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NATURAL AND TECHNOGENIC WATER AND SEDIMENT SUPPLY TO
THE LAPTEV SEA

A. M. Alabyan, R. S. Chalov, V. N. Korotaev, A. Yu. Sidorchuk, A. A. Zaitsev
Moscow State University, Moscow, Russia

The water masses and sediments of the Laptev Sea are mainly formed by the
yield of the Lena, the Yana, the Omoloi, the Khatanga and the Anabar River,
draining a terrain area of 3.6 108 km2. This vast territory encompasses three main
tectonic regions of East Siberia: the Siberian Platform, the Baikalskaya and the
Verkhoyano-Kolymskaya folding zones. Relief features and lithological composition
of these areas are extremely various. The Siberian Platform comprises mainly
plateaus and plains, formed by a complex of Triassic volcanic rocks (Puttorana
Plateau and Oleneksko-Viluiskoe Table-Land), Arkhey and Proterozoic crystalline
and metamorphic rocks as well as terrigenous limestone sediments (Anabarskoe
Table-Land and Prilenskoe Plateau). The ranges and mountains of the Baikalskaya
folding area are formed by gneiss, schist, quartzite and marblized limestone of the
Proterozoic. The mountain and range systems of the Verkhoyano-Kolymskaya
folding area are constituted by Permian and Carbon terrigenous sediments as well
as volcanic rocks and granitoid of Triassic and Jurassic.

The neotectonic regime of this territory is relatively calm, except for the Puttorano
Plateau and the Aldanskiy Shield where uplifting was followed by concentric and
radial fracture system formation. The recent hydrographic network and water
regime is controlled by neotectonic movements. Groundwater supply of the rivers
from numerous fractures and geological structures control the migration of
groundwater from one river system to another. Neotectonic processes indirectly
influence the river yield through relief, lithology of river sediments, and permafrost
conditions in valleys and watersheds. High variability of channel sediment
thickness leads to a complicated interaction between channel and underchannel
water flows, especially in small rivers.

Regular measurements of water and sediment discharge were carried out in this
region during 1925-1935. Nowadays, there are 340 stations, randomly distributed
over the vast area. The upper and middle reaches of the Lena and the Yana are
relatively well studied, the hydrological data sets span 30-40 years.

The Research Laboratory of Soil Erosion and Channel Processes of the
Geographical Faculty of Moscow State University has investigated hydrological
and geomorphologic features of the basins, channels, confluences and deltas of
the Vilui, the Aldan, the Kirenga, the Vitim, the Lena, the Omoloi and the Yana
River. During 1969-1994, the depths and sediment distribution of ong sections of
these rivers were mapped, and detailed geomorphologic and hydrological
analyses of river channels and delta plains were conducted. All these data may be
considered as a basis for calculations of water and sediment transport from
Siberian rivers to the Laptev Sea and further to the Polar Basin.

Each year, the Siberian rivers discharge about 700 km? of water and about 27
106 tons of sediments to the Laptev Sea. Most important are Lena, Yana and
Omoloi with a total of 552 km3 of water and 24 108 tons of sediments (Fig.1). High
water discharge happens in warm seasons (75-95% of yield), in relatively low
regions in spring (up to 70-90%), in mountain areas in summer. The water regime
reflects the type of river feeding: In snow-fed rivers, a single high flood takes place
(East-Siberian Type)., whereas rain-fed rivers are characterized by a number of
short high water periods in summer and autumn (Far East Type). The share of
groundwater-fed rivers in the permafrost zone do usually not exceed 1-2%.
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Fig. 1: Water and sediment supply to the Laptev Sea.
1 - region with a specific sediment discharge of 5-25 tons km2
2- region with a specific sediment discharge of 25-100 tons km'2
3 - boundaries of basins

4 - mean annual parameters in upper margin of deltas (water discharge in km3 yr, sediment
yield in 10 tons yr1).

The River Lena

‘The Lena River is 4,400 km long, its basin area covers 2.49 106 km2, and its
annual water volume amounts to 520 km3. According to water supply volume and
hydrological regime, the Lena can be subdivided into 3 main sections: the Upper
Lena (above the junction with the Vitim River), the Middle Lena (from the Vitim to
the Aldan River), and the Lower Lena (below the confluence with the Aldan). The
Aldan River is the greatest tributary of the Lena River, supplying 35% of the Lena
yield to the Laptev Sea. The second significant tributary of the Lena - the Vilui River
- usually supplies not more than 10%.

Because the Lena River drains an area with different climatic and landscape
conditions, the variability in the annual water flow is very low. The coefficient of the
annual water discharge variation for the Kusur station (145 km above the Lena
delta) is Cv=0.12, being the smallest of all Yakutian rivers. About 50% of the water.
of the lower Lena River is formed by snow melting, 35% by rain and 15% by
underground water. This feeding regime is responsible for a high spring flood,
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frequent water level rising after rains in summer and autumn, and very low water in
winter. Because of the great river length, seasonal hydrological processes are
prolonged. For instance, in the Upper Lena maximum water discharge occurs in
April, in the middle Lena in May, and in the lower Lena in June (Fig. 2).
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Fig. 2: Change of water discharge and sediment yield along the Lena River.

During a year, the concentrations of suspended sediment range from 25 to 40 g
m-3 along the river. Because there is no spatial trend, sediment discharge is well
correlated with water discharge (from 0.1 10 tons suspended sediment at Kachug
to 9.9 106 tons at Tabaga and 21 108 tons at Kusur). The seasonal variability of
sediment load is very pronounced. At the middle reach (Tabaga), sediment
concentration reaches 60-80 g m- during the spring flood and decreases to < 5¢g
m-3 in winter. With the summer rain floods, the turbidity increases only to 20 t030 g
m-3, i.e. most of the sediment discharge of the Lena takes place with the spring
floods.

At Kusur, the mean annual water discharge is 16,500 m3 s, the mean annual
sediment discharge 680 kg s-!, and the mean annual sediment concentration 40 g
m-3. The corresponding maximum values are 20,000 m? s'!, 1,300 kg st and 66 g
m3, respectively. The section between Kusur and Tit-Ary Island at the beginning of
the Lena delta (‘Lena's Pipe') do not have any significant tributaries.

The hydrological regime in the Lena delta is characterized by a gradual
transition from pure river conditions to a delta regime (Korotaev 1984). The height
of the flood wave decreases 2.5 times by the channel length, and water and
sediment yields are partitioned among the delta branches in dependence of their
morphological properties. According to data of from the gauge station Stolb Island,
the eastern main delta branch (Bykovskaya Channel) receives 25% of the annual
water discharge, the upper reaches of the Trofimovskaya Channel 61%, the
Tumatskaya Channel 7%, and the western main branch (Olenekskaya Channel)
7%. During the last years, the shares of theTrofimovskaya and Tumatskaya

267




[image: image5.jpg]Alabyan et al.: Natural and Technogenic Water and Sediment Supply to the Laptev Sea

Channels have increased, while the share of the Olenekskaya Channel decreased
and that of the Bykovskaya Channel remained constant.

The transformation of the water and sediment yield along the delta branches is
also important for the understanding of the sediment transport to the Laptev Sea
(Korotaev et al. 1990). In the eastern and central main delta branches (Bykovskaya
and Trofimovskaya Channel), water discharge gradually decreases along the main
channels. Only about 30% of their initial discharges reaches the sea through the
main channels. The main water volume disseminates into second order arms and
transverse distributaries. In the upper 40 km of the Bykovskaya Channel, up to 40%
of the water flows into its western branches (Kuruyollakh and Byrdaktaakh). In its
lower reaches, the Bukovskaya channel looses not more than 27% of water, with
10% flowing through the eastern channels (Gerasimova and Sinitsina) into the
Neyolova Bay. The total sediment yield of the Bykovskaya Channel amounts to 1.0
- 1.3 106 tons.

The topographical structure of the Trofimovskaya Channel is very complicated
and comprises several distinct regional delta systems. Therefore, the change of the
water discharge along this channel is quite pronounced. At about 25 km
downstream after splitting from the Sargakhskaya Channel, 41% of its initial water
discharge is transported through the main channel, but only 7-8% eventually
reaches the mouth of the Trofimovskaya Channel. Most of the water flows
westwardly to the Baarchakh (22%), Malaya Trofimovskaya (12%) and Davida
Channel (12%). The annual sediment transport through the Trofimovskaya
Channel system does not exceed 0.4-0.8 106 tons.

The water discharge dynamics of the western main delta branch, the 145 km
long Olenekskaya Channel, is characterized by a different regime. Its water
discharge does not change significantly along the channel. Only 60 km above its
mouth, the Olenekskaya Channel is divided into two branches. The western one
(Angargamskaya) takes 53% of water. The main channel increases its share from
47% to 75% (compared to the initial discharge at the head of the branch), due to
additional water supply from the Ardynskaya Channel. The bulk of this water
volume reaches the mouth of the Olenekskaya Channel, and only 10% of its initial
discharge flows into second order arms. The annual sediment transport through the
Olenekskaya Channel ranges from 0.7 to 1.1 106 tons.

Overall, only 2.1-3.5 106 tons (10-17%) of a total of 21 106 tons of suspended
sediment load coming into the subdelta section (at Kusur) reach the Laptev Sea ,
and the bulk of the sediment accumulates in the vast delta plain.

The River Yana

The Yana River is 1,170 km long and drains an area of 238,000 km2. The river
headwaters are in the Verkhoyansk Ridge at the confluence of the Dulgalakh and
Sartang River. The Yana has 12,000 tributaries, with 21 being longer than 100 km.
The Yana River flow regime is of East Siberian type, i.e. most of the water flow (up
to 99%) occurs during June - September in several flood waves (up to 10) due to
spring snow melt and summer rains. The maximum measured discharge is 12,400
m3 s during spring melt and 13,000 m3 s! during summer rains at the Dzhangy
station at the lower section of the river, 381 km from the mouth. The mean winter
discharge near Dzhangy was only 13 m3 s'! during October-May. On average, the
river channel is frozen to bottom once in four years. The mean annual water
discharge at Dzhangy station was 928 m3 s-! (= 27.2 km3 yr1) during 1938-1988.

The suspended sediment supply is also concentrated in the warm season (with
up to 99.2%). The mean annual sediment load is 3.9 106 tons at Dzhangy station,
mean annual sediment discharge 120 kg s-! and mean sediment concentration 130
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g m3 . The maximum daily sediment discharge can be higher than 5,000 kg s-! with
a maximum sediment concentration of up to 1,100 g m*3 . In some years, the
principal sediment transport can happen during the spring melt period, in others
during the summer floods.

Within the Yana delta, the transformation of the water and sediment flow reflects
the delta channels hydraulics and geomorphologic patterns (Babitch et al. 1992).
The delta is formed by two main branches (Main Channel and Right Channel) and
6 additional branches, which are not connected with each other by transverse
distributors. These branches can be divided to three main groups: Western (llyin
Shar, Taryngnaakh branches and Right Channel), Central ( Main Channel ,
Kamelek and Durganova branches), and Eastern (Kochevaya and Samandon
branches). During the low-water period, 34% of the water flow is partitioned to the
western, 57% to the central and 9% to the eastern group. During the floods, 35% of
the water flow is distributed to the western, 43% to the central and 22% to the
eastern branches. The partitioning of suspended sediments is significantly different.
During the low water period, 18% of the sediment load goes to the western, 81% to
the central and 1% to the eastern group, while during the flood period, 49% is
distributed to the western, 46% to the central and 5% to the eastern group.

The western branches. of the Yana delta tend to silt because of the relative
increase of sediment supply and relative decrease of water flow from low to high
water. The eastern branches are characterized by a trend to activation, due to the
low relative increase sediment supply and high relative increase of water flow from
low to high water. The central branches do not show any clear trend, because the
relative increase of sediment supply from low to high water is favorable for siltation,
but the relative increase of water flow at the same time is favorable for channel
activation. The sediment budget measurements along the Main Channel showed
that there is an exchange of sediments within the channel: sandy particles are
accumilated on the riffles, and silt is eroded from the banks. The volume of
suspended sediments is the same at the head and at the mouth of the branch but
the composition is different: the sediments at the head are coarser that at the
mouth. The annual sediment load at the mouth of the Main Channel is 0.5-1.0 108
tons for a low-water year and 1.5 -2.0 106tons for a high-water year.

Technogenic sediment supply

The human influence on the sediment yield of the Lena River system primarily
derives from the mining industry. Gold mining enterprises explore alluvial placers
along small tributaries of the Lena, the Vitim and the Aldan River. Their activities
lead to additional sediment input to the water and change its chemical composition.
This impact is particularly evident in the Vilui River where intensive brine drawings
from kimberlit quarries take place. These pollutants move directly to the upper
reaches of the Markha River, the Markoka River and other tributaries of the Vilui
River.

It is very difficult to determine the natural background turbidity because
systematic monitoring of sediment load had begun only at the same time or later
than mining works. In tributaries of the Vitim River, for instance, the gold exploration
started at the end of ninetieth century, and the regular monitoring of sediment load
was organized not before the 1930ies. In the Aldan River basin, however, mining
activities and sediment load measurements started at the same time (in the
1930ies), and here a significant increase of the suspended sediment load due to
human impact can be distinguished: While in June 1938 the mean water discharge
was 17,100 m3 s1 and the mean sediment discharge 200 kg s, the sediment load
in June 1984 was two times higher (420 kg s-') at approximately the same water
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discharge (17,700 m-3 s-1). The increase of sediment load is even more
conspicuous during the low-water period. In September of 1938, the mean
sediment load was 42 kg s'! at a mean water discharge 7,480 m*3 s-'. In September
of 1984, the mean water discharge has not changed, but the sediment load was
almost four times higher (160 kg s°1).

Most of the sediments in the Aldan and Vitim Rivers is transported as suspended
load, the bed load is not significant. The bottom sediments consist mainly of gravel,
cobbles and boulders, being suspended only during the main floods. The
technogenic sediments, however, consist mainly of very fine particles and colloids
which can be transported over the long distances to the river delta and to the
Laptev Sea shelf.

Another source of technogenic sediment supply is the regular channel dredging
of the Lena River and its main tributaries for navigation improvement (Zaitsev and
Chalow 1989). Dredging resuspends thin particles and activates bottom load
movements. The same effect has the mining of channel alluvium for construction
purposes. For example, near Yakutsk the volume of channel dredging amounted to
4 106 tons of sediments per year, and 2 106 tons were removed from the channel.
This is comparable to the sediment supply to this reach of the river channel (about
8 108 tons).

At the northern part of the Yana-Omoloy interfluve, the Kular mining field is
situated. The mine exploitation (underground and open) led to a significant relief
transformation. The mechanical removing of huge masses of fine frozen deposits
and the land cover destruction caused intensively accelerated erosion processes,
such as thaw flows of the active layer of artificial steep slopes, sheet erosion of
thaw sediments with very low cohesion, thermogullies formation, and bank erosion
in the artificial water channels. Despite the building of hydrotechnical constructions
(dams, settling basins), the accelerated erosion resulted in additional sediments
being delivered to the creeks (right tributaries of the lower Omoloy River and left
tributaries of the lower Yana River). The specific sediment yield of the most erodible
catchments is higher than 20,000 tons km-! yr-!. These sediment formation
coincided with relatively small open areas at the upper part of catchments. The
suspended sediment concentration is up to 500-700 kg m-3 at the upper reaches of
creeks and up to 13 - 15 kg m'3 at the lower reaches. This high sediment load
transforms channel and floodplain alluvium composition and channel morphology.
During a flood, up to 40% of the sediment supply from a mining area can be
deposited on the alternating bars and floodplain. Channel form migrations led to
removing of fine sediments from the channel alluvium, and only 2 - 3 % of the
technogenic fine sediment supply remain in bars (on average during 20 years). The
floodplain alluvium composition near the channels became coarser and more silty.

The whole technogenic sediment yield from the mining areas to the Yana delta
can be 1.0 106 tons in average years and up to 2.4 108tons in high-water years
(Alekseevskiy and Sidorchuk 1992). This represents 25-50% of the natural
sediment supply in the Yana River basin. These sediment rates change
significantly the delta formation processes in the Yana delta and increase the
natural tencency of the western Yana delta branches for siltation. In the llyin Shar
branch, which is directly contaminated by technogenic sediments, the point bars
are composed from very fine silt. The technogenic sediment supply to the Omoloy
River mouth is 1.0 and 3.0 106 tons yr' in average and high-water years,
respectively. This is 200-600% of the natural sediment load in the river. The
sediment concentration in the Omoloy River reaches to 0.7 kg m-3 during the flood
period. For comparison, the natural suspended sediment concentrations in the river
were 0.05 -0.15 kg m3. In the mouths of the main tributaries of the Omoloy, which
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are affected by mining activities, the sediment concentrations amount to 2.4 - 5.3 kg
m-3, and in the mouths of minor streams they are up to 13-15 kg m'3. The maximum
values of the specific sediment yield are higher than on the Loess plateaus in
China. Most of thesediments is delivered to the Laptev Sea shelf. The plume of
turbid water at the mouth of the Omoloy River is clearly discernible on satellite
images. The calculation of the sediment distribution in Laptev Sea shelf waters
showed that during the flood period the concentration of technogenic sediments
can be 10-25 mg m-3 at the Lena delta front.
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