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2.1.2 Lakes and reservoirs

An important factor influencing water quality in relatively still, deep
waters, such as lakes and reservoirs, is stratification. Stratification occurs
when the water in a lake or reservoir acts as two different bodies with
different densities, one floating on the other. It is most commonly caused
by temperature differences, leading to differences in density (water has
maximum density at 4 °C), but occasionally by differences in solute
concentrations. Water quality in the two bodies of water is also subject to
different influences. Thus, for example, the surface layer receives more
sunlight while the lower layer is physically separated from the
atmosphere (which is a source of gases such as oxygen) and may be in
contact with decomposing sediments which exert an oxygen demand. As
a result of these influences it is common for the lower layer to have a
significantly decreased oxygen concentration compared with the upper
layer. When anoxic conditions occur in bottom sediments, various
compounds may increase in interstitial waters (through dissolution or
reduction) and diffuse from the sediments into the lower water layer.
Substances produced in this way include ammonia, nitrate, phosphate,
sulfate, silicate, iron and manganese compounds. Thermal stratification
has been studied for many years in temperate regions where, during
spring and summer, the surface layers of the water become warmer and
their density decreases. They float upon the colder and denser layer below
and there is a resistance to vertical mixing. The warm surface layer is
known as the epilimnion and the colder water trapped beneath is the
hypolimnion. The epilimnion can be mixed by wind and surface currents
and its temperature varies little with depth. Between the layers is a
shallow zone, called the metalimnion or the thermocline, where the
temperature changes from that of the epilimnion to that of the
hypolimnion. The frequency of overturn and mixing depends principally
on climate (temperature, insolation and wind) and the characteristics of
the lake and its surroundings (depth and exposure to wind). Lakes may be
classified according to the frequency of overturn as follows (Figurel):

» Monomictic: once a year-temperate lake that do not freeze.
* Dimictic: twice a year - temperate lakes that do freeze.

* Polymictic: several times a year - shallow, temperate or tropical lakes.
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*Amictic: no mixing - arctic or high altitude lakes with permanent ice
cover, and underground lakes.

* Oligomictic: poor mixing - deep tropical lakes.
*Meromictic: incomplete mixing — mainly oligomictic lakes but

sometimes deep monomictic and dimictic lakes Thermal stratification
does not usually occur in lakes less than about 10 m deep because wind
across the lake surface and water flow through the lake tend to encourage
mixing. Shallow tropical lakes may be mixed completely several times a
year. In very deep lakes, however, stratification may persist all year, even
in tropical regions. This permanent stratification results in “meromixis”,
which is a natural and continuous anoxia of bottom waters.

Tropical lakes

A common physical characteristic of tropical lakes is that seasonal
variations in water temperature are small, as a result of relatively constant
solar radiation. Water temperatures are generally high but decrease with
increasing altitude. The annual water temperature range is only 2-3 °C at
the surface and even less at depths greater than 30 m. Density differences
are minimal because water temperature is almost constant. Winds and
precipitation, both of which tend to be seasonal, play an important role in
mixing. The very limited seasonal temperature variation also results in a
correspondingly low annual heat budget in tropical lakes. However, the
relative variation in the heat budget in consecutive years maybe
considerable, because the peak value of heat storage may result from a
single meteorological event. In some tropical lakes, variations in water
level of several meters may result from the large differences in rainfall
between wet and dry seasons. Such variations have pronounced effects on
dilution and nutrient supply which, in turn, affect algal blooms,
zooplankton reproduction and fish spawning. During the dry season, wind
velocities are generally higher than at other times of the year and
evaporation rates are at their maximum. The resulting heat losses,
together with turbulence caused by wind action, promote mixing. The
classification of lakes based on seasonal temperature variations at
different depths is not generally applicable to tropical lakes. A
classification which considers size, depth and other physical
characteristics, such as the following, is more relevant.

*Large, deep lakes all have a seasonal thermocline in addition to a deep
permanent thermocline over an anoxic water mass. Recirculation of the
deep water may occur but the responsible mechanism is not clear.



*Large, shallow lakes have a distinct diurnal temperature variation.
Temperature is uniform in the morning, stratification develops in the
afternoon and is destroyed during the night. The fluctuation in water level
may be considerable relative to lake volume and the large floodplain that
results will have profound effects on the productivity of biological life in
the water.

*Crater lakes generally have a small surface area relative to their great
depth and are often stratified. Despite such lakes being in sheltered
positions, special weather conditions can cause complete mixing of lake
contents.

*High-altitude lakes in climates where there is only a small diurnal
temperature difference are unstable and experience frequent overturns.
Where temperature differences are larger, a more distinct pattern of
stratification can be identified. There may also be substantial losses of
water by evaporation during the night.

*River lakes are created when areas of land are flooded by rivers in space.
When the water level in the river goes down, the lake water flows back
towards the river. This annual or semiannual water exchange affects the
biological and chemical quality of the water.

*Solar lakes. In saline, dark-bottomed lakes an anomalous stratification
can develop. A lower, strongly saline water layer may be intensely heated
by solar radiation, especially if it is well isolated from the atmosphere by
the upper layer of lighter brine. Temperatures as high as 50 °C have been
recorded in the lower levels of solar lakes.

*Temporary lakes occur in locations where the fluctuations of water level
cause a shallow lake basin to dry up completely. In regions where there
are pronounced wet and dry seasons this can occur annually, while in
other regions the frequency of occurrence may be medium to long term.
Temporary lakes often have an accumulation of salts on the lake bottom.

2.1.3Rivers

An understanding of the discharge regime of a river is extremely
important to the  interpretation of water quality measurements,
especially those including suspended sediment or intended to determine
the flux of sediment or contaminants. The discharge of a river is related to
the nature of its catchment, particularly the geological, geographical and
climatological influences.



Tropical rivers

The regime of a tropical river is largely determined by the annual cycle of
wet and dry seasons. Some regimes, and some of the climatic and
geographical conditions that affect regimes, are as follows:

*Equatorial rivers with one flow peak, resulting from heavy annual
precipitation (1,750-2,500 mm) in areas with no marked dry season.

*Equatorial rivers with two flow peaks, produced by precipitation
totalling more than 200 mm monthly and well over 1,750 mm annually.

« Equatorial forest predominates in the catchment area.

*Rivers in the moist savannah of tropical wet and dry lowlands exhibit
pronounced seasonal effects of rainfall patterns. In these areas, the dry
season persists for at least three months.

*In some areas of the tropical wet and dry highlands, the length of the dry
season varies significantly. River basins in such areas are covered by
woodland and relatively moist savannah.

*In the relatively drier regions of the tropical wet and dry highlands, river
basins are located in the marginal parts of the dry climate zones.
Precipitation rarely exceeds 500-700 mm annually, which is typical of
semi-desert regions, and vegetation in the river basins is predominantly
dry savannah.

*In areas where the dry season is prolonged, ecologists may divide the
associated vegetation into wooded steppe and grass steppe. River
regimes, however, do not differ between the two types of region, and
flow is likely to be intermittent.

*In desert regions, where annual rainfall is less than 200 mm, river basins

are covered with sand, desert grass or shrubs, and rivers are of the wade
type. The drainage network is poor and where it is traceable, it is likely to
have developed before the area reached its present stage of aridity.

*Many of the rivers of tropical mountain regions have drainage basins of
very limited size. The great rivers of the tropics do not fall exclusively
into any of these categories, because their drainage basins extend over
many regions of differing climate and vegetation. The regime of the
Congo (Zaire) River, for example, is largely a combination of regimes of
the equatorial wet region and the tropical highland climate. Mean
monthly flow is highest in April (76,000 m3/sec) and lowest in July
(32,000 m3/sec). The Niger has its headwaters in a wet zone near the
ocean, but then flows into a semi- arid region where it is subject to
evaporation losses. Lower still in its course, the river flows into wet and
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dry tropical lowland. The Zambesi river basin is located largely in wet
and dry tropical highland and semi- arid regions, while the Nile exhibits
the most complex regime of all African rivers, extending over many
widely different climatic zones. The Amazon has a complex flow regime
because of the different precipitation patterns of its main tributaries. Flow
begins to increase in November, reaches a peak in June and then falls to a
minimum at the end of October. The Orinoco, although draining a similar
area to the Amazon, reaches peak flow a month later than the Amazon but
also has minimum flow in October. Most of the large rivers of Asia that
flow generally southward have their sources in the mountains and flow
through varied climatic conditions before discharging to the sea. Peak
lows generally occur when run-off from melting snow is supplemented by
monsoon rains. The Ganges and Irrawaddy receive snow-melt from the
Himalayas and southern Tibet respectively from April to June, and the
flow rate is just beginning to decline when the July monsoon begins.
Flooding can occur from July to October. The Mekong is somewhat
similar. It has its beginnings at an altitude of about 4,900 m in China’s
Tanglha Range. Snow-melt is later here, so peak flows do not occur until
August/September in the upper reaches of the river and October in the
lower reaches. Minimum flow in the Mekong occurs from November to
May. In western Asia, the Indus has some of its source tributaries in the
Hindu Kush mountains, while the Tigris and Euphrates rise in the
mountains of Turkey respectively. Monsoon rains cause the Indus to
flood between July and September. The Tigris and Euphrates are affected
by seasonal rains that overlap with snow-melt run-off and cause flooding
from March to June. The floods on the Euphrates inundate low-lying
areas to form permanent lakes that have no outlets. Water loss from these
lakes is mainly by evaporation, although some of the water is withdrawn
for irrigation. Data on erosion in all of the world’s river basins are far
from complete. In general, however, erosion can be said to vary
according to the following influences:

Water loss from these lakes is mainly by evaporation, although some of
the water is withdrawn for irrigation. Data on erosion in all of the world’s
river basins are far from complete. In general, however, erosion can be
said to vary according to the following influences:

« amount and pattern of rain fall and resultant river regime,
* slope of the land,
« extent of destruction of vegetation,

* regeneration of vegetation,



* soil type and resistance to the effects of temperature changes.



