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ABSTRAC The paper deals with a method of reducing the need for water transportation and water scarcity in the BRICS

countries using the example of the eastern Ciscaucasia of Russia, where reservoirs are losing a large amount
of water through evaporation. It is proposed to take in a supply of water for agriculture, urban and transport infrastructure by
reducing the rate of spring melting of high-altitude snow by building large ice pools at the sources of mountain rivers. Pools
are horizontal platforms with a cold base, where the rate of melting of winter snow is minimal. They will reduce the intensity
of spring floods which cause mudslides, water loss, and destruction of transport infrastructure. Ice pools are built by building
a cascade of prefabricated lightweight wooden barriers that are assembled on site without heavy machinery. The cascade of
barriers ensures that ice pools grow in winter and accumulated ice is preserved in summer without changing the flow of the
river. The cascade is periodically made taller, contributing to the growth of the ice basin up to the formation of a new mountain
glacier with up to 3 million tonnes of water over 8-10 years of construction.
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MCKYCCTBeHHbIe ropHblie JIeAHUKWN angd BO,LIOOGECFIGLIGHVIFI BocTto4yHoro
npeD,KaBKaBbﬂ n CHU>XKeHumne I'IOTpEﬁHOCTI/I B TPAHCMOPTUPOBKE BOAbI
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BPUNKC Ha npumMepe BocTouHoro lNpenkaskasbs Poccuu, rae B BOAOXpaHMAMLLAxX Habnoaatot 6onbLume no-
Tepu BOAbl Ha UCMapeHue. Boay Ang cenbCkoro X03aMcTea, rOPOLCKON M TPAHCMOPTHOW MHPPACTPYKTYpbl NpeanaraeTcs 3anacatb,
COKPaLLAs CKOPOCTb BECEHHErO TastHUS BbICOKOTOPHbIX CHErOB CTPOWUTENIbCTBOM 60/bLUMX NIeA0BbIX 6ACCENHOB B MCTOKAX FOPHbIX
pek. bacceiHbl npeacTaBnaoT 060 ropn3oHTaNbHbIE MIOWAAKM C XONOAHBIM OCHOBAHMEM, Te CKOPOCTb TasHWUS 3MMHUX CHETOB
MUHMManbHA. OHWM CHU3AT MHTEHCUBHOCTb BECEHHETO MOIOBOAbS, BbI3bIBAOLLETO CXOAbI CENel, NoTepU BOAbI, pa3pyLieHne obbek-
TOB TPAHCMOPTHOM MHDPACTPYKTYpbl. Jlenosble 6acceiHbl BO3BOASTCS CTPOUTENLCTBOM KaCKaaa ErkMxX AepeBsSHHbIX 3arpaxaeHuni,
M3rOTOB/EHHbIX B 3aBOLCKMX YCIIOBUSAX M COBMPaeMbix Ha MecTe He3 Taxenoi TexHuku. Kackas 3arpaxaeHunii obecneymsaeT poct
NnenoBbix 6ACCENHOB 3MMOI M COXpaHEHME HAKOMNEHHOTO Nbla 1eToM 6e3 U3MeHeHMs CToKa peku. Kackap nepuoanyeckun Haa-
cTpauBaeTcs, obecneymBas pocT NeaoBoro H6acceitHa BNAOTb 40 06pa3oBaHWsg HOBOMO FOPHOTO SielHMKA MaCCoM 10 3 MJIH TOHH
Boabl 32 8-10 net ctpouTenscTBa.

AH HOTALLM PaccmMoTpeH cnocob CHWXeHUS NOTPebHOCTM B TPAHCMOPTUPOBKE BOAbI U BOAHOIO AeduumTa B CTPAHAX
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INTRODUCTION

Like many BRICS countries, the regions in the
South-East of Russia, including the Eastern Ciscaucasia,
are facing an acute shortage of fresh water.

The risk of desertification in these areas is reduced
by slowing down the spring melting of snow in the
mountains. It is proposed to store water in high-alti-
tude ice pools rather than on farmlands where reser-
voirs occupy useable areas and lose a large amount
of water through evaporation [1]. The idea has been
already implemented by an Indian civil engineer Che-
wang Norphel from Ladakh (the western Tibetan Pla-
teau, India) [2], who built 12 ice pools. Water was ac-
cumulated in the pools in autumn, while in winter, the
pools froze to the bottom, and in spring the ice melted
turning back to water which ran off to fields, just in
time for the season of sprout development.

Norphel’s pools turned out to be expensive struc-
tures. They were designed for watering fields with an
area of 10-15 hectares each in summer, while building
them required a large amount of manual work.

The Ciscaucasia is the main breadbasket region of
Russia, and its eastern part has been facing a shortage
of fresh water, which is rapidly growing. The method
used by Chewang Norphel to accumulate water in the
form of ice should be seen as a successful approach, but
in the North Caucasian Federal District of the Russian
Federation, the idea could be developed even further,
to the extent of the recreation of retreating glaciers
where the reserves of ice could reach as high as sev-
eral millions of tonnes. Moreover, the construction can
be completed with minimum consumption of material
supplies, manual work and construction materials.

OVERALL SITUATION IN THE NORTH
CAUCASUS

The Russian section of the Caucasus lies on the
border between the moderate and subtropical climate
belts, with the heat flux of solar radiation getting to

the ground being on average 1.20 KW/m?. About 85 %
of the area of the flat lands in the Ciscaucasia is ac-
counted for by plough lands which require a large
amount of water in summer. More than 25 % of that
is provided by rivers that are formed by the melting of
high-altitude snow and glaciers [3].

With every 100 meters up, the annual average
air temperature drops by 0.7 °C; and in the Caucasus
Mountains, the permanent snow area starts at a height
of about 2,800 metres. At a height of about 2,000 me-
tres, winter temperatures reach as low as minus 20 °C
to minus 25 °C. Days are hot in summer, while nights
are almost cold; and in mid-autumn, the air cools down
to temperatures below zero in the daytime.

In Russia, the Great Caucasus currently has
1,498 glaciers with a total area of 993.6 km?; all of
them are retreating, their lengths getting shorter by
30-40 metres every year®.

The main rivers in the Ciscaucasia that flow to
the Caspian Sea — Baksan Malka and Terek — form a
chain. Their characteristics are listed in Table 1.

All these rivers are essential in terms of water man-
agement. They have reservoirs for feeding agricultural
lands in the Ciscaucasia, but in the summer season,

Table 1
Characteristics of the main rivers in the Ciscaucasia [4]

Water
flow at the
mouth
in summer,
m3/s

Kuban 900 61,500 Elbrus Sea of 425
Azov

Baksan 173 6,800 Malka 33.6
River

Malka 210 10,000 Terek 97.8
River

Terek 623 43,200 Zilga- Caspian 305

Khokh Sea

! Ciscaucasia. The Great Russian Encyclopedia. 01.12.2023. URL: https://bigenc.ru/c/predkavkaz-e-ab07fe
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when water evaporates intensely, water losses may ex-
ceed 40-50 % of the original amount?

The transport sector is one of the leading ones in
the economy of the North Caucasian Federal District.
Water supply to the transport sector is key to the qual-
ity of life and work of residents in the region.

The district lies at the intersection of major freight
flows that connect Russia and foreign markets; there-
fore the transport sector accounts for more than 10 %
of the total Gross Regional Product. The total length
of railways in the North Caucasian Federal District is
about 3,000 km; however, the dominating transport
mode in the region is road transport. The length of
motor roads in the North Caucasian Federal District
is 24,788 km, including 2,577 km of federal roads and
22,211 km* of regional roads.

The Makhachkala Commercial Seaport is one of the
key links in the system of transport services on the Cas-
pian Sea. It is part of major plans for the development
of the North — South transport corridor which is created
with the involvement of BRICS countries. The corridor
is a global project aimed to integrate Russia into the
global freight traffic system, which is intended to re-
duce two times the distances and costs of transportation
and provide access to transport systems in the Caspian
countries of Middle Asia, Iran and the Gulf countries.

Difficulties and drawbacks in transport and logis-
tics services in the North Caucasian Federal District are
largely due to the region’s terrain.

There is a risk of long-term failure in the opera-
tion of roads if affected by mudflows from numerous
mountain gorges. Statistics show that boulders usually
account for 33 to 46 % in a mudflow centre and 43 to
80 % in mudflow cones on road surfaces [3].

Each mudslide occurrence blocks traffic on the af-
fected road for a long period of time, and repair works
may take a few weeks due to difficulties with deliver-
ing heavy road machinery. Losses from unscheduled
suspensions in the operation of roads may reach as
high as hundreds of millions of roubles.
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The challenges of improving the provision with
water in the eastern part of the North Caucasian Fed-
eral District and control of mud and rock slides are ad-
dressed on a comprehensive basis. In this paper, we
will consider ways to address these challenges by as-
sessing the water regime for just one river — the Bak-
san River. It is the first section in the net of the rivers
Baksan, Malka and Terek.

In addition to numerous creeks, the Baksan River
is supplied by eleven smaller rivers that have similar
characteristics® It is enough for us to consider only
its first tributary which joins the Baksan River 15 km
away from its source. The tributary is the 12.8-kilome-
tre long and about 30-metre wide Adyl-Su River with
the bed slope ranging from 0.003 to 0.02, and the aver-
age slope of 0.01.

ACCUMULATION OF ICE FOR WATER SUPPLY
OF PIEDMONT AREAS IN SUMMER

Let us consider the physical properties of water that
ensure the accumulation of eternal snow high in the
mountains. These are listed in Table 2 [5-7].

Ice and snow have a very high albedo of solar radia-
tion and high heat of phase transition; water has a high
specific thermal capacity; and snow has a low thermal
conductivity. Therefore when the ice is covered with
snow it is difficult to turn it into water with the heat
of solar radiation. It is also problematic to turn liquid
water into ice when it is under a layer of ice and snow
in a water body [8].

The anchor ice at the bottom of a water body main-
tains its state throughout the summer when it is sunny
and the air is warm [9], and water under the surface
ice on rivers and water bodies remain liquid through-
out the winter even when frosts are severe. At the
same time, water freezes very quickly when there is
a large area of heat and mass exchange with the cold
atmospheric air [10, 11].

Table 2

Physical properties of snow, ice and liquid water

capacity C, kl/kg-K me

Heat of phase transition r, kl/kg

Specific thermal

9
solidification

Solar reflectance Thermal
State of water (albedo) at normal conductivity A,
incidence W/m-K
Ice 0.90 2.21
Snow 0.93-0.95 0.1-0.35
Liquid water 0.1-0.2 0.586
Soil, granite 0.12-0.15 2.3-29

evaporatio
condensation

2.2 336 2352

2.2
4.2
0.96-1.24 = =

2The scheme of comprehensive use and protection of water bodies in the Terek River basin (Russian part of the basin). Appendix
to Order of the West Caspian Basin Water Authority dated November 10, 2014 No. 62-P. Appendix 2. Consolidated Explanatory Note.
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Fig. 1. Distribution of heat flows from solar radiation on a mountain slope at the snow zero line level

Ice is a good construction material for building en-
gineering structures on site and operating them during
the winter season. While easily cut with metal drills,
it can withstand significant mechanical loads from
pile fields placed on it for building various structures
[12,13].

Ice features fluidity and can spontaneously slide
down a mountain slope [14, 15]. Therefore the melting
rate of snow and glaciers in the mountains depends not
only on their exposure to the sunlight, but also on the
steepness of the mountain slopes. When sliding down
along abrupt sections of a slope, a glacier cracks under
its own weight — a phenomenon known as ablation.
Cracks from ablation are about 1 metre wide and more
than 70 metres deep. In summer, the walls of cracks in
the ice melt in the warm atmospheric air and streams
of meltwater are formed under the base of a glacier
[16]. The glacier becomes a feeder for the river which
forms below it.

The rates of snow melting on mountain slopes in
spring are high, which is also explained by differences
in the physical properties of ice and soils that become
exposed on the mountain slope. The moving lower
boundary of a snow cap on a mountain is referred to
as the “snow zero line”; it moves down to the foot of
the mountain in winter and goes up in spring [15, 16].

Figure 1 shows the components of the heat flow
from the Sun. On a mountain slope, the density of a
heat flow that heats the soil under the snow zero line
is Q peor = 1,150 Wt/m?, and the soil temperature can
exceed +50 °C. Featuring high thermal conductivity
values &, ., =291 Wt/mKand 2, = 3.66 W/m'K,
granite and soil transfer heat under the lower edge of
the snow cap. Snow melts on the heated soil and water
flows down the slope without absorbing thermal ener-
gy for heating or evaporation. The soil and granite dry

TRANSPORT ECOSYSTEM: SOCIETY, STATE, AND GLOBAL CHALLENGES

out and heat up, causing the snow zero line to quickly
move upward.

The rapid snow melting creates torrential streams
that race along gorges in the form of mudflows [3]. They
flood the flat-bottomed areas and destroy infrastructure
facilities, causing huge losses of water which is so valu-
able in the summer season. By slowing down the rapid
melting of snow in the mountains, this water could be
preserved in the form of ice in the mountains and then
rationally used to feed reservoirs in the summer.

Ice slides down and water flows down a mountain
slope, and the steeper the slope, the faster. But on a
horizontal high-altitude site with a cold base, the snow
cap can lie throughout a sunny day reflecting up to
95 % of the energy of incident solar radiation. A small
portion of snow melts, but water does not flow down,
but instead soaks the lower layers of snow that freeze
down during cold nights. This equilibrium may con-
tinue as long as throughout summer and autumn, and
in winter, the weight of the snow cap on the mountain
will grow from snowfalls.

As a result, growing snow caps are formed on hori-
zontal high-altitude platforms and turn into glaciers
over time; therefore creating an artificial glacier ex-
ceeding one million tonnes in weight requires vast ice
pools of several hundred square metres with a hori-
zontal surface to be located as a cascade over a moun-
tain river somewhat below the glaciers that feeds it.

STEPS FOR BUILDING AN ARTIFICIAL GLACIER
IN ANARROW GORGE

Let us return to the construction of a large, about
2-kilometres long ice pool, taking the high-altitude site
of the Adyl-Su River as an example. The glacier that
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Fig. 2. Scheme of hydraulic structures to be built in a narrow gorge on a mountain river bed for the creation of an artificial glacier [17]

feedsitislocated in a canyon where a cascade of cheap
wooden barriers can be installed for short-term use.

High in the mountains, it is impossible to use heavy-
duty construction machinery; therefore only struc-
tures made of easily transportable elements, such as
rectangular timber, prefabricated metal screw piles
and mounting hardware, should be assembled at the
construction site. However, ice that forms at the site
during the construction period should be used as the
main construction material.

Wooden barriers on piles are consumables. As the
glacier grows, they become frozen into the ice and, if
necessary, are removed at the stage of construction and
replaced with new ones; some of them can be reused.

The structural layout is shown in Fig. 2 [17]. Assume
that the cascade is formed of ten barriers 1, each of
which has a discharge gate 2 that can be moved verti-
cally. Barriers 2 are provided with inclined supports 3
which make them stable.

Small reservoirs filled with water 4 are formed be-
tween the barriers. When it is frosty they are covered
with a layer of surface ice 5 that provides thermal insu-
lation of the water 4 from the cold air [8]. As the cascade
is operated, masses of bottom ice 6 will accumulate on
the bottoms of reservoirs. A water drain 7 is an auxil-
iary component — the water stream going through the
discharge gate 2 flows over this lateral barrier.

If with the width of the canyon L ~ 60 m, a chan-
nel slope k = 0,01, and a barrier height h, =~ 2.5 m, the
distance between the barriers is I, ~ 200-300 m, then
the difference in height between their bases will be
h, ~ 2-3 m. The average depth of the reservoir will be
[, ~ 1.8 m, its area will be S = 1500 m? and its volume
will be V= 37,000 m2. The total amount of water in the
cascade will reach ~0.33 mln m2.

Let us assume that the construction begins in the
late autumn when the river at the feeding glacier has a
small runoff with a narrow channel of 2-3 m.

Small indentations about 0.5 m deep are made in
the ground at open sections of the canyon under the
feeding glacier for the installation of metal piles that
two workers can move by hand [17, 18].
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Once the piles are secured, rectangular timbers are
attached to them to build a barrier with a height of
h~2-2.5 m across the river bed and a discharge gate 2
for releasing water to the reservoir downstream.

In the original state, the gates 2 are closed at all bar-
riers except for barrier 1. A cascade of small reservoirs
of 2 to 2.5 m is formed between the barriers. These are
filled with water that flows through the canyon from
under the feeding glacier above the cascade.

In winter, the flow rate in the feeding glacier drops
to the minimum level and each reservoir will have still
water. In frosty weather it will freeze on the surface to
form surface ice.

The lower reservoir of the cascade with the open
gate 2 freezes down to the bottom to form an “ice
bed” — a horizontal platform with a cold base. When it
is formed, the discharge gate 2 at the lower reservoir is
closed. Then the gate at the second reservoir is opened
to let the water from it be discharged intermittently,
with long pauses, onto the ice bed of the first reservoir
where it freezes quickly.

In two or three days, the second reservoir is gradu-
ally discharged into the first one to turn it completely
into an ice pool. In the second reservoir, the surface ice
descends to fall upon the ground and freeze to stones
forming an ice bed in the second reservoir which is con-
solidated with the ice bed in the first reservoir. The same
pattern with waiting for the water to fully freeze on ice
beds of upstream reservoirs is followed to discharge
water from the reservoirs of the entire cascade, thereby
turning all of its reservoirs into a large ice pool [19].

When the spring comes, the discharge from the
feeding glacier increases and cold water of about plus
2-3 °C runs off from it down along the gorge across the
cascade of ice pools. The ice in the reservoirs will turn
into anchor ice. Protected against solar radiation and
the warm atmosphere by the layer of flowing cold wa-
ter, the anchor ice will retain its mass throughout the
summer. The flow rate in the river will be maintained
at the original level.

By the following autumn, works on the cascade will
be resumed to add new pile fields connected between



RiiCE TRANSPORT

VOL. 4 ISSUE 1 2025

each other with light partitions to all of the barriers.
New barriers will be installed on a bulky smooth sur-
face ice bed which is approximately 2 km long with a
maximum thickness of about 20 m in its lower portion.

By the end of the first winter, a large horizontal
platform will be formed high in the mountains, on
which a mountain glacier will grow from winter snow-
falls over the next 8 to 10 years.

The reduction of the river bed slope to zero on hori-
zontal platforms along the gorge will prevent the emer-
gence of mudslides on them.

Approximately in 10 years, a new glacier can reach
as high as ~60 m, 2-3 km in length, and have up to
3 million tonnes of ice.

As the glacier ablates, deep cracks will appear, and
the melting of ice on the walls of cracks will increase
the flow of the Adyl-Su River.

The new glacier will make the glacier that currently
feeds the Adyl-Su River 2 to 3 km longer, thereby mak-
ing up for its retreat over the last 80 to 100 years.

Upon the completion of construction, all of the tim-
ber elements of hydraulic structures will be dismantled
and removed. The recreational area for the tributaries
of the Baksan River will remain unaffected.

Glaciers to be recreated in the upper reaches of all
the eleven small tributaries of the Baksan River alone
can increase its summer runoff to the existing reser-
voirs in the eastern Ciscaucasia almost 8.5 times.

CONCLUSION

The paper proposes a comprehensive method for
improving water supply in arid areas in the Ciscauca-
sia, while reducing the risk of large-scale mudslides
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during spring floods, which make it difficult to operate
road infrastructure facilities in the region.

The method relies on slowing down the melting of
snow in high-altitude mountain areas by creating large
ice pools in areas with low annual average air tempera-
tures which usually entail intense snowfall. Ice pools
are planned to be built in the upper reaches of small
mountain rivers that are fed by existing glaciers.

The physical properties of water, snow and ice al-
low for accumulating water in winter in the form of ice
that forms on the cascade of smaller pools built accord-
ing to temporary process flow diagrams using light bar-
riers in a gorge along the river bed at its mouth under
the feeding glacier.

In summer, ice accumulated in winter is trans-
formed into anchor ice which is protected against solar
radiation and atmospheric air by a layer of cold water
received from the feeding glacier that flows on top of
the ice. Ice will accumulate for several years before a
new glacier is formed from the ice pools. With a weight
of about 3 million tonnes, it will make up for the degra-
dation of the original feeding glacier. Ablation of new
glaciers will increase the runoff of rivers that belong to
the basin of the Terek River which feeds water reser-
voirs on agricultural lands in arid regions of the east-
ern Ciscaucasia.

The method is very simple to implement and does
not require any large capital investment. It contrib-
utes to the development of transport infrastructure in
the region and can be a promising focus area for may
BRICS countries that are facing shortages of water in
land use. The method will improve the quality of liv-
ing for residents in the region and can be a starting
point in combating global warming of the climate on
the Earth.
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