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Abstract 

Due to climate change and increased human impact, water use and protection have become one 

of the major regional issues in Central Asia. As availability of surface water is decreasing and 

becoming erratic, the reliance and pressure on groundwater resources are continuously growing. 

That is also a case with the Pretashkent Transboundary Aquifer (PTBA), located between the 

Republic of Kazakhstan and Uzbekistan. Groundwater withdrawal from the aquifer is 

increasing, responding to high demand for water supply and irrigation. Aquifer-sharing 

countries have started dialogue about water policy and management tools for the PTBA, 

including development of an operational numerical model. This model is required for better 

understanding of the aquifer dynamics. 

The aim of this research was to develop a test conceptual hydrogeological and a test numerical 

model of the PTBA based on available data. The model allowed to assess the presence of cross-

border groundwater flow, estimate the potential amount of groundwater in the system and 

analyse the possibility of brackish/saline water leakage from top layers to the Pretashkent 

Transboundary Aquifer. The test model does not represent field conditions due to data 

limitations but serves as an exercise in using modelling software for a complex hydrogeological 

system. 

The model was developed using the Groundwater Modeling System software (GMS). The 

model input preparation, including transboundary harmonization is conducted using the 

datasets and information from the Committee of geology and hydrogeology of Kazakhstan and 

results of the ñGovernance of Groundwater Resources in Transboundary Aquifersò project 

(GGRETA). The test conceptual model included the simplification of the groundwater system 

consisting of 6 layers. The test conceptual model was converted into steady-state numerical 

model. Due to the lack of data on observation heads, calibration was not implemented. Test of 

hydrogeological parameters was conducted with increased and decreased values of river and 

head-dependent boundary conductance as well as assigning head-dependent boundary first for 

the top layer and then for all layers. Sensitivity analysis of hydraulic conductivity and recharge 

rates helped to understand the possible behaviour of the aquifer system and its response to 

changes. It was decided to use reduced conductance for rivers and assign discharge boundary 

for the first layer only with increased conductance to obtain the results. The test model showed 

that groundwater circulation consists of downward and upward flows in the system. Downward 

flow dominates in higher elevation where hydraulic heads vary from 410 till 650 m. The upward 

flow was detected in lower elevation with heads reaching 350 m, especially in discharge zones 

to rivers. The predicted total amount of groundwater inflow in the system is 1,849,949.9 m3/day. 

Recharge in the inflow (97.5% of contribution to the total inflow) and river leakage in the 

outflow (61.0% of contribution to the total outflow) are two main terms of the flow budget. 

662,119.4 m3/day flows from Uzbekistan to Kazakhstan and 249,554.0 m3/day from 

Kazakhstan to Uzbekistan in the PTBA system. The test model confirmed the presence of the 

transboundary groundwater flow. Two wells, namely 48(11tn) and 43(7tn), on the territory of 

Kazakhstan might abstract groundwater flowing from Uzbekistan. The simulation of saltwater 

leakage potentially predicted decrease of groundwater quality in the PTBA in 488 years. 
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The application of the test model can be considered for further development of an advanced 

model for the PTBA and its management. The test model presented major processes in the 

aquifer system and potential risks. 

Keywords: transboundary aquifer, steady-state model, arid and semi-arid region, GMS 
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 Introduction 

1.1 Background 

Water scarcity is one of the most serious problems worldwide, affecting all the sectors of human 

activities and the environment (Declaration, 2006; Ratnayaka et al., 2012). With the growth of 

population, it is getting more and more challenging to satisfy increased water demand, including 

domestic water supply, agriculture and industry. It is expected that the number of people on the 

planet will grow from 7.7 billion in 2019 to 8.5 billion in 2030. However, the rate will vary 

from region to region. In Central and Southern Asia, the population is predicted to increase by 

25% (UN-Habitat, 2019). In the last century, water use has been growing at more than twice 

the rate of population increase (Declaration, 2006). Next to human activities, climate change 

increases the stress on groundwater in some parts of the world, including Central Asia. 

Groundwater makes up the largest resource of fresh water in the world (Howard, 2015). 

Groundwater provides almost half of the world population with drinking water (IGRAC, 2018; 

Margat and Van der Gun, 2013; Zhou, 2009). Groundwater systems deliver a variety of services 

to support and advance human well-being (Daily, 1997). The Millennium Ecosystem 

Assessment divides groundwater services into four groups: 

1. Provisioning services ï water for domestic, agricultural and industrial purposes, 

geothermal water for energy; 

2. Supporting services ï springs, baseflow of streams, sustaining wetlands, subsurface 

microbes; 

3. Regulating services ï buffering floods and droughts, dry and wet seasons, water 

purification; 

4. Cultural services ï mineral water, hot springs for recreation (MEA, 2005). 

Expressing groundwater through the services increases the awareness of the benefits we receive 

from this precious natural resource (Griebler and Avramov, 2014). Sustainable use of 

groundwater services asks for adequate management to prevent depletion of aquifers and 

degradation of their quality. Challenges such as fragmented management responsibilities, 

centralised decision-making, lack of capacity and insufficient valuation of groundwater hamper 

groundwater management (Chen et al., 2018; Knueppe, 2011). When aquifers are shared 

between two or more states, their management becomes even more challenging, especially in 

arid and semi-arid regions. 

Goal 6.5. of the United Nations 2030 Agenda for Sustainable Development is dedicated to the 

implementation of integrated water resources management at all levels, including 

transboundary cooperation. Indicator 6.5.2. specifically addresses transboundary water 

cooperation. The following criteria define operational cooperation: 
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- Existence of a Joint body for transboundary cooperation; 

- Regular and formal communication between riparian states; 

- Joint management plans or objectives; 

- Regular exchange of data and information. 

The Goal is reached only when all four criteria are satisfied. Every three years countries should 

monitor and report the data related to the indicator 6.5.2. (UN Water, 2017). 

Responding to the need to improve transboundary groundwater management, a project 

ñGovernance of Groundwater Resources in Transboundary Aquifersò (GGRETA) was set up 

in 2013, supported by Swiss Development Cooperation and executed by UNESCO-IHP and 

IGRAC with the engagement of national and regional specialists across three continents 

(UNESCO-IHP, 2016). Capacity building, exchange of knowledge and technical support were 

the scope of the project. The Pretashkent aquifer, shared between the Republic of Kazakhstan 

and Uzbekistan, was one of the three pilot cases in the project. The first phase of it was 

conducted from 2013 till 2015, and the very first steps were made towards building trust and 

cooperation between the aquifer countries. The meetings within the project brought 

stakeholders together acknowledging the risk of aquifer overexploitation. 

The Pretashkent Transboundary Aquifer (PTBA) is one of transboundary aquifers located in 

the Aral Sea Basin in Central Asia. The region is landlocked, and it is not receiving enough 

moisture from the oceans, turning the climate into arid and semi-arid (Zhou et al., 2019). In 

recent years, water use and protection have become one of the major issues in Central Asia 

(CA) (Yarullina, 2011). Wada and Heinrich (2013) also confirmed the status of the PTBA being 

overexploited, showing the increase in stress of 100 ï 250 % from 1960 till 2010; the aquifer 

stress indicator was estimated using data on groundwater abstraction, natural groundwater 

recharge, additional recharge from irrigation as return flow and groundwater contribution to 

environmental flow. Further, there were monitoring records reported of significant lowering of 

groundwater head in the aquifer. 

With the growth of population, Kazakhstan and Uzbekistan are challenged by rapid depletion 

of groundwater resources. Moreover, climate change and increased human activities could 

easily cause significant ecosystem changes or even ecological disasters deeming their fragility 

in arid and semi-arid regions more pertinent (Levintanus, 1992). Uneven distribution of water 

resources in the region creates competition between upstream and downstream countries. This 

adds to difficulties in the assessment and management of the PTBA (Chalov and Gunin, 2013). 

The hydrographic networks in the countries are unevenly distributed and (in particular in the 

Republic of Uzbekistan) only a limited amount of the water resources are formed within the 

country. This is one of the reasons that the industry in Uzbekistan focuses more on groundwater. 

Abstracted groundwater resources are mainly used for drinking water supply and irrigation, 

40% and 25% respectively (Khidirov, 2016). In Uzbekistan, the PTBA is located in the 

Tashkent region, where the population reached 2.48 million people in 20181, with intensive 

agricultural and industrial production. In Kazakhstan, the PTBA is located in the Turkestan 

administrative region. In terms of surface- and groundwater resources, this is the most 

favourable part of the Republic: 55% of groundwater resources in the country are concentrated 

here, being mainly used for drinking water supply (Veselov et al. 1999). Without cooperation 

                                                 
1 https://www.uzdaily.uz/en/post/44755 

https://www.uzdaily.uz/en/post/44755
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between aquifer states on use and protection of the PTBA, the future of groundwater resources 

in the region (and those who depend on those resources) cannot be secured. 

1.2 Problem statement 

The last groundwater storage revaluation of the Pretashkent Transboundary aquifer was 

conducted in 1982-1983 by the Ministry of Geology of the USSR. Based on this work, the safe 

yield was divided between Kazakhstan and Uzbekistan, 1,464 m3/day and 2,044 m3/day, 

respectively. Till 1991, the water supply companies of the two countries applied the agreed 

yield limits in their operations or their discharge control. However, after the disintegration of 

the Soviet Union when two states gained their independence, any mechanism of control and 

enforcement disappeared. 

In the first phase of the GGRETA Project, the technical report of the Pretashkent aquifer was 

produced. It included the assessment of the aquifer and development of a conceptual model for 

the Kazakhstani part only. 

The management of transboundary groundwater resources is not possible without jointly agreed 

actions from both parties. The initial development of a common conceptual and numerical 

model of the aquifer could motivate decision-makers and groundwater authorities to continue 

the work by establishing long-term cooperation and continuous data exchange. Once developed, 

the model will help to understand better the aquifer dynamics and assist the water policy and 

management decisions. These were the main incentives for the research described in this 

document. 

1.3 Research questions and objectives 

This research aims to develop a test conceptual hydrogeological model and steady-state 

numerical model for the Pretashkent Transboundary aquifer, considering the growth of the 

population, economic development, and its importance in a water-scarce region of Central Asia. 

Specific tasks were designated to achieve the main objectives of the research: 

- To classify aquifers and aquitards in the system of the Pretashkent Transboundary 

aquifer; 

- To analyse flow patterns in the aquifer between Kazakhstan and Uzbekistan and the 

resulting groundwater-surface water interactions; 

- To assess possible leakage of brackish groundwater from top aquifers; 

- To estimate water balance; 

- To analyse legal and policy aspects of transboundary groundwater management. 

The tasks help to answer research questions as follows: 

- Is there any transboundary groundwater flow? 

- Is there any effect of leaking brackish groundwater from top layers to the Pretashkent 

Transboundary Aquifer? 

- How much water is flowing to the PTBA? 

1.4 Outline 

The Thesis consists of seven Chapters: 
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Chapter 1 introduces the background information and motivation for building the test 

conceptual and numerical model of the PTBA. 

Chapter 2 provides aquifer details including physiography and climate, aquifer geometry and 

hydrogeological characteristics. It also briefly assesses environmental and socio-economical 

aspects, including the comparison of legislation in groundwater management of Kazakhstan 

and Uzbekistan. 

Chapter 3 presents the research methodology, modelling environment and data collection. 

Chapter 4 introduces the development of the groundwater flow model. 

Chapter 5 describes the results and analysis of the model. 

Chapter 6 discusses data limitations, model uncertainties, addresses quantitative and qualitative 

assessment of the transboundary groundwater resources. 

Chapter 7 concludes the main points and provides recommendations for the future. 
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 Study Area 

2.1 Location 

The Pretashkent Transboundary Aquifer (PTBA) is shared between the southern part of 

Kazakhstan and the north-eastern part of Uzbekistan. The total area is 17,000 km2; 10,840 km2 

on Kazakhstani and 6,160 km2 on Uzbekistani territory (UNESCO IHP, 2016). The range of 

coordinates is 12411230 ï 12594570E and 4523030 ï 4679470N, Pulkovo 1942/Gauss-Kruger 

zone 12, Figure 2.1.1. 

 

Figure 2.1.1 Location of the Pretashkent Transboundary Aquifer 

2.2 Physiography and climate 

2.2.1 Topography 

The Pretashkent submontane trough is located between Chatkal and Kuramin ranges in the 

north-east part of the PTBA, where the maximum elevation is 2305 m (above MSL). In the 

south, the boundary is closed with Turkestan and Nuratin ranges, 400 ï 1000 m. River valleys 

of Syrdarya, Keles and Chirchik decrease from 382 till 177 m (óHydrogeology of the USSR, 

Volume XXXIX Uzbek SSRô, 1972). The steepness of the slopes increase from south-west to 

the north-east, from 0 to 28.8 degrees, Figure 2.2.1 Only in the south-eastern part of the aquifer 

where elevation goes up to 2254 m, the slopes are around 40 degrees. 

https://www.multitran.com/m.exe?s=submontane%20trough&l1=1&l2=2
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Figure 2.2.1 Slope map of the PTBA 

2.2.2 Temperature 

Summers are hot with average temperatures ranging between 25Ü ï 30ÜC. Winters are relatively 

warm, -4Ü to 0ÜC (UNESCO IHP, 2016). Monthly average temperatures of the station 

UZM00038457 in Tashkent (NOAA Climate Data Source) for a period from 1980 till 2017 

indicate 6.8ÜC for January and December and 23.7ÜC for June, Figure 2.2.3. However, Yao and 

Chen (2015) state there is an increasing trend in annual temperature of 0.14ÜC/decade. Late 

research also concluded the temperature rise in Central Asia is occurring faster than the global 

average (Yu et al., 2018). 

 

Figure 2.2.2 Average monthly temperatures from 1980 till 2017 and precipitation from 1963 till 2005 in Tashkent 
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2.2.3 Precipitation and evaporation 

Rainfall generally occurs from November till May. In winter, it mostly falls in solid forms. The 

values depend on the elevation, from 400 ï 600 mm/year in the mountains of Ugam Range in 

the east of the aquifer till 200 ï 350 mm/year in the south-west and the west of the aquifer. 

Precipitation deficit happens mostly during the summer (Klein et al., 2012; UNESCO IHP, 

2016). Actual evapotranspiration defined by the operational Simplified Surface Energy Balance 

(SSEBop) model varies between 0 till 750 mm/year, changing from south-west to north-east in 

descending order (Senay et al., 2011). 

2.2.4 Land use 

On the territory of Kazakhstan 10,027 km2 (92.5% of the PTBA land) is agriculture land. The 

land use consists of 74.7% of pasture, 20.9% of irrigated land, 3.4% of hayfield, 1% of perennial 

crops (UNESCO IHP, 2016). In Uzbekistan, 334.8 km2 (5.43 %) is an urban area; other major 

type is agriculture with irrigated land, arable land, grassland and forest (Usmanov et al., 2016). 

2.2.5 Surface water network 

Three rivers and one irrigational canal are dominant on the territory of the Pretashkent 

Transboundary Aquifer, namely Syrdarya in the west, Keles, Chirchik, and Bozsu canal in the 

middle. Chirchik river and Bozsu canal flow on the territory of Uzbekistan only, Keles ï on the 

territory of Kazakhstan, and Syrdarya is a transboundary river. Minor rivers are tributaries of 

Syrdarya and Keles. 

- Syrdarya is a snow-fed river. It is the main discharge zone in the region. Maximum 

discharge is 1160 ï 1480 m3/s in July, the minimum is 315 ï 410 m3/s in January. During 

low water season, the width varies between 200 ï 230 m and depth between 1 ï 6 m. 

The values of salinity change between 700 ï 2500 mg/l. The river flow is controlled by 

three reservoirs, one of them is Chardara reservoir, being the western boundary of the 

PTBA (Hydrogeology of the USSR, 1972). 

- Keles is also a snow-fed river. It starts in Karazhantau mountains and discharges into 

Syrdarya with the mean annual discharge ï 30.44 m3/s. The salinity varies between 300 

and 500 mg/l. Total length is 220 km (UNESCO IHP, 2016). 

- Chirchik is snow and glacier-fed river with 161 km of the total length. It starts from 

Charvak reservoir and discharges into Syrdarya (Usmanov et al., 2016). Mean annual 

discharge ï 219 m3/s. Maximum discharge occurs in June - 581 m3/s, and the minimum 

is in February ï 69.1 m3/s. Mean annual discharge at the mouth decreases to 150 m3/s. 

Water is mostly used for irrigation (Hydrogeology of the USSR, 1972). 

- Bozsu canal transfers water from upstream of Chirchik River and flows through 

Tashkent delivering water for irrigation. 

- Chardara reservoir is in the south-west with the surface area of 900 km2. It started to 

operate in 1967 for irrigation and hydropower purposes. Active capacity is 4200 million 

m3, and the normal maximum operating level is 252 m (óCAWater-Infoô, 2019). 
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Figure 2.2.3 Syrdarya river Figure 2.2.4 Keles river 

  

Figure 2.2.5 Chirchik river Figure 2.2.6 Bozsu canal 

2.3 Aquifer geometry 

2.3.1 Hydrogeological map 

The map was adapted from the Internal assessment Report submitted to the Committee of 

geology and hydrogeology of Kazakhstan by JSC ñKurortò in 2010, Figure 2.3.1. The system 

of aquifers in the Pretashkent region was formed during Paleozoic, Mesozoic and Cenozoic 

ages. River valleys were accumulated during Mesozoic-Cenozoic time, comprising of alluvial-

proluvial depositions (UNESCO IHP, 2016). 

The layers of the aquifer system are folded being structured between boundaries of a mountain 

fold and river plain. Paleozoic fundament is the bottom of the aquifer system, and the deepest 

part is in the Chirchik-Akhangaran river basin on the territory of Uzbekistan, ranging between 

3000 ï 3500 m deep. The next group is comprised of Lower and Upper Cretaceous age 

formations. The Pretashkent Transboundary aquifer is dated by Cenomanian age presenting the 

same group. It is deep-lying aquifer, ranging between 810 in the north-west and 2200 m in 

Chirchik depression (óHydrogeology of the USSR, Volume XXXIX Uzbek SSRô, 1972). The 

middle part of it forms the dip with outcrops in the north-east of the area. On top of it, Mesozoic 

ï Cenozoic aged layers cover the PTBA. Neogen formations play a significant role in the 

aquifer system. They present the thickest part of the first layer being grouped with the 

Quaternary formations (óHydrogeology of the USSR, Volume XXXIX Uzbek SSRô, 1972). The 

detailed stratigraphic sequence with lithology is presented in Table 2.3.1. 
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Figure 2.3.1 Hydrogeological map of the PTBA. Modified from JSC Kurort, 2010 

Table 2.3.1 Hydrogeological Units of the PTBA. Modified from Hydrogeology of the USSR, Volume XXXIX Uzbek SSR, 

1972; UNESCO IHP, 2016 

Age Name Symbol Lithology Hydrogeological 

characterisation 

C
en

o
z
o

ic
 

Q
u

a
te

rn
a
ry 

Upper-

Quaternary- 

Modern alluvial 

aquifer 

aQIII-IV Boulders, cobble gravel, sand 

interbedded with loam. 

Thickness 1.5 ï 20 to 40 ï 60 

m. 

Widespread in 

the Pretashkent 

TBA territory. 

Non-artesian. 

Middle-

Quaternary 

alluvial-

proluvial 

aquifer 

apQII Cobble gravel, sands, loam. 

Thickness: 5 ï 42 m. 

Non-artesian. 

T
e

rt
ia

ry
 

Miocene local 

aquifer 

N1 Sands, sandstone, gritstone 

and conglomerates in clay 

mass. 

Thickness: 10 ï 45 m. 

Locally present. 

Weakly artesian. 

Middle-Eocene 

aquifer 
ὖ  Fine and medium sands, 

poorly consolidated 

sandstones. 

Thickness: 13.5 ï 75 m. 

Weakly artesian. 

Paleocene local 

aquifer 

P1 Fractured limestone bedded 

as interlayers in clay. 

Locally present. 
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M
e

s
o

z
o

ic 

C
re

ta
c
e

o
u
s
 U

p
p

e
r

 

Turonian-

Senonian 

aquifer complex 

K2 t2 +sn Sands and sandstone 

interbedded with clay and 

silts. 

Thickness: 135 ï 561 m. 

Artesian. 

Lower-Turonian 

aquitard 

K2 t1 Clays with thin local 

sandstone layers and lenses. 

Thickness: up to 140 m. 

Regional 

aquitard. 

Cenomanian 

aquifer complex 

K2s 

 

Sandstone, sand, gritstone, 

conglomerates, clays, 

siltstone, limestone. 

Thickness: few meters ï 200 

m. 

Pretashkent 

Transboundary 

aquifer (PTBA). 

Artesian, except 

its outcrops. 

C
re

ta
c
e

o
u
s
 L

o
w

e
r

 Lower-

Cretaceous 

Albian aquifer 

complex 

K1 al 

B 

Badly graded sand, poorly 

consolidated sandstones. 

Thickness: 340 ï 350 m. 

Highly artesian. 

Neocomian-

Aptian aquifer 

complex 

K1 ne+a Sandstone, sand, rarely 

conglomerates and gritstone 

in clay/silt mass. 

Thickness: 10 ï 200 m. 

Highly artesian. 

P
a

la
e

o
z
o

ic Fractured 

Palaeozoic 

aquifer 

PZ Fractured sedimentary and 

magmatic rocks. 

Studied on the 

basis of some 

wells in 

Uzbekistan. 

 

2.3.2 Geo-referenced boundary of the Pretashkent Aquifer 

The boundary of the aquifer was analysed based on the availability of three maps received from 

internal sources: map from the Institute of hydrogeology and geoecology in Kazakhstan and the 

report of a national expert from Uzbekistan. The aquifer was delineated using the published 

report of the GGRETA Project in the Pulkovo 1942/Gauss-Kruger zone 12 projection, Figure 

2.2.1. 

2.3.3 Cross-sections 

The depth to top aquifer formation and vertical thickness of layers were collected from the 

cross-sections of the Internal Report submitted to the Committee of geology and hydrogeology 

of Kazakhstan by JSC ñKurortò (2010). The cross-sections compile the well data for two 

countries. 
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Figure 2.3.2 Location of the PTBA cross-sections. Source: JSC Kurort, 2010 

Six cross-sections are presented in Appendix I. 

2.4 Hydrogeological characteristics 

Recharge 

The GGRETA report introduces four main zones of recharge in the aquifer. No additional data 

was found during the literature review. Outcrops are the first recharge zone of the aquifer, where 

precipitation enters the system. The second zone is in the area of connection between 

Cenomanian layer and small losing seasonal rivers. The third zone is indicated through recharge 

from the upper aquifers, and in their turn, they get recharge through connected losing small 

rivers and seasonal streams. The forth zone is introduced with recharge through tectonic faults. 

During the last hydrogeological assessment of the aquifer, 3598.6 m3/day was estimated as 

recharge from the first three zones on the area of 301.8 km2 and 760.3 m3/day as recharge from 

faults. The same assessment with the isotope test indicated that the age of the PTBA 

groundwater is around 6,000 years. It proved the non-rechargeable character of the aquifer 

(UNESCO IHP, 2016). 

Aquifer lithology  

The lithology of the aquifer system is presented in Table 2.3.1. The PTBA is structured by 

conglomerates, poorly sorted sandstones, siltstones and sandy limestones. 

Soil 

The territory of the PTBA is characterised by soil types: 

- Light-brown grassland-steppe soils; 

- Mountain brown soils, dark and typical sierozem; 

- Transient grassland-sierozem and sierozem-grassland soils (Usmanov et al., 2016). 










































































































































































