub-scenarios being relevant for river
ecology were defined and qualitative trends were given (see Table 4-10):
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x

Discharge: Discharge will decrease as water demand will increase in MaF (see
section 4.2.5); less or no decrease in SusF

x

Matter fluxes: Emissions of nutrients, sediments and toxics from point and
nonpoint sources will increase faster in MaF than in SusF.

x

Resource use: Use of natural resources will increase (fisheries, riparian vegetation)
as (rural) population increases, faster in MaF than in SusF.

Table 4-10: Relevant parameters for the ecological status of the river Kharaa and expected trends
depending on the scenario assumptions for “Markets First” (blue boxes) and Sustainability
First” (green boxes).

Parameter

Parameter
trend

Impact

-

Habitat loss, increasing water temperature, eutrophication

-

± stable compared to the situation today

Discharge

Matter fluxes
(nutrients,
sediments, toxics)
Resource use
(e.g. fish, riparian
vegetation)


 - 



Eutrophication, clogging, loss of species,
Increasing danger of poisoning for population and
livestock
Moderate increase of eutrophication, clogging of bed
sediments, loss of species
Loss of aquatic biodiversity and riparian vegetation,
increasing temperatures and erosion, eutrophication
see above (impacts reduced compared to MaF)

Running waters are complex eco-systems and alterations in abiotic conditions are difficult to
quantify, e.g. in respect to available habitat. Habitat models like CASIMIR ® (Schneider,
1999) are suitable solutions for this problem. We used CASIMIR ® to quantify changes in
available habitat for arctic grayling (Thymallus arcticus), a fish species with high bioindicator value, which is representative for the middle and upper reaches of the river Kharaa.
The following aspects were analysed:
x

Changes in available habitat for adult Thymallus arcticus in relation to discharge.

x

Amount of suitable spawning habitats for Thymallus arcticus at the actual status quo
and in case of increasing concentrations of fine sediment (e.g. due to erosion) and as
a consequence increasing clogging processes.
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Figure 4-41: Changes of suitable habitat (Hydraulic-Habitat-Suitability, %) in relation to discharge for a)
adult arctic grayling (Thymallus arcticus) at site Kharaa 4 & 5 and b) for reproduction of arctic grayling
at site Kharaa 5 at the present state and in case of increasing sediment loads and clogging processes.

The model results show, that the habitat availability for adult grayling and for grayling
reproduction clearly depends on discharge, especially in the range between 0 and 10 m³/s.
During our expeditions we found discharge values of 3 to 10 m³/s for the modelled sites. This
means that every future reduction of discharge compared to the actual state (due to climate
alterations or intensification of irrigated farming) causes a massive decrease in available
habitat. The same is the case in the “sediment scenario”, where increasing sediment loads lead
to a reduction in available spawning habitats for arctic grayling. The model results exemplify,
how changes e.g. in hydrology may alter the ecological conditions in the river Kharaa.

4.5.5 Significant problems, pressures and impacts
Along the river Kharaa recreational fishing is a widespread activity and was observed
several times during our expeditions. Among the fisherman a questionnaire about their fishing
habits was carried out in spring 2007. The results indicate that recreational fishing may have a
serious impact on salmonid and grayling stocks of the river, which was revealed by the
quantitative electro-fishing data of the study. The recent Mongolian Red List of Fishes
(Ocock et al., 2006) also mentions intentional mortality as being the major threat for these
species. Future research needs to clarify the impact of recreational fishing on the fish stocks
and the whole ecosystem and its trophic systems.
The analyses based on the macroinvertebrate communities have shown bigger problems
concerning the ecological status especially in the downstream sites of the middle region (see
). There the community structure suggests organic and fine sediment pollution, which is likely
to occur in this intensively used part of the Kharaa basin (for details see the land use
analyses). A clear correlation between the macroinvertebrate fauna and the absence or
presence of bank vegetation could not be detected so far, but we assume a positive effect
concerning bank stabilisation and fine sediment input. Finally, these results have to be
verified by broadening the data basis.
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The concentration of toxic heavy metals in surface waters and the river sediment was
correlated esto mining activities and tended to be increased downstream of the mined sites. In
the Boroo River for example Arsenic concentrations in the surface water were above the
threshold for drinking water of 10 μg/l and elevated concentrations of As, Pb, Cr, Hg and Ni
were found in the sediment. Critical concentrations of toxic heavy metals were also found at
the sampling ssite 1 km downstream of the city of Darkhan. Here concentrations of mercury
of 0,5 μg/l and increased chromium concentrations were detected, what can be related to
leather industries in the city.
The River-Habitat-Survey, which has been conducted at the sampling sites, has shown that
more than 80 % of the surrounding land is pasture land, which is used for grazing. Intensive
grazing often induces an over-use and partially loss of riparian vegetation, which causes a
multitude of problems for the river ecosystem. Problems, which were most apparent and
which also have been mapped during the survey is the high erosion intensity due to decreased
bank stability and the loss of bank associated habitats. Future research needs broaden the
knowledge in this highly interacting system between land-use, e.g. riparian zone use and the
river ecosystem.
Water abstractions have significant impacts to the river ecosystem. At the Bayangol river a
complete sampling programm was conducted in Autumn 2006 with runoff values of about
0,24 m³/s. In spring 2007 we found the river to be desiccated. It is likely, that water
abstarctions are one of the main reasons for the drying up of rivers. This fact is especially of
high concern because the headwaters of the river basin show high specific runoff (see results
in section “Hydrology”) and contribute significantly to total runoff generation in the basin.

4.5.6 Priorities for action
In order to maintain or improve the ecological status and ecosystem services of the river
Kharaa a wide spectrum of activities is needed. The results presented in this chapter and the
identified problems show deficits in the implementation of actual environmental laws and
regulations, e.g. in the mining sector. Beyond this monitoring programs controlling
anthropogenically caused problems and observing water related issues are not implemented,
locally not adapted or lack sound scientific knowledge. Finally action is needed in
developing, implementing and controlling concrete measures. Based on the results of this
report the following points for action to ensure and maintain aquatic ecosystem health were
identified and represent important WRM strategies:
-

The contamination of the environment with toxics should be avoided. Increased heavy
metal concentrations associated with mining activites (Khongor, Boroo, Jargalant Sum,
Gatsuurt) were found in the Kharaa river basin and are threatening human and aquatic life
in this region. The extent of soil and water contamination by priority substances (like
heavy metals or organic pollutants) is neither clear for the Kharaa Basin nor in Mongolia
as a whole. An intensive survey and new monitoring systems are needed to detect the
proliferation of contaminants in ground and surface waters. Based on these monitoring
results a discussion on remediation strategies including modern technologies is needed to
remediate contaminated sites.
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-

An ecologically oriented management of mines is needed in order to avoid the
contamination of the environment with toxic substances and suspended sediment in
surface waters. Deficits in the implementation of existing legal regulations related to the
pre-operation phase, operation, restoration of mining sites and adequate monitoring of
environmental impacts need to be addressed.

-

The input of eroded soil material to streams and rivers should be limited as it plays an
important role in aquatic ecology. The increase in soil material on the river bed might be
linked to scarce vegetation along the banks and the riparian zone. Missing riparian
vegetation at many sites is obviously linked to direct use of riparian wood, e.g. for fire and
over-grazing by nomadic live-stock, which need to be limited to a sustainable level.
Riparian vegetation plays an important role in river ecosystems not only influencing
erosion but also controlling system relevant processes and acting as a natural buffer.

-

A sustainable management of water resources is needed in order to maintain a minimum
flow regime serving as a habitat for aquatic communities.

-

A management of recreational fishing activities is needed to maintain a natural fish fauna.
Sport fish species in the Kharaa River, especially red listed Hucho taimen, but also
Brachymystax lenok and Thymallus arcticus were found to be very rare, what is likely to
be linked to intensive recreational fishing by local people. A representative survey among
fishermen revealed that the existing law on fisheries in Mongolia is largely unknown.
Species specific fishing seasons, body size limits and catching limits are not known and
relevant laws are not implemented and monitored by Rangers. These largely unregulated
fishing activities, increasingly run in order to earn auxiliary income, lead to a partial
eradication of selected fish species.

-

There are significant point sources of nutrients and toxic substances from waste water
inflows (Darkhan, Baruunkharaa, Zuunkharaa, Tunchel, Mandal) but the ecological status
seems so far not to be affected. Concentrations of nutrients exceeding target values can
occur but were limited in time and space. The diluting capacity of the river and natural
turn over processes seemed to be high enough to maintain a good ecological status on a
broader scale. Nevertheless, contaminations originating from the city of Darkhan are of
high concern and need to be monitored.

-

The methods of ecological monitoring and assessment need to be further developed and
scientific studies are needed in this field. Furthermore, many aspects in the evaluation of
chemical and biological monitoring results have to be discussed. A representative example
is the scientific derivation of thresholds for the good chemical status that remain unclear
during the first project phase.
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4.6 Ground Water
4.6.1 Problem description
Characteristics of the ground water system
The main focus of the investigation for the ground water system is on the lower catchment
area of the Kharaa River, especially the ground water system near the city of Darkhan. The
flow of ground water mainly occurs in a band along the river which determines the ground
water system. The level of the ground water is dependent on the season, in average around 3m
below the ground.
The unconfined ground water aquifer is characterized by alluvial sand and gravel with
interlaced sandy loam (Jadambaa 1996; Jadambaa et al. 2003; Batsukh 2007). Due to the
porous media the conductivity of the aquifer is high, mainly 10 to 100 m/day, partly up to
300m/day. The main water bearing stratum extends with a width of 10 to 20 km along the
Kharaa River, reaches near Darkhan a thickness of 70 m, and is divided up into different
layers. The ground water recharge from precipitation is very low in the Darkhan area. The
recharge depends on the inflow of ground water from aquifers of the upper catchment area
where the precipitation and ground water infiltration are much higher.
In the upper reaches of the Kharaa River the ground water is mainly extracted from mining
activities mostly situated in this area. The ground water for drinking water consumption is
abstracted in small villages along the Kharaa River, but the largest influence on the ground
water is caused by the drinking water abstraction for the Darkhan city where drinking water is
extracted by local water companies. The drinking and waste water company USAG Darkhan
extracts around 20,000 m³/d water from 18 wells, and the thermal power plant of Darkhan
extracts 5,000 m³/d for hot water production and further 3,000 m³/d as process water for the
thermal process. Additional 8 wells are located in the industry area of Darkhan with unknown
ground water extraction. Furthermore there are a lot of small private wells with a negligible
water abstraction.

4.6.2 Objectives
Main objective of this study is modelling and simulation of the ground water system within an
IWRM framework. Inside this framework the main objective relating to ground water is a
sustainable concept for drinking water production and purification for a sustainable
population and economic growth, taking into account aspects of water extraction, treatment,
and monitoring.

4.6.3 Data basis
For investigations in ground water quantity following data was used for modelling the ground
water system as well as deriving conclusions about ground water situation of the model area.
A detailed list of data used within this project as well as the data sources is given in the
appendix. More related data and results can be found at the MoMo website (www.iwrmpage 106
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momo.de). A good overview on the necessary data and data sources for ground water system
analysis is given in (Anderson et al. 1994; Stone 1999).
To establish a ground water model spatial data like topographical maps and elevation data,
e.g. SRTM data, were used to set up the physical boundaries of the model area. For
determining the model parameters hydro-geological data such as cross-sections and well
passports of USAG wells as well as hydro-geological maps were used (Jadambaa 1996;
Jadambaa et al. 2003; Batsukh 2007). These data were assembled and prepared using a GIS
system.
Climate data in the form of temperature, precipitation, infiltration as well as river
morphology or water level of the river were used to set up boundary conditions of the model.
In addition, ground water extraction and location of abstraction wells were necessary due to
the fact that they have the most important man-made impact on the ground water system. Four
data logger were installed by the TU Ilmenau to achieve measurements of ground water level,
because there were no measurements in the past. All these time series data were assembled
and analyzed using MATLAB® (The MathWorks Inc. 2009). Since these data provide inputs
or boundary conditions for the simulation model, they can be utilized to generate input data
vectors, e.g. for different ground water scenarios.
Considering the use of ground water for drinking water the water quality is important, too.
Thus the Mongolian water standards for water quality of drinking water (MNS 900:2005) and
surface water (MNS 4047:1988) were also evaluated. Water quality for ground water and
drinking water was analysed by the TU Ilmenau with a photometer with a high measurement
resolution.

4.6.4 Methods
Ground water monitoring and investigation
For ground water modelling and model calibration it is necessary to measure the ground water
level. The location of observation wells should be determined, so that as much as possible
information on the ground water level can be achieved. However the hydro-geological
conditions of the catchment area have to be taken into account. Since there was no
observation by Mongolian institutions or water suppliers in Darkhan we established a new
pilot monitoring system by installing data loggers in unused local abstraction wells. Here
automatic data loggers were used for a continuous measurement of the ground water level.
The measured data were modified with the air pressure compensation and the sea level
conversion.
For investigations in ground water abstraction a well passport was designed to gather
information about the observation wells such as the location, usage, filter system, pumped
water amount, etc. This passport (in Mongolian and English) is shown in the Appendix and
can be used for collecting more information about wells in the catchment area in the future.
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Modelling of the ground water system
The ground water flow can be modelled by the combination of the Darcy equation
describing the connection between the porous media and the hydraulic gradient (grad h) and
the continuity equation describing the change of stored water in relation to the change of
hydraulic head h. The combination of both equations leads to the ground water flow equation,
describing the water flow in porous media. It is a second-order partial differential equation
(PDE) of the parabolic type:
w § wh · w § wh · w § wh ·
¸  ¨ kz
¨ kx
¸  ¨ ky
¸
wx © wx ¹ wy © wy ¹ wz © wz ¹

S

wh
 q(x, y, z, t)
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The hydro-geological conditions are expressed by the conductivity k and the storage
coefficient S. The left side of the equation describes the change of hydraulic head in three
dimensions of space (x, y, z), the right hand side the change of stored water in aquifer over
time and the in- or outflow of water to the aquifer as a function of space and time determined
by q.
Numerical simulation and model reduction of the ground water system
Depending on the complexity and hydro-geological conditions of the ground water problem
different solution algorithms to solve the equation system can be used. Within the MoMo
project we consider the transient ground water flow which results in a parabolic PDE for
which boundary as well as initial conditions for ground water head is needed. Standard
methods for the solution of such complex ground water systems are the finite element method
(FEM) and the finite difference method (FDM). Since these methods need a high
computational effort to gain detailed simulation results, a new method was investigated in this
project to reduce computational costs, shown in Figure 4-42.

Figure 4-42: Principle of a numerical solution and model reduction applied to hydro-geological systems.

Based on the hydro-geological conditions in the model area a partial differential equation for
the description of the ground water system was derived. For simulation and optimization of
the ground water system, the PDE has to be discretized in space, resulting in a large system of
ordinary differential equations with a high number of state, input and output variables.
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Within the MoMo project FDM was first used for this discretization (Anderson et al. 1994).
In addition a new method, collocation on finite elements, was used for space discretization,
which leads to a higher accuracy in comparison to FDM (Villadsen et al. 1978).
Even though, due to its high dimension it needs a high computational effort to solve the
resulting ODE system. To address this problem model reduction techniques should be
applied. These techniques reduce the complexity of the system by keeping only the important
states and the input-output relations of the system. Standard strategies for model reduction
like the singular value decomposition (SVD) and the Krylov method (Antoulas 2005) were
applied to reduce the number of states in the ground water model of Darkhan. This lowers the
computational effort for simulation and optimization of the ground water system.
Implementation of ground water model of Darkhan
Within the MoMo project the software Visual MODFLOW (Schlumberger Water Services
2009) was used to implement and simulate the ground water system. The software is based on
the free ground water tool MODFLOW developed by the USGS. First the model area of
Darkhan was defined and the corresponding PDE discretized in space, which determines the
structure of the ground water model. The parameterization was done by assigning the
prepared data to the ground water model. Hydro-geological parameters are allocated to the
space-discretized model area. The parameters for infiltration, ground water inflow or outflow
and measured ground water heads were defined as boundary conditions in different time
scales. The locations of the wells were used and the pumping schedules provided. Finally the
ground water model was calibrated using the measured ground water level from the
observation wells. Based on the calibrated model investigations to system behaviours were
carried out by changing inputs to the ground water system.
Simulation of the ground water system within the IWRM
The ground water system stands in direct relation to the environment. To reflect this, the
system is integrated in a larger IWRM model consisting of different interconnected detailed
sub-models for different ecological and technical subsystems of the IWRM cycle.
The major inputs to the ground water system are the infiltration as a function of
precipitation from hydrology, surface water levels as well as the morphology derived from
river ecology investigations. Also important is the water quality, which is influenced by land
use, nutrient cycling as well as river ecology. The main output of the ground water system is
the ground water level and the amount of water allowed to be abstracted by pumps for
drinking water purposes. The water abstraction should have a low impact on the ground water
system.
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Figure 4-43 - Interface between ground water abstraction and drinking water supply.

The interface to drinking water distribution is pointed out in Figure 4-43. On the left side
the technical stations of water transport are shown, while the right side indicates the water use
and the ground water availability. At the interface the competitive effect between satisfying
water demand and ground water availability is depicted. Two main exchange strategies were
developed in this project. The first one consists in getting a request of water demand and
fulfilling it with a minimal impact on the ground water system. The second one is to allow
only a given amount of ground water to extract. A compromise can be achieved by a
combination between the two strategies by selecting a proper objective function, if an
optimization framework is integrated.
The scenario approach of the IWRM concept was implemented to the ground water system
considered. The climate scenarios as well as the GEO4 scenarios are important to predict the
ground water situation. Climate scenarios were investigated in chapter hydrology and applied
to the local ground water system as boundary conditions which are uncontrollable inputs from
infiltration and discharge. Within the climate scenario framework two global GEO4 scenarios
were investigated, also providing inputs to the system. The “market first” and “sustainability
first” scenarios were defined as research aims of the MoMo project.
Impacts on the ground water system are mainly from the primary driver local economy and
population development, leading to different scenarios in water use by agriculture, mining,
industry and households. The ground water abstraction is directly influenced by the water
demand from different sectors. Recharge of the ground water is influenced by precipitation
depending on climate and related scenarios.
According to the given scenarios the boundary conditions and the inputs to the ground water
system were defined and used for simulation to reveal potential problems of actual and future
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situations. The remaining degree of freedom is the ground water abstraction. This was used to
derive optimal sustainable groundwater abstraction strategies.
System description of the ground water system of Darkhan
For more theoretic investigations the ground water system is described with a system
description (Figure 4-44). According to this description the inner connections of the system
are determined by the states variables x = h at each point of the model area, reflecting the
inner relations of the system. The input variable u = q influences the ground water system and
is divided in controllable and non-controllable inputs. The latter ones are flows like
infiltration from precipitation, inflow or hydraulic heads of surface waters and inflow of
neighboured aquifers. The only controllable input is the water abstraction from pumping
wells. The output variables y of the ground water system are composed of measured hydraulic
heads, e.g. at observation wells.

Figure 4-44: Ground water system of Darkhan.

The model region of Darkhan is determined as a sub-model of the whole catchment area. The
major recharge of the ground water system is from the inflow of the upper aquifer which is
recharged by precipitation in the different sub-catchments as well as the inflow from the
Kharaa River. The model region of Darkhan has additional inflows from the Kharaa River as
well as the infiltration in this region. The values of these inputs can be gained from the other
partners of the MoMo project or from scenarios defined for specific simulations. The model
area is connected to another sub-system by its outflow to lower aquifers.
The ground water abstraction from the wells of USAG and the wells of the industry as well
as the power plant leads directly to an impact on the ground water system, thus these pumping
wells are defined as control variables. The water extraction by agriculture and mining from
the upper catchment area is not quantified. In the next steps these factors should be taken into
account since these sub-systems are connected and the ground water system of Darkhan
depends on the inflow of the upper reaches.
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Sustainable Strategies for ground water abstraction using model predictive
optimization
The objective of applying optimization methods to the ground water system is the
minimization of operation costs or negative impacts on the ground water system under given
constraints such as meeting the water demand. In opposite to a high ground water level, in the
case of open cast mining the ground water level should be lowered by optimal pumping
strategies to exploit the coal production. The only way to influence the ground water system is
pumping, i.e. the water abstraction through pumping wells or artificial ground water recharge
by injection wells. Two methods are usually used for the optimization of ground water
systems. The first one is the optimization based on a simplified ground water model (Ahlfeld
et al. 2000), while the second one is the optimization based on the original model using
evolutionary algorithms (Zheng et al. 2002).
For the continuous optimization of a ground water system the method of model predictive
control can be used. To achieve optimal control strategies based on the prediction of the
system behaviour using a system model within the prediction horizon tO, a nonlinear optimal
control problem is to be solved . These controls are applied to the real system in a control
horizon tC << tO. At the end of each control interval (sample time) a new optimal control
strategy will be computed for the next optimization horizon. This moving horizon procedure
allows the calculation of optimal controls for continuously running systems or optimization
tasks having no determined final time which is the case of ground water systems. .
Different optimization techniques can be used to calculate optimal ground water
abstraction strategies. Since the evolutionary algorithm needs high computational costs, a
new approach for optimizing the ground water system was developed. The basic idea of this
approach is to set up a state space model of the ground water system derived from the
discretization of the partial differential equation by the collocation method (Villadsen et al.
1978). Model reduction techniques are used to achieve a reduced model with specified system
error. This model is further used for the ground water system optimization. For the calculation
of sustainable water abstraction strategies the ground water model is considered within the
framework of IWRM and the given global scenarios which are used to define the boundary
conditions.
The purpose of the optimization is to minimize an objective or cost functional representing
the operation goal under given boundary conditions. This can be mathematically formulated
as
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The objective functional consists of the final state and/or final time tf and the trajectory of
states and/or controls within the time horizon from t0 to tf. In addition equality and inequality
constraints are from the model equations as well as boundary conditions which should be
satisfied.
The available ground water resources should be managed to realize sustainability. To
achieve this, the ground water level at the defined observation wells should be confined near a
reference level within a given deviation. This reference level is determined from past seasonal
ground water levels.
During the optimization horizon the ground water level should not be below the given
reference trajectory. In addition a cost function is added to take pumping costs into account.
The pumping rates are used as inputs to the ground water system under the constraints of a
given minimum water level und maximum abstraction rate. Thus pumping rates are defined as
control variables, while the ground water level and the pumping costs are state variables. The
objective functions of J1 and J2 defined as follows are used for an optimal (sustainable)
ground water extraction. Constraints to the optimization are the minimum water demand
restriction, the minimum water level restriction in wells and the minimum as well as
maximum capacity of the pumps.
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The first part of the integral term in J1 and J2 determines the deviation from the reference
trajectory of ground water level (xref), where only values below the reference values will be
penalized (represented by []+). The second term in the integral in J2 penalizes the abstractions
above an allowed reference trajectory from ground water pumping. The remaining term in
both equations represents the pumping cost during the optimization horizon. The matrices Q,
P and vector w are cost or weighting factors to balance the different terms.
A minimum ground water extraction for drinking water production can also be added to the
objective function in term of a minimum deviation from its reference values in each season.
The deviation will be penalized by the weight between satisfying drinking water demand and
ground water availability. This term is very important for the connection to the drinking water
distribution.
The results from the optimization of the functions of J1 and J2 are optimal control strategies
for the ground water abstraction for each abstraction well during the optimization horizon
which should have a minimum impact on the ground water system in the sense of
sustainability.
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Ground Water Quality
Concerning ground water quality the first step was to collect data, too. Measurement data of
the local institutions were collected and compared with measurement results from the
instruments installed from the MoMo project (photometer Hach-Lange DR 2800). In this way
the actual water quality conditions were evaluated. Based on the (compared) measurement
results, the current state was analyzed and improvement of the measurement techniques and
procedures were suggested. Based on the measured chemical and biological parameters
strategies of treating the ground water for drinking water uses can be developed.
The last step of studying the quantity and quality of the ground water system was an analysis
of the technical conditions of the ground water extraction system of Darkhan. Based on the
available and gathered information, measurement errors were identified and suggestions given
for improving the situation of ground water quality.

4.6.5 Results
Monitoring of the ground water level
Within the project data loggers were installed in the wells of USAG and the thermal power
plant to monitor the ground water level. The measurement results were read out monthly and
used for model calibration. The location of the monitoring wells is shown in Figure 4-45. The
data loggers will be left in these wells and maintained by local staff in cooperation with the
water authority of the Darkhan city.

Figure 4-45: Observation wells Darkhan (Picture: GoogleEarth).
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Figure 4-46: Ground water level in observation wells.

Measurement results of ground water level for observation wells at USAG are shown in
Figure 4-46. They indicate a significant seasonal change. The lowest water level was reached
at the end of the winter, due to the low ground water recharge caused by the low precipitation
and the accumulation of water in snow. A high water level can be seen at the beginning of the
summer in correlation to the high water level of the Karaa River. The measurement values are
available at the MoMo website and will be used for model calibration and reference
trajectories for the optimization of the ground water system. Measurement values of the
thermal power plant can not be used because the data logger installed in the pumping well
does not reflect seasonal change of the ground water level.
Overview of the ground water extraction of Darkhan
The data of ground water extraction were collected and digitized within the project. For
abstractions from USAG from 2003 to 2009 and from the power plant from 2007 to 2008 are
available. However, information about the ground water extraction from the industry is not
available and must be collected in further work. For ground water modelling, the data were
automatically processed by the computer programmes developed.
The total ground water abstraction from USAG is given in Figure 4-47, showing a
seasonal changing abstraction, reaching the maximum in the winter. A trend for lower water
abstraction can be recognized. The water use of the Darkhan city has not changed in the last
years. Thus this lower ground water abstraction may be caused by companies and institutions
installing their own wells for water abstraction, like most companies in the industrial area as
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well as the power plant. This lowers the ground water abstraction from wells of USAG, but
does not lower the total ground water abstraction in this region at all.

Figure 4-47: Ground water abstraction of USAG Darkhan.

Figure 4-48: Ground water pumping strategies of USAG Darkhan.
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The pumping schedules of USAG are given in Figure 4-48. In the past nearly all wells were
used for ground water abstraction. Having a look at the year of 2009 only a few wells were
used. This is due to the fact that not all wells are equipped with pumps. Despite of these facts,
enough ground water is abstracted to satisfy the drinking water demand.
Ground water model for the area of Darkhan
Based on the acquired data a ground water model for the area of Darkhan was established
in cooperation with the hydro-geological scientists of the Mongolian University of Science
and Technology (MUST) Ulaanbaatar, namely Prof. Batsukh and Dr. Buyankhishig. They
developed a detailed model for the region around USAG wells. A further model containing
wells of USAG and power plant was established from MUST Ulaanbaatar and TU Ilmenau
together.
The ground water model was established using the software Visual MODFLOW. For further
investigations MATLAB was used to transfer the ground water model to a state space model
based on the data from the MODFLOW model.
Initial hydro-geological parameters were abstracted from maps, well passports and cross
sections (Jadambaa 1996; Jadambaa et al. 2003; Batsukh 2007). Then the model calibration
was carried out using the measurement data of the ground water level. Now the model is
capable of describing the current situation and predicting future trends of the ground water
system. This model will also be used for investigating the scenarios within the IWRM and the
calculation of sustainable water abstraction strategies based on optimization methods.
The first model (Figure 4-49) was defined for the area of Darkhan because this is the largest
area influencing the ground water system in the sub-catchment of the Kharaa river and
therefore is most important for the development of water abstraction strategies. During the
project the significant impact of mining was not investigated. Thus further investigations
should take this into account.
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Figure 4-49: Ground water model for the region Darkhan.

The impact of ground water abstraction can be seen from the decrease of ground water
level at the wells of USAG and the power plant. The significant decrease of ground water
level at USAG occurs due to a specific pumping schedule, i.e. 5 pumping wells working at the
same location in the same time. The ground water level came back to the normal value, when
pumping activities were switched to other pumps. Depending on the pumping strategies
different impacts to ground water level can be found. A permanent sink of the ground water
level could be seen at the wells of the power plant, corresponding to the measured ground
water level caused by permanent pumping of all 8 wells. Nevertheless, at present there is no
problem with the ground water quantity in the considered area because the ground water
recharge is still enough.
Sustainable Strategies for ground water abstraction
After the investigation of the current state of the ground water system the established
simulation model was used to create a state space model (see Figure 4-44). The hydrogeological parameters in the state space model were derived from the calibrated MODFLOW
simulation model. The state space approach was compared with the MODFLOW model as
well as real measurement values. Then investigations on model reduction were carried out to
gain a reduced model for system optimization.
For the calculation of sustainable strategies the developed optimization approach
described above was implemented using the defined objective functions. Constraints were set
to input variables by a minimum and maximum pumping capacity. Only the wells of USAG
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were used within the optimization, where monthly mean values from the observation wells
USAG3 and USAG10 were used as reference values for the ground water level.
The investigations lead to an optimal strategy for ground water abstraction characterized
by switching pumping schedules which allow the ground water level coming back by
decreasing the pumping rate. The results show that neighboured abstraction wells should not
be working at the same time.
In this work the main focus was on the area of Darkhan. For further work the optimization
approach can be used for the sub-catchment of the Kharaa river based on an extended ground
water model of this area. The application in the whole catchment area should be investigated,
taking into account the significant influence of the ground water abstraction by the mining
industry.
Ground Water Quality
Measurement results of USAG were acquired and compared with the own analysis of the
water quality from the ground water abstraction wells. The measurement values are inside the
limits of the Mongolian Standards for drinking water. In Darkhan the ground water is directly
used for drinking water. Thus measurement results of the water quality from the wells as well
as from the water tanks of USAG could be compared. Thus it is recommended to see
measurement values of drinking water quality in the chapter “drinking water supply” to find
ground water quality parameters.
Capacity Building
Actions in capacity building were carried out in this project. Mongolian co-workers were
directly involved in the project for establishing the monitoring network or doing
measurements of the ground water quality. Within the work for water quality, Mongolian
co-workers and staff of the local laboratory were advised in using the photometer DR2800 to
do investigations in the future.
As a part of the advanced education for the students at MUST lectures on systems
engineering and system modelling were given by Dr. Hopfgarten. Topics of the lectures were
“Fundamentals of Systems Engineering“, “Application of System Engineering Methods to
Water Systems” and „Environmental Systems Engineering“.
The main focus was to make Mongolian students and co-workers familiar with the IWRM
strategies and the methods used in this part of the study, through which it is possible to
transfer the results of the MoMo project to the Mongolien partners.
In addition Mongolian scientists at MUST Ulaanbaatar joined in the International Scientific
Colloquium in Ilmenau and presented their own results as well as discussed further
collaboration activities.
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4.6.6 Significant problems, pressures and impacts
Ground water quantity
The biggest problem concerning the ground water quantity was that there was no
measurement of the ground water level and thus there was no information about the ground
water resources before the MoMo project started. During the MoMo project a provisional
monitoring in pump wells was established. The observation of the ground water level is very
important because ground water is the only source for drinking water of the Darkhan city. In
addition there is a lot of water extraction by households, industry and mining. These
extractions will become higher in the future because of the population development and
expansion of the mining industry. This will lead to a serious problem if there is no monitoring
(knowledge) of the ground water resources. In addition ground water depends on precipitation
in the Kharaa catchment area. If the precipitation is lowering, ground water resources will be
lowered. This may lead to water shortage, if the water extraction is becoming higher in the
future. Therefore, a ground water monitoring network must be established, i.e. not only in few
wells but in a representative number of wells.
Ground water quality
The ground water quality is the most important for the drinking water quality. At the moment
there is no monitoring of ground water quality, except in the wells that are used for
drinking water extraction. Water from these wells is controlled by the water companies.
Chemical and biological parameters are measured. Measurements of heavy metals are not
possible by the laboratories of the local water companies. Thus they are analyzed once a year
in Ulaanbaatar. In this situation it can be the case that the values of some chemical
components are out of the allowed concentration limits in drinking water. It means it can not
be ensured whether the limits are adhered. This stands also in close relation to the old
measurement equipment in the laboratory of USAG. The location of the wells must also
be mentioned. Some wells from the local power plant are very close (approximately 300
m) to the old ash basin where the ash from the power plant is deposited. If this basin is
leaky, harmful substances could flow into the ground water and also into the drinking water
attracted by pumping. In addition Khongor incident must be mentioned, where heavy metals
from illegal mining activities went into ground water and thus into drinking water. In the
catchment area of the Kharaa River there is also a lot of mining that could release harmful
substances to the river or ground water.
The technical conditions of the ground water extraction and treating plant are also poor.
The wells and the pumps are very old. If the water demand is becoming higher the extraction
plant must be improved or renewed to fulfil the water demand. In addition there is no drinking
water treatment at the moment. If the raw water quality becomes worse, a corresponding
treatment has to be implemented.
In relation to water quality the situation in ger areas must be mentioned, too. The people
there have to get their drinking water from water kiosks, thus they have a very bad situation in
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water supply and sanitation. For example they use ground water as drinking water out of wells
which are near a cesspit.
The education of the Mongolian engineers and personal staff need a higher level. Therefore
capacity building actions should be taken to close the gap and also to get people educated in
the worth of water resources.

4.6.7 Priorities for actions
According to the achieved results the priorities can be defined as a ground water monitoring
strategy by a network of monitoring points. Some recommendations and suggestions are
given in following.
The ground water quantity must be observed, to give knowledge about the trends and
availability of ground water resources to fulfil the rising water demand of the Darkhan city.
Ground water quality must be observed to take care of the health of the people. Harmful
substances should be sensed earlier and strategies for protecting the drinking water
implemented. In relation to this the measurement equipment of the local laboratories must
be renewed and all parameters (chemical, biological, heavy metal) should be observed.
Now there is no ground water purification process for drinking water, since ground water
quality around wells is sufficient pure at the moment. Because of the increasing influence of
the mining and other industries and related increasing risk of ground water pollution a
strategy for monitoring of ground water quality is also necessary.
All of the results of the monitoring network should come together in one institution which
obtain the overview of the ground water system and will report to the government. The
government then should take actions to protect the water resources.
The wells and pumps of the drinking water extraction plant should be renewed in order
to use the ground water in a sustainable way. A process control system should be installed for
a better implementation of water management strategies. The water supply for the ger areas
should be developed so that the people can receive a better sanitation and connection to the
water supply network. Also people have to be educated on the worth of water and the
sustainable use of the water resources.
Further, a complete analysis of the ground water system must be done in order to find an
adequate strategy for the treatment of drinking water. Finally, activities in capacity building,
e.g. seminars for engineers, students, and essential co-workers in administrative units should
take place to better qualify the people in topics of water as well as environmental systems
engineering.
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4.7 Drinking Water
4.7.1 Current Situation and Objectives
The main focus for the assessment of the drinking water extraction, purification, conveyance,
supply and waste water sewerage infrastructure in the Kharaa River Basin is the assets in the
City of Darkhan. Further simple drinking water supply and waste water utilities can be found
in the settlements of Khongor, Zuunkharaa, Baruunkharaa, Khotol and Sumber etc.
The USAG is responsible for drinking water production, supply and waste water collection
and treatment in the City of Darkhan and bills its costumers – private households and
companies – for its service. The revenue is sufficient for its operational expenditures.
Drinking water supply and waste water treatment are important elements of the IWRMMoMo strategy (Figure 4-50). They deal with drinking water extraction, conveyance,
transport, supply, storage and waste water treatment processes on the model region of
Darkhan-Uul Aimag in Mongolia.
Due to the innovative and adapted character of the technical solutions recommended through
the efforts of the R&D MoMo project, the cost of investment and operation of the drinking
water extraction, conveyance, transport, supply, storage and waste water treatment and
management systems is expected to be significantly lower than with a classical approach to
optimized water engineering. This should allow an easier cost recovery and investment
refinancing through a limited and affordable water tariff increase.

Integrated Water Resources Management in Central Asia :
Model Region Mongolia (MoMo)
Drinking water supply and waste water treatment and reuse

Drinking water supply
- urban central
- rural semicentral
- decentral, Ger areas

Weste water treatment and reuse
- Industrial, mining
- communal, municipal
- urban central
- rural semicentral
- decentral, Ger areas

Extraction, production
(wells, pumps)

Collection
(pumps, valves, pipe)

Purification, treatment, filter

Treatment plant

Conveyance, supply, storage
(booster pumps, valves, pipe, tanks)

Rehabilitation of the networks

Environmental monitoring
- safety of drinking water supply
- protection of environment waste water treatment
- mining, industry, agr ar
- urban, rural
- compliances of standards, limits

Drinking water quality
(surface, ground, heavy metal, networ k)
Leakages
(networ k)
Waste water treatment
(CSB, BSB, pH, N, PO4, NH4,NO2, NO3.. )

Finance, fee, tariff
Opreation process

Rehabilitation of the networks

Energie consumption
(pumps, compressors)

Finance, fee, tariff

Capacity Building

Figure 4-50: Drinking water supply and waste water treatment are important elements of the IWRM
strategy.

This can open the door for a greater political will to introduce a cost covering tariff in
Darkhan creating a precedent for other municipalities.
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The most relevant, interrelated problems (overexploitation of water resources, diffuse
pollution, protection of fresh water resources, waste water treatment in rural and urban areas,
protection of ecological functions and conservation of natural resources) will be addressed
jointly in an overall approach. The further sub-objectives of the proposal are:
x
x
x
x
x
x

to determine the magnitude of the potential impact due to the improvement of the
critical environmental situation in the urban and rural region of the city Darkhan of
Mongolia,
to minimise the water leakages
to improve the environmental friendly, sustainable, economic waste water treatment,
to reduce the investment, energy and process running costs,
optimal management of drinking water supply and waste water treatment
monitoring the water processes

With these objectives, a concept will be developed for a holistic waste water management
decision support system (DSS) under extreme weather conditions (min. -40°C and max.
+40°C). The new technologies proposed will be widely applicable as innovative solution
methodologies and techniques applicable to environmental sector, protection of fresh water
and waste water problems in Darkhan.
Drinking water extraction
Approximately 30% of the 18 wells (6 wells with a possible capacity of 23,000 m3/d) are used
for the extraction of the drinking water for the city of Darkhan. The dimensioned and planned
total capacity of the 18 wells is 70,000 m3/d. The pumped raw water is not cleaned, treated or

Figure 4-51: Wells with pumps.

filtered before supply. The technical conditions of the wells and the pumping equipment are
bad; the equipment is old and damaged (more than 40 years in operation). The drinking water
protection zone for the 18 wells is small and insufficient. In addition there is a lot of local
private water extraction and wells by households in Ger areas, industry and mining. This
extraction will become higher in future, because of population development and expanding of
mining.
Drinking water quality from the 18 wells (chemical and biological parameters) is controlled
once a month by the drinking water and waste water company of Darkhan (USAG). Heavy
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metals are analyzed once a year in a laboratory in Ulaanbaatar. The results of this analysis
show that the values keep within the Mongolian standards.
Table 4-11: Drinking water analysis from the wells of the city of Darkhan.
Nr:

Parameter

Requirement values for standard MNS 900-2005

Jan. 2009

Feb. 2009

1

Hardness

7.0 mg/l

3.5

3.3

2

Iron

0.3 mg/l

0.065

0.071

3

Alkali

-

3.4

3.4

4

Chloride

350 mg/l

12.2

11.6

5

Calcium

100 mg/l

38.1

38.1

6

Mg

30 mg/l

14.5

16

7

Hydro-carbonate

500 mg/l

177

190

8

Sulphates

25.4

22.4

9

Suspended solid

1000 mg/l

245

238

10

Nitrite

1.0 mg/l

0.0107

0.0111

11

Nitrate

50 mg/l

0.0065

0.0072

12

Ammonium

1.5 mg/l

0.059

0.056

13

pH

6.5-8.5

7.45

7.37

14

Color

20

20

20

15

smell

2

2

2

16

test

2

2

2

18

Pb

<0.01 mg/l

<0.004

-

19

Cadmium

<0.003 mg/l

<0.001

-

20

Zink

<5.0 mg/l

0.08

-

21

Nicli

<0.02 mg/l

<0.005

-

The power plant of the city of Darkhan has its own 8 wells. The ash basin from the power
plant in Darkhan, located near the power plant wells (200 m), contains some toxic elements
(arsenic). This ash basin must be irrigated to prevent the emergence of dust. This process
pollutes the drinking water sources of Darkhan. If this basin is leaky, harmful substances
could flow into the ground water and also into the drinking water, attracted by pumping. A lot
of mining is located in the catchment area of the Kharaa river basin that could release harmful
substances to the surface and ground water. The people living in Ger areas have to get their
drinking water from water kiosks, thus they have a bad situation in water supply and
sanitation.

Objectives in drinking water extraction are:
-

Rehabilitation of the wells and pumps,
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-

Treatment of the pumped raw water,

-

Quantity and quality monitoring, measurements and analysis,

-

Improvement of the drinking water supply in Ger areas by water kiosks,

-

Extension of the protect area of the wells,

-

Protection of fresh water resources,

-

Optimization of pump scheduling for reducing the energy consumption.

Drinking water supply
The drinking water supply system of city Darkhan (DWSS) was put into operation in 1960’s
and consists of pipes, nodes (pipe junctions), pumps, valves and storage tanks. The drinking
water extraction is realized only from ground water by 18 wells with pumps. These wells are
situated at Kharaa River about 8 km upwards from the city of Darkhan.
All static and dynamic data of wells, water distribution network, like the elevation heights of
nodes, pumps, valves, storage tanks, electrical tariffs, water fees and daily water consumption
of inhabitants, public offices, administration, livestock, landscape and industries with their
24-hour patterns have been completed step by step by Fraunhofer AST Ilmenau (FhAST),
Mongolian University for Science and Technology Darkhan (MUST) and the drinking water
and sewerage company of the city of Darkhan (USAG) together (see Table 4-12). In addition,
many measurements, like flow and pressures in distribution network have been realized too.
Subsequently, the required data have been implemented in HydroDyn for modeling,
simulation and optimization of the hydraulic processes. Concerning the very low temperatures
in winter time the pipe lines are installed in a depth of 3.5-4.5 m. That causes high investment
costs.
The modeled DWSS in HydroDyn consists of 635 nodes, 6 tanks, 18 wells and 659 pipes with
a length of 225.3 km, 21 pumps, 15 valves, 3 distribution zones (OldDarkhan, NewDarkhan
and Industry) and 558 consumers with an average demand of 21,375 m3 per day. The average
elevation of the nodes is between 670 m and 780 m a.s.l. Number of inhabitants of the city of
Darkhan is 73,500 with a growth of approximately 3 % per year.
An half of the population (43.7%) of Darkhan is living in a Ger district and has no centralized
water supply facilities. This has become a major negative factor influencing health and
poverty of the population. The population in Ger districts consumes water from unimproved
sources (own wells 2-4 m depth), lying in the near (15-20 m) of pit latrines, contaminating the
soil and ground water resources.
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Table 4-12: Some relevant data of the DWSS of the city of Darkhan.
Electrical power tariff for equipments

102 Tugrik/kWh (06 am - 5 pm),
51 Tugrik/kWh (5 pm - 11 pm),
19.10 Tugrik/kWh (11 pm - 6 am),

Drinking (cold) water price(to date Nov. 2008)

230 Tugrik/m³ apartment blocks by DWSS, 600
Tugrik/ m³ public administration by DWSS,
1500 Tugrik/m3 Ger district by water kiosks and
trucks,
4000 Tugrik/ m³ public administration by water car,
6 Tugrik/ m³ industry and mining,
48 Tugrik/ m³ small and middle enterprises,

Measurement equipment

1 flow meter and 1 pressure meter,

Installed water meter

95% industry, 75% public administration,
59% small and middle enterprises,
5% private households

Water kiosks for Ger districts

33 and 9 of them are connected with the centralized
water supply system. The rest kiosks are supplied by
water cars.

Average water demand in apartment blocks

265 l/d/person

Average water demand in Ger districts:

6-8 l/d/person

Average water demand small livestock (sheep and
goat)

4-5 l/d/livestock

Average water demand large livestock (cow, horse,
camel)

25-30 l/d/livestock

Laboratory equipment

(see Table 6-13),

Mining industry (11 officially licensed gold mines in Darkhan-Uul Aimag) and industrial
waste water in the Kharaa catchment area have negative influences on the drinking water
sources and drinking water supply (in Khongor Sum April 2007 some livestock were dead
and people and children are diseased by polluted water). The main chemicals of concern are
high concentrations of mercury (Hg) and arsenic (As).
In the rural regions of Darkhan Uul Aimag 70 wells are used by 800-1000 nomadic families
and their livestock.
The existing water standards applicable in Mongolia (Mongolian water law, MNS 900:2005,
MNS 4047:1988, MNS 4943:2000) are based on and influenced by the former Russian norms,
which are differing from the European standards. Some standards are missing. There is an
urgent need to update the current standards.
A general data base and information system about water and water law, geology, hydrology,
biodiversity, population trends, land-use, water quality parameters, existing and planned
industry, mining, estimated water consumption, climate change impacts and infrastructure in
Mongolia is in development at the Water Authority of Mongolia in Ulaanbaatar.
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Figure 4-52: Drinking water supply in the city Darkhan.

Water analysis: The water analysis performed by the USAG-laboratory (not all elements)
shows that water quality is good and the measured elements (coli) are within the limits. But
heavy metals can not analyzed by the USAG-laboratory and have to be sent to Ulaanbaatar for
analysis.
Hot water supply: The thermo power plant in Darkhan (TPP) supplies the hot water for
apartment blocks and industry. The TPP has its own hot water supply system and its own 8
wells for water extraction. The hot water is also used as drinking water. The TPP has been
reconstructed founded on German BMZ/GTZ programs.
Fees: Fees for water consumption are very low. The tariff and pricing policy is decentralized
with the local authorities entitled with full authority to setup and revise the tariff on water.
The fees applied to Ger district consumers are five times higher than to apartment block
customers. The council of representative administration of the USAG has decided on
Dec.19th 2008, that the fees of drinking water and waste water are increased for the city of
Darkhan as shown in Table 4-13. This decision provides a good basis for the rehabilitation of
and investment in the DWSS and the CWWTP of the province of Darkhan Uul Aimag.
Table 4-13: Establish Renew following price for sold product and follow from 1st of January 2009 years.
New price for cold and waste water.
Parameter
Cold water

Waste water

Water for kiosk

Unit

Old price

New price

population

Tugrik /m3

250

420

population

Tugrik / person / month

1725

3339

Company

Tugrik /m3

600

900

3

population

Tugrik /m

260

450

population

Tugrik / person / month

1950

3577,50

3

Company

Tugrik /m

710

1000

population

Tugrik /litre

1

2

Company

Tugrik /litre

3

6
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Public education: At present, knowledge and understanding of water issues and problems
and their consequences among the public and even decision-makers is limited.
Benefits: DWSS of the city Darkhan is suitably and manageable for analysis, synthesis,
identification, monitoring, testing and realizing of scientific works to win the experiences and
to know-how transfer for other regions.
Objectives in drinking water supply are:
x Facilitate local implementation of international environmental agreements in different
urban and rural contexts,
x

Minimization of water leakages (actually more than 40 %),

x

Minimization of electrical consumption of pumps (50 % of the incoming),

x

Optimization of the supply processes by model based management,

x

Improvement of the water quality in distribution networks,

x

Rehabilitation of the distribution networks,

x

Quantity and quality monitoring and analysis,

x

Improvement of the drinking water supply in Ger areas by water kiosks,

x

Transfer of know how to other regions.

4.7.2 Methods and data basis
The Municipality of Darkhan and the water supply and waste water company of Darkhan
(USAG) have been the main sources for the required data and information. All static and
dynamic data of the wells and the water distribution network, like the elevations of nodes,
pumps, valves, storage tanks, electrical tariffs, water fees and daily water consumption of
inhabitants, public offices, administration, livestock, landscape and industries with their 24hour patterns have been completed jointly by Fraunhofer AST Ilmenau (FhAST), Mongolian
University for Science and Technology Darkhan (MUST) and the drinking water and
sewerage company of the city of Darkhan (USAG). In addition, many measurements of flow
and pressure in the distribution network have been realized. Subsequently, the required data
have been implemented in HydroDyn for modeling, simulation and optimization of the
hydraulic processes. (see annex ).
Data from many different sources has been collected by authorities and partners from
Mongolia, German project partners and on-site inspections. German project partners also
provided data of the Kharaa river system (digital plan, precipitation and discharge), soil and
topographic maps as well as ground water level and quality. The modeled DWSS in
HydroDyn consists of 635 nodes, 6 tanks, 18 wells and 659 pipes with a length of 225.3 km,
21 pumps, 15 valves, 3 distribution zones (OldDarkhan, NewDarkhan and Industry) and 558
consumers with an average demand of about 20,000 m3 per day (Table 6-15). The average
elevation of the nodes is between 670 m and 780 m a.s.l.
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Figure 4-53: Elevation profile used for DWWS simulation model.

After the successful data acquisition, the drinking water supply network with all the
equipment (pumps, pipe lines, valves, tanks, demand etc.) of city of Darkhan has been
modelled and simulated with the HydroDyn software, developed at Fraunhofer AST.
HydroDyn is a computer program that performs extended period simulation and optimisation
of hydraulics and water quality in pressurized pipe networks. HydroDyn has been used for
development of the main objective for sustainable optimised drinking water treatment and
supply and for development of a sustainable concept of model-based decision support system
and for other objectives and applications of MoMo project. During the project HydroDyn has
been modified to assess alternative optimised management and monitoring strategies for
improving water quality throughout the distribution network. The methodology is realised by
following steps:
Hydraulic simulation: HydroDyn tracks the flow of water in each pipe, the pressure at each
node, the height of water in each tank, and the concentration of a chemical species throughout
the network during a simulation period comprised of multiple time steps. In addition to
chemical species, water age and source tracing can also be simulated. HydroDyn computes
friction head loss using the Hazen-Williams, Darcy-Weisbach, or Chezy-Manning formulas.
Model calibration: After the first simulation of the DWSS the model has been calibrated.
Therefore many real time measurements of pressure and flow had to be realized.
Finding water leakages: HydroDyn uses a genetic algorithm (GA). GA is a search technique
used in computing to find exact or approximate solutions to optimization and search
problems. But GA needs a high runtime, which should be minimized. Additionally to the
leakage detection an optimal sensor positioning algorithm is realized.
Optimization of pump scheduling: The optimized pump scheduling is also calculated using
a genetic algorithm.
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Planning and rehabilitation of the networks: The model based simulation tool HydroDyn
can be used for technical planning and dimensioning of the equipments, master strategic
planning works, scenarios, special situation and variants.
Decision support system: HydroDyn can be used as decision support system for authority
and decision-maker.
Monitoring system: HydroDyn can be used as monitoring system for analysis, identification
and online measurements of the running processes.

4.7.3 Results
The first model-based simulations of the DWSS have shown differences between the results
of simulation and really measured values. The model and parameters had to be calibrated by
using of online flow meter Ultrasonic UFM 005 and pressure meter ISPESI installed in
cooperation with local stuff from USAG Darkhan.
The main results of the analysis and simulation of the network are:
1. DWSS was dimensioned sufficiently for the present drinking water consumption,
2. Technical state of DWSS is outdated (90 % from iron steel, more than 40 years in
process),
3. The DWSS of the Darkhan has approximately 40 % water leakage,
4. Nearly 60 % of the pipes are damaged or do not meet the technical requirements. The
Russian pumps (1600/90, 12) and valves installed in the past are out of order,
oversized or not working optimally,
5. Electrical consumption of the pumps is too high.
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Figure 4-54: Results of the simulation of the DWSS of the city of Darkhan showing calculated hydraulic
heads.

A list of pipe lines and equipments that should be rehabilitated urgently ist given in the
appendix (Table 6-12).
The free capacities of tanks are not used optimally. There is a lot of optimization demand.
Because of the long time in operation, there is a leakage of water tanks from rust. Due to the
need of constant welding and tank cleaning works, the hygienic characteristics of the tanks do
not meet the requirements. A simulation for the estimated water consumption of 30,000 m3/d
in Darkhan for the year 2021 proposed by the master plan of Mongolia was accomplished.
The population is assumed to be 115,000 for this time. For this assumption the results of
simulation show some areas in DWSS, which have to be modified and improved.

4.7.4 Significant problems, pressures and impacts
Technical problems: The protection and monitoring of drinking water sources and supply is
low. The raw water from the ground water sources should be cleaned and treated in the future.
There is no sustainable monitoring system for securing the drinking water extraction and
supply in the city of Darkhan and rural regions. There are no on-line or real time
measurements in the DWSS. In urban Ger area drinking water is predominantly provided by
water kiosks or by private uncontrolled wells.
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In addition the following significant problems exist for the drinking water purification and
supply.
x
x
x
x
x
x
x
x
x

The DWSS is old and not working efficiently,
Equipment in DWSS is broken and needs very high electrical consumption,
The drinking water quality in distribution network does not meet the requirements of the
drinking water standards,
No monitoring, no control and no SCADA systems exist in DWSS,
Water leakage in DWSS is high,
Rehabilitation and service works are bad,
No water meters exist in private consumption sectors (5%),
Know-how, public education about protection of fresh water resources is low,
The existing laboratory at USAG can not analyse all required elements to control the
water quality. The few existing equipment in the laboratory is old.

Environmental problems: The Allocation of drinking water may be endangered in the future
due to increasing pollution of water sources by industry an inefficient waste water treatment.
Hygienic problems: It is estimated that 38% of the population is poor or extremely poor,
according to the Mongolian National Statistics. The water supply per resident in Ger districts
is 6-8 l/day. Besides, the households in Ger districts have no centralized water supply system
and no waste water removal system. There are 10,000 cases of diarrhea every year in
Mongolia and 60% of these occur in Ger districts. Dysentery is the second most prevalent
disease. Hepatitis in Mongolia is seven times the international average. All these diseases
originate from unsanitary conditions, caused by untreated drinking water, open sewage in the
pit-latrines coupled with unhygienic habits. The people from Ger district have no possibility
to take a bath.
Financial problems: The USAG has not enough investment possibilities for the
reconstruction of the DWSS. Nearly 50% of the income from water fees is used for covering
the electrical consumption of the pumps and other electrical equipment.
Pressures: Considering of long term effects the 18 wells for drinking water of the city
Darkhan are endangered from north side by the ash basin with arsenic concentration of
thermo power plant of Darkhan and from south side by mining industries. The wells in the
Ger areas are lying 4-15 m from latrine. The results are cases of illness with jaundice and
dysentery increasing over the last few years. The water quality at the self-made wells does not
meet hygienic standards. The people from Ger districts have no possibility to take a bath.
Therefore they are going to the other households living in apartment blocks or to public bath
houses.
Impacts: Breakdown of the drinking water supply in city of Darkhan is frequent. The
securing of water use for population, industries and livestock is endangered, if rehabilitation
in DWSS will be not realized shortly. Without IWRM concept and complex monitoring
system the drinking water may become polluted by gold mining industries, urbanization and
industrial activities (waste water) in the model region. With increased water consumption by
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the city population and by industries the water pollution by waste water increases too, thus
having a negative impact on the living environment and hygienic conditions.

4.7.5 Priorities for action
The top four actions in DWSS of Darkhan, which should be realized shortly, are:
First priority: The leakage of more than 40 % in the drinking water distribution network
must be located and minimized by using modern and innovative methods and equipments, by
installing water meters and by monitoring using optimized positioning of sensors. Therefore a
software tool was developed, that assists in identifying physical leakages in the distribution
system using a series of pressure gauges easily introduced into the system. This will also help
to prioritize the replacement and upgrading of sections of pipes of the distribution system to
yield a maximum level of water savings while maintaining an acceptable level of services.
Second priority: The energy consumption costs engaging about 50% of the incoming should
be minimized by the optimized pump scheduling. Here a complex optimized pump scheduling
(wells and booster pumps), controlling and management system should be developed by
innovative optimization methods.
Third priority: The drinking water quality in distribution network caused by untreated raw
water and water age (standing time in pipe line and storage) should be increased.
Fourth priority: An environmental monitoring system, coordinating with all project partners
should be implemented.
Further following actions should be considered:
x It is necessary to develop an innovative and systematic observation and sustainable
complex monitoring system for the protection of drinking water sources and supply
networks and for securing the drinking water supply considering the climate change
and extreme climate condition in Mongolia.
x

A proposal of innovative methods for purification of the raw water after the extraction
from ground water should be provided.

x

The drinking water protection area for the 18 wells has to expanded and improved.

x

A concept for improvement of the hygienic situation and living condition in Ger
districts by connection to the central drinking water supply system should be
developed.

x

Optimization of the supply processes by model based management,

x

Improvement of the water quality in distribution networks,

x

Rehabilitation of the distribution networks,

x

Improvement of the drinking water supply in Ger areas by water kiosks,

x

A long-term prediction of drinking water consumption should be developed for the
sustainable optimization of the daily processes considering the climate change.

x

Proposal of a model-based decision taking criteria for rehabilitation and renovation of
DWSS,
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x

To introduce the water saving technologies such as low-flow toilets and showers and
efficient appliances,

x

Public works for collection of rainwater for garden, toilets and other applications.

In rural region:
x Concept for reconstruct or rehabilitate of the existing wells and proper solution of
their ownership problem,
x

Concept for improvement of the pasture water supply according to the number of
animals and pasture capacity,

x

Recruitment of the public participation and capacity building in water supply works

Investment and fees: The drinking and waste water prices have been adapted for the
rehabilitation and big investments on Dec. 19th 2008.
Activities with Mongolian authorities and IFIs: Activities to expand existing cooperation
with international financial institutions IFI (WB, ADB, and KfW) should be undertaken at the
national and regional level to secure financial and technological support for rehabilitation of
DWSS. The procedure for the submission of a proposal to the IFI should be agreed with the
Mongolian administrations and is as follows:
View of the submit of a IWRM-concept /MoMo to an IFI
Concept of the IWRM/MoMo
Complaince by Drinking and waste
water company of Darkhan
Complaince by Government of
Darkhan Uul Aimag
Ministry of Transport and
Construction

Ministry of Environment
and Tourism

Ministry of Finance

Government and Parliament of Mongolia

International Finance Institution
(WB, ADB, KfW)

The selected model region Kharaa and city of Darkhan provide a very good condition to test,
to analyze and to implement the IWRM strategy.
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4.8 Waste Water Treatment
4.8.1 Current Situation and Objectives
The waste water treatment plant (CWWTP, see Figure 4-55) in Darkhan was commissioned in
1968 and is using mechanical, biological, chemical sewage treatment. It has been designed
mainly for COD removal. Some biological processes become very slowly or not functioning
at all under low temperature. Due to the cold climate the polishing pond can not be utilised in
winter time. The purification provides no de-nitrification. Due to the under-utilisation various
ponds are not in use and deteriorate. The equipment for mechanical treatment contains of
sewage screens as well as primary and secondary sedimentation tanks. A chemical treatment
of the outflowing water by chlorination is out of order but should not be reactivated.
TheCWWTP currently utilises only a third of its capacity.

Figure 4-55: Pictures of WWTP’s in the Kharaa River Basin.

The waste water treatment in the villages and in Ger areas consists of only of a big pit
drainage or pit latrines except for Shariin Gol and Zuunkharaa which have working WWTPs.
The pressing waste water problems in Industry and Ger areas have not been solved. This is
the most important challenge that needs to be addressed over the next few years.
The purpose of the water supply strategic master plan of Darkhan with an assumed population
of around 120,000 inhabitants is to define the development and management policy of the
waste water treatment facilities of the city in order to meet the expected requirements until
2025, including those likely to arise from the progressive urbanization of the Ger areas. A
specificity of city Darkhan is the existence, beside a conventional urban area commonly
referred to as the core area and equipped with all the facilities of modern cities, of large
informal housing areas combining small houses and Ger areas. These Ger areas regroup more
than one half of the population of Darkhan, mainly the traditional and newly settled families
and are not connected to the CWWTP.
The main objective of this part of the MoMo project is to improve and optimize the treatment
and cleaning processes of the CWWTP in terms of quality as well as quantity. Developments
in modelling techniques, computation technologies and optimization methods make it
possible to optimize large-scale, complicated systems. Model-based optimization is a
prevalent tool applied for minimization of operation costs and environmental impacts of waste
water treatment processes.
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Other objectives in waste water treatment are:
-

To determine the magnitude of the potential impact due to the improvement of the
critical environmental situation in the urban and rural region of the city Darkhan of
Mongolia,

-

Practical implementation of a new innovative modular small WWTP at the WWTP in
Darkhan for development of a new CWWTP,

-

Development of a concept for the new central WWTP in Darkhan within optimal
planning and dimensioning the new CWWTP,

-

Optimisation of the cleaning processes by model based management,

-

To reduce the energy costs, the electrical consumption and process costs of pumps
and air compressors during the process operation,

-

Improvement of the cleaning processes under extreme minus temperature,

-

To produce the electrical energy by anaerobic sludge and biogas,

-

Creation of a concept by innovative solution for rural and Ger areas,

-

Monitoring, measurements and analysis,

-

To reduce the pollution by Industrial and Ger areas waste water and to suggest most
suitable control measures with optimum cost benefits, which will then be incorporated
in the Environmental Management Action Plan (EMAP) of Mongolia and European
Water Overall Guidelines and Directives,

-

Know how transfer to other regions.

4.8.2 Methods and data basis
The Municipality of Darkhan and the water supply and waste water company of Darkhan City
(USAG) have been the main sources for the required data and information. Data of drinking
water supply networks, waste water treatment plants, population distribution, waste water
networks, location and type of water kiosks, water consumption and waste water discharge
differentiated by type of user, attributes and operation data of waste water pumping stations,
balance sheets of the USAG and drinking water and waste water tariffs have been provided.
Data from many different
sources has been collected
by authorities and partners
from Mongolia, German
project partners and on-site
inspections (a detailed
overview is given in the
appendix).

Aeration Blowers

P-1

Grit channel
Main Sewer

Pumping station
with 2 screens

Biology

Inlet Pumps

Polishing Pond

Secondary Sedimentation

Primary Sedimentation

Recirculation Pumps

Sludge Treatment

As a first, modelling and
simulation of the biological

Figure 4-56: Simulation model scheme of the CWWTP Darkhan.
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processes in the CWWTP has been carried out. By using a computer model of the CWWTP
Darkhan different variants of operation have been simulated. The simulation software has
been developed at Fraunhofer AST to run on all actual computer platforms and has a
Mongolian language user interface (besides other languages). It models all parts of the
CWWTP that are important for purification. Therefore the simulation program mainly uses
ASM type models for dynamically modelling the biological processes of the CWWTP. There
are also models for the sedimentation processes in the sedimentation tanks.
By analysing the inflow data average daily trends of the important parameters were generated.
The computer model was calibrated using self-measured two-hourly data. Based on the
simulated scenarios and operation variants, a proposal for operational and structural changes
of the CWWTP is developed. The CWWTP simulation program may also be used for
operator training and student education.
Static data on the structure and operation of the CWWTP have been collected by USAG
during several visits between 2006 and 2008. This includes tank sizes, pump data and
available processes. Operational problems have been investigated on site and by interviewing
the plant operator.
Regular
measurements
carried out by USAG
Darkhan for the time pe550
riod between 2000 and
500
2007 have been collected,
transformed into computer
450
readable data and analysed.
400
These measurements are
carried out by USAG
350
Darkhan on a regular basis.
300
Because of insufficient
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
[h]
laboratory equipment the
quality of these data is not
Figure 4-57: Distribution of average inflow to the WWTP.
always
sufficient.
Unfortunately the flow into
the CWWTP can not be measured directly but has been calculated from the pump operation
history.
[m3/h]

600

Own measurements of NO2-N, NO3-N, NH4-N, PO4-P, COD and O2 have been carried out at
the inlet, the biological tank and the outlet of the CWWTP in 2007 and 2008 using own
equipment (automatic sampler) acquired for the project. These measurements provide
information on daily trends and other dynamical data needed for the simulation of the
CWWTP as well as verification of the data provided by USAG Darkhan. These measurements
have a higher timely resolution then the data from USAG and are collected at the inlet, at the
aerated tank, before the polishing pond and after the polishing pond at the outlet. The
Mongolian National Standard MNS 4943 (discharge water quality standard) is available.
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Simulation tool: The simulation program simulates the biological and sedimentation
processes of the tanks of the waste water treatment plants. Therefore it uses the Activated
Sludge Model number 1.
Model calibration: After the first simulation of CWWTP the model has been calibrated using
input date generated from collected and self-measured data. Unfortunately the data basis is
not sufficient for very good calibration.
Planning and rehabilitation of the WWTP: The model based simulation tool can be used
during the planning process for dimensioning of the equipments, master strategic planning
works, scenarios, special situation and variants.
Decision support system: Because it is available in Mongolian language WWTP the
simulation program may be used as decision support system for authority and decision-maker.

4.8.3 Results
The analysis of the CWWTP in Darkhan shows a bad technical and constructional situation
and a poor efficiency of the treatment process. In the past, the CWWTP has frequently
bypassed the waste water directly into the river Kharaa, because the old pumps at the inlet had
failed. The old equipment, like pumps and air compressors need very high consumption of
electrical energy.

Figure 4-58: Mongolian language interface of the POS WWTP simulation program.

The waste water collection and treatment in the villages and in Ger areas is mostly out of
operation or consists of only of a big pit drainage or pit latrines.Therefore, the most important
action will be to make the operation of the CWWTP more stable and sustainable (e.g.
installed pumps have high maintenance times and often there is no replacement available
during maintenance). As computer simulations of the treatment processes have shown a
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reduction of the consumption of electrical energy used for the aeration of the biological tank
may be possible without sacrificing the treatment efficiency. This could safe energy for one of
the main electrical consumers at the CWWTP. Actually the aeration blowers raise the oxygen
concentration in the biological tank up to 8 mg/l.
The efficiency of cleaning processes under extreme low temperatures may be improved by
using solar energy. Improvements may be done on the existing CWWTP or by replacing it
with a completely new plant. Based on our actual knowledge, constructing a new CWWTP
seems to be the preferable way.
For the construction of a new CWWTP, a small modular WWTP at the CWWTP in Darkhan
should be implemented for the testing and analyzing of the innovative methods. During the
testing time the process of the operation will be measured, analyzed and controlled.
Afterwards a concept for the new CWWTP in Darkhan within optimal planning and
dimensioning should be created.
Main results for the
assessment of the
waste
water
infrastructure are the
access and quality of
sanitation,
the
performance of the
waste water treatment
plant. On the non
technical side the
affordability for the
service user and the
financial strength and
effectiveness of the
service provider are
the main indicators.
The most important
indicator for sufficient
operation
of
the
Figure 4-59: Oxygen concentration (green curve) may be reduced with little
WWTP is the relevant
Mongolian National Standard MNS 4943 (discharge water quality standard) as well as
international standards. But for optimal operation it would be desirable to adapt the operation
of the CWWTP to the biological needs of the river Kharaa and the stakeholders along the
river.
Because the state of environment is different in different parts of Mongolia, adopting the
operation of the WWTP dynamically to the environmental requirements may lead to more
cost efficient water treatment than static universal law. So the biological state of the rivers
may be a more sufficient indicator for purification performance.
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Reinvestments and further development of its activities cannot be financed with the current
revenue. Investments can only be made through funds from the Mongolian Government or
foreign donors. Funds are not available in sufficient quantity for solving the numerous
problems.

4.8.4 Significant problems, pressures and impacts
Technical problems: The following significant problems exist for the waste water treatment:
x Equipment is broken and needs very high electrical consumption (pumps and air
compressor),
x

The technical situation does not meet the requirements and standards,

x

The CWWTP is in a state that will not provide a sustainable water treatment for the
near future.

x

No control and no SCADA systems,

x

Rehabilitation and service works are bad,

x

Online measurements are necessary,

x

Self-monitoring is insufficiently,

x

The existing laboratory at USAG can not analyze all required elements,

x

The waste water treatment in the small cities and villages in the Kharaa River
catchment area is mostly out of operation,(only WWTPs in Shariin Gol and
Zuunkharaa are in operation)

x

The existing laboratory equipment is old.

Environment problems: The environmental problems caused by waste water from
industries, mining and urban (slaughter houses, wool factories, bakeries, pharmaceutical
companies, hospitals, power stations, printing houses, vehicle repair) and tanneries (cleaning
and producing leather, coats) in Darkhan are serious. With more than 40 years in operation
the CWWTP in Darkhan currently is in a state that will not provide a sustainable water
treatment for the near future. An accident in the village Khongor Sum in year 2005, only 29
km upstream of Darkhan, shows the high risk for the population caused by illegally operating
mining companies and practically nonexistent monitoring.
The MoMo project is realizing major contributions to improve the critical environmental
situation in the urban and rural area of the city Darkhan of Mongolia by
x determining the potential impact that can be realized through the adoption of state-ofthe-art waste water management strategies and advanced processing technology,
x

contributing to the protection of drinking water source areas, surface water,
groundwater, and the river Kharaa from pollution by waste and waste water,

Hygienic problems: In Ger areas the hygienic situation is similar as in DWSS. There is no
waste water collection, treatment and removal system. Diseases originate from unsanitary
conditions, caused by untreated drinking water, open sewage in the pit-latrines coupled with
unhygienic habits. Self-built not tight traditional pit latrines without cleanout are in use at
every family’s compound. Urine and faeces leak from the pit latrines into the ground.
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Financial problems: The USAG has not enough investment possibilities for the
reconstruction of the CWWTP. The USAG has increased the water tariff since January 2009
more than twice. Nearly 50% of the income from water fees are going to the covering the
electrical consumption of the pumps and other electrical equipments.
Pressures: Most equipment of the CWWTP of Darkhan has to be repaired replaced or
reconstructed immediately. But the construction and building conditions, like tanks, are very
bad. Therefore the replacement of equipment will not be sustainable and a new CWWTP
should be implemented. Due to financial problems the construction of a new CWWTP is
impossible without external support.
Impacts: Breakdown of the waste water treatment process on the CWWTP is frequent.
Without action the number of breakdown will increase in the near future and may cause
environmental problems.
To fit the permanent growing limits, guidelines and directives on waste water quantity and
quality, a continuous work of practically orientated research is necessary for further
development and application of new methods and their combinations.
The monitoring of waste water discharge is insufficient due to the lack of appropriate
equipment. In rural areas such monitoring is almost nonexistent.

4.8.5 Priorities for action
The top four actions in waste water treatment in region of Darkhan-Uul Aimag are as
following:
First priority: The construction of a new CWWTP in Darkhan is necessary. Therefore a
modular WWTP for testing of the innovative methods should be realized.
Reinvestments and further development of the sanitation infrastructure can not be financed by
the operator USAG using the current revenue. Investments for the new CWWTP can only be
made through funds from the Mongolian Government or foreign donors or loan and credits.
The pressing waste water problems have not been solved, and this is the most important
challenge that needs to be addressed over the next few years.
Second priority: Rehabilitation of the existing waste water treatment plant of the Darkhan is
an important step for the protection of the fresh water resources and the Kharaa River Basin
environment until the completion of a new CWWTP. The first step has to be the improvement
of the daily running operation (e.g. aeration) of the actual CWWTP in Darkhan.
Third priority: For sufficient waste water treatment in villages semi-central WWTPs should
be planned. A modular small WWTP implementing modern technologies and testing them in
the extreme climates of Mongolia could be installed. This plant, if successful, can be copied
to other villages and the technologies may be scaled up for a bigger plant for the City of
Darkhan.
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Fourth priority: A monitoring system and adequate laboratory equipment has to be installed
to observe waste water discharge in the city of Darkhan as well as in the rural areas of the
Kharaa River Basin area.

4.8.6 Capacity building and public education
As well as the technical condition of the water extraction system the education of the
Mongolian engineers and personal staff is on a lower level. Capacity building actions should
be done here to close the gap and also to teach people the value of water. National and local
financial structures should be changed to allow sustainable investments in the waste water
structure. The exchange of experts between Europe and Mongolia should be increased to
transfer European knowledge. The good cooperation with Mongolian water authorities and
universities which has been established should be enlarged. The responsible usage of water
and the knowledge of the problems concerning water and environment have to be improved
for a majority of the population. This involves lower and higher education as well as public
relations. Awareness for water supply and sanitation problems in the poor Ger areas needs to
be risen. Simulation software developed during MoMo will aid in increasing the
understanding of the water management processes for students as well as for operators.
Concrete steps are:
x

Participation of local universities as well as water companies in international and
regional water research programs should be continued.

x

IWRM principle has to be integrated into the Mongolian water policy and law,

x

Holding the education grade of engineers and high profile technicians specialised in
fields of pipe line, pumps, valves construction, in process measurement, control,
engineering and in monitoring systems should be trained,

x

To train people of different ages and social statuses on water saving and sanitation
methods,

x

Information campaigns, education, public awareness, capacity building programs and
activities are an important component of the IWRM strategies to address water issues.
The target groups are school children, students, national technical experts,
stakeholders, water administrations, authorities, different public groups and stuffs of
municipalities.

x

The development of programmes and transfer innovative environmentally sound and
water use efficient technologies are necessary.

x

Improve the cooperation between German and Mongolian Water relationship.
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4.9 Stormwater Management, Sewer Network and Ger Development
4.9.1 Scope of Works
The scope of this part of the IWRM project is the provision of a basis for future investment
planning in the Drain and Sewer System (DSS) of the City of Darkhan. It is aimed at the local
utility supplier for drinking water and waste water USAG, the local government of DarkhanUul Aimag and the National Mongolian Ministry of Construction and Urban Development. In
addition, recommendations for transfer to other Mongolian regions and DSS will be given.
First of all, general aspects of the DSS (targets, requirements and relevance) and an evaluation
of the current situation in Darkhan will be illustrated. This includes assessment and evaluation
of technical as well as financial and operational aspects.
Rehabilitation strategies establish a connection between technical, financial and operational
aspects and the utility and user of the DSS. Due to the long service life of the DSS for
multiple generations, no generation should be causing excessive strain on the system.
Sustainable rehabilitation strategies prevent excessive strain and loss of value and allow
following generations an unrestricted use of the DSS.
The Mongolian urban ger settlements require a special approach/strategy in terms of planning
and construction of a DSS. They are informal settlements on the boundary of Mongolian
cities and towns that emerged after nomad families moved in vast numbers to urban
settlement areas. Originally assumed to be temporary, they are now established in most
Mongolian towns. Water supply in urban ger settlements is provided by water kiosks that sell
drinking water to the population. Toilets are simple latrines on the compound of each family
without a flushing system. The latrines are not connected to any sewer system and urine and
faeces leak into the ground. Several alternatives for the establishment of a DSS in urban ger
settlements will be presented and compared, and recommendations will be given.

4.9.2 Methods and Data Basis
General Sanitation Objectives
In the context of IWRM the overall objectives of urban drainage are grouped into protected
resources:
x ensure hygienic waste water conditions and sufficient security against stormwater
flooding
x protect surface and groundwater bodies
x balance interests between various water users and stake holders
x ensure sustainable protection of the environment, soil, assets and living conditions
These overall objectives apply worldwide. In Mongolia these general objectives are legally
enforced by the “Law of Mongolia on Water”. Thus the Government is empowered to “adopt
programs for provision of drinking water for population that meets health and sanitary
requirements”. The Ministry for Nature and Environment is to organize implementation
programs and to “carry out water management policy and regulation for ensuring natural and
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ecological balance”. Further powers of administrative institutions (Water Agency, Aimag,
Soum, Bagh, Water Basin Council and Professional Organization) are anchored. Furthermore,
the Environmental Protection Law of Mongolia guarantees the human right to live in a
healthy and safe environment, an ecologically balanced social and economic development, the
protection of the environment for present and future generations, the proper use of natural
resources and the restoration of available resources.”
Constant efforts to follow these objectives are necessary, as protected resources need constant
adaptation to changing conditions. In many developing countries, some of these objectives are
far too abstract in order to develop effective programs to introduce appropriate
implementation measures. Therefore, in the year 2001, 192 member states of the United
Nations and 23 international organisations have agreed to achieve eight international
development goals by the year 2015. The Millennium Development Goals (MDG) have
accomplished attributing global objectives with concrete goals to be achieved within a given
time frame. On the MDG path, achievements in qualitative and quantitative improvement of
water supply in conjunction with improved sanitation are stipulated with target 10: “Halve, by
2015, the proportion of people without sustainable access to safe drinking water and basic
sanitation”. The following table shows the close interaction and interdependence of this target
with all other MDG.
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Table 4-14: Effect dimensions of MDG on Water and Sanitation Development.
MDG Goal

Effect

MDG 1

Living Standard
Accessibility to safe drinking water and sanitation facilities as
prerequisite condition to eradicate hunger and poverty

Eradicate extreme hunger and poverty
MDG 2

Education

Achieve universal primary education

Promotion of sanitation issues

MDG 3

Gender Equality
Integral issue

Promote gender equality
and empower women

Health

MDG 4
Reduce child mortality

Improved water & sanitation reduces the occurrence of diarrhoea,
Hepatitis

MDG 5

Reduction of child mortality due to contaminated drinking water

Improve maternal health
MDG 6
Combat HIV/Aids, malaria and
other diseases
MDG 7

Environmental Sustainability

Ensure environmental sustainability:
Target 10: Halve by 2015 the proportion of people without sustainable

Sustainability in terms of environmental impact and cost effective
water and sanitation infrastructure

access to safe drinking water and basic sanitation
MDG 8

Global Partnership

Develop global partnership

Ensure sustainability in terms of investments,
promote informed society

MDG 8

People Empowerment

Strengthen human rights and foster democratic governance

Basic IWRM principle procedure to balance stakeholder interests

The Mongolian Government is committed to MDG and passed a national development
strategy in the year 2006. Measures to meet these objectives are subject to local boundary
conditions such as climate, socio-cultural conditions, available financial resources, legal
regulations. Progress to implement MDG is reported in a second national report in 2007 (The
Millennium Development Goals Implementation in Mongolia, Second National Report,
2007). Here the MDG targets are adapted to Mongolian conditions. MDG 7 to ensure
environmental sustainability and its context to water and sanitation issues is specified in the
following table (Table 4-15).
Table 4-15: Evaluation of MDG Targets in Mongolia (Second National Repor on The Millennium
Development Goals Implementation in Mongolia, 2007).
Target

Indicator

Baseline
1990

14

Halve, by 2015, the proportion of
people without sustainable access to
safe drinking water

Proportion of population with
access to safe drinking water

15

By 2015, have achieved significant
improvements in the lives of slum
dwellers

Proportion of population
living in adequate sanitation
conditions
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Observed
2006

Target
2015

Evaluation

55 %

66 %

70 %

Likely to
achieve
target

22 %

23 %

50 %

Slow
progress
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By possibly succeeding to achieve the target of providing the population with access to safe
drinking water, the aim of improving the lives of slum dwellers will become a greater
challenge than initially assumed. Due to an increase of water consumption the corresponding
waste water significantly increases the risks of diseases relating to water contamination. It is
vital, therefore, that development policies simultaneously handle sustainable access to safe
drinking water and adequate sanitation conditions.
Darkhan Strategy
The Darkhan Strategy is part of the City Development Strategies for Mongolia’s Secondary
Cities. The city recognizes the need to plan for future development of the ger areas […]
rationalising plots in preparation for laying infrastructure networks, and thereby reducing
resettlement. However the Darkhan Master Plan 2020 follows the idea of further development
of existing networks and delaying ger development to subsequent decades.
Normative Requirements
The Water Law of the Government of Mongolia establishes main rights and responsibilities
across the hierarchies of public administration. But at the level of city governments and public
utilities, there are only few implementing standards such as the Mongolian National Standard
MNS 4943 that defines discharge water quality standard to water bodies and to soils.
Simple pit latrines in Darkhan Ger settlements often provide hygienic and private separation
of human excreta from direct human contact, but rarely observe the standard of having a
sealed superstructure and being at least 25m distance from a dwelling. The difficulty in
enforcing requirements is that these are not differentiated by ground water level, population
density and type of soil. But differentiation is necessary to be able to set priorities.
A further aspect concerning normative requirements is the Mongolian situation that planning,
design, execution and supervision of waste water facilities often do not meet reliable quality
standards. Besides the absence of relevant standards, building quality is restricted by
following boundary conditions:
x financial resources
x availability of construction tools, equipment, material
x professional skills
x external supervision system
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Importance of Drain and Sewer Systems
In the context of IWRM, the drain and sewer system has interfaces to all IWRM MoMo work
packages.
Table 4-16: Interfaces to IWRM MoMo work packages.
Work Package
Global change and
water resources

Input

Output

Precipitation as charge of
stormwater system

Land use and
nutrient balance

WWTP & stormwater outflow
into ground water & river system

River ecology and
river management

WWTP & stormwater outflow
into ground water & river system

Drinking water
extraction and purification

Groundwater (gw) level as condition for
constructions,
gw extraction from private wells

Drinking water
delivery and supply

Water consumption

Groundwater contamination by unsealed
pipes and pit latrines

From a monetary point of view, the sewerage and stormwater drainage system plays an
important role. Generally, in a drainage system the sewer and drainage network makes up for
70 % of total assets; 30 % is allocated to the WWTP. The sewers represent lasting assets that
are used by several generations. Therefore sewer systems should be built and operated in a
manner that avoids early depreciation (wear and tear) or even investment backlog. Investment
backlog emerges when network operation is based on ‘fire brigade strategy’: deficiencies are
primarily repaired, although only investments driven by long-term strategies cover asset wear
and tear.
At the point of allocating investments, a significant feature of sewer networks appears: it is
hidden underground. The public cannot see the networks condition, so that value and constant
depreciation of the assets remains unnoticed. The importance of constant reinvestment into
the system is not generally acknowledged and (even in developed countries) is often
underestimated.
Sewer investigations make it possible to record deficiencies and allow evaluation of its
condition. Methods and tools were constantly enhanced and today reliable possibilities exist
to formulate condition strategies. On the basis of current asset conditions, service life models
and the analysis of rehabilitation strategies, evaluation of long term value and cost
development is made. Hence decision making of future investments is based upon technical
and economical analyses.

4.9.3 Data Basis
The main focus for the assessment of the drain and sewer system in the Kharaa catchment
area is the assets in the City of Darkhan. Further waste water utilities can be found in the
settlements of Khongor, Zuunkharaa, Baruunkharaa, Khotol, Sumber.
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Sources
The Municipality of Darkhan and the Water Supply and Sewerage Operator in Darkhan City
(USAG) have been the main sources for the required data and information:
x
x
x
x
x
x
x
x
x

Data of population distribution in bags (districts), year 2006
Geometry of stormwater and waste water networks
Construction periods of the waste water network
Location and type of water kiosks
Water consumption and waste water discharge
Operation data of waste water pumping stations
Balance sheets of the USAG
Drinking water and waste water tariffs
Mongolian Law

Through German project partners and own on-site inspections the following data could be
used:
x
x
x
x
x
x

Construction unit prices, UB Master Plan (Veolia) verified by PSC Co. Ltd, UB
Digital plan of Kharaa river system
Precipitation in Darkhan
Soil and topographic maps
Ground water level and quality
Type of Buildings

Studies for Mongolia and Sanitation Technologies
x
x
x

World Bank /ADB Study UB
World Bank, Mongolia Infrastructure Report
Compendium of Sanitation Systems and Technologies, EAWAG

General Information Drainage and Sewer System Darkhan
The DSS in Darkhan is designed and operated as a separate sewer system. That means the
waste water network and the stormwater network are two separate systems that generally
work independently. This is very positive because unnecessary overload of pumping stations
and waste water treatment plant can be avoided.
The waste water network and the stormwater network both have been constructed after the
foundation of the city and during the following years. The waste water network is operated by
the drinking water and waste water utility operator USAG. It solely includes the apartment
areas and the industrial zone. Urban ger settlements are not connected to it.
Mean water consumption per capita in Darkhan is about two times higher than in Germany.
This is due to low water and waste water tariffs and lump-sum billing that offers no incentives
for saving water. In addition water losses of about 40 % have been estimated.
The stormwater network is operated by the maintenance department of the city, also
responsible for road maintenance and repair. The network consists of open channels outside
the city and some drainpipes mainly underneath the main roads. The collected stormwater is
discharged into the flood plain to the west of the railway line.
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Ger settlements can be found in bag (district) 1,2 and 3 to the west of the railway line, and
bag 5,6 and 7 to the north and east of Old Darkhan and also in bag 15 to the east of New
Darkhan. Ger settlements to the west of the railway line are within the flood plain and
groundwater can be found about 2 to 4 meters below surface. Most families have their own
wells and use extracted water as drinking water, although it’s officially forbidden. Ger
settlements to the east of Old Darkhan, bag 6 & 7, are the oldest and most densely populated
settlements.
Inhabitants of the ger settlements mostly belong to low-income households. The average
income is about half of the national average income.

4.9.4 Methods
Geographic Information System (GIS) and DSS Database
A GIS and database is the basis for up-to-date planning and operation of a DSS. All
information of a DSS can be collected in the GIS and different data sets can be combined,
analysed and displayed.
Basic geometric data of the waste water network has been provided as a digital file.
Information regarding levels, connections and dimensions had to be evaluated and partially
replaced by reasonable estimations; urban developments since 2004 have been added.
Estimated data should be checked and validated by local engineers.
Basic geometric data of the stormwater network (including pipes and closed channels in main
streets and open channels outside the populated areas) has also been provided as a digital file.
It has been validated and updated through on-site inspections.
A GIS for the entire waste water and stormwater network, including the industrial zone, New
Darkhan and Old Darkhan, was established. Provided topographic data has also been
imported into the GIS and through overlaying of respective catchment areas, discharge points
have been allocated to the stormwater network. In urban catchment areas the sealed surfaces
have been incorporated, allocated and validated.
The next steps in using the provided data are laying a grid over the DSS and giving each
manhole and reach a specific number. This is essential for future allocation of information
and measures to the network and for transferring it into the database.
The following information has been collected in the database:
x Specific identification number for each manhole and reach
x Position in X- and Y coordinates for each manhole and reach
x Level of cover for each manhole
x Diameter, installation depth and slope of each reach
x Position, function and size of buildings, population density of buildings
x Allocation of buildings to reaches (sewer network)
x Position and size of roads and of Kharaa river
x Allocation of impervious areas to reaches (stormwater network)
x District boundaries and positions ger settlements
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Hydrodynamic Modeling of Waste water Network
The sewer network in Darkhan consists of 94.7 km gravity sewer pipes, 2.1 km pressure pipes
and 2no. pumping stations. About 60 km of the network have a diameter of 150 mm or less
and 12 km have a diameter of 500 mm or more.
For the hydrodynamic modelling, the amount of waste water has been determined in two
different ways:
1. Direct Allocation
Direct Allocations are made from USAG data sets of waste water discharges produced by
commercial and industrial companies, public services and private households with water
meters (5 % of all households). The data sets contain monthly figures for water
consumption and waste water discharge. Seasonal fluctuation can be noticed with low
points in summer and higher consumption in autumn and winter (see Figure 4-60).
The highest monthly figure (November) has been divided by 22 working days and 10
working hours per day. This hourly discharge is the basis for hydrodynamic modelling.
2. Indirect Allocation with Population Density
USAG information about mean water consumption per capita is the basis for the indirect
allocation of water discharges:
x Cold water 175 l/cap/d
x Warm water 90 l/cap/d
Using information of population distribution within the different bags and using information
regarding the different building types, population density has been allocated to every building
and the daily discharge per building has been calculated.
Waste water is not usually discharged equally during day and night. Therefore the daily
amount is divided by 14 hours and used as the basis for hydrodynamic modelling.
Main waste water producers are
x
x
x
x
x
x

Metallurgy
~ 17.000 m3/month
Meat Company
~ 8.000 m3/month
Power Plant
~ 6.500 m3/month
Wodka Company Da Mon ~ 6.000 m3/month
Hospital
~ 6.000 m3/month
Cement Company
~ 5.000 m3/month
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Figure 4-60: Drinking water consumption and waste water discharges (businesses and services).

The determined discharges can be validated with figures of the pumped ground water and
pumped waste water at the waste water treatment plant (see Table 6-15: Water Balance for
City of Darkhan).
Hydrodynamic modelling has been undertaken with the software system kanal++.
Commercial, industrial and private discharges into the network, all necessary geographic data
(e.g. level, dimension, length of pipes et al.) and characteristics of the waste water pumping
stations have been imported and incorporated.
Stormwater System
In the City of Darkhan, about 675 hectares are covered by the stormwater system; of which
the impervious area amounts up to about 150 hectares. The total length of the stormwater
system is 79 km, with 39 % as subsurface pipes and channels, and 61 % as open channels.
The subsurface pipes and channels are predominantly designed for main roads. Only few
buildings are designed to drain from roofs and impervious pathways directly into the
stormwater system. Most of the impervious areas drain via surface run-off into the stormwater
system.
Darkhan is mostly flat (< 1% slope) so that only directly neighbouring areas (< 100 m) drain
into the stormwater system and influence the maximum stormwater discharge. Precipitation in
other urban areas percolates slowly into the ground and has no effect on stormwater
discharge. These puddles are an inconvenience for road traffic and pedestrians and cause
damage to adjacent buildings.
Ger settlements in bags 6 and 7 expand on hilly areas (220 hectares) with 1 - 4 % slope. The
entire area is drained by three open channels that discharge into the subsurface channels of
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Old Darkhan. On the basis of the analysis of a characteristic plot, the impervious area has
been set to 20 - 25 %. The catchment area has been determined by existing morphology.
For hydrodynamic modelling in urban catchment areas, hydrological data, preferably in short
intervals, is required. Precipitation data of past 3 years was available from two MoMo
meteorological weather stations (15 minute intervals).
The usefulness of a stormwater network is defined by the likelihood of flooding. In catchment
areas of the size of Darkhan, flooding is usually caused by rainfall of 15 minutes to 1 hour
duration. Through statistical analysis of all 15 minute intervals of the weather station,
approximate rainfall intensity has been calculated that allows for conclusions of the local rain
yield factor to be made.
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Figure 4-61: Rainfall intensity.

Figure 4-61 shows rainfall intensity of different durations and probability of recurrence, e.g.
15 minute rainfall duration and probability of recurrence 1.0/a gives a figure of 6.2 mm (69
l/(s*ha).
Long measurement series can be statistically analysed by using double logarithmic regression.
Due to the relatively short series for Darkhan, extreme values have been allocated according
to their frequency. With data from the meteorological weather station a so called Euler model
rainfall has been generated to be used for hydrodynamic modelling.
Service Life Modelling and Rehabilitation Strategies
Changes in the structural condition of a DSS can be projected by service life models that are
based on data of the DSS, e.g. actual condition, material, year of construction, failure rate.
Service life models display the statistical distribution of reaches into different condition
classes differentiated by the remaining life expectancy and how it changes over time.
Depending on distribution into the condition classes, the costs of rehabilitation at a certain
point in the future can be calculated.
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Table 4-17: Definition of Condition classes.
Condition class

Description

Examples

CC1

Extreme Defect

Collapse, Blockage > 50 %, Crack > 10 mm

CC2

Serious Defect

Hole > 75 cm2, Blockage > 35 %, Crack > 5 mm

CC3

Average Defect

Hole > 10 cm2, Blockage > 20 %, Crack > 2 mm

CC4

Small Defect

Hole < 10 cm2, Blockage > 5 %, Crack > 0,5 mm

CC5

Minor Defect

Blockage < 5 %, Crack < 0,5 mm

Due to the costs, rehabilitation of drains and sewers is generally limited to condition classes
CC1 to CC3. In Europe, defects of condition class CC3 are predominantly rehabilitated with
reparation robots and renovation using inliner. These methods are not in use in Mongolia and
therefore only condition classes CC1 & CC2 are considered for the rehabilitation strategies
for Mongolia, using the methods of renewal or part-renewal.
The value of a DSS can be given as a relative figure, the relative asset value AVrel. It is the
asset value (or current market price) at the rate of the replacement cost. The asset value is
mainly influenced by the condition of the network and the remaining life expectancy. The
replacement cost is the cost to reconstruct the entire network:
AVrel = Asset Value / Replacement Cost
On the basis of service life models, different rehabilitation strategies can be analysed and used
as a decision support system for investment decisions that are based on technical and
economical considerations.
Due to missing surveys on the actual structural condition of the DSS in Darkhan, assumptions
had to be made. These are based on previous experience in Germany, especially with DSS in
East Germany that have been constructed and operated under similar conditions: quick and
short construction periods after the 2nd World War and minor reinvestments.
Assumptions:
x Life expectancy LE = 80 years (similar to sewer network in former East Berlin)
x Distribution into condition classes according to service life models determined by sewer
networks in Germany with similar distribution of construction period, network
dimensions and installation conditions
Three Rehabilitation strategies for the period 2010 to 2050 have been analysed:
Strategy 1 „No Investment“:

No investments into the DSS are made. Only inevitable
reparations are undertaken.

Strategy 2 „Static Renewal“:

The condition of the DSS is checked with an inspection
system and regular renewals of defective pipes and
manholes are made (1.5 % of total length / year).

Strategy 3 „Asset Value“:

The relative asset value is kept at a minimum rate of AVrel.
= 0.5 and the rehabilitation length is adapted yearly
according to the relative asset value.
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Ger Development Alternatives
For the urban ger settlements in Darkhan three development alternatives have been planned
and analysed. For reasons of clarity, planning has been limited to the “Habitat” ger settlement
but results can be taken as guidance for other ger settlements in Darkhan and other parts of
Mongolia.
Table 4-18: Ger Development Alternatives.
Alternative 1

Alternative 2

Alternative 3

Drinking Water Supply

Connection to
central grid

Connection to
central grid

Connection water kiosks to
central grid; bathing
houses combined with
water kiosk

Sewer Sytem / Sanitation

Connection to
central grid

Decentralised
wastewater treatment

Wastewater collection in
watertight pits and regular
cleanout and
transportation to WWTP
with trucks

The analysis of alternatives considers the following aspects:
x Construction and operation costs
x Necessary yearly investments and financing costs
x Reliability of supply
x Hygienic conditions
x Environment
x Technology
x Time-saving benefits
Global Environment Programme (GEO-4) and Future Water Use Scenarios
Since 1997, United Nations Environment Programme (UNEP) has produced Global
Environment Outlook (GEO) reports providing assessments of the interactions between
environment and society.
The fourth assessment, Global Environment Outlook: environment for development (GEO-4),
is the most comprehensive GEO process to date. It was designed to ensure synergy between
science and policy, while maintaining its scientific credibility and making it responsive to
policy needs and objectives.
GEO-4 provides data of population growth rates in Mongolia according to various scenarios.
This can be used as a basis for private water use scenarios. Two scenarios have been selected,
Market First and Sustainability First. For both scenarios assumptions regarding pessimistic
(Scenario 1), optimistic (Scenario 2) and medium (Selected) sub-scenarios are made.
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Table 4-19: Scenario Assumptions Private Water Use.
Market First
Scenario 1
75%
Urban growth rate share
25%
Ger growth rate share
1%
Annual ger reduction
Annual improvement water supply infrastructure
0%
Annual adaption to water saving technologies
0%
1%
Annual improvement water supply infrastruct ger

Scenario 2
50%
50%
0%
1%
1%
2%

Sustainibility First
Selected
65%
35%
0,5%
0,5%
0,5%
2%

Scenario 1
75%
25%
2%
1%
1%
2%

Scenario 2
50%
50%
1%
2%
2%
4%

Selected
60%
40%
1,5%
1,5%
1,5%
3%

Growth rate share gives the percentages of where the additional population is going to settle;
in apartments and connected family homes (urban) or in ger settlements without centralized
water and waste water infrastructure (ger).
Annual improvement in water supply infrastructure gives the figure by which rate water
losses can be reduced every year, e.g. due to repair of leaking pipes etc.
Annual adaptation to water saving technologies gives the figure by which the rate of water
consumption can be reduced every year, e.g. due to repaired and modernised toilets, showers
etc.
The terms “Market First” and “Sustainability First” are derived from GEO-4 scenarios, but
are misleading when attributed to public utilities. In the presented context “Market First” is
more-or-less described as “continue business as usual”. A faster rate of improvements is
attributed to “Sustainability First” better described as “innovative improvement under market
conditions”. An example of a transformation to sustainability under market conditions is
former East Berlin: in socialist time water supply was near to free of charge. 20 years later
huge investments have created long-lasting assets with increased level of service, high water
tariffs have cut water consumption to one third – all this under the condition of self reliant
enterprises.

4.9.5 Transfer of Methods to other Catchment Areas
The following recommendations for the transfer of used methods to other catchment areas can
be given:
The used methods are appropriate
-

Collection and preparation of data is difficult and time-consuming; basic data needs to
be prepared and/or digitalised; all findings are carefully validated.

-

Experiences of local engineers and technicians, especially of the operator, are
inevitable and close collaboration is required

-

Detailed planning needs knowledge of all local boundary conditions; close
collaboration with local personnel is necessary.

-

Collaboration and/or knowledge transfer with other projects and NGO’s in the project
area are preferred so that information can be gained and given first hand and synergy
effects might be used.

-

In ger settlements communities can give important input for planning and design.
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4.9.6 Results
General Operation of Drain and Sewer System
Sewer Network Operation
During and after rainfall, waste water discharge increases considerably. The increase is
caused by extraneous water that flows into the system because of faulty connections, defects
in the sewer network and inflows through manhole covers. An inspection of the network, e.g.
with a CCTV camera system, has not been done and the structural condition of the network is
unknown to the operator. There is no sewer rehabilitation strategy or risk management in
place and Stakeholders and decision makers are not aware of the need for regular reinvestment in the sewer system.
The waste water pumping stations are fitted with pumps and generators that are now out-ofdate. The pumping performance cannot be regulated and therefore is inefficient. In the case of
increased waste water quantities, pumping stations are overloaded and waste water is partly
redirected into emergency spillways and discharged untreated into the Kharaa River. The
reason for the overload is due to inadequate equipment in the pumping stations or inadequate
provision of electrical power. Spare parts for the pumps and generators are increasingly more
difficult to obtain and are often taken from discarded equipment. The pumping stations are
permanently manned with personnel so that together with the inefficient electrical equipment
operational costs are high. There is no connection to a centralised operating system.
The waste water pressure pipes from the industrial zone to New Darkhan, Old Darkhan and
the WWTP burst regularly (3 times in the years 2004-2008). This leads to the uncontrolled
disposal of substantial amounts of untreated waste water (pump station 1: 2,000 m3/d; pump
station 2: 10,000 m3/d). The environment and public health are exposed to high risks.
Urban Ger Settlements
About 36 % of the registered population in Darkhan live in Ger settlements. Drinking water is
predominantly provided by water kiosks delivered by USAG. A waste water infrastructure
has not been built. Self-built unsealed traditional pit latrines without cleanout are used on
every family’s compound (Khashaa). Urine and faeces leak from the pit latrines into the
ground. Stormwater is not collected in most ger settlements.
In the ger settlements within the flood plain west of the railway line, the ground water level is
only 2 to 4 m below the surface. Therefore most families use private wells on their
compounds as an additional water source. The quality of this water is not controlled and
contaminations from the pit latrines can not be ruled out. The population is exposed to high
health risks. The latrine pits are around 2 -3 m deep and are used for around 2 – 4 years. At
full capacity, it is then covered over and a new latrine is dug up a few meters from the old
one.
9 no. of water kiosks including their connection to the drinking water network were financed
by the Asian Development Bank in 2003 in the ger settlement east of the market in Old
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Darkhan, bag 7. Due to improved access to safe drinking water (availability, short distances) a
significant increase in water consumption per capita has been noticed. Sanitation has not been
improved in these areas so an increased risk of disease outbreak emerges (e.g. hepatitis).
Although the cost per litre drinking water in water kiosks is about 5 times higher than the cost
for apartment dwellers, the revenue is just high enough to operate the kiosk. This is due to
increased costs for the kiosk operator and delivery costs.
Stormwater Network
The open channels are regularly blocked with solid waste, discarded by nearby living
residents, and pipes are regularly blocked with sediment. In addition, open channels are used
as driveways and crossings over open channels lead to demolitions of banks. Blocked and
demolished channels and pipes cause regular flooding in residential areas near the market in
Old Darkhan and main roads in Old and New Darkhan. As a result, basements of particular
apartment blocks are filling up with stormwater. This causes ascending moisture in walls that
leads to mould-infested apartments and thus health risks.
Responsibilities for failures of the stormwater network, causing flooding and erosion, are not
allocated to the operator and therefore well arranged maintenance procedures are not
perceived to be of great significance.
Apart from main roads, most impervious surfaces are not connected to the stormwater
network. Another problem of blocked stormwater channels are the development of severe
gully erosions of up to 3 meters deep to the north of New Darkhan. These will enlarge further
if no measures are taken and could subsequently cause landslides.
Structural changes and strategic planning are not being pursued due to the lack of engineers
and skilled personnel. There is no obvious proactive approach in order to change significant
problematic areas.
Commercial Aspects of the Network Operation
The cost for the operation of the sewer system is obtained by revenues from user charges. All
additional costs e.g. repair of equipment, re-investments and extension of the network, are not
affordable with operational revenues. Financing by means of loans is uncommon, although
investments would either have a cost-saving effect or increase revenue. As a result,
investment decisions are only made by the Mongolian government or foreign donors.
There are several reasons for the lack of financial resources for investments:
x Inefficient electrical equipment causes high operational costs
x Only 50 % of connected private consumers are registered by the operator
x 5 % of registered private consumers have water meters and are billed according to
consumption
x 95 % of registered private consumers are billed a lump sum for an average water use of
265 l/cap/d
x Only 80 % of billed consumers pay for services
x Water and waste water tariffs are set by local government; utility operators are not given
full responsibility
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x
x

Water and waste water tariffs are too low to give consumers incentives for the use of
water (and waste water) saving technologies and for the change of consumption habits
Extraneous water causes higher operational costs

Due to the lack of user fees, no revenue is gained for the operation of the stormwater network.
The local government is responsible for the operation, but the provision of financial resources
and personnel is inadequate.
Hydrodynamic Modelling of the Sewer System
Model is validated by comparison with operation data of pumping stations and singular flow
measurements. The DSS database, which contains all relevant information about the Sewer
System, is the basis for the hydrodynamic modelling and calculation with the software
Kanal++ and DYNA.
The calculations produced the following results:
x Currently no serious overload of the sewer network
x Potential critical points have been identified and need to be monitored
x Validation of the model needs finetuning in the following steps

Potential overload

Figure 4-62: Extract from hydrodynamic model of sewer system in New Darkhan and potential overload.
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Hydrodynamic Modelling Stormwater
Surface stormwater runoff and stormwater transport in the drainage system is computed in
separate models. The given urban stormwater drainage system is charged by a model rainfall
with a frequency of approximately once a year and with “real” recorded rainfall dated August
2007. Another main input to the model is the effective area (e.g. paved area) with surface
runoff drained by the stormwater system. Assuming a frequency of once a year, all rainfall on
permeable areas percolates. To a smaller part the surface runoff is affected by evaporation,
surface wetting and filling of surface depressions. Computation of surface runoff uses an
approach with a linear storage model. For each section the individual length of an effective
runoff area is calculated; runoff velocity is determined by surface slope and surface
roughness.
Stormwater transport in the drainage system is computed with a hydrodynamic method on the
basis of the Saint Venant equations. At each manhole dynamic water levels are specified. The
condition at a manhole from one point in time to the next is computed by inflow and
discharge from the drainage sections. Surface runoff is evenly allocate to the section and
gives a constant inflow per time step. A further precondition for the transport model is the
condition of continuity: everything what flows into a given volume element either flows out
or increases claimed volume.
Urban stormwater runoff is best analysed by manhole overflows. The load case with rainfall
data dated August 2007 counts the greatest number of overflows. Most of them are caused by
undersized flow capabilities of starting sections (e.g. 150 mm diameter), that are not
necessarily addressed by a hydraulic master plan. These deficiencies are rather avoided by
planning standards such as a minimal diameter for public stormwater drainage sections.
300 mm is an acceptable diameter to ensure basic operation needs.
The results of these calculations do not reflect observed flooding at the Market in Old
Darkhan, because these occur due to inadequate maintenance of open stormwater channels.
These are often clogged by sediments and illegally disposed rubbish / waste. At the Market in
Old Darkhan the structure of the open channel is practically demolished by crossing vehicles.
As a result stormwater runoff exits its designated path and flows directly into the basement of
an apartment building. In August 2007 the basement was filled with stormwater up to the
ground level; the walls were soaked with water and humidity creeping up the walls caused
mildew. This example shows that inadequate maintenance of public structures can lead to
remarkable private losses. In future, public utilities in Mongolia will possibly be made liable.
In the context of stormwater management the legal reforms in Mongolia in the nineties will be
a key driver for improvements in terms of security against stormwater flooding.
The failure of maintenance is self evident at the open channels embracing the industrial zone:
at several places the caved in embankments prevents stormwater flow. On the hillside
adjacent to New Darkhan erosion caused a three meter deep gully deviating stormwater to
urban area. Proactive maintenance schemes can avoid such occurrences with an effort costing
a fractional amount compared to investments necessary to rehabilitate the drainage system
topped by compensations for subsequent damages.
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Service Life Modelling and Rehabilitation Strategies
Current Condition
The current structural condition of the sewer network has been determined by using
assumptions based on experiences in Germany. Year of construction, life expectancy and
service life models are the main influencing variables. The
2006
distribution of the condition classes is acceptable for a sewer
network that is in use for many years.
CC5
23%

The relative asset value can be calculated to AVrel = 0.6 for the
year 2006.
Although only little reinvestments into the sewer network have
been made, the distribution of the condition classes and the
relative asset value reflect a relatively good condition of the
sewer network. This is due to the young age of the sewer network.

CC1
35%

CC4
15%
CC3
18%

CC2
9%

Figure 4-63: Condition Classes 2006.

Strategies und Development of Structural Condition
Strategy 1 „No Investment“
If no investments are made into the sewer network, the structural condition will worsen
continually so that by year 2050 about 90 % of the network will be allocated to condition
class CC1. Costs for required reparation of the sewer network will increase constantly.
The relative asset value will sink to AVrel.= 0.1, see
Figure 4-66. Below AVrel,crit.= 0.2 the operation of a sewer network can not be kept up. A
substantial amount of waste water will be distributed into the ground due to holes and cracks
in the sewer network. This leads to wash-outs around the pipes and further development of
holes and cracks. Beside pollution of the ground, cracks and wash-outs can lead to
destabilisation of the ground and surface collapse. Operating costs of the sewer network will
increase 12-fold (inflation-adjusted, see Figure 4-65).
Strategy 2 „Static Renewal“
In strategy 2, a constant renewal of 1.5 % of the total network is undertaken (about 1,500 m).
For the renewed pipes and manholes, a new life expectancy of LE = 80 years begins. The
breakdown rate can be reduced by 90 % due to planned renewal of defective reaches.
Operating costs for strategy 2 are the sum of renewal costs and reparation costs, and do not
increase until 2050 (inflation-adjusted).
The distribution into condition classes worsens compared with 2006, see Figure 4-64. The
relative asset value sinks to AVrel = 0.4, see
Figure 4-66.
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Strategy 3 „Asset Value“
In strategy 3, the main goal is to keep the relative asset value above AVrel.= 0.5, see
Figure 4-66. This relative asset value guarantees a good long-term balance between renewals
and aging of the network. The required renewals need to be assessed every year and decline
by 2050 (inflation-adjusted).
The distribution into condition classes can be kept at same level compared to 2006, see Figure
4-64.
Strategy 1, 2050
Strategy 2, 2050

CC4 CC5
CC3
2% 1%
CC2 4%
4%

Strategy 3, 2050

CC5
17%
CC4
9%

CC1
58%

CC3
10%

CC 1
89%

CC5
23%
CC1
47%

CC4
11%
CC3
13%

CC2
6%

CC2
6%

Figure 4-64: Distribution Condition Classes year 2050.

Comparison
At the beginning of the period under review, strategies 2 & 3 require substantially higher
expenditures for operation and investments than strategy 1. In Figure 4-65 expenditures are
displayed in relative figures compared to expenditures in 2006.
Yearly
Expenditures

1400%
Strategy 1

1200%

Strategy 2

1000%

Strategy 3

800%
600%
400%
200%
Status Quo 2006 = 100 %

0%
2005

2010

2015

2020

2025

2030

2035

2040

2045

2050

Figure 4-65: Relative change of expenditures (inflation-adjusted).

Expenditures following strategy 1 increase constantly and result in a 12-fold increase by
2050. This is due to near collapse of the entire network.
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At the beginning, expenditures for strategy 2 are 5 times higher than expenditures of strategy
1 but do not increase until 2050. In the next 20 years it can be expected that costs of strategy 2
equal costs of strategy 1. At the end of the period under review, costs of strategy 2 are only
half of costs of strategy 1.
Strategy 3 requires the highest expenditures at the beginning of the period under review (10
times higher than expenditures of strategy 1 in 2006). These expenditures decrease constantly
almost to the level of strategy 2. In about 25 years expenditures of strategy 3 equal
expenditures of strategy 1.
The decrease of the relative asset value as seen in strategy 1 represents the almost entire loss
of the value of the sewer network and requires a complete new construction of the network by
the following generation. In strategy 2, the asset value decrease can be slowed down but still
sinks under the preferable value of AVrel.= 0.5. In strategy 3, the asset value is kept at AVrel.=
0.5. Operation of the network beyond 2050 is made possible without risks and the following
generation has no additional expenditures.
AVrel
100%
90%

Strategy 1

80%

Strategy 2
70%

Strategy 3
60%
50%
40%
30%
20%
10%
0%
2010

2015

2020

2025

2030

2035

2040

2045

2050

Figure 4-66: Development relative asset value.

Uncertainties in the model
The service life model is a simplified version of service life models used in Germany. Due to
the unknown structural condition of the sewer network, the model had to be the simplified. In
general, the used model displays the development of the network that can be expected
following different strategies. However the exact figures cannot be calculated.
Uncertainties mainly lie in life expectancy and the current condition. Only if these
uncertainties are resolved, can the exact required financial expenditures be calculated.
Ger Development Alternatives
Three different alternatives for drinking and waste water development in ger settlements have
been designed and analysed. The one-time construction costs and yearly operation, financing
and reinvestment costs have been calculated.
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Table 4-20 displays costs, given in relative figures, compared with the lowest priced
alternative 3.
Table 4-20: Relative Costs Ger Development Alternatives.
Alternative 1

Alternative 2

Alternative 3

Drinking Water Supply
Wastewater / Sanitation

Central
Central

Central
Decentral

Kiosk
Pit / Truck

Construction Costs
Water Supply
Wastewater / Sanitation
Total

4,1
2,7
3,1

4,1
1,9
2,6

1,0
1,0
1,0

Yearly Costs
Operation / Reinvestments Water Supply
Financing Water Supply
Operation / Reinvestments Wastewater
Financing Wastewater
Total

1,5
16,8
0,9
3,8
2,5

1,5
16,8
0,9
2,7
2,2

1,0
1,0
1,0
1,0
1,0

Alternative 1 is the common water supply and sanitation technology in urban areas in
Germany. Both, drinking water supply and waste water disposal are connected to the central
networks. Construction and financing costs are higher than the other alternatives, but
operating costs and necessary reinvestments are relatively low. The construction of drinking
water and sewer networks can be done by Mongolian construction companies. A precondition
for sustainable use is quality supervision during execution of the works.
Alternative 2 is partly used in rural areas in Germany. A range of decentralised waste water
treatment technologies is in use. Which technology suits Mongolia best needs to be analysed
with pilot installations. The advantage of this alternative is that it doesn’t need the
construction of a costly sewer network. This is a significant aspect especially in rural areas
with long distances to the next sewer network or central waste water treatment plant. A
disadvantage is the use of complex technologies that need constant electrical supply,
monitoring of the cleaning process and maintenance by trained personnel.
Alternative 3 is an advancement of the current situation in ger settlements. All water kiosks
are connected to the central drinking water network so that contaminations in trucks and
storage tanks can be eliminated and failure of delivery can be avoided. For improved hygiene
conditions, the water kiosks are combined with bath houses. Waste water is collected in
sealed pits or tanks in every household and regularly transported to the waste water treatment
plant using vacuum trucks.
A cost-utility analysis can guide the decision making process. By defining and weighting
criteria for the utility, the best option can be calculated. The weighting has been done so that
financial and non-financial criteria both amount to 50 %.
Table 4-21 shows the used criteria and weighting for each criterion. For each alternative a
mark from 1 to 5 (1=very good, 5=very bad) has be given according to it’s fulfilment of the
criteria.
Alternative 1 and alternative 3 are the best options according to the cost-utility analysis. If the
weighting is set differently, e.g. less on costs but more on time-saving benefits, then the
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analysis will result in a clear recommendation for alternative 1. The selection of criteria and
the weighting should be done in a stakeholder process. Knockout criteria, e.g. exceeding of
certain costs, are not defined in this analysis and would need to be assessed during the
stakeholder process.
Table 4-21: Cost-utility analysis (1=very good, 5=very bad).
Construction Costs
Operational Costs / Reinvestments
Supply Security Drinking Water
Hygienic Condition
Environment
Technology
Time-Saving Benefit

Weighting

Alternative 1

Alternative 2

Alternative 3

25%
25%
10%
10%
10%
10%
10%

5
3
1
1
1
1
1

4
3
1
2
2
4
2

2
1
3
4
3
2
5

100%

2,5

2,9

2,5

4.9.7 Global Environment Programme (GEO-4) and Future Water Use
Scenarios
Within the scenarios “Market First“ (MaF) and “Sustainability First” (SusF) three subscenarios for the private water use have been analysed.
In the scenario “Sustainability First” the
differences between the sub-scenarios are
a maximum 20 % above or below the
starting point. The medium (SusF
selected) scenario shows a slight decline
(7 %) in water consumption. This is
astonishing
because
a
substantial
population growth (about 30 %) is
anticipated by 2050. Improvements in
water saving technologies and water
supply infrastructure make up for the
additional population.

200%
MaF Scenario1
MaF Scenario2

180%

MaF Scenario selected
SusF Scenario1

160%

SusF Scenario2
SusF Scenario selected

140%

120%

100%

80%

60%
2005

2010

2015

2020

2025

2030

2035

2040

2045

2050

Figure 4-67: Private water use scenarios.

Within the scenario “Market First” the differences between the sub-scenarios are much more
substantial (up to 100 %). The increasing private water consumption in sub-scenarios MaF 1
and MaF selected is due to the increasing population and only little or no improvements in
water saving technologies and water supply infrastructure.
The scenarios show that the improvements of water saving technologies and water supply
infrastructure are very important to keep the private water consumption at its current level or
lower. Doubled private water consumption would not only cause much higher operational
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costs for the drinking water supply (e.g. pumping costs) but also overload the waste water
infrastructure and eventually lead to the construction of costly new sewer lines.

4.9.8 Waste water Fees
The fees for waste water are the total of operating costs, reinvestment costs (or rehabilitation
costs) for the sewer network, costs for the development of a waste water infrastructure in ger
settlements and costs caused by an increasing population (and therefore increasing water
consumption).
Development of operating and reinvestment costs has been calculated for different strategies
(see chapter 0). Costs for different alternatives of development in ger settlements have also
been estimated (see chapter 0). These can now be combined with the GEO-4 scenarios
(population growth in urban and ger settlements) and scenarios for the private water use
(chapter 4.9.7). Calculations of the necessary waste water fees and different scenarios for the
years 2010, 2030 und 2050 can be made. The calculations include operating costs, but no
financing costs for rehabilitation works or renewal of the waste water treatment plant.
The following assumptions have been made:

Scenario “No Change”:

Rehabilitation strategy 1 (No investments)
No development strategy for ger settlements financed by USAG
Population growth according to GEO-4 scenario “Market First”
Registered user increase from 50 % to 60 %

Scenario “Market First”:

Rehabilitation strategy 2 (Static renewal)
Development strategy for ger settlements according to alternative 3
Population growth according to GEO-4 scenario “Market First”
Registered user increase from 50 % to 70 %

Scenario “Sustainability First”:

Rehabilitation strategy 3 (Asset value)
Development strategy for ger settlements according to alternative 1
Population growth according to GEO-4 scenario “Sustainability First”
Registered user increase from 50 % to 80 %
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Figure 4-68: Waste water fees.

Figure 4-68 shows the waste water fee for the different scenarios (inflation-adjusted). The
waste water fee in 2010 for the scenario “No Change” approximates the current waste water
fee of the USAG for private households (as of 01.01.2009).
The waste water fee in scenario “No Change” increases constantly due to the increasing
operating costs of the sewer network. In scenario “Market First” the waste water fee needs to
be about 50 % higher in 2010 but can be kept at the same level because costs only slightly
increase and more users can be charged. In scenario “Sustainability First” the initial waste
water fee in 2010 needs to be doubled but will decrease in 2030 and 2050 because operating
costs will decrease and more users will be charged.

4.9.9 Transfer of Results to other Catchment Areas
Rehabilitation strategies and detailed design of rehabilitation measures for sewer networks
require exact knowledge of the structural condition. Without this knowledge, assumptions
have to be made, based on experience with similar networks, and approximate required
investment funds for the next decades can be calculated. Usage of a sewer inspection system
is inevitable for detailed planning and design, and needs to be incorporated into IWRM
projects.
Contrary to the Mongolian government, the UN and many NGO’s, operators of the DSS do
not place enough importance on the development of ger settlements. The importance of
development in ger settlements needs to be recognised by local administration and the local
utility operators, e.g. by creating coordination positions dedicated to planning and
development of ger settlements.
Financing of investments by using credit is not customary. For example the operator has
rejected an offer for credit at a very low interest rate (up to 1.0 % per annum), although
presently there are practically no financial liabilities. Consequently only investments funded
by the national government or foreign donors have been realised. Due to the high amount of
foreign organisations and NGO’s in Mongolia and the high amount of given funds, the
operator does not acknowledge the need of credit as a source of financing projects. Operators
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should be made more aware of the use of credit so that IWRM projects are seen as a support
to find (and not to finance) the best and most effective measures and projects. Close
collaboration between IWRM projects, the local operators and government and international
financing institutions should be targeted.
Operation of the DSS in Darkhan should be more independent from the local and national
government. Know-how and skills need to be built up on a local level (e.g. tendering and
placing) and the related responsibilities and power of decision needs to be given to the local
operator. These institutional changes cannot be part of an IWRM project, but advice can be
offered.

4.9.10

Significant problems, pressures and impacts identified

Ger Settlements
USAG and Darkhan-Uul Aimag government have no long-term strategies or concepts for the
improvement of infrastructure in ger settlements, although improvements are a target in the
City of Darkhan Development Strategy and an important goal in the MDG. The planning
department of the aimag government prefers a resettlement of ger population into apartment
buildings. Considering the situation with ger settlements in Ulaanbaatar, whereby the
inhabitants did not move on as expected, this is unlikely.
The only recent improvements made in water supply and sanitation in ger settlements were
the connection of 9 no. of water kiosks to the central grid, financed by the Japan International
Cooperation Agency (JICA). An improvement solely focused on drinking water supply,
without consideration of waste water issues, may lead to new hygiene and health related
problems.
Sewer Network
The structural condition of the waste water network is unknown and needs to be assessed in
order to develop a sustainable rehabilitation strategy. The assessment should be carried out
through CCTV inspection and damage analysis. A rehabilitation strategy and risk
management need to be developed to prevent total deterioration and severe consequences to
the environment.
Extensions of the existing waste water network, for apartment buildings and in ger
settlements, need to be planned carefully and be in close collaboration with the drinking water
network.
A replacement of faulty and inefficient equipment, e.g. waste water pumps and pressure
pipes, reduces operating costs and risks of environment pollution.
Commercial Management Methods
All strategies for structural rehabilitation and development in the urban waste water collection
and treatment in the City of Darkhan need to be accompanied by capital budgeting. This is an
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important step for a sustainable rehabilitation and development of the waste water
infrastructure.
Stormwater network
Rehabilitation strategies for the stormwater network and reorganisation of the operational
procedures are mainly an institutional issue. Those responsible for solid waste pollutions and
damages to stormwater channels are not held liable. Investments into the immediate
rehabilitation works of the stormwater network can be done with relatively little financial
effort. Long term structural changes and development need to be assessed and accompanied
by organisational changes.
Capacity Building
The USAG has good knowledge about operating the existing drinking and waste water
network but has lack of knowledge in construction and rehabilitation planning and financial
decision making. So far, these skills are not essentially required in Darkhan due to planning
and decisions made by the administration in Ulaanbaatar.
Mean water consumption per capita in Darkhan is about two times higher than in Germany.
Apart from low financial incentives to save water, knowledge about responsible water use and
water saving technologies is not spread widely.

4.9.11

Priorities for action

Ger Settlements
In order to reach the targets of the MDG, a water and waste water infrastructure in ger
settlements needs to be developed. The recent focus on a water infrastructure will increase
problems regarding waste water disposal and related diseases. Strategies for improvements in
ger settlement that include waste water disposal need to be initiated. The current target that
envisions an individual sewer connection for each household is by far not financially feasible.
This study shows that an existing solidarity of apartment dwellers and ger inhabitants, and the
use of low interest credit make it possible to finance improvements to ger settlements.
Apartment dwellers contribute to the community by accepting higher waste water fees that
generate revenue for the development for ger settlements. Ger inhabitants contribute by
financing their house connections and/or internal labour.
In order to start the development of ger settlements, a change in operating the DSS and in
local politics is required. An important first step would be the creation of positions locally that
are dedicated to improving ger settlements. Launching projects that assist the founding of
saving groups or communities in ger settlements is another important step. Examples for
working communities can be found in Erdenet (Project JFPR MON 9106: Community Driven
Development for Urban Poor in Ger Areas).
Based on the cost-utility analysis, the recommendation for ger development is a modular
construction of drinking water and waste water utilities. Firstly the development according to
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alternative 3 (connected water kiosk with bathhouse and sealed pit with vacuum truck
emptying) should be constructed. Connections to water kiosks should be designed in a manner
that extensions of the network can be realised at a later stage, according to alternative 1
(house connection to central network).
Design and planning of the infrastructure should be accomplished using socio-economic
methods (e.g. involve communities, stakeholder processes etc.). Guidance can be found in the
Household-centred Environmental Sanitation (HCSE) guidelines, available at
www.sandec.ch.
Recommended timetable
2010-2020 Pressure pipes to all water kiosks; simultaneous improvement of waste water
infrastructure / hygiene condition
2020-2040 Extension of drinking water and sewer network where applicable, subsequent
construction of house connections
Sewer Network
The rehabilitation and modernisation of the waste water pumping stations and the waste water
pressure pipes are the most obvious tasks in order to cut operating costs, prevent environment
pollution and reduce health risks.
Not so obvious are the sewer network problems, hidden under ground. The service life model
shows that the condition of the network will deteriorate to critical conditions if no measures
are taken. The sooner strategic rehabilitation and renewal works start, the less problems will
emerge.
Initially the current condition needs to be assessed. An inspection system with CCTV is
required in order for the condition of the sewer to be visible above ground and hereupon
detailed rehabilitation work can be planned and realised.
The inspection system should fulfil the following criteria:
x Suitable for sewer pipes, diameter 150 to 1.000 mm
x Recording of inspection (video cassette or hard disk recorder)
x Adapted and robust design
x Adapted catalogue of defects and damages
Recommended timetable
2010-2020 Modernisation of pumping stations; Renewal waste water pressure pipe;
Inspection system; Strategic rehabilitation planning
2020-2040 Rehabilitation works
Commercial Management Methods
Financers of structural rehabilitation and development expect strategies that allow for future
operational and capital expenditures to be financed mainly through user fees. Consumers
therefore are encouraged to conserve resources by reduction of drinking water use
(introduction of water meters) and waste water production.
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The following measures support sustainable and independent operation of the DSS
x Comprehensive installation of water meters and billing according to consumption;
introduction of a new billing system is required to adopt to the comprehensive use of
water meters
x Development of expertise in planning, design, tendering etc. at local level; training and
qualification of engineers and quantity surveyors
x Independence of the utility supplier from political decision-makers and monitoring of
performance by independent authority (e.g. water authority)
Stormwater network
The City of Darkhan needs to set the clear task of maintaining and improving the stormwater
system, and to strengthen financial and human resources. Maintenance procedures also need
to be established. Those responsible for solid waste pollution clogging open channels or
damaging stormwater structures need to be held liable. Incentives to provide local on-site
drainage should be introduced to reduce stormwater discharge of the catchment areas.
Immediate improvement of the stormwater system can be achieved by raising awareness of
this topic.
Compared to the necessary investments into the waste water system, immediate
rehabilitations of the stormwater network can be done with relatively little financial effort.
Long term structural changes and development need to be planned.
Capacity Building
Planning and accomplishment of rehabilitation works require instruction and training in sewer
inspection and evaluation, and expertise in rehabilitation design works. Personnel of USAG
need to be trained in sewer inspection and engineers or technicians need to be employed for
planning, design, tendering and construction supervision. A close collaboration with
universities and vocational / polytechnic schools should be arranged.
Responsible usage of water and the knowledge of the problems concerning waste have to be
improved for a majority of the population. Public knowledge about the water cycle is
indispensably linked to the introduction of water meters, corresponding user charges and the
willingness / ability to pay. Campaigns about responsible water usage should be initiated.
Successful scientific knowledge and tested technologies are related to local conditions. The
diversity of Mongolian conditions has to be classified into groups (without giving up unique
catchment characteristics). Necessary adaptations of locally developed procedures and
measures have to be defined (i.e. stormwater discharge related to local precipitation, network
management to served proportion of population).
Currently, Mongolian water issues are initiated and formed mainly on a national level. The
implementation of locally embedded procedures and measures originate from the IWRM
process. The IWRM process is a pilot project that introduces decentralised structures such as
self depending water operators and locally endorsed objectives. Therefore the IWRM legal
requirements should be defined on a national level, but objectives and implementation should
be executed according to local needs.
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5 Planned activities – Outlook
The main focus for the planned MoMo Phase II is the implementation of IWRM strategies
in the Kharaa River basin as a model region for Mongolia and Central Asia. Based on the
experiences, results, and findings of MoMo project phase I (2006 – 2009) and according to
global scenarios, socio-economic development in Mongolia, regional specifics, and technical
conditions IWRM strategies were defined and now need to be elaborated and implemented.
Partly planned measures are desirable to be supported by transacting investments in a smaller
scale during a second project phase, the other planned measures mostly lead to a preparation
of plans to be presented to Mongolian autorities and ministries and to be of interest by
international financial institutions.
Many IWRM strategies are based on model results or see the improvement of actually used
models to define future needs more precisely. The development of new models allowing the
definition and review of alternative scenarios and thus facilitating the more sustainable use of
water resources in the country in the future is essential and a major topic for future research
activities. The MoMo scenarios are envisioned as decision support tools for the Mongolian
Water Authority and relevant ministries to define and develop a sustainable IWRM strategy in
the Kharaa River Basin. Such a strategy could be duplicated for application in other
comparable basins in the country in the subsequence. Then additional data sets about
hydrology, water quality, land use, ecology, as well as about water and waste water
infrastructure are needed.
Another main objective of a following phase consists in establishing an effective
environmental monitoring system in many respects. For the realization of this objective a
first aspect is a hydrological monitoring coupled with the adaptation to changes in
hydrological cycle due to climate change, the installation of state-of-the-art river dischargegauges (Kharaa basin outlet, headwaters) with online data connection, permanent discharge
observations in main tributaries, the expansion of permanent meteorological station network
for measurement of precipitation and temperature (usable for hydrological and floodforecasting models).
A second aspect of monitoring is concerned with the establishment of a groundwater
monitoring system, i.e. measuring groundwater level, taking water samples, usage of
corresponding laboratory equipment, analyzing water quality, and data processing.
The next viewpoint within the monitoring arises in connection with climate change and land
use related to it. Here, high performance PC and special software packages are needed for
processing satellite images and to perform a subsequent management and visualization such
that authorities are able to monitor changes and prepare decisions. Also a more efficiently
water use monitoring and documentation of water flow and abstraction quantity in agriculture,
mining, and industry is necessary.
The water quality issue of ground and surface waters already mentioned above is one of the
most important features within the monitoring. This fourth facet of the environmental
monitoring system is on the one hand concerned with protection and investments measures to
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avoid direct nutrient inputs to river courses and to avoid erosion of arable land. A further goal
is setting up a river basin council responsible for preparing and making decisions as well as
supervising concerning river basin management plans. On the other hand the river ecology is
also strongly related to water quality and an intensive survey for detection of contaminants in
ground and surface waters is necessary. In this subject, e.g. based on monitoring remediation
strategies can be developed and an ecologically oriented management of mines is needed to
avoid contamination of the environment with toxic substances and suspended sediments in
surface waters.
The monitoring continues in water and waste water systems. In the drinking water supply
system of Darkhan city a priority objective is to detect leakages in order to elaborate
rehabilitation strategies for water supply infrastructure. Another desirable goal is the water
metering at consumers/groups of consumers (e. g. apartment blocks) to have a more precise
model of the drinking water supply system for calculation of management strategies.
Concerning the waste water system the monitoring of effluent parameters is most essential by
water quality analysis in laboratories.
Table 5-1: Overview of planned activities for MoMo Phase II in the field of Monitoring.

Medium

Research interest and relevant monitoring aspects

Ground water

Quantity, quality, danger defense and modelling of toxic substances

Drinking water

Quantity, quality, risk management

Waste water

Quantity, quality of urban and mining waste water,

Surface water

Hydrology, biological parameters (fish and macroinvertebrates), water
quality, anthropogenic impacts, priority substances,

Land-use

Land-use dynamics, erosion intensity, soil ecology

Land cover

Vegetation dynamics, riparian vegetation

Air

Hydro-climatic conditions, trend in permafrost

The third aspect of future activities is of high relevance. The implementation of many IWRM
strategies is not possible due to the lack of environmental knowledge in natural and
engineering sciences. The capacity building in academic, technical/operational and
administrative sectors is therefore needed and must accompany all IWRM implementation
activities in MoMo.
Firstly, a capacity building on national wide monitoring programms (universities, important
administrative institutions) is necessary. This includes knowledge transfer about e.g. sampling
strategies, good laboratory practice, quality assurance, remote sensing based monitoring
activities, establishing an effective environmental monitoring system. Not only by project
partners but also by the educational system (schools) and by public media pupils and the
population in general must be sensibilised to a careful usage of water resources, to the effort
regarding drinking water supply and waste water treatment, and to prevention of water and
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soil contamination, e.g. by collecting and orderly depositing waste. Also the management of
recreational fishing activities needs to be addressed in public. Secondly, at regional/local level
capacity building is required as well. Here main tasks are seen in strengthening the State
Professional Inspection Agency Darkhan, improvement of existing laboratory capacities in
Darkhan, training of Mongolian water engineers and water utility staff in handling laboratory
and mobile equipment, all with respect to water quality surveillance.
Table 5-2: Overview of planned capacity building activities on different levels.

Sector

Topics

Academic

IWRM-Principles, Water Management, Basics and methods in Hydrology,
Climatology, Hydrobiology, Assessment methods, Model structures,
functions and tools, Demography, Groundwater, Waste water treatment …

Technical and
operational

Groundwater monitoring, water quality monitoring, canal inspection …

Administrative

Guidance in sustainable water resource management, set-up of a WebGIS for
the Kharaa river basin, quality assurance in water analyses …

Integrativ

Study-Tour in Germany, seminars and workshops within the IWRM-context
…

page 174

IWRM in Central Asia – Model Region Mongolia (MoMo): Final Project Report – September 2009

6 Appendix
6.1 Data basis for the IWRM Project in the Kharaa River Basin
Data that were used by different working groups for modelling, calibration and validation as well as for simulation are listed in the following
tables. Most of the data are available at the MoMo-Website (www.iwrm-momo.de) or are available on request from the contact persons listed.

University of Kassel, Center for Environmental Systems Research (CESR), Department “Global and Regional
Dynamics (GRID)”
Table 6-1: Data used by the WaterGAP model (Mongolia and Central Asia).

Format, spatial /

Data categories

Dataset Provider

Aquisition/
creation date

temporal resolution

Spatial Coverage

Climate Data

CRU TS.2.1

2005

Grid, 0.5°, 1901-2002

global

Climate Scenario Data SRES, ECHAM5 & HadCM3

Max Planck Institute (MPI)

2007

Grid, 0.5°, 2000-2100

global

River Discharge

Global Runoff
Data Center
(GRDC)

2006

Txt, 1901-2002, monthly

global

Landcover

Global Land
Cover
Characterization
(GLCC)

Grid, 5’

global

Water Use: Irrigation, Livestock, Domestic, Industrial

Center for
Environmental
Systems
Research (CESR)

1998 -2008

Grid, 0.5°, 1901-2002

global

Mining: Locations and License Areas

Mineral
Resources and

2006

Shapefile

Mongolia

page 175

IWRM in Central Asia – Model Region Mongolia (MoMo): Final Project Report – September 2009
Petroleum
Authority
(MRPAM)
Gold Mining Water Use

Water Authority

2007

Txt, annual

Mongolia

Permafrost

Circumpolar
Active Layer
Monitoring
(CALM)

2008

Shapefile

global

Table 6-2: Data used by the regional land-use change and hydrological model (Kharaa basin).

Data categories

Dataset Provider

Aquisition/
creation date

Format, spatial /
temporal resolution

Spatial
Coverage

Landuse / Landcover (classified Landsat
satellite images)

CESR

2007

Raster, 30m/ 1km,
1989/2000

Kharaa

Landuse / Landcover (simulated)

CESR

2008

Raster 1km, 1989 - 2006

Kharaa

Biomass, yields

CESR

2008

Raster 1km, 1989 - 2006

Kharaa

Soil properties
(pH, texture, BD, C/N …)

Soil Science Laboratory, Institute of
Geography, MAS / CESR

2008 / 2009

Shapefile / Raster

Kharaa

Aimag boundary

Administration of Land Affairs, Geodesy and
Cartography (ALAGC)

2006

Shapefile

Mongolia

Aimag center

Administration of Land Affairs, Geodesy and
Cartography (ALAGC)

2006

Shapefile

Mongolia

Soum center

Administration of Land Affairs, Geodesy and
Cartography (ALAGC)

2006

Shapefile

Mongolia

Soum boundary

Administration of Land Affairs, Geodesy and
Cartography (ALAGC)

2006

Shapefile

Mongolia

Kharaa Subbasins

CESR

2007

Shapefile

Kharaa
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HydroSheds – Digital Elevation Model

World Wildlife Fund (WWF)

2006

Raster, 90m/1km

Kharaa

Statistical Yearbooks

National Statistical Office (NSO), Mongolia

1999, 2000, 2001,
2002, 2005, 2007

Paper print, digital

Mongolia

Livestock statistics

National Statistical Office (NSO), Mongolia

1989 - 2007

.xls

Soum / Kharaa

Population statistics

National Statistical Office (NSO), Mongolia

1989 - 2007

.xls

Soum / Kharaa

Settlement arae

CESR

2008

Shapefile

Kharaa

Runoff Buren Tolgoi

CESR/University Darkhan

1991-2006, daily

Runoff Baruunkharaa

CESR/University Darkhan

1951-1993
1995-2006, monthly

Gesellschaft für Technische Zusammenarbeit (GTZ) / CESR

1:100.000 (.TIFF, .geoTiff)

Kharaa

topographic maps
(all maps from M 48)
Daily station data of precipitation,
temperature, rel. humidity, radiation,
sunshine duration, wind speed for approx.
30 stations

Inst. Meteorol. and Hydrol., UB (IMH) /
National Agency for Meteorol., Hydrol. and
Environment Monitoring of MN /
National Climate Data Center (NCDC)

2007/2008

1986-2006

Kharaa plus suroundings (50-100
km)

Spatial interpolation of meteorol. data on
1 x 1 km² grid

CESR

July, 2008

1986-2006

Kharaa

Daily runoff data of Kharaa (Baruunkharaa,
Darkhan)

IMH

2007

1986-2006

Meteorol. data of 2 weather stations of
CESR (15 min) within Kharaa catchment

CESR

2007/2008

2006(2007)-2008
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Eddy covariance data, soil temperature,
soil moisture (30 min) of field campaigns in
central and northern Mongolia

CEOP / GAME AAN

2006

2002-2003

Version 0 of a soil map, based on “Soils of
Mongolia” and soil profiles

Mongolian Academy of Science, Inst.
Geography / University Kassel

May, 2008

Shapefile, raster

Kharaa

Soil moisture (10day- time series) of 9 sites
in Kharaa catchment

IMH / Global Soil Moisture DB

2007

1960s - 2002

Kharaa (Mongolia)
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Leibniz Institute of Freshwater Ecology and Inland Fisheries (IGB)
Table 6-3: Data used for land use and modelling of nutrient emissions (data created by own measurements and GIS analyses).

Data categories

Dataset
Provider

digital Riversystem

Format, spatial /
temporal resolution

Spatial Coverage

IGB

Shapefile

Kharaa

specific runoff (l/s*km²)

IGB

Shapefile

Kharaa

Soum population

IGB

1981-2007

Soum Livestock

IGB

1989-2007

in situ measurements of conductivity, temperatur, pH, oxygen and
nutrients

IGB

2007-2008

Kharaa

water analysis of hevy metals at the laboratory in Ulaan Baatar

IGB

2007-2008

Kharaa

water analysis of nutrients at the MoMo office in Darkhan

IGB

2007-2008

Kharaa

water analysis of nutrients at the laboratory of IGB

IGB

2007-2008

Kharaa

water analysis of heavy metals at the
FUGRO Laboratory Berlin

IGB

2007-2008

Kharaa

soil analysis for heavy metals by FUGRO Laboratory Berlin

IGB

2007-2008

Kharaa

Atlas of the Climate and Ground Water Resources in the Mongolian
Peoples Republic (1985)

IGB

Atlas

Mongolia

Regional Scheme Complex Utilization and Water
Resource Protection of Selenge River Basin (1986)

IGB

Atlas and 2 books

Selenga
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Table 6-4: Data used for land use and modelling of nutrient emissions (data provided by project partners and international available sources).

Data categories

Dataset Provider

Aquisition/
creation date

Format, spatial /
temporal resolution

Spatial
Coverage

Aimag boundary

University Kassel

Shapefile

Aimag center

University Kassel

Shapefile

Soum center

University Kassel

Shapefile

Soum boundary

University Kassel

Shapefile

Kharaa Subbasins

University Kassel

Shapefile

Landuse in Kharaa River Basin

University Kassel

Basegrid, 1*1km

Kharaa

SRTM

CGIAR Consortium for Spatial Information
(CGIAR-CSI)

2004

DEM 100m

Selenga

University Kassel

2001
2002
2005

Statistical Yearbooks
e.g. adimistrative units, population,
agriculture, industry,income, environmental

Mongolia

crop yield and livestock
Aimag administration

Administration of Aimag centre

Population density

Global Population Database Landscan 2000,
Oak Ridge National Laboratory

Runoff Buren Tolgoi

University Kassel/University Darkhan

1991-2006, daily

Runoff Baruunkharaa

University Kassel/University Darkhan

1951-1993
1995-2006, monthly

National Atlas of Mongolia

University Kassel

topographic map 1:100.000
all maps from M 48

GTZ / University Kassel

2000-2005

2002

1990

page 180

Zuunkharaa Soum,
Darkhan Soum,
Khongor Soum,
Baruunkharaa Soum

Mongolia
1:100.000 (TIFF)

Kharaa

IWRM in Central Asia – Model Region Mongolia (MoMo): Final Project Report – September 2009

University of Kassel, Center for Environmental Systems Research, Department for Integrated Water Ressource
Management (INTEGER)
Table 6-5: Data used for the assessment of the ecological status of streams and rivers in the Kharaa River basin.

Format, spatial /

Dataset
Provider

Aquisition/
creation date

point scale

about 20 sampling
sites along River
Kharaa and River
Eroo

#

Data categories

1

Fish species lists, abundances, size class distribution,
reproduction

INTEGER

5 surveys:
2006 - 2008

2

Benthic invertebrate species lists, abundances, biomasses

INTEGER

5 surveys:
2006 - 2008

point scale

see row # 1

3

Diatom species lists, abundances

INTEGER,
National University
of Mongolia

5 surveys:
2006 - 2008

point scale

see row # 1

4

Questionary on fisheries, management acceptance, land use
tendencies

INTEGER

May/June 2007
Aug./Sept. 2007

point scale

see row # 1

5

Hydromorphological survey (river course, longitudinal profile,
cross profile, bed structure, bank structure, riparian zone,
substrate, bottom shear stress)

INTEGER

Aug. 2006

point scale

see row # 1

6

In situ measurements of stream Conductivity, Temperature,
pH, Oxygen, Ammonium, Nitrite, Nitrate, Phosphorous, Silica,
Suspended Solids, Total hardness, Turbidity

INTEGER

5 surveys:
2006 - 2008

point scale

see row # 1

7

In situ measurements of stream temperature

INTEGER

August 2006 - ongoing

point scale; 30 minutes
temporal resolution

3 sites in the
Kharaa River
Basin
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8

Laboratory Analysis of water constituents: total phosphorous,
total nitrogen, total inorganic nitrogen, total organic carbon,
dissolved organic carbon, dissolved inorganic carbon, fluoride,
chloride, bromide, sulphate, sodium, potassium, calcium,
magnesium, heavy metals (As, Pb, Cd, Cr, Cu, Hg, Ni, Zn)

INTEGER

5 surveys:
2006 - 2008

point scale

see row # 1

9

Laboratory analysis of heavy metals in river sediments: As,
Pb, Cd, Cr, Cu, Hg, Ni, Zn

INTEGER

5 surveys:
2006 - 2008

point scale

see row # 1

point scale

about 10 sampling
sites in the Kharaa
River Basin and
Eroo River Basin

point scale

2 weather stations
in the Kharaa
River Basin

10

River runoff: single point measurements

INTEGER

5 surveys:
2006 - 2008

11

Weather data: air temperature, solar radiation, precipitation,
air pressure, relative humidity, wind speed, wind direction

INTEGER

May 2006 - ongoing /
Aug. 2007 - ongoing

Table 6-6: Data used for the assessment of the ecological status of streams and rivers in the Kharaa River basin (data provided by project partners and
international available sources.

Data categories
Kharaa Subbasins

Dataset Provider

Aquisition/
creation date

University Kassel – GRID Group

Statistical Yearbooks

University Kassel – GRID Group

River Runoff Buren Tolgoi

Format, spatial /
temporal resolution

Spatial
Coverage

Shapefile
2001
2002
2005

book

Mongolia

University Kassel – GRID Group

1991-2006, daily

point scale

River Runoff Baruunkharaa

University Kassel – GRID Group

1951-1993
1995-2006, monthly

point scale

topographic map 1:100.000
all maps from M 48

GTZ Mongolia

1:100.000 (TIFF)

Kharaa

2006
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Technical University Ilmenau
Table 6-7: Data used for the assessment and modeling of groundwater (acquired and measured by the TU Ilmenau).
Dataset /
Dataset Provider

Date / Duration

cross section / drilling
profile well USAG 12-18

USAG Darkhan

cross section / drilling
profile well USAG 1-11

Resolution

Format

Scale

Notes

Ca. 1990

paper

well

Russian, German comments

Dr. Jadambaa, Acedemy
of Sciences, Mongolia

1965

paper

well

Russian, German comments

drilling report
well USAG 1-11

Dr. Jadambaa, Acedemy
of Sciences, Mongolia

1965

paper

wells USAG

Russian, German

hydrogeological report
Professor Batsukh

Professor Batsukh, MUST
Ulaanbaatar

2007

paper,
handwritten

Kharaa
catchment

Mongolian

ground water quality

USAG Darkhan

2006, 2007 (partly)

weekly,
monthly

XLS

wells USAG

Mongolian, English

SRTM - Digital
Elevation Model

NASA

2000

90m /
3 arc seconds

HGT, ASC,
TIF

Kharaa
catchment

Ground water extraction
USAG

USAG Darkhan

2007, 2008 (party)

Daily

ground water level in
well USAG 3

TU Ilmenau - MoMo

15/06/2007 - 12/08/2008

15 minutes

LEV, CSV

well

some data missing because
of activities USAG

ground water level in
well USAG 10

TU Ilmenau - MoMo

15/06/2007 - 12/08/2008

15 minutes

LEV, CSV

well

some data missing because
of activities USAG

ground water level in
well USAG 19

TU Ilmenau - MoMo

15/06/2007 - 12/08/2008

15 minutes

LEV, CSV

well

ground water level in
well PowerPlant 8

TU Ilmenau - MoMo

15/06/2007 - 12/08/2008

15 minutes

LEV, CSV

well

short description
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air pressure
(at well USAG 3)

TU Ilmenau - MoMo

09/06/2007 - 12/08/2008

15 minutes

LEV, CSV

Darkhan

Table 6-8: Data used for the assessment and modeling of groundwater (data provided by project partners).

Dataset / short description

Dataset Provider

Kharaa catchment borders

Date / Duration Resolution

Format

Scale

Notes

University Kassel

SHP

Kharaa catchment

Kharaa subbasin borders

University Kassel

SHP

Kharaa catchment

runoff Kharaa / Baruunkharaa

University Kassel

1986-2006

daily

XLS

point

runoff Kharaa / Buren Tolgoi

University Kassel

1986-2006

daily

XLS

point

precipitation Darkhan

Inst. For Meteorology and
1986-2006
Hydrology, Ulan Bator

daily

XLS

point

partly

temperature Darkhan

Inst. For Meteorology and
1986-2006
Hydrology, Ulan Bator

daily

XLS

point

partly

GTZ? / University Kassel

1:100.000

TIFF, JPG

partly referenced

1:1.000.000

TIF

partly referenced

topographic map 1:100.000 –
all maps from M 48
hydro-geological map of Mongolia
BGR? / University Kassel
1:1.000.000
Maximum permissible values for
University Kassel
water quality parameters

XLS
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Fraunhofer Applications Center for Systems Technology
Table 6-9: Data used for modelling, calibration, simulation and optimisation of the Drinking Water Supply System and Waste water Treatment System in City of
Darkhan.
Nr:

Name

Unit

Spatial Coverage

0

Estimation of Population

2021

City of Darkhan, Khongor Sum,
Suunkharaa, Orkhon, Baruun
Kharaa etc.

Master plan of MGL
1

Well fields / Sources
Monitoring for drinking water quality and
quantity

2

Q, pH, TU, NO3, PO4-P, City of Darkhan
NH4, As, Pb, B, Cd, Cr, Cu,
Ni, Hg, Z, Mn, Fe, Cn etc.
City of Darkhan

Pipe line
Number or. Designation
Diameter

mm

Length

m

Friction factor or Roughness (k-Value)

mm

Material kind
Ages / year of installation
3

City of Darkhan

Node,
Number or. designation
Elevation height

m

Consumption demands

m3 , m
h d

And time patterns, if known
4

Storage Tank and Reservoir

3

City of Darkhan
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Number or. designation
Elevation height

m

Geometry data of tank
Ages / year of installation
5

Sources
Number well fields or. designation

City of Darkhan,
Conger Sum, Suunkharaa,
Orkhon, Baruun Kharaa

Elevation height

m

Delivery of water

3
m3 , m
d
h

Ages / year of installation
6

City of Darkhan

Valve
Number or. Designation
Diameter

mm

Type of valve

pressure reducing valve,
pressure sustaining valve,
pressure breaker valve,
flow control valve,
throttle control valve,
general purpose valve

Control and Rules

On/off status

Ages / year of installation
7

Pumps

City of Darkhan
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Number or. Designation
Diameter

mm

Type of pumps

constant or variable speed
pumps

Pump curve
Control and Rules

On/off status

Power

kW

Electrical consumption

$/month

Electrical Tariff

$

Ages / year of installation
8

Water consumption

City of Darkhan,

Forecast

Khongor Sum, Suunkharaa,
Orkhon, Baruun Kharaa

9

Demand and 24h-pattern

m3 , m 3
d
h

Estimation of water consumption

2009, 2010,2020

City of Darkhan,
Khongor Sum, Suunkharaa,
Orkhon
Baruun Kharaa

10

Card material of the supply system

City of Darkhan

11

Digital data of DWSS, if they are existing

City of Darkhan
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Consulting Engineers Dr. Pecher and Partner
Table 6-10: Data used for modelling, calibration, simulation and optimisation of the waste water network, sewer network and commercial analyses.
Dataset /
Dataset Provider

Date / Duration

Municipality of Darkhan /
Consultancy P&P

2006

Resolution

Format

Scale

Notes

SHP

City of
Darkhan

some data missing because
of activities USAG

short description
Bag Population

2008

waste water network

Municipality of Darkhan /
USAG Darkhan /
Consultancy P&P

2007

SHP

City of
Darkhan

geometry, catchment area

stormwater network

Municipality of Darkhan /
USAG Darkhan /
Consultancy P&P

2007

SHP

City of
Darkhan

geometry, catchment area

water kiosk

USAG Darkhan /
Consultancy P&P

2007

SHP

City of
Darkhan

location

commercial and
industrial wasterwater
discharge

USAG Darkhan /
Consultancy P&P

monthly

XLS

City of
Darkhan

m³

waste water
pumping stations
(relay & industry)

USAG Darkhan /
Consultancy P&P

2002 to 2006

monthly

XLS

City of
Darkhan

type, m³, h, kWh

water consumption of
USAG registered
residents

USAG Darkhan /
Consultancy P&P

06.2006

month

XLS

City of
Darkhan

families, persons,
small enterprises

USAG financial
balance sheet

USAG Darkhan

2002 - 2008

year

XLS

2006
2007
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Statistical Yearbook

National Statistical Office
(NSO), Mongolia

2007

Paper print

Mongolia

Household Income and
Expenditure Survey

National Statistical Office
(NSO), Mongolia

2004

Paper print

Mongolia

Construction Unit Prices

Veolia /
PSC Co., Ltd. /
Consultancy P&P

2006 - 2008

XLS

Mongolia

Utility Fees USAG
Darkhan

USAG Darkhan

Paper print

City of
Darkhan

2007
2009

estimates

Table 6-11: Data used for the assessment and modeling of the waste water network, sewer network and commercial analyses (data provided by project partners).

Dataset / short description

Dataset Provider

Date / Duration Resolution

digital Kharaa river system

IGB

SHP

Soum population

IGB

SHP

runoff Kharaa / Baruunkharaa

University Kassel
GRID

1951-1993,
1995-2006

monthly

XLS

point

precipitation Kharaa River Basin

University Kassel
INTEGER

from May 2006

15 min

XLS

point

soil map

Universitya Kassel
CESR

2008

SHP

Kharaa basin

precipitation Darkhan

Inst. For Meteorology and
Hydrology, Ulaanbaatar

1986-2006

XLS

point
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temperature Darkhan

Inst. For Meteorology and
Hydrology, Ulaanbaatar

topographic map 1:100.000

GTZ / University Kassel

ground water level

TU Ilmenau

ground water quality

Drinking water extraction

1986-2006

daily

XLS

point

1:100.000

TIFF

2007 - /2008

15 minutes

CSV

point

TU Ilmenau /
USAG Darkhan

2006, 2007
(partly)

weekly,
monthly

XLS

several points

TU Ilmenau

2007

XLS

City of Darkhan

XLS

City of Darkhan

Mean Daily
Extraction
Waste water Pumping Station
WWTP

Mean Daily
FhAST

2007
Discharge
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6.2 Matterfluxes and water quality
Hydrology at the Kharaa River basin outlet
(Station Buren Tolgoi, observation period 1990 - 2008)

Figure 6-1: Discharge
(MQ, NQ and HQ) at
Buren Tolgoi during the
period 1990 to 2008.

Figure 6-2: Discharge
(MQ) at Buren Tolgoi
during the period 1990 to
2008.

Figure 6-3: Monthly mean
discharge at Buren Tolgoi
during the period 1990 to
2008.
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Figure 6-4: Location of the four monitoring measuring points (Deed Guur upstream of Dark-han, outlet of
waste water treatment plant (WWTP) Darkhan, Buren Tolgoi water quality, Buren Tolgoi discharge
monitoring) near the outlet of the Kharaa river basin.
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Figure 6-5: Monthly measurements of water temperature, air temperature, pH-value, conduc-ivity,
oxygene saturation and water discharge within the MoMo WP2 monitoring pro-gramme during the
period from July 2007 to December 2008. The location of the four monitoring measuring points (Deed
Guur upstream of Darkhan, outlet of waste water treatment plant (WWTP) Darkhan, Buren Tolgoi water
quality, Buren Tolgoi dis-charge monitoring) is shown in Figure 4-28.
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Chloride (mg/L)

Figure 6-6: Longitudinal profile of concentrations of Chlorid (mg/L) from spring to river ba-sin outlet as
measured in summer 2007. The highest concentrations were found in teh groundwater of Khongor Sum
(points 32 to 36).
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Figure 6-7: Annual average concentrations of Chlorid (mg/L) during the period 1986 to 2008.
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6.3 Groundwater
The location of groundwater abstraction wells near city Darkhan is shown in Figure 6-8.

Figure 6-8: Location of Ground Water Abstraction Wells (Picture: GoogleEarth).
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Figure 6-9: Well form for getting information about observation and abstraction wells (page 1).
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Figure 6-10: Well form for getting information about observation and abstraction wells (page 3).
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6.4 Drinking water abstraction, purification and supply & Waste water
treatment
Table 6-12: Priorities for action: Following objects have to be reconstructed in the DWSS of the city
Darkhan immediately.
Nr

Kind
objects

1

of

Length

Diameter

Material

Position

Year
of
construction

work

pipe

800 m

DN500

steel

Industry residential, Ish
Burduulex Khangamsh,

1981

Replace

2

valve

2 piece

DN500

3

pipe

40000 m

DN300,

Industry residential,

Replace

steel

Industry residential,

Replace

DN500,
4

pipe

600 m

DN200

Steel

New Darkhan, between
the IV-3 und the IV-2
residential,

1982

Replace

5

pipe

30000 m

DN100-300

Steel

New Darkhan

Replace

6

pipe

6000 m

DN200

Steel

Old Darkhan, in area of
flour enterprise

Replace

7

pipe

50000 m

DN80

steel

OldDarkhan

Replace

Steel

Collector line between
borehole wells and 2.
pump station

DN100:9000
m
DN150:4800
m
DN200-300,
8

pipe

1000 m

DN500

1962

Replace

9

valve

3 piece

DN500

2. pump station

Replace

10

Pump

3 piece

Q=160 m3/h

2. pump station

Replace

H=100 m
Trafo

1 piece

100 kWh

2. pump station

Replace

11

valve

1 piece

DN500

2. pump station

Replace

12

Pump

1 piece

Q=250 m3/h

2. pump station

Replace

H=65 m
13

valve

3 piece

DN500

Entrance to tank 1

Replace

14

valve

2 piece

DN500

Output from tank 1

Replace

15

Valve

2 piece

DN500

To 2. pump station

Replace

16

valve

2 piece

DN500

Industry residential

Replace

17

Pump

3 piece

160 m3/h

Replace

100 m
18

tank

2 piece

6000 m3

Industry residential

reconstruct

19

tank

2 piece

2000 m3

Industry residential

reconstruct
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Table 6-13: Laboratory Equipment at USAG.
Nr

Equipments for analysis

Type

1

Photo-electro-colorimeter

KK-2 M

2

pH-meter

pHS-25

3

Electric weigh

ORCHIDIS.SNR 1119283743. OHAUS.made in Switzerland

4

Drier

5

Thermostat

6

Auto-heating for steam

7

Microscope

L1100

8

Oven

Oven N 11000C, L3C6

9

photometer

PF-11

-20
-80,

F D-100

-75

Table 6-14: Limits for direct discharge of waste water at a water temperature of 20 °C.
Nr

Compound

Limit

1

BOD

20 mg/l

2

COD

50 mg/l

3

Suspended Solids

35 mg/l

4

Cyanide

0.05 mg/l

5

Sulphide

0.2 mg/l

6

Copper

0.3 mg/l

7

Cadmium

0.03 mg/l

8

Mercury

0.001 mg/l

9

Arsenic

0.05 mg/l

10

Nickel

0.2 mg/l

11

Selenium

0.02 mg/l

12

Iron

1 mg/l

13

Lead

0.1 mg/l

14

Total Chromium

0.3 mg/l

15

Chromium 6

0.05 mg/l

16

Zinc

1 mg/l

17

Ammonium

8 mg/l

18

Total Nitrogen

21 mg/l

19

Total Phosphorus

1.5 mg/l

20

Chlorine

1.5 mg/l

21

Organic Phosphorus

0.2 mg/l
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Table 6-15: Water balance for city of Darkhan – average values.

Population
Year 2006

Consumption

Consumption

Drinking
Water
Losses

Extracted
Drinking Water

Waste
Water
Losses

Waste Water

[l/cap/d]

[m3/d]

[-]

[m3/d]

[-]

[m3/d]

Unmetered Consumption:
Ger (Pipe)

4.617

32

148

10%

164

100%

-

Ger (Lorry)

21.738

8

174

10%

193

100%

-

Apartments, Cold Water

44.748

175

7.831

35%

12.047

25%

5.873

Apartments, Hot Water

44.748

90

4.027

20%

5.034

25%

3.020

Industry, PP, SME,
Services, 5% Households

4.369

35%

6.722

25%

3.277

Process Water PP

2.500

0%

2.500

100%

-

Metered Consumption:

Sum

73.458

19.049

Drinking Water USAG

19.126

Drinking Water PP

7.534

Consumption

Losses

Sum

[l/cap/d]

[l/cap/d]

[l/cap/d]

Ger (Pipe)

32

4

36

Ger (Lorry)

8

1

9

Apartments, Cold Water

175

94

269

Apartments, Hot Water

90

23

113

265

117

382

Apartments Sum

26.661

page 200

12.170

IWRM in Central Asia – Model Region Mongolia (MoMo): Final Project Report – September 2009

7 Contact persons
Project director:
Prof. Dr. Dietrich Borchardt (project director)
Helmholtz Centre for Environmental Research - UFZ
dietrich.borchardt@ufz.de
phone: +49 (0)391 - 810 9757
fax: +49 (0)391 - 810 9111
Project office in Mongolia:
Dr. Enkhbat Dombon
Project Office in Ulan Bator, Mongolian University of Science and Technology
enqbat2000@yahoo.de
phone/fax: +976 11 70117880
Project Coordination:
Dr. Ralf Ibisch, ralf.ibisch@ufz.de
Work package 1: Global change and water resources
Prof. Dr. Lucas Menzel, lucas.menzel@geog.uni-heidelberg.de
Dr. Joerg Priess, joerg.priess@ufz.de
Tim Aus der Beek, ausderbeek@usf.uni-kassel.de
Christian Schweitzer, christian.schweitzer@ufz.de
Florian Wimmer, florian.wimmer@geog.uni-heidelberg.de
Work package 2: Land use and nutrient balancing
PD Dr. Juergen Hofmann, j.hofmann@igb-berlin.de
Work package 3: Ecology of streams and rivers
Dr. Daniel Kraetz, d.kraetz@uni-kassel.de
Michael Schaeffer, michael.schaeffer@uni-kassel.de
Work package 4, 5 and 6: Drinking water and waste water
Prof. Pu Li, pu.li@tu-ilmenau.de
Dr. Siegbert Hopfgarten, siegbert.hopfgarten@tu-ilmenau.de
Stefan Roell, stefan.roell@tu-ilmenau.de
Dr. Buren Scharaw, buren.scharaw@ast.iitb.fraunhofer.de
Steffen Dietze, steffen.dietze@ast.iitb.fraunhofer.de
Thomas Westerhoff, thomas.westerhoff@ast.iitb.fraunhofer.de
Nicola Milojevic, nikola.milojevic@pecher.de
Klaus-Jochen Sympher, klaus.sympher@pecherundpartner.com
Matthias Schütz, matthias.schuetz@pecherundpartner.de
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