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Summary

This chapter covers the character of surface and groundwater interconnection in areas
with different natural conditions. These interconnections determine regimes and
dynamics of water exchange of groundwater and temporary streams, rivers, lakes, and
swamps. It describes the schemes of surface and groundwater interconnection within
plain and mountainous regions and the permafrost zone; it deals with the impact of river
sediments on the formation of conditions for interconnection of surface and
groundwater in the river valleys. The role of anthropogenic activity in changes of
conditions for interconnection of surface and groundwater is also described, along with
trends in further research.
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1. Introduction

Interconnection of surface and groundwater is a process of exchange between waters
located permanently or temporarily on the land surface or in the rocks under the surface.
The moving forces of this process are thermal energy and gravitation.

Interconnection of surface and groundwater is one of the stages of the natural
hydrological cycle, which characterizes water exchange of surface and subsurface parts
of the hydrosphere within the land.

According to conditions of water transfer two essentially different types of surface and
groundwater interconnection can be defined: the first type—by means of infiltration of
surface water through the aeration zone (unsaturated zone) and the second type—by
means of surface and groundwater filtration through the saturated zone. The most
widespread notion of interaction of surface and groundwater is the interconnection of
streams with alluvial aquifers, which has been under study for more than 125 years
beginning with Boussinesq’s work published in 1877.

The main regularities of surface and groundwater interconnection are determined by
complex combination of natural and anthropogenic conditions. They depend on a
number of geological, hydrogeological, hydrological, geomorphological, climatic and
landscape factors.

Concrete schemes of surface- and groundwater interaction on the continents of the
planet have been rather well studied. In this chapter they are represented by two
oppositely directed main processes: infiltration or filtration (absorption) of surface water
from temporary streams, lakes, rivers, swamps, etc. into the rocks of upper geological
horizons, and filtration (discharge) of groundwater into riverbeds, lake and swamp
basins. These processes take place in complicated conditions, both in time and in space.

Hydrodynamic preconditions which determine the processes of interaction involve the
ratio of levels (heads) of surface and groundwater. The intensity of the processes is to a
great extent connected with the structure of the aeration zone, underbed and riparian
zones, filtration and capacity of their soils, and recharge and discharge conditions of
these zones (infiltration, evaporation, side runoff and overflow of soil and confined
water).

In addition to filtration and infiltration, surface and groundwater interaction is closely
connected with intensive transfer of mass and heat, that in some cases have considerable
impact on thermal regimes, surface and groundwater chemical composition, water
mineralization and biological processes.

2. Standard schemes of surface and groundwater interaction
Interaction between surface and groundwater (river runoff absorption (-), groundwater
discharge into beds or reservoirs (+)) is primarily determined by the relation between

surface and groundwater levels, and also natural and anthropogenic changes of their
position in time and in space.
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The main regularities of surface and groundwater interconnection are determined by the
character of hydraulic connection between surface water bodies and aquifers, by the
type of groundwater outflow, river and groundwater runoff regimes. According to the
character of surface and groundwater hydraulic connection, three main schemes may be
defined:

e no hydraulic connection,

e constant hydraulic connection, and

e periodic hydraulic connection.

Conditions of surface and groundwater interconnection change over time (between
years and seasons), due to stream length and the area of surface water bodies (and the
conditions may be different on either side of a river). Within the basin one and the same
water stream may drain different aquifers, and one and the same aquifer may have
different hydraulic connection with surface streams.

The character of surface and groundwater interconnection is determined by filtration
and capacity properties of an aquifer and underbed sediments, by channel meandering
and the level of its cutting.

According to the character of aquifer/river interconnection three scheme types are
defined:

1. Perfect river. This scheme covers rivers which cut the aquifer practically until it
reaches a negative confining head. The river channel zone is not encrusted or silted
to any significant extent, and there are no poorly permeable sediments under the
bed, i.e. the surface and groundwater interconnection is not interrupted.

2. Imperfect wide river. This scheme covers rivers which have considerable channel
width and which intersect with the aquifer to an incomplete extent (due to an
encrusted and/or silted channel and poorly permeable layers beneath the river).

3. Imperfect narrow river. This covers rivers that are imperfect according to the level
and character of aquifer opening, with insignificant channel width and significant
impact of filtration stream from the opposite bank, which should be taken into
consideration.

The following parameters are used for quantitative characteristics of surface and
groundwater interconnection level: A, — the coefficient of resistance of the silted layer;
A — the overflow coefficient, and AL — the filtration resistance of the river bed. These
parameters can be defined by different methods of assessment.

Real manifestation of these schemes in different natural geological and hydrogeological
conditions is considered in the following sections.

2.1. Schemes of groundwater recharge formation
Surface water absorption (from riverbed runoff, lakes, raised bogs, etc.) occurs in sites
where the groundwater level of the first aquifer lies hypsometrically below the surface

water line. A scheme of “free” filtration is most often formed with a relatively deep (up
to 25 m and more) level of the first aquifer, when poorly permeable rocks are in the
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upper part of the cross-section, overlying much more permeable ones (e.g. coarse and
large-grained sands, pebbles, intensively fractured and karstified rocks). The relatively
impermeable rocks can be constituted by blanket sandy loams, tidal and silt sediments
in reservoir bottoms, deluvial, alluvial-proluvial and other clay-containing strata. In this
case filtration out of a reservoir underlain by a completely saturated zone, is limited by a
poorly permeable layer. In the underlying highly permeable rocks, groundwater
movement occurs in the form of downward percolation under incomplete saturation of
free space in the rock mineral skeletonIn these conditions, even with relatively low
permeability of the upper layer, filtration losses out of the bed or reservoir (surface
water absorption) can be considerable, as filtration through the poorly permeable rocks
occurs under a high values pressure gradient (> 1).

“Backed” filtration is characteristic of those situations where relatively homogeneous
rocks constitute a cross-section without a poorly permeable screen under a river bed or
reservoir bottom. In this case a completely saturated mass is formed under the bed (or
reservoir), and the groundwater level corresponds to the surface water line. The volume
of filtration losses (absorption) is a factor of the permeability of the strata and
conditions for groundwater flow (the transmissivity of the layer, and values of filtration
gradients).

Under real condition, in different parts of the bed (different permeability of the rocks,
depth of the water table, etc.) and at different times of the year or perennial cycle
(groundwater level fluctuation, washout of poorly permeable deposits, processes of
forming and transporting bottom sediments, etc.), one or another scheme of surface
water absorption can be formed. Understanding of such phenomena can only be
obtained from regime observations of groundwater level in the shore zone or directly
under the bed.

Specific conditions of surface water absorption are formed with a constant hydraulic
connection between the aquifer and river. With a low surface water level (low water),
the groundwater table can develop a gradient and the first aquifer bed can discharge into
the river. During high water periods, when the surface water level rises significantly,
surface water infiltration occurs, much of it through the deposits on the shore and
adjacent to the river. Thus groundwater level rises in the area beside the river and its
position abruptly changes in time due to surface water level fluctuations (non-stationary
backing of the groundwater level). In large rivers with wide floodplains, the width of the
zone, where a significant rise of groundwater level can occur during high water periods
and flooding can reach 15 to 20 km and more. Very large volumes of surface water can
percolate into highly permeable rocks (alluvial, lacustrine-alluvial, fluvio-glacial,
karstified, etc.) when vast flood plain terraces are flooded.

2.2. Scheme of groundwater discharge formation

Groundwater discharge (water inflow (+) into rivers, lakes, seas, etc.) occurs where the
groundwater level in the marginal zone is hydrometrically higher than the surface water
level. Depending on the structure of the hydrogeological cross-section and depth of
groundwater, conditions of discharge can vary considerably. The main types of
groundwater discharge are as follows: by spring, by hydraulic connection between
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aquifer and river (or reservoir), and by confined groundwater through complex sub
vertical upward filtration.

Discharge by springs is formed in two main situations. In the first, erosion in a river
valley (lacustrine basin, etc.) cuts into water bearing and weakly permeable rocks
(contact outflows), or into a locally watered zone of fractured or karstified bedrocks. In
the second case erosion settings in the lower part of a basin slope or river terrace
penetrates only into upper level of the aquifer, forming so-called depressional
groundwater outflows. Contact outflows (springs) are as a rule more stable and exit
continuously if there is a large permanent aquifer or a constantly watered fractured or
karstified zones. Often, however, if there is a significant drop in groundwater level (in
periods with no or very limited recharge) spring outflows of this type completely cease
(see Figure 1).

A
Fully saturated zone Unsaturated zone in
below a river bed permeable rocks

Figure 1. Scheme interaction between surface and ground water under available
hydraulic relation
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1. surface water level during low water period; 2. surface water level during high water
period;3. groundwater level during low water period; 4. groundwater level during high
water period development of non-stationary backing); 5. groundwater flow direction
during low water period; 6. filtration into the coast under rising the surface water level;
7. groundwater level under a steade-state afflux in case of filling a reservoir up.

With hydraulic connection between ground- and surface-water, groundwater discharge
occurs when the riverbed (or lacustrine basin) directly penetrates the rocks of the
aquife.(see Figure 2). With a homogeneous structure (e.g. sands, zone of exogenic rock
fracturing, etc.) aquifer discharge can occur evenly over the whole riverbed, lake
bottom, etc. Spatial variation in specific values of such discharge (liters per unit area per
unit time) is caused by differences in the permeability of the water-holding rocks and
the permeability and thickness of marginal and bottom sediments. Subaqual spring and
grouped outflows of groundwater with very significant yield can occur in areas with
local (e.g. tectonic) fracturing or karstified rocks under the riverbed.
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Figure 2. Scheme of forming groundwater discharge into the river valley.
1. aquifers; 2. poorly permeable rocks; 3. essentially clayey tidal deposits;
4. contact springs; 5. depression springs; 6. groundwater levels;
7. flow direction and groundwater river bed discharge; 8. Deep fluid discharge.

2.3. Groundwater flows under riverbeds

Underbed groundwater flows can occur in river valley bottoms, directly under the bed
and to a lesser degree in the valley slopes, the gradient of the water table generally
coinciding with that of the valley and surface watercourse. Thus, the direction of
groundwater flow generally coincides with that of the surface water. Groundwater flows
of this type are normally formed in “narrow” river valleys of mountainous and piedmont
areas with significant longitudinal gradients but they can also occur in low lying areas
such as in the chalk streams of southern England. Occurrence of boulder-pebble and
gravel-sand deposits, whose permeability significantly exceeds (by one or two orders)
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the permeability of the bedrock in the valley slopes, is an important pre-condition.
Away from the mountains, substantial underbed groundwater flows can occur in
relatively raised dissected land, mainly in sites where river valleys cut into intensively
karstified rocks (gypsum, anhydrides, limestone). In such situations, rocks under the
riverbed and in the marginal zone are often characterized by anomalously high
permeability of two to three times that of the same deposits in the valley slopes.
Interaction of the river water with underbed flow is caused by the changing permeability
of the rocks or alluvium under the river, and the relation between surface and
groundwater levels. In reaches with highly permeable underbed deposits, the riverbed
flow is absorbed and substantial underbed flow is formed. There can be complete
cessation of riverbed runoff, creating a temporary watercourse. This occurs in places
where the river bed is higher than the groundwater level in the valley deposits (usually
in mountain and foothill areas, inter-montane depressions, etc.).

However, rock permeability and the area of “living” cross-section of underbed flow can
considerable change from one place to another due to narrowing the width of the valley,
reduced thickness of permeable rocks under the riverbed, availability of poorly
permeable rocks, etc. When (there is such a *“crosspiece”, intensive underbed
groundwater discharge can occur, with corresponding increase of surface water flow
directly before it. Downstream, under favorable conditions a zone of “secondary”
surface water absorption is formed, after the zone of reduced underbed transmissivity.
Unless such conditions are taken into account in hydrometric surveys, there can be
considerable errors in determining riverbed runoff, values of linear groundwater
discharge (per km of riverbed), and groundwater resources of the valley. According to
the conceptual model of surface and groundwater interaction formulated by Triska [ ],
three main zones can be defined: the channel zone containing surface water, the
hyporheic zone, and the groundwater zone. The hyporheic zone is the subsurface porous
medium, directly under the stream and immediately adjacent to it. This zone is
characterized by strong low flow water exchange between the surface stream and its
subsurface part. The hyporheic zone consists of a surface hyporheic area, the water
composition of which coincides with the composition of the channel water, where the
water itself is formed from more than 98% channel water, and the interactive hyporheic
zone, which is from 10 to 98% channel water. This has its own physical and chemical
characteristics (such as NHz, O,, NO3 and temperature). The hyporheic zone is a zone of
mixed ground and surface water. The movement of dissolved substances between the
zones of surface and groundwater depends on the relation between the hydrostatic head
and the water permeability of precipitated minerals.

3. Surface and groundwater interaction in areas with different natural conditions

The above considered scheme indicates that processes of interaction between surface
and groundwater considerably differ depending on the geostructural peculiarities of the
land (platforms, crystal shields, mountain folded massifs and inter-mountain hollows),
geomorphological and relief conditions (plain territories, river valleys, piedmont areas,
karst plateaus, mountainous areas, mountains and massifs of volcanic origin, inter-
montane and platform hollows), and permeability of rocks. Climatic conditions (arid,
tropical, humid and arctic) are also important, determining surface water level regime,
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specific (per area) volumes of groundwater recharge and discharge, extent of
permafrost, etc.
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