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EXECUTIVE SUMMARY

This consultancy reports on the groundwater resources, current utilisation and some water quality
issues in the upper watersheds project area of the Syr Dar'ya and Amu Dar'ya rivers. Data were
collated with the assistance of national agencies in the Republics of Kyrgyzstan, Tajikistan and
Uzbekistan. Practically all groundwater development is centred on unconsolidated Quatemnary and
Pliocene niver valley, piedmont alluvial fan and intermontaine basin deposits. Although the
complex solid geology serves an important role as adjacent recharge hinterland, most of the
aquifers are located in arid to semi-arid zones, across which flow rives fed by rainfall, snow-melt
or glacier-melt in the upper high mountain catchments. The hydrogeological setting therefore
compnses local lateral recharge combined with inflows from rivers and canal/field irrigation
systems in hydraulic connection with underlying aquifers.

There are no reports of over-abstraction at present development levels. The principal threats to
the groundwater resource lie in Man's activities, and point-source pollution problems associated
with urbanisation, industrial, mining and mineral processing plants have been noted. Although
irrigation is by volume the main consumer of groundwater, its use for public supply is universal,
most urban areas, provincial towns and many rural communities relying exclusively on this
source of domestic and drinking water supply. Consequently protection of aquifers used for
public supply is vital both for public health and economic reasons. Proposals are made for
technical cooperation on groundwater protection, data management and water/wastewater
licensing issues as part of Phase 2 of the present TAClé WARMAP programme,
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1. INTRODUCTION
1.1 Background-The Problem

The Aral Sea Basin,a huge inland-draining lake system located in the desert areas of Central
Asia, is centred on the Aral Sea, which was the world's fourth largest lake in area in 1960. The
sea and 1ts surrounding deita areas are suffering a8 major man-made environmental catastrophe
because inflows from its two main river systems, the Amu Dar'ya and Syr Dar'ya have drastically
diminished as a result of expanded irrigation water use, principally in the lower reaches of both
nver systems. Between 1960 and 1993 the sea's level declined at an average rate of 0.5 m/a,
causing a reduction in surface area of nearly 50% and in volume of over 70% [1]. The reduction
in inflow has led not only to the loss of productive fisheries due to a major and continuing
increase in the Aral’s salinity, from 10 to over 30 g/, but aiso the demise of a regionally
significant navigation and manne transportation system. The effects have been devastating on
the ecologically and economically important wetlands of the two delta systems where-it is
estimated that 85% had disappeared by the late 1980's due to desiccation and subsequent
desertification. A vanety of serious public health problems have been reported in the areas
adjacent to the Aral associated either directly with the increase in wind-blown salt and dust or
with poor water supply and sanitation infrastructure in the irrigated areas [1].

83% of the Aral Sea's drainage basin of 1,800,000 km? is located in the five CIS Central Asian
republics of Uzbekistan, Kazakhstan, Kyrgyzstan, Turkmenistan and Tajikistan (hereafter called
the five basin states) and the remainder in Afghanistan and Iran. Recent assessments of the
predicament of the Aral Sea and its surrounding areas have led to the recognition that the
problems are manifestations of catchment-wide water resource management problems affecting
all five basin states. This has prompted a number of political initiatives which have included:

. the signing by all five basin states in February 1992 of an agreement on the joint
management and protection of interstate water resources

. the signing by all five states in May 1993 of a 10-year agreement on cooperative
efforts to improve the Aral region .

. the forging of intemational links with developed countries and requests to

multinational organisations for help with Aral Sea problems

The Water Resources Manegement and Agricultural Production Programme in the Central Asian
Republics (WARMAP), which is part of the EU-financed Technical Assistance Programme to
the Commonwealth of Independent States and Georgia (TACIS), is one such project directed at
identifying problems in the basin as a whole. More details on the objectives and structure of the
WARMAP Programme, which inciudes sub-projects throughout the five-state basin area, can be
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found in Reference [II).
1.2 Terms of Reference

The information referred to in this report was collected as Task 6 of Sub-Project 7, whose
general objective is to draw up proposals for mitigation of the numerous environmental,
economic and human health problems that occur in the upper watersheds of the Amu Dar'ya and
Syr Dar'ya catchments. The expected outputs of the Sub-Project comprise the coliation and
preliminary assessment of data on a number of environment and economic indicators and a set
of proposals for a second phase to provide appropriate and sustainable measures and guidelines
that can improve the management of the natural and anthropogenic systems at both national and
regional levels. The terms of reference both for Sub-Project 7 and for this specific input on
groundwater resources and utilisation are set out in Appendices 1A and 1B respectively.

Groundwater information was being collated prior to and during the visit by local professionals
from the principal hydrogeological institutes in Uzbekistan (Uzbekgidrogeologia Corporation)
and Kyrgyzstan (Kyrgyzgidrogeologia Survey), and this report concentrates on data and meetings
from those two republics. It was not possible to establish contact with the Tajik counterpart
organisation at the time of the visit as political unrest in and around Dushanbe prevented
effective contact and any field visits by any project staff to Tajikistan Republic. However some
groundwater data has been collated and provided under the coordination of the Tajikistan
Hydrometeorologival Service. Only a small part of the upper watersheds lies in Kazakhstan
Republic (c.5 % of one Oblast), and for many purposes it can be regarded as an adjunct to
Tashkent Oblast. Some information is provided from the published hydrogeological map of the
Republic. A contact name and institute is given in the list of information sources for future
reference. |

2. BRIEF DESCRIPTION OF SUB-PROJECT 7 STUDY AREA
2.1 Physiography

The upper watersheds area of Sub-Project 7 has been defined for project purposes both
topographically and meteorologically. It compnses all land above 800m. in the Amu Dar'ya and
Syr Dar'ya niver catchments, approximately coinciding with the 50% snowfall probability line.
However physiographically the area contains a number of intermontaine basins of which the most
important is the Fergana Valley (Figure 2.1), and several of these have a lower elevation than
800m. The project area of approximately ...... km? encompasses all of the territory of Tajikistan,
much of Kyrgyzstan and significant upland areas of eastem Uzbekistan and southern Kazakhstan.
It is edged to the west and north by the desert steppes of the Turan lowlands. At the time of the
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visit, comparative maps of the upper watersheds project area and administrative boundaries were
still in preparation, but an approximate indication of the main Oblasts concerned in each

Republic 1s shown in Table 2.1.

TABLE 2.1 Administrative provinces {(OQblast) within Sub-Project 7's area

[ Republic Oblast Reference Approx. % Oblast
Number within project area

Uzbekistan Tashkent 511 60%
Namangan 506 100%
Andijan 502 100%
Fergana 512 100%
Djizak 504 10%
Kashkadarya 505 30%
Surkandarya 509 95%

Kyrgyzstan Chiu - 15%
Issyk-Kul - 15%
Narin 201 70%
Djalal-Abad 203 100%
Osh 202 100%

Kazakhstan South 101 5%
Kazakhstan

Tajikistan Leninabad 301 100%

| Hatlon 302 100%

Rejon 303 100%
Badashan 304 100%

Note: very limited areas (<5%) of the Oblasts of Syr Dar'ya and Samarkand (Uzbekistan) and
of Talas and Issyk-Kul (Kyrgyzstan) are also located within Sub-Project 7's area

WARMAP Sub-Project 7
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2.2 Climate

General information on climate, soils, land-use, agricultural production, water pollution and

water-related public health issues was still being collated at the time of the visit. The amount and
~ distribution of precipitation in the project area is likely to be extremely vanable, as the region
encompasses intermontaine plains (such as Fergana), valleys (such as the Chirchik and Narin
valleys) and piedmont areas, together with both the foothills and main massifs of a number of
important mountain ranges, including the Tien Shan, Pamir, Kyrgyz, and Zerafshan Ranges. Both
elevation and rain-shadow effects will be important in such varied relief. However precipitation
as snowfall or rain even in the high ranges is not great, annual values are less than 600 mm/a
over more than 75% of the area of Kyrgyzstan for instance (Figure 2.2), and much of the project
area is likely to have annual rainfail in the range 150-600 mm/a Certainly most of valley axes
and intermontaine plains are arid or semi-arid Figure 2.3 from a companion project report
[Reference IlI] shows mean monthly rainfall and potential evapotranspiration 1881-1980 for
Fergana, a central station in the main intermontaine plain. Potential evaporation exceeds rainfall
for 10 months of the year, and even in January and February, with precipitation values less than
25mm/month, the availability of excess rainfall for recharge or runoff is likely to be smalt in the
intermontaine basins and lower river valleys themselves, where rain-shadow effects are
pronounced. Precipitation is greater at higher elevations; the ranges of 1500-4000m in Djalat-
Abad and eastern Osh in Kyrgyzstan and in western Surkandariya for instance receive more than
800mm/a rain and snowfall.

3. GEOLOGY & HYDROGEOLOGY
3.1 Geology

The project area has an extremely complex geology, encompassing as it does much of one of the

world's most important orogenic belts. Rocks are present at outcrop from the entire stratigraphic

column, from Proterozoic to Quaternary. Intensely folded and faulted cordillera of Lower

Palaeozoic rocks characterise most of the high corditlera in Kyrgyzstan, south Kazakhstan and

eastem Uzbekistan. The cores of a number of anticlinal ranges and anticlinoria for instance form

the massifs of the Tien Shan and Zerafshan ranges, In northemn Kyrgyzstan. the Kyrgyz-
mountains represent an extensive area of migmatisation and igneous intrusion which stretches

eastward from Djalal-Aabad Oblast south of Lake Issyk-Kul towards the Tien Shan.

Metamorphism of the shales, siltstones, sandstones, conglomerates, marls and limestones in the

succession has occurred during successive orogenies.

Formations of Mesozoic age occur on the flanks of the major anticlinal systems, and Cretaceous
and Jurassic rocks outcrop extensively in Osh and Namangan/Andijan/Fergana Oblast around and

W ARMAP Sub-Project 7
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to the east of the Fergana valley.

The lower slopes and valleys of the entire region are characterised by Quaternary and Pliocene
alluvial and fluvioglacial deposits, which form valley fills, intermontaine basins and coalescing
piedmont alluvial/colluvial fans. These unconsolidated deposits are typically heterogeneous, with
grain sizes ranging from cobbly fanglomerates through pebble beds, gravels, sands, some silts
to clays, the latter being discontinuous but fulfilling an important role as confining/semi-
confining beds. Minor silty loessic beds of eolian origin are also present. In the upper vatleys,
these alluvial and fluvioglacial deposits can be extremely thick, due to glacial overdeepening and
subsequent deposition (eg >400m in the Chirchik valley, Ref IX).

More detail than this rudimentary summary of such a geologically complex region can be found
in Refs IV, VIII and IX.

3.2 Regional hydrogeological setting

The entire project area is located in the Pataeozoic fold region of Central Asia, which has been
classified as one of the principal hydrogeological provinces of the Asian part of the former
Soviet Union [Figure 3.1, Ref VIIl]. While the geology is extremely complex, the hydrogeology
can be simplified into two main units, (a) the mountain cordilleras and flanking foothills and (b)
intermontaine basins, river valleys and piedmont alluvial/colluvial fans. Figure 2.4. is a sketch
section typifying the groundwater system and flow/recharge components in the upper watersheds
project area.

3.2.1 Mountain cordilleras and foothills:

This unit comprises all consolidated rocks flanking and underlying unit (b) and includes
formations from upper Mid-Tertiary to Proterozoic age, metasediments and metavolcanics and
all igneous rocks. Although the group comprises a wide variety of different rock types, from
karstic limestones through porous sandstones to dense metamorphics and igneous intrusions, their
hydrogeological role is similar because their occurrence at the higher elevations, topography and
the land-use at these altitudes together make them the precipitation recharge zones for ali fresh
groundwater. The most favourable conditions for recharge are cited [Refs. IX, XI, XIi] to occur
between the elevations of 1500-3500m, where precipitation, either as rainfall or snowfall is at
a maximum. Cited equivalent recharge values in this zone for Uzbekistan range from up 10 375
mm/a in limestones, 250-280 mm/a in older sedimentary or fractured igneous formations, 95-155
mm/a in metasediments down to 30-95 mm/a in Mesozoic or younger sediments [Ref IX].

WARMAP Sub-Project 7
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These values appear to be on the high side considering both the precipitation/evapotranspiration
regime and the likely significant runoff component of effective rainfall from steep mountain
slopes. However, a field visit to the small mountain catchment of Littte Chimgan in the Chirchik
valley did lend support to some of these figures. The catchment, located about 10 km south of
the Charvak Reservoir, has an area of about 35-40 km? and compnses bedded limestones against
a granitic intrusion, with the former predominating (see Photo Figures 2.5A,B). The catchment
ranges from about 1400m to 3300m, and the entirely spring-fed stream’ draining the catchment
had a baseflow at the time of the visit (23 July, considerably post-snowmelt, no antecedent
rainfall for at least 15 days) of about 450 I/s. This equates to around 11-13 1/s/km? or 345-
410mm/a although no information is available on the spring recession during the remaining half
of the dry season..

Analysis of mean monthly springflow histograms which have been used to identify the intake
area of a number of spring-fed mountain streams [Refs XI, XII] confirm the general mechanisms
and role of these formations in the groundwater recharge regime. The highest (glacial melt)
recharge areas (at 3200-3500m) have a later peak flow period than snow-melt (2,500-3,200m)
and rainfall/snow-melt (<2500m) altitude/aspect zones;, these peak in March/April, May/June and
June/August respectively. For the larger sub-catchments of the Syr Dar'ya, this would (in a
natural flow regime, uninfluenced by irrigation system withdrawals) have the combined effect
of flattening and extending the baseflow recession as the river emerged from its upper catchment.
Thus rivers draining the high cordilleras provide extensive opportunities for groundwater recharge
throughout much of the summer as well as during the autumn rainfall period.

In some karstic terrains and in zones heavily dislocated by faulting, it is reported that spring
flows can be significant; exceptionally yields of 2,000-3,000 I/s have been reported from karst
springs in Narin basin in Kyrgyzstan and of 5-20 I/s elsewhere from fracture zones. It is also
possible that in some layered permeable formations deep circulation systems may contribute
groundwater to the unconsolidated aquifers at lower elevations by upward leakage. In Tajikistan,
Cretaceous/U.Tertiary sandstones and limestones in the northern part of Leninabad Oblast are
cited as one of the 30 principal aquifer systems of the republic.

3.2.2 Intermontaine basins, river valleys and piedmont alluvial/colluvial fans:
This unit comprises all lower slope unconsolidated or poorly consolidated/cemented aliuvial,

fluvioglacial glaciolacustrine and eolian deposits (Photo Figures 2.6 A,B,C). Deposits are
generally Quaternary to Pliocene in age, and occur in a number of geomorphologically distinct

'A water sample taken from high-level limestone spring in this catchment had a measured electrical
conductivity (SEC) of 185uS/cm?, equivalent to a total dissolved solids content of about 130 mg/l
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depositional environments. These include sinuous river valley alluvium, intermontaine tectonic
or sedimentary basins, foothill or mountain front alluvial fans, fluvio-glacial eskers, glacial
moraines, colluvium, coarse glacial lake deposits and wind-accumulated loess. Their location at
low altitude, in arid or semi-arid climatic conditions, their frequently coarse granulometry, their
often high effective porosity and their thickness combine to provide them with the role of storage
medium. These formations accept either lateral recharge as spring flow or runoff from adjacent
(or underlying) consolidated rock formation or vertical recharge as seepage from rivers/canals
or over-irngated field systems. The volume of such deposits is not known, but an indication of
their relative importance can be assessed from Figure 2.7 which is derived from the
hydrogeological map of Kyrgyzstan. The cumulative area of Quatemary and Pliocene fresh
groundwater-bearing deposits in the republic estimated to be nationally close to 40,000 km?, of
which perhaps 40% is considered irrigable.

In some valleys where giacial deepening has occurred, these deposits can be deep, 100-300m
thick. The Pskent area of the Upper Chirchik basin for instance has artesian and semi-artesian
alluvial/fluvioglacial aquifers at 200-400m depth. So although the lateral width of the Quaternary
aquifer system can be quite limited away from major intermontaine basins such as the Fergana
and the Narim valleys, saturated aquifer volumes can still be significant.

Quaternary and Pliocene formations are regarded as the principal exploitable aquifers throughout
the upper watersheds of the Syr Dar'ya and Amu Dar'ya basins, being cited exclusively in
Uzbekistan and Kyrgyzstan and with only one exception in Tajikistan.

Both confinred and unconfined conditions are encountered, but it seems likely that in many
locations the Quaternary aquifer is lens-like, with semi-unconfined and semi-confined conditions
occurring due to lateral impersistence of confining clay beds or mudflow/lahar intercalations.
The system i1s reported to be prolific, with yields of up to 100 i/s and specific capacities of up
to 50 1/s/m.

It 1s reported, and was widely considered during meetings and interviews that bed leakage from
rivers/canals and irrigation field losses contribute importantly to recharge, alongside that from
snowmelt streams and lateral inflow. This is a key feature of the groundwater system and should
be considered alongside the observation that there is no evidence from the monitoring systems
in Kygyzstan, Tajikistan or easternmost Uzbekistan of declining water levels in either the Syr
Dar'ya or Amu Dar'ya basins due to over-abstraction. The latter point was made by Dr Tolstihin
and Dr Tarasenko (Chief Hydrogeologist and Chief Geologist at the Kyrgyzstan Hydrogeological
Survey), in the 1991 review report on groundwater in Kyrgyzstan [X] and in the project local
specialist review for Tajikistan.

WARMAP Sub-Project 7
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More descriptive detail 1s given in Refs V, VII, VIII and IX, and a part translation of the
features most salient in the upper watersheds is provided in Appendix U.

4. GROUNDWATER RESOURCES AND THEIR PRESENT UTILISATION

Data on the present status of groundwater development in Uzbekistan, Kyrgyzstan and Tajikistan
were collated by staff at Uzbekgidrogeologia Corporation, Kyrgyzstan Hydrogeological Survey
and Tajik Hydrometeorological Service respectively. These data are provided in detail as
Appendix sets U, K and T. Here only selected information fro the tabies is quoted to provide an
overview on the status of groundwater development in the upper watersheds of these three basin
republics.

4.1 Soviet resource classification system

It may be usefut first however to describe the resource classificaton which was adopted under
the Soviet system, which continues as a standard method, and which is rather different from that
utilised in Western Europe. There are 4 classes in the system; A, B, Cl and C2, in decreasing
order of certainty;

A: This is the quantity at which pilot or production wells have been tested. A typical array
would have both pumping and observation wells, and there would be a constant rate
pumping test of ¢.6 days duration. A comprehensive file of well information (on aquifer
type, thickness, lithology, static water level, screened section, pumping test results etc)
is usually available. These are used to evaluate aquifer characteristics (transmissivity,
storage coefficient, leakage, boundary conditions) and, together with results of physico-
chemical water analysis, an abstraction regime for development is designed. There is a
high degree of confidence in the cited resource volume, which would be analogous to the
‘safe yield' in Western Europe.

B: This is the yield from a number of similar wells in the same area, and the aquifer and
weil characteristics are studied less precisely, often by extrapolation or interpolation from
nearby test wells. There is no definite relationship between A and B, but the latter is
typically 50% of the former. Together A and B are regarded as proven or certified |
TesSources.

Cl:  The CI1 value is less borehole-oriented, and comprises an estimate of the available
resource in a more generalised sense. Aquifer discharges are approximated by testing or
extrapolation and techniques may include the Darcy equation to estimate flow through

W ARMAP Sub-Project 7
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aquifer cross-sections. Water quality is assessed but not in respect of its stability over
time. Groundwater abstraction is estimated by analogy with similar areas. C1 class can
be regarded as having been assessed but not in detail.

C2:  This is the least certain resource volume, and is used for reconnaissance-level esimation
purposes where there are only limited field data available. Hydrologic, meteorologic or
geologic approximations are employed eg estimates of permeability based on probable
aveiage grain size, effective rainfall from precipitaton minus pan evaporation. The water
quality is assessed on the basis of single samples. The values of A+B+C1 are deducted
from the calculation and the balance is called C2 e A+B+C1+C2=ZReserves.

This classification is very practical for aquifer development purposes, but some care is needed
in interpreting the resultant totals for total resource estimation, as the global figure will include
both A and C2 values with their widely different degrees of confidence and precision.

4.2 Resources and current use in Kyrgyzstan Republic

See Appendix Tables K1-K3 which refer to the 3 Oblasts corresponding principatly with the Syr
Dar'ya basin. Certified (A+B), assessed (Cl) and estimated (C2) resources in 1994 in the 11
principal Quaternary river valley, intermontaine basin or alluvial fan aquifer systems amount to
about 690-700 MCM/a, depending on the data table used, which compares with a national total
for 1991 of about 1865 MCM/a. Most of the balance is likely to be located in the extensive Chiu
piedmont and ailuvial plain aquifer around Bishkek, located outside and north of the Syr Dar'ya
Basin. There are several features of note in the water resource and utilisation statistics;

(1) Of the 690-700 MCM/a, about 80% is certified or assessed, so this resource
assessment may be regarded as conservative. This is corroborated by 2 observations;
(a) actual abstraction is 486 MCM/a of which only 263 MCM/a is certified and yet (b)
the Kyrgyz Hydrogeological Survey confirmed that there are no reports of over-
exploitation from any aquifer in Kyrgyzstan. However, it is equally important to note that
much of the resilience of aquifer levels to abstraction is likely to be due to increased
induced leakage from surface water sources, either naturally through river beds or via
irrigation systems (canal and field losses). Future increases in abstraction would be
reflected in commensurate reductions in baseflow where there is scope for bed leakage
to replenish aquifer storage.

(1) Only two out of every five wells in the project area have certified use
(iii) Almost 2200 boreholes are in operation by 580 users in the Syr Dar'ya basin. This
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compares with a national total in 1991 of 5864 [Ref X), so the Syr Dar'ya catchment
encompasses around a third of all abstraction and a third of all the wells in Kyrgyzstan.

(iv) While arable irrigation is the prime user of groundwater by volume (50%), it is clear
that one very important use of groundwater is public water supply, with 40% of all
abstraction being used for this purpose.

It was not possible in the time available to quantify the relative importance of groundwater for
domestic drinking water supply, other than in general terms, but some indication of its essential
role can be made. Bishkek and all principal provincial towns are supplied from groundwater via
boreholes or spring capture systems. About 35% of the 1994 national population of 4.5 million
1s urban (see Appendix table K4), so perhaps about !.6 million urban dweilers depend for
drinking water on groundwater supplies. Furthermore many rural dwellers in the Osh, Djalal-
Abad and Chiu Oblasts, where two-thirds of the rural population is located, are also likely to
depend on boreholes for drinking water purposes, because these areas are also where most of the
groundwater irrigation is concentrated. Staff at the Krgyz Hy drogeological Survey estimated that
perhaps 80% of the population of Kyrgyzstan depends on wells, springs or galleries for drinking
water supply. This places a special quality demand on the aquifers used for potable purposes and
makes protection of sources an important public health concem.

4.3 Resources and current use in Tajikistan Republic

These data are presented in Appendices T1-T3 and were collated during the latter part of July
but 1t was not possible to discuss them-with Tajik hydrogeologists as political unrest impeded
travel to Dushanbe. 30 important aquifer systems are reported on, 29 of which are Quaternary
unconsolidated deposits. Forecast resources, thought to be equivalent to the C1+C2 resource
classification in use elsewhere in the project area, are estimated to total 8548 MCM/a, equivalent
to about 70 m%/s, of which 2,750 MCM/a ( c.87 m%s) is listed as exploitable (thought to be
equivalent to A+B classes). Actual abstraction (date of figures unknown) stands at 2086 MCM/a
or 76% of exploitable reserves, and again no problems of local over-abstraction are cited.

It 1s notable that all 30 main aquifer systems provide groundwater for public supply (domestic |
and drinking water purposes) and in one third of cases that is cited as the principal use.
Tajikistan's population in 1990 was 5.36 million, 31% of which is urban [Ref XIII]

4.4 Resources and curvent use in Uzbekistan Republic

Collated figures for Uzbekistan refer to the 7 Oblasts corresponding to the upper watersheds
project area; these are in both the Syr Dar'ya and Amu Dar'ya basins, but it should be noted that
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substantial areas of-Kashkadarya, Tashkent and especially Djizak Oblasts comprise lowland
plains which are outside the project area. This has complicated the data collation, and Appendix
Tables Ul A,B although reproduced, should not be regarded as reliable indicators of reserves and
use in the project area Instead such data have been taken from Appendix Tables U2-U4, which
catalogue details of the 37 main aquifer systems in the 7 Oblasts. A further refinement to the
total figures excludes from the 37 systems 7 of those lowland plain aquifers which are clearly
outside (west of) the project area; these are the deposits 23, 24, 26, 34, 35, 36 and 37. The
collated Cernfied (A+B), assessed (C1) and estimated (C2) resources in 1994 in the remaining
30 aquifer systems are all located in Quaternary and Pliocene river valley, intermontaine basin
or alluvial fan systems. According to the data supplied in Appendix U3 these together amount
to 4625 MCM/a. (Note; there remain inconsistencies in the data supplied, as this globai figure
does not agree with the sum of used and not used resources in Appendix U4, the latter totalling
7061 MCM/a). Actual abstraction is assessed at 5040 and 5026 MCM/a in Appendices U2 and
U3 respectively, of which 892 MCM/a consists of soil waterlogging prevention and drainage.

According to the data presented in Appendix U4, groundwater for public supply (domestic and
drinking water) totals about 1633 MCM/a or 32% of all groundwater used, and it is again clear
that groundwater plays a pivotal role in providing domestic and drinking water supply both to
urban and rural communities. Table U6 sets out sources of public water supply for the major
urban centres in eastern Uzbekistan. All 7 provincial capitals are entirely or predominantly
groundwater dependent and almost 40% of the supply to Tashkent is similarly denved, so in

these urban areas alone perhaps more than 2.1 million inhabitants rely on groundwater for
domestic supply.

4.5 Upper watersheds resource overview

The data on groundwater reserves and actual abstraction has been collated in Tables 4.1A,B. to
provide a summary of resources and current utilisation levels in the project area, but it must be
stressed that the overview is no more than preliminary. Not only do the data include some areas
outside the upper watersheds, and exclude other areas (eg the relevant sector of South
Kazakhstan Oblasi), but also there are internal inconsistencies in some of the tabulated data that
need to be resolved. These cavears made, the tables indicate that estimated groundwater reserves
(A+B+C1+C2) are of the order of 16,600. MCM/a, equivalent to about 527 m?/s, of which about
31% or c. 6,760 MCM/a is exploited. The pattemn of use and the aquifer setting prompt a number
of comments relevant to land and water management in the upper watersheds:

. While, by volume, the main use of groundwater is for irrigation, principally of
field and orchard crops, there is clearly a very high dependence throughout
Uzbekistan, Kyrgyzstan and Tajikistan on groundwater for domestic and drinking
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water supply. About a third of all groundwater pumped in Uzbekistan and
Kyrgyzstan is used for this purpose, with a similar or higher figure likely for
Tajikistan. The high socio-economic and public health value of this water use
places a premium on the protection of quality and on the sustainability of aquifer
production. The provision of altemative supplies would be inherently much more
expensive, because for viable alternatives (more distant unpolluted aquifers/spring
systems or treated nver water) both substantial capital investment for the
engineening works and higher maintenance costs for system operation would be
involved.

. The nature of the principal aquifer system, the Quaternary and Pliocene deposits,
will require sophisticated water resources management. It is widely reported that
recharge for these aquifers, most of which are geographically iimited by
topography or geomorphology, is partly dependent on river and canal bed feakage
and on infiltration of excess irrigation from field systems. The wide range of
elevations of the catchments supplying summer flows provides a prolonged high
baseflow period in many river tributaries to the Syr Dar'ya and Amu Dar'ya and
so despite the aridity of the river valleys and the intermontaine plains, surface
water is amply available for most of the year. This means that groundwater
levels, especially in the phreatic aquifer systems, will be relatively insensitive to
increased abstraction, because the resuitant increased drawdowns will provide
storage volume which will induce more leakage from surface water systems. This
occurs both to shallow watertable aquifers and, more stowly by leakage, to deeper
semi-unconfined systems where the hydraulic head permits. The compensatory
leakage will affect summer baseflows because that also coincides with the peak
demand for irrigation by groundwater. If a pattern of steadily increasing
abstraction developed, the effect will be cumulative downstream

. Similarly, the effects of pollution of surface waters in this hydrogeological
environment has an important bearing on groundwater quality. One of the
advantages of abstraction from groundwater is that its quality is relatively stable
compared to the frequent transient effects that characterise river abstractions. Even
where there is hydraulic connection and bed leakage, such transients, often of
only a few hours or days duration have little effect because of the large storage
in intergranular groundwater aquifer systems. Equally though, any long-term
deterioration in river water quality witl eventually be reflected in any connected
aquifers, and any such degradation will persist long after improvements to river
quality have been attained.
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. While it is important not to over-interpret the figures in Tables 4.1A,B due to
their preliminary nature, it does appear that in the upper watersheds, at the present
stage of groundwater development there is less exploitable groundwater resource
available in Uzbekistan than in either Kyrgyzstan or Tajikistan. In Uzbekistan
actual annual abstraction (excluding soil drainage areas) is already 50% greater
than A+B ‘safe yield' resources and is 90% of A+B-+C1+C2 resources. This
contrasts with Kyrgystan and Tajikistan, where current abstractions are much
closer to, or within, the 'safe yield' resource estimates. Taking the upper
watersheds project area as a whole, curmrent total pumping is about 14% greater
than combined A+B resource.

The combination of these three factors; high dependence on groundwater for public supply,
current abstraction rates already larger than the A+B exploitable resource and strong surface
water/groundwater interaction are likely to constrain the scope for substitution. of surface water
resources by groundwater as a possible strategy option for resource reallocation at an
international scale. There may however be opportunities for groundwater resource reallocation
at a national level by internal agreements, for instance to safeguard the public health role of
clean groundwater as a source of domestic and drinking water supply.

On a more general note, there is clearly much detailed information available from the
hydrogeological survey departments, especially in Uzbekistan, where it is estimated that the two
national monitoring networks jointly exceed 34,500 wells. The figures collected cover the fields
of resource, evaluation, abstraction and water quality, and are so numerous as to be very difficult
to use for surveillance or trend analysis, and impossible to collate for integrated river basin water
management purposes. The Uzbekistan data for instance was collected from different sources and
contained significant inconsistencies, which Uzbekgidrogeologia themselves acknowledge to be
not uncommon. There appears to be a case for a data management project perhaps using one of
the smaller republics such as Kyrgyzstan as a pilot area This would allow the very
comprehensive data which has been (and at a reduced scale continues to be) collected to be
organised in such a way that it could provide state and nver basin water resource managers with
more effective decision-making tools.

5. WATER QUALITY CHARACTERISTICS

Similar features were reported on natural groundwater quality from each of the 3 main republics,
so for convenience they will be treated together. The effects of human activities on water quality
are being assessed in another WARMAP project task, so these features will only be referred to
in brief. Typical macro-element compositions are reported in Appendix sets K, T, and U.
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Baseline major ion chemistry throughout the project area reflects the effects of residence time
and interaction with the host rock through which recharging groundwater has passed. Thus some
sinuous shallow river valley alluvial/fluvioglacial deposits such' as Faizabad-Kalaidasht-
Dashtirabat in Tajikistan and the Kugart River valley in Kyrgyzstan show the low mineralisation
typical of a rapid recharge shallow aquifer, with chloride and sulphate concentrations generally
below 100mg/l. Deeper systems, and those where confining conditions have impeded circulation
start to show increased hardness with calcium and magnesium greater than 150 and 75 mg/l
respectively and associated sulphate concentrations from 750 to more than 1300 mg/l. This is
especially the case where the aquifer is composed of, or receives recharge from a hinterland of
Upper Tertiary formations, because these are frequently gypsiferous. High sulphate appears to
be a greater problem than salinity, and chloride values are generally below the 250 mg/1 WHO
guideline value (although there are exceptions such as Lyakat-Savat and the Syr Dar'ya valley
itself, where the chloride content may reflect recharge of surface water which is itself salinised
upstream from the Fergana intermontaine basin). In contrast a number of aquifer deposits show
sulphate concenrations in excess of the WHO guide level of 400 mg/l (eg Kasansai, Narin,
Chirchik-Keles, Sherabab in Uzbekistan, Kirsorovat, Golodnostep, Lyakat-Sovat in Tajkistan).

A useful 1990 review of groundwater resources and quality [Ref X] in Kyrgyzstan reports on
almost 2350 analyses from over 1350 wells and 93 sources of pollution, and provides valuable
detailed information on natural water quality and groundwater pollution problems encountered.
The report refers to 5864 wells, 103 springs and 39 infiltration galleries in operation nationally
in 1990. The review cites examples of groundwater quality deterioration from human activities.
In Bishkek, elevated high nitrate and chromium concentrations are reported from the area of an
agricultural machinery factory due to inadequate effluent disposal facilities, and other urban and
industrial landfill leachate problems are alluded to. A number of point pollution incidents are
reported from mining and minerals processing plants. High cyanide and sulphate from tailings
lagoons seepage, together with high nitrate (presumably from oxidation in the unsaturated zone
of cyamde salts used in ore processing additives) are noted. The review recommends that plants
should be equipped with adequate treatment facilities for generated wastes, better wastewater re-
use technologies including closed cycle techniques and education of industrialists and the public
in environmental protection issues,

In Tajikistan, mining, industry, food processing, construction materials, cattle breeding farms,
irrigated agriculture and urbanisation are cited as the main polluting activities. Noteworthy
examples of diffuse pollution from agriculture were cited as the Dalversin (east of Samarkand),
Nau-Kostakoz, Karakchikum-Kanibadam and Isfara aquifers (south of Dushanbe) all with
mineralisation in the range 1000-3300 mg/l and nitrates 20-110 mg/l. Ore processing effluent
have been problematic, one effluent leakage incident produced samples with 5400 mg/l
mineralisation and sulphate concentrations over 3000 mg/l. An industrial poliution incident
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exarhple from a nitrogen fertiliser plant produced extremely high concentrations of nitrogen
compounds (ammonia 630-2675 mg/l, nitrite 33-182 mg/1 and nitrate 10-133 mg/).

6. PROPOSALS AND RECOMMENDATIONS ON GROUNDWATER MANAGEMENT IN
THE UPPER WATERSHEDS

On the basis of the groundwater information supplied during the wisit, there appears at present
to be little evidence of groundwater resource depletion in the upper watershed project area. There
are for instance no reports of over-abstraction from any of the counterpart agencies contacted.
However, some concemn has been expressed over contamination problems from industrial, mining
and mineral processing activities, and high sulphates and mitrates are widely cited as the product
of pollution from agricultural sources, both in diffuse form as a result of leaching from
(over)irngated land and as point pollution from intensive livestock and poultry-rearing units.
High sulphate is also a natural wate quality problem in some aquifers where echarge has passed
through gypsiferous Upper Tertiary formations. It therefore appears that degradation of the
groundwater resource is more likely to occur as a result of water quality deterioration than from
over-abstraction.

From discussions held with counterpart staff at meetings in Tashkent and Bishkek, three possible
areas of tnstitutional support arose: techniques of protection of potable groundwater sources, data
management and water/wastewater management. These areas of interest could form the basis of
a groundwater resource management element of the second phase of the WARMAP project

6.1 Protection of potable groundwater sources

The heavy dependence throughout the upper watersheds on groundwater for domestic and
drninking water supply has already been pointed out; around 2.1 million city dwellers alone in
Uzbekistan, perhaps 80% of all domestic supplies in Kyrgyzstan and public supply abstraction
from all 30 of Tajikistan's main aquifers all testify to the pivotal public health and economic
roles played by groundwater in the region. Protection of the aquifers feeding public supply wells
is therefore a vital water resource management role. There was at meetings held with local
agencies & general appreciation of the need for a protection policy in respect of potable supply
sources, and considerable interest both in the kinds if measures already adopted in Western
Europe and elsewhere with the same objective and also in the use of the tools which would
enforce such a policy. Uzbekistan for instance has preduced large scale national vulnerability
maps, but has not used them for any policy development or land-use planning purposes.

Institutional support for the development of national groundwater protection policies appears
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strong and could take the following form:

. identification of the objectives of a national policy
. moves to standardise policy objectives amongst the Central Asian republics
. development of policy tools along the lines already successfully implemented in

Westem Europe, North America and in some states in Latinamerica and the
Caribbean These tools include infer alia hazard identification and pollution load
assessment surveys, land zoning by aquifer vulnerability mapping and source
protection zone delineation, development of institutional, planning and legal
sanctions to control activities hazardous to potable supplies

Training needs could be metthrough in-house institutional support and include a workshop,
drawing for instance on the expertise of WHO-PAHO, which has considerable experience in the
field of groundwater protection, having organised with the aid of professional presenters similar
events throughout Latinamerica, the Caribbean and in Southeast Asia.

6.2 Data management

The system of groundwater monitoring in the Central Asian republics is enormous; Uzbekistan
alone has twin systems covering more than 34,500 wells. However it appears that although very
comprehensive in its areal coverage, this system is not well attuned to the needs of basin-wide
resource management, and the fact that tn the main it is still a paper record (apart from a pilot
project in Karakulpakstan) makes data synthesis for planning and predictive purposes virtually
imposstble. It is proposed that support be given to helping key institutions in each republic
establish, in parallel, a groundwater data management system using modem interactive databasing
programmes, with a subsidiary/secondary option to interface with a GIS system which would
help manipulation and visualisation of the data for national resource planning and management.
Training needs could be met by accompanied visits to agencies in Western Europe where such
techniques are in operation on a routine basis, and also to a number of emerging nations where
simple systems are being developed in tune with local needs.

6.3 Water'wastewater management

There 1s some concem that the system of planning and regulation implicit in the centralised
command economy of the former Soviet Union is falling into disuse in the new post-Soviet
liberalised economic climate. It is essential to ensure that in respect of groundwater, due concern
is paid to the recquirement to reconcile competing, sometimes contradictory demands for the use
of the iand surface with the need to protect and maintain the integrity of underlying and down-
gradient groundwater resources.
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The approach adopted 1n most countries has been to institute some form of licensing, whereby
water users and water/effluent disposers alike are required to carry out their business according
to certain technical cnteria, standards or conditions as set out in a user-specific licence. The
polluting potential of any activity at the land surface and the vulnerability and scarcity of the
resource are reflected in the conditions attached to the licence. Charging mechanisms can also
be utilised to favour particular uses of groundwater, such as for public supply, in accordance with
strategic policy objectives. These may include improved waste handling, storage or treatment for
particular industrial effluent. The licensing authority and its surveillance/regulatory function are
usually seif-supporting, financed from part of the licence charges. Such a licensing system would
perform one of the legal and executive roles of national policies put in place to ensure that the
value of the water resource is truly accounted in the economy.

It is therefore proposed that consideration be given to assisting institutional development of a
water and wastewater regulatory system based both on valuing abstracted groundwater resources
and pricing/controlling practices which could threaten those resources.

6.4 Other recommendations

The ToR of the this consultancy did not include assessment of institutional operational needs,
but there did appear to be a need in both the Hydrogeological Surveys visited for some modest
improvement 1n computing facilities (PCs, printers, software) and in basic hydrogeological field
ttems such as field water level and physico-chemical measuring equipment. Investment in these
basic facilities has virtually ceased since the republics' independence.
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Dushanbe
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1.2

monthly totals for the fast 40+ years as far as availablc; isohyetal maps, etc.).
(A large part of (c) en (d) data will be coliected under sub-project 2b (chegk!)

Analysis steps:

(a) Geomorphologic description of the region,

(b} Relief map of the region indicating niountains, rivers, roads, cities, ute).

(c) Assessment of existing mapping of spatial variation of rainfal|,

(d) Tables and/or graphs of time variation (annual cycle; time serics) of rainfall
{mean monthly values for main stations; 10% dry and wet year; cycle of dry
and wel years for selected stations; trends) and evapotranspiration.

Collect dats on land use and relate them to soil, topographic and climatic
conditions.

Data reguirements:

{a) Soil maps (1:500,000, 1:1,000,000) of the region (oblast level); information
on relative soil charactenistics.

(b) Information on soil suitability for growing different crops.

(c) Data on actual land use, related to topographic, soil, elimatie, ete. conditions.
(Land usc maps ar¢ only available on 1:10,000; 100 big, not usable!)

Analysis steps:

{a) Assessment of existing soil maps and the soil classification for their suitabil-
ity for ezosion and land use (irigation) evaluation.

(6} Compilation of land use statistics (rclated to soil, topographic and climatic
conditions, etc., as far as the data allow).

Quantify available SW resources and their use for irrigation and other purposes.

Data requirements:

{a) Map of discharge stations in the upper watershed region.

(b) Stream flow records of main discharge stations (average monthly discharges;
average year, 10% dry year, 10% wet year).

(c) Other SW sources.

(d) Data on water use by different branches of the economy (for irrigated agricul-
turc in the growing season and outside the growing scason, annual data for in-
dustry, domestic water supply, fish farming, «tc.); location,

{e) Socio-economic output data (irrigation revenues, number of people connected
10 piped drinking water supply, hydroelectricity generated, etc.).

(Activitics (2) and (b) will be executed by sub-project 2b. Check!)

{Activity (¢} might be executed by sub-project 4. Chegk!Y'

Analysis steps:

(a} Quantification of available resources in space and time.

(b) Analysis of trends in SW availability.

{c) Quantification of SW use for different purposes.

(d) Quantification of reuse of drainage and waste water.

(c) Preliminary analysis of the economic value of water for different purposes.

FARM L Nebioppngeet 7w lorm of refircnee s
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o 3

Quanuly available GW resources and eir use tor itrigation and othier purpases.

Data requirements:

(2) Hydrogeological maps with lacation of main aquifers.

(b) Characreristics of main aquifers (Short geohydrological description; hydraulic
characteristics; water quality). :

{c) Location and exploitation data of wells {number, depth, exploitation regime;
discharge; yield (summary per aquifer).

(d} Information on groundwater-level development of main aquifers (summary).

Analysis steps:

(2) Shortdescription of main aquifers / maps.

(b) Quantilication of available resources and identification of exploitation poten-
tial (including quantity and quality aspects). ’

(¢} Quaniification of the actual ¢xploilation of aquifers (location of wells; yearly

. production; seasonal variation of discharge),

(d) Identification of specific problems with regard to ‘exploitation (over-

cxploitation, water quality, costs aspects, etc.).

Collect and analyze information on the water management system.

Data requirements: ]

(a) Schematic general description of river basin water management systems (riv-
ers, dams, imigation systems, drainage canals, <tc.; location on maps; capac-
ity) including location and extension of irgation areas,

(b) Schematic description of main irrigation systems (lay-out, hydraulic capacity,
maintenance state, operation (supply or demand), operation costs, elc.); Sum-
mary of minor irrigation systems.

(c) Description of reservoir management (criteria for release of water, actual re-

“lease statistics).

Analysis steps:

{a) Schematic presentation of main hydraulic systems.

(b) General evaluation of technical and operational aspects of the main irrigation
systems.

(¢} Evaluation of operational aspects of reservoir management,

(d) Evaluation of interrelations between different water uses and eventual
conflicts. '

Collect and analyze data on the techniques and methods of irrigation.

Data requirements:

{a) Data on the irrigation techniques used in the main imigation schemes, differ-
entiated according to crops.

{b) Conveyance and field losses in main imrigation schemes.

{c) Cropping intensity data.

(d) Data on crop waler use and imigation efficiency (compiled per imigation
scheme and differentiated according to crops).

(¢) Information-on specific problems with regard to irmigation (salinity, warer-
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APPENDIX K5 LEGEND EXTRACT FROM HYDROGEOLOGICAL MAP OF REPUBLIC
OF KYRGYZSTAN

From Technical Atlas of Kyrgyzstan, Moscow 1987-see pp50-51 for distribution

L..Quaternary-Recent sand, gravel & pebble/cobble beds; rare sandy clay

L .Quatemnary-Recent alluvium, (a) pebbly/cobbly gravel, layered with sandy loams (b) loessial
silts with gravel lenses

M.Quaternary-Recent coarse lacustrine deposits, sands, coarse gravels, loams, pebble beds
M/U.Quaternary coarse glacial deposits, cobbles, pebbles, gravels, sands

MAJ Quatemnary fluvioglacial deposits, cobbles, pebbles, gravels, sands, silty sands

with extensive evaporitic beds
NQ

N

6

7

10

11

1)

]

T-J

U.Pliocene-1. Quaternary interstratified conglomerates, sands, pebbly sandy clays
stratified U.Tertiary gravelly conglomerates, sands with gypsum & sait horizons
U.Tertiary marl & limestone with gypsum & salt, sandy clay in upper part

Cretaceous conglomerates, sandstones, shales, gypsiferous marls, limestones, heterogeneous
sandstones & conglomerates

Jurassic interbedded sandstones, shales, coal horizons

Jurassic-Triassic conglomerates with sandy shales

C_Patacozoic & older sedimentary, metamorphic and effusive formations

12

13

i4

13

i6

17

Pz
PZ

Pz

PZ.

P-C

YPZ

U Palaezoic terrigenous & carbonate formations; conglomerates, sandstones, shales, limestones
U/M Palscozoic carbonate & terrigenous formations; limestones, sandstones, shales

M Palaezoic terrigenous, metamorphic, volcanic formations, sandstones, conglomerates, shales,
phyllites, quartzites, limestones, marbles, volcanics

L.Palaeozoic terrigenous & volcanic & metasediments, sandstones, conglomerates, shales,
slates, phyllites, quartzites, limestones, marble, volcanics

Precambrnian mainly metasediments and metavolcanics; marble, limestones, volcanics

Igneous intrusives; granite, porphry, quartz-porphyry, granodiorite, diorite
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APPENDIX .. ABSTRACT FROM HYDROGEOLOGICAL DESCRIPTION OF REPUBLIC
OF UZBEKISTAN (REFERENCE IX, page 36) -

HYDROGEOLOGY

Hydrogeologically the territory of Uzbekistan Republic is divided into 2 provinces, the
piedmont and foothjll mountain areas and the valley-lowlands. The areas of intensive
development of fresh groundwater resources are in the mountains. On the plains, there is
groundwater but with high salinity and limited resources.

Piedmont and foothill mountainous province
This province is divided into mountain systems, foothills/piedmont and intermontaine valleys.

Mountains: These comprise a very complex nucleus of tectonisd anticlinal structures. Here
one can find fissure and karst-fissure water in carbonate rocks, fissure water in metamorphic
shales, sandy shale formations and volcanosedimentary deposits and intergranular flow in
some terrigenous complexes of Mesozoic rocks. Groundwater derives from the infiltration of
precipitation, the intensity of which depends on the lithology of the rocks and the amount of
precipitation, which itself varies with elevation and geographical location. The most
favourable conditions for groundwater recharge are found between the elevations of 1,500-
3,500m, where the greatest amount of precipitation is observed. This zone is characterised by
maximum groundwater flow rates(recharge?): for carbonate rocks their value reaches 12
I/s/km?, for sedimentary or magmatic complex it is 8-9 Vs/km?, for metamorphic sandy shale
it is 3-5 V/s/km? and for terrigenous Mesozoic/Cenozoic it is 1-3 Us/km’. The minimum
values of groundwater flow rate(recharge) are observed in all water containing rocks below
1500m elevation because here the amount of atmospheric precipitation is rather low, and the
evaporation rate is considerable. Groundwater resources of mountain areas in Uzbekistan are
about 105 m’/sec as follows;
314 % Tashkent District (Tashkent Oblast)

23.8 Sukhandariya Oblast

13.5% Kashkadariya Oblast

11.6% Zerafshan District (Navoyi Oblast)

6.7% Nurata-Turkestan District (Bukhara),
5.25% Hungry Steppe (Djizak),

5.9 . Namangan, Andijan and Fergana Oblasts,
L% central Kzyl-Kum desert.

Over 80% of the total dynamic resources contribute to surface water courses The resources
occur in fracture flow or karst fissure system and as sub~channel flows (underflow?) of
mountain river valleys. While these are important for water supply, their withdrawal will
directly affect the amount of surface water flow and the resources of groundwater in foothills
and intermontaine areas.

Piedmont/foothills: are represented by low rows of hills which flank intermontaine areas,
formed as synclinal basins, often artesian. In this area, phreatic and confined groundwater
(recharge) derives both from precipitation and inflow of subsurface water. They supply mainly
adjacent artesian basins. The rocks are principally sandy clays which form piedmont/foothills
and are weakly saturated. The quality of subsurface water is variable, from fresh to brine. In
Kokural piedmont plain, fresh artesian water flows from sandy gravel sediments at the depth



of 100m and more. The water resources are estimated as 1.0 m*/sec and are the main source
of public water supply and pasture irrigation. The typical discharge of a borehole is 10-15 Vs.
In the foothills of Zerafshan confined gravel and pebble aquifers produce mainly fresh and
slightly saline water. The resources are negligible. Borehole discharge is up to 10-15 Vs and
is used for public water supply and livestock watering. The total amount of dynamic reserves
of groundwater in the foothills is about 295 m/sec.

Intermontaine and river valleys: Mountain massifs are separated by river valleys and
intermontaine basins which are represented by synclines. The axes of almost all such plains
are coincide with the river valleys. In the intermontaine plains, phreatic and confined
groundwater occurs. Quality and quantity is different depending on the recharge conditions,
circulation and on discharge. In central parts of depressions, groundwater with increased
salinity predominates, due to difficult conditions for groundwater flow. Fresher water in
Quatemnary deposits are referred to peripheral fans and to the so-called gravel/shingle tongues
in the loam layers (central Fergana, eastem part of Hungry Steppe ) -

Artesian waters are derived from Mesozoic and Tertiary deposits and vary both in quantity
and quality. [n sandy, pebbly strata of the Upper Tertiary, freshwater occurs but is scarce. In
Lower Tertiary deposits, highly saline and very often thermal waters are mainly found.

Groundwater reserves of intermontaine basins are many times more than the demands of
public water supply and industrial water supply (sic). Within intermontaine basins and river
valleys, water of Quaternary formations of different genesis is of great practical value.
Considerable reserves of fresh groundwater (50-95%) are formed in the basins, mainly due
to losses of surface water from rivers, canal and field irrigation system. River valleys are
formed by alluvial gravel/pebble formations (main rivers) and older alluvial loams, sands,
gravels and pebble beds, and the thickness of such deposits is 100-300m. A very productive
flow of groundwater can be found there. The formation of groundwater flow starts at the exit
of nvers from the mountain region and down along the valley the reserves increase
continuously due to losses from the river itself, from the irrigation network and irrigated lands
and from groundwater flow from the mountain streams (sa) and from the surrounding
mountainous ranges. Discharges of boreholes can be up to 100 Us per more with the specific

discharge(specific capacity?) of up to 50 Vs/'m.

Fergana valley is rich in groundwater. Productive reserves of groundwater are 289 m¥/s as
recharge. When withdrawal of groundwater is high, surface water decreases by 250 m¥/s.
Intensive use of groundwater will result in reduction of evaporation from shallow groundwater
levels, will improve the capacity of saline soils and will provide increased water resources
by a value which is close to the value of evaporation fom the groundwater level (40 m/s).
In the basin of Chirchik and Akhangaran Rivers, about 140 m'/sec is formed, namely 90
nr/sec in Chirchik, 33 m'/sec in Akhangaran, 14 m?/sec in Syr Darya. Water levels are found
mainly at 1-5m in depth. Borehole yields can be about 180 I/s. Groundwater is mainly lost
to river channels, imrigation collector drains and by evaporation from the water table. In the
Pskent area (uppermost niver valley of Chirchik), semi-artesian and sometimes artesian water
is found in pebble beds at a depth of 200400m. Productive renewable reserves of the water
are 1.3 m'/sec. Single borehole discharges reach 50 I/s and more, |

The total productive reserves of groundwater which are suitable for public water supply and
irrigation in Hungry Steppe are about 32 m?*/sec. The largest reserves of groundwater are in



the northeastern part of Hungry Steppe, where the confined water level is at 5-400m deep.

Between the basins of Syr Darya and Amu Darya nivers there is a transition zone which
includes the valley of Sanzar River, Gallja'aral, Koitash, Koshrabad, Nurata and Amasai
depressions and surrounding northern and southern ranges of Nurata Mountains. In the valley
of Sanzar River, there are fresh groundwater is highly developed, and the reserves are 3
m?/sec. Single borehole discharge is up to 50 Us. In Gallja'aral Koitash and Koshrabad
depressions, there are smail reserves of groundwater. Water is of mixed salinity, from fresh
to brackish. Discharge of a single borehole is 5-10 Us, seildom 15 I/s. The total productive
reserves of groundwater here are estimated as 7.1 m/sec. In Nurata tectonic basin, freshwater
is mainly found in pebbly sands, loams and sandstones. Borehole discharge are up to 25 I/s.
The total reserves of groundwater are 1.7 m’/sec. Water of such tectomc basins can be used
for irrigation and rural water supply.

In the middle part of Zerafshan basin (Zerafshan intermontaine valley) and in the lower part
of it (Bukhara and Karakul oases) groundwater is widespread. Reserves of the present day
Zerafshan river valley are 95 m*/sec and are derived from losses of niver, canals and imgated
lands. In the irrigated zone of Karakul and Bukhara oases, groundwater is found at a depth
of 1.5-3 m. The salinity varies from slightly saline to saline. Productive reserves of
groundwater are estimated at 38 m?/sec. This water can be used for public water supply and
as additional source for irrigation. In Kitab-Shakhrisjabskaya inland depression, about 8
m/sec of good quality water can be taken from gravel/pebble deposits, the borehole discharge
being about 25 Is.

Fresh, slightly saline and saline groundwaters are found in the middle reaches of
Kashkadariya River, in Upper Tertiary sandstones. Water here is confined and at a depth of
20-50 to 105m. Borechole discharges are typicaly about 5 I's. Reserves of this water (2
m?/sec) can be used for agriculture, livestock watering and industrial supply. In the valley part
of Kashkadariya basin, including Karshy Steppe, saline confined water is found in marls,
limestones of the Lower Tertiary and sandstones of the upper Cretaceous. The artesian
boreholes have about 25 I/s discharge. The depth of aquifer level increases from north towards
the south and west from 100-150 to 300-450m. Reserves of this water (about 1.5 m?/sec) can
be used for pasture irrigation and industnal supply.

Sukhandariya and Sherabad river basins are characterised by uneven distribution of fresh and
slightly saline groundwater. On the eastern bank of the Sukhandariya river, there is no
groundwater of regional distribution and suitable for use. Fresh groundwater is spread within
the alluvial fans and flows into western valleys of Sukhandaniya river and lower parts of the
valley. Productive reserves of groundwater from those fans are 17 m’/sec. Within the lower
part of Sukhandariya river valley, fresh and slightly saline ground water is found along the
river bed. The estimated reserves of groundwater here are about 3.5 mr/sec and those of the
whole valley 16 m/sec. Water level is at different depths (from 1-2 to 10-15m). Typical
borehole discharges are about 15 Is. In the Sherabad river fan, fresh water occurs in the form
of lenses of fresher water in sandy beds at 100m depth.Reserves of this water are about 0.3
m’/sec. Discharges of single boreholes when withdrawn are about 25 V/s. Within the Baisoun
group of intermontaine basins in Ghyssar mountains, groundwater is confined mainly to saline
water in Cretaceous deposits which are at 300 m depth. The reserves are unknown, but it is
assumed that they may be enough to water pasture regions. Freshwater is found in the zone
of fractures or faults and locally in Quaternary deposits.



APPENDIX U7 SUPPLEMENTARY NOTES ON GROUNDWATER IN REPUBLIC OF
UZBEKISTAN

This information was supplied by Dr Sorokina Iraida; who heads the Hydrogeological Dept of
SANIIRI at meetings on 17 & 18 July 1995

Groundwater investigation & evaluation:

This role is carried out by Uzbckgidrogeologia Corporation, which is a dependency of the Ministry
of Geology, and this reflects a functional division between groundwater investigation and resource
definition on the one hand and groundwater operations and day-to-day management on the other. The
latter role is undertaken by different organisations under the umbrella of the Ministry of Water
Resources Development. Uzbekgidrogeologia Corporation (UC) is responsible for initial resource
identification, through field mapping and aquifer testing programmes, and also for the quantification
of groundwater quality and quantity. It applies a 4-tier system of resource assessment which was said
to be Sovict-widc; classes A, B, Cl and C2: :

The system in effect takes account of the unavoidable uncertaintics in the safe yield from a given
groundwater system during its early period of exploitation, when the data base is small and there may
be inadequate information on aquifer geometry, boundary conditions or recharge mechanisms. Water
ts asscssed in response to a demand, and the quantity required is then compared with the volume of
water available in classes A & B. | This important point was subsequently checked in Kyrgyzstan,
where a similar system operates; sce final tex{ of report section 4.1.

QOperational organisation of groundwater abstractign:

Like other water related applied research or planning and design stitutes, such as Vodproect,
Uzgiprovodkhoz, Uzgipromeliostroi, SANHRI is a dependency of the Ministry of Water Resources
Management (MWRM). Its present role in Uzbekistan is therefore one of technical advice to MWRM
in the operation of water systems.

Actual ficld operations involving groundwater development are controlled by 13 opcrational units,
which are geographically organised, one for each Oblast. These are field units responsible for land
drainage and reclamation issues, and moritoring of water level and some simple water quality
surveillance for agncultural purposes is carried out to support this function. The monitoring network
ts vast, numbering about 34,000 wells, located only in the imgated areas; typical network density is
about 1 well to 200 ha. Measuring frequency for water levels is every 10 days, with water sampling
in April, July and October, corresponding to spring pre-seeding flooding for desalinisation purposes,
mid-crop and post-crop periods. Quality sampling can be for major tons (Ca, Mg , Na with K, CI,
HCQ,, SO,) if considered necessary, but is generally just for total mineralisation (evaporated dry
residue) and Cl. Recently the number of analyses has declined duc to reagent shortages. The data are
compiled by each field unit into regular reclamation digests which include sections, with maps at
1:100,000 and 1:200,000 on water level, semi-artesian head where applicable, water and soil salinity.
As well as monitoring, the field units have a surveillance function, which arises both from detection
of adverse trends from the monitoring network, and from their agricultural extension service function,
in that farmers can report to the field units the development of waterlogging or salinity increases.

A third clement in water management infrastructure operated through MWRM comprises a series of
administration departments. These are organised by topic rather than geographically, and cover,
amongst other topics, irrigation, land reclamation, canal/nver pumping stations, waterlogged land
dewatening.





