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Measurements and monitoring 
at the groundwater-surface 
water interface  

8.1 Summary of key messages 
1. Holistic and interdisciplinary approaches. Recent legislations, such as the 

European Water Framework Directive, have put the emphasis on 
groundwater-surface water interactions and their impact on the ecological 
status of streams. Stressing the importance of groundwater-surface 
interfaces (GSIs) may also favour, for example, better risk assessments in 
the context of remediation of groundwater contamination. These new 
approaches impose to: 
- consider interactions between water bodies which have been 

traditionally monitored separately 
- monitor hydrological and hydrochemical fluxes and biological 

parameters in an integrated manner. 
2. Spatial and temporal scales. Characteristics of local GSIs are typically 

controlled by biotic and abiotic processes at larger scales. This range of 
scales can be wide, both in time and space. In terms of GSI monitoring, this 
implies: 
- accounting for large scale processes before focusing on small scale 

heterogeneity, for example by assessing the main direction and intensity 
of flow, as well as the broad hydrochemical and biological features of an 
area before collecting point data. 

- accounting for the scale of temporal variations associated with a given 
system; for example, groundwater flow in a porous media may be more 
stable than river stage variations.  

3. Available datasets and field observations. Hydrological, hydrochemical or 
biological data are often collected by national agencies or private 
companies. These datasets, in conjunction with the use of hydrogeological, 
geological or land-use maps are essential to design any monitoring 
strategy. 

4. Field data collection. A large range of tools and methodologies traditionally 
used in streams and aquifers can be applied to the study of GSIs. Among 
the more specific techniques some have been tested while others are still in 
development, especially for monitoring the riverbed environment.  
- Considering the simultaneous collection of hydrological, hydrochemical 

and biological data is critical in designing a monitoring strategy. 
- Dealing with heterogeneity in space and time may benefit from the joint 

use of: (1) point methods; (2) average-based methods (which integrate 
spatial or temporal variations); or (3) “distributed” methods (which, to the 
contrary, provide insight into spatial or temporal variations).  

- Recent technologies, such as automatic remote loggers or sampling 
devices can facilitate the monitoring and reduce costs. 

5. Categories of methods. For monitoring biological, chemical and 
hydrological parameters of GW/SW interfaces, the following classes of 
methods are available: 
- Wells, piezometers and sampling pits 
- Coring methods (e.g. auger, freeze coring) 



 

- Seepage meters 
- Stream flow measurements 
- Hydrographic analysis 
- Infrared photography 
- Artificial and environmental tracers 
- Temperature as a tracer 
- Geophysics 
- Microcosms, experimental chambers, and colonization chambers 
- Hydrochemical measurement probes and samplers 
- Biological sampling methods of subsurface fauna 

8.2 Introduction 
Appropriate and cost-effective monitoring of the status of water bodies is critical to 
identify pressures on natural systems and inform decision-making. Designing a 
monitoring strategy certainly demands a good knowledge of the equipment and 
procedures. In the field of groundwater and stream water (GW/SW) interactions, 
practitioners and researchers have to develop these skills for both groundwater and 
surface water bodies, and in a variety of environments, such as open streams, deep 
aquifers, riparian zones or riverbed sediments. Furthermore, the assessment and 
understanding of key biotic and abiotic processes has to cross disciplines such as 
biology, chemistry, geology, geomorphology, hydrogeology and hydrology.  
While the present handbook provides a general introduction to the science of GW/SW 
interactions, this review starts by discussing potential objectives and strategies of a 
monitoring programme. This part is followed by implementation considerations, which 
present a range of methods and tools designed to assess flow, solute, and biological 
characteristics at the GW/SW interface. 

8.3 Designing a monitoring programme 

8.3.1 Why is the monitoring undertaken? 
A sound understanding of the environmental issue at stake and of the impacted area 
are critical in selecting an appropriate monitoring approach, in assessing the required 
financial and labour resources, as well as in identifying issues of access to rivers or 
private lands. Below we present common issues and objectives that create a need for 
monitoring GW/SW interactions. In a synoptic view (Table 8.1), these are further linked 
to specific methods.  
 

8.3.1.1 Hydrological studies 
In the context of GW/SW interactions, studies focusing on quantitative aspects aim at 
estimating net fluxes of water exchange between water bodies, for example to make 
flood predictions or to develop riverbank filtration schemes. From this perspective, it is 
common to be interested in the aquifer’s average permeability or the net change of 
stream discharge over a given reach (Chapter 9).  
When dealing with biological or hydrochemical issues, an accurate description of the 
flow field, and of the distribution and timing of GW/SW interactions, are essential to 
untangle the complexity of the processes (Chapters 5 & 6). Matters of interest may be 
the degree of connection between the stream and the aquifer, the distinction between 
waters of different age and origin, or the change of flow direction between the two 
water bodies - can one contaminate the other?  
 



 

8.3.1.2 Hydrochemical studies 
A major environmental concern is the transport and fate of nutrients and contaminants 
at the GW/SW interface. Not only does this interface create a connection between the 
two water bodies, but it can also modify concentrations through dilution, water-rock 
interactions, microbiological processes or uptake of solutes by the vegetation 
(Chapters 5 & 6).  
In a first stage, monitoring programs seek to relate the distribution of nutrients or 
contaminants to the spatial extension and temporal dynamic of the flow field. Further 
hydrological and sedimentological campaigns may help improving estimation of flow 
direction and transit time, and therefore rates of attenuation or release of solutes at the 
interface. This work can ultimately lead to the calculation of mass balances and 
budgets, and to the calibration of solute transport models (Chapter 9).  
 

8.3.1.3 Biological studies 
The effect of GW/SW interactions on stream biotic communities is of major concern for 
water resources and land use management. Yet the complexity of the processes 
involved makes it difficult to assess ecosystem health. Common issues that can be 
linked to GW/SW interactions are the quality of fish spawning sites, stream biodiversity 
or eutrophication processes (Chapters 5 & 7).  
Assessing the biological quality of aquatic systems generally involves mapping the 
distribution of organisms. For example, in England and Wales, the Environment 
Agency monitors the abundance and presence of fish, benthic macroinvertebrates, 
periphyton and macrophytes to classify river stretches and monitor the impact of 
human activity. Among other factors, GW/SW interactions are known to influence 
benthic communities, either directly, such as when nutrient-enriched groundwater 
discharges into the stream, or through biotic interactions, for example between 
hyporheic and benthic fauna. It is therefore reasonable to include such processes in 
ecosystem assessments.  
It is anticipated that inclusion of such factors can help constrain biologically focused 
models, and help to increase the reliability of ecological indicators.  
 
8.3.2 What data are to be collected? 
The choice of data to collect, and therefore the methods to be applied, depend on the 
study objective. If the aim is to assess the groundwater contribution to stream flow, a 
hydrographic analysis may suffice (Chapter 4). If it is to study the effects of discharge 
of contaminated groundwater on the benthic fauna, then a finer delineation of upwelling 
and downwelling zones may be needed.  
In all case, particular care must be taken with respect to scale. Hyporheic and riparian 
environments can be highly heterogeneous, so local measurements may not be 
representative of the natural system. Therefore it is useful to recognise if a technique is 
a point or local method; a lumped- or average-based method, which integrates spatial 
or temporal variations; or a ‘distributed’ method, which provides insight into spatial or 
temporal variations. For example, sampling a piezometer is a local method, differential 
stream flow gauging provides a lumped result, and continuous records of stream flow 
contain temporally distributed information. In general, sound monitoring approaches 
involve the parallel use of several tools, in order to increase the degree of confidence in 
the results. 
If different field sites are to be compared, one should attempt to minimise inter-site 
variability where it is not wanted. For example, when comparing the fauna of a human-
impacted stream with a pristine stream, it is recommended to select reaches of similar 
characteristics (e.g. water depth, vegetation cover, grain size). 
 



 

8.4 Implementing a monitoring strategy 
A good starting point is to study available datasets and carry out a field exploration. 
Accordingly, we first discuss the benefits of preliminary studies, before presenting the 
larger range of field methods that are applicable to the GW/SW interface. These are 
presented according to the standpoint of the ‘observer’ in the field: (1) the subsurface; 
(2) the GW/SW interface; and (3) the stream. 
Although the initial aim of a monitoring scheme is unlikely to change, it must be 
emphasised that the implementation often follows a ‘trial-and-error’ process. Indeed, in 
river environments, it is not unusual to discover monitoring devices that have been 
damaged by high flow conditions, or sampling networks that are too sparse, given the 
heterogeneity of the field site. Likewise, although some field-measurement devices 
appear easy to use, it is recommended to be fully trained and to test the apparatus in 
situ prior to collecting data. 
  

8.4.1 Preliminary studies 
Examining existing sources of information, through a desk study and field observations, 
can provide invaluable information that facilitates the selection of methodologies and 
sampling locations. 

 

8.4.1.1 Desk study 
Existing data that can provide useful information about surface and subsurface 
environments include: 

·  Topographic maps (geomorphic features, e.g. sinuosity) 
·  Geological and hydrogeological maps (the type of aquifer, its thickness, 

boundaries and productivity) 
·  Groundwater flow nets (general flow direction between streams and 

groundwater) 
·  Land use or land cover maps 
·  Monitoring data from regulating agencies and independent groups (e.g. 

habitat survey, macrophyte, fish, redds or invertebrate distribution) 

 

8.4.1.2 Field observations 
In addition to desk studies, a site visit can provide important indications on potential 
GW/SW interactions. This type of information includes (Brodie et al., 2007):  

·  Sediment characteristics and river flow types 
·  Anthropogenic features such as weirs 
·  Presence of macrophytes and fish redds 
·  Precipitation of metals oxy-hydroxides or carbonates on the riverbed 
·  Change of stream water colour or odour in polluted areas 
·  Springs or visually explicit increase of stream flow 
·  Differences in temperatures producing vapour at the surface or melting 

the snow and ice 
 



 

8.4.2 Subsurface data collection 

8.4.2.1 Wells, piezometers and sampling pits 

A monitoring well is a permanent or semi-permanent well, fitted with a long screen 
(section of slotted pipe), which is used to sample groundwater and/or measure the 
water table elevation. The sampling is depth-integrated, i.e., it covers all depth levels; it 
is commonly used to assess the presence of contaminants in aquifers without 
expending too much effort on the drilling. A piezometer is a small-diameter well with a 
short screen, used to make head measurements and sample water at a specific depth. 
Mini-piezometers (Figure 8.1) are similar devices, generally of smaller diameter and 
commonly installed at a maximum of 2m depth (Brodie et al., 2007), either in the 
floodplain or directly in the channel. There is a variety of piezometer and mini-
piezometer designs (e.g. Brodie et al., 2007; Rivett et al., 2008). In general, these 
devices are installed along transects or over a horizontal plan (network). Installation 
can be carried out either manually, by augering or hammering (direct push methods) 
(Figure 8.2), or with a powered auger (Brodie et al., 2007). Depth-specific sampling 
allows for determining the vertical variability of hydrochemistry or biology, and the 
vertical hydraulic gradient. It can be achieved by the use of: inflatable packers (see 
glossary) in a monitoring well; nests of piezometers screened at different depths; multi-
level samplers, consisting either of multiple piezometers in a single casing or of 
sampling tubes attached to the exterior of a central tube; or, often in exploration 
phases, a standpipe temporarily inserted (point-in-time direct push technique) at 
increasing depths. Finally, a sampling pit is a hole that is excavated out of the wetted 
channel, where the water table is shallow enough to be accessed. It is used to rapidly 
measure water-table elevation and collect sediments, fauna and water samples (Dahm 
et al., 2006). 

 

  

 

Figure 8.1 Network of mini-piezometers (PVC tubes) installed to monitor VHGs 
and seepage fluxes in the river (photo: Daniel Käse r). 
 



 

 

Figure 8.2 In-stream mini-piezometer installation o n a scaffold tower. 
A drive-pipe fitted with a removable driving-point is hammered into 
the riverbed using a fence post-driver; at the requ ired depth, the mini-
piezometer is inserted in the drive-pipe, and the l atter pull out by 
keeping the mini-piezometer in place (photo: Trista n Ibrahim). 



 

 
Figure 8.3 Seepage flux measured using a minipiezom eter and a stilling 
well. dh stands as the difference of level between the stre am water level 
and the riverbed water level, and dl the length of piezometer buried in the 
riverbed. Vertical Hydraulic Gradient equal to dh/dl and the seepage flux 
is computed using the vertical component of K (Kv). In this case, as the 
riverbed water level is lower than the stream water  level, VHG is negative 
and the seepage flux orientated downwards. (Source:  Australian 
Government Department of Agriculture, Fisheries and  Forestry. 
http://www.connectedwater.gov.au/framework/hydromet ric_analysis.html)
.



 

8.4.2.2 Hydrological fluxes 
A hydrological flux can be calculated through Darcy’s law if the hydraulic conductivity, 
K, and the hydraulic gradient (see glossary) between two points are known. Methods 
for the estimation of K are described in all hydrogeology textbooks, e.g. Fetter (2001). 
More specific in-stream techniques have been compared in sandy streambeds by 
Landon et al. (2001). At a large scale (10-100 m), K is commonly estimated by 
pumping a well at constant rate and measuring the water level variations at close wells 
(pumping test). At a smaller scale (cm-m), K can be determined through a single well 
slug test, where K is related to the time taken by the water level to recover its initial 
position after an artificial displacement. The second term of Darcy’s equation, the 
hydraulic gradient, is computed from hydraulic heads at a minimum of two points; if 
these points form a vertical array, the result is the Vertical Hydraulic Gradient (VHG). 
In-stream VHGs can be obtained by measuring the head difference between the water 
level in a piezometer and the stream stage. Water levels are typically measured with a 
Water level meter, from the top of a well. A tube, or stilling well, is sometimes fixed to 
the piezometer to reduce the effect of flow turbulences on stage measurements (Figure 
8.3). Alternatively the stage can be measured using a vertical graduated marker (staff 
gauge), fixed on the side of the channel. To collect continuous time series, water level 
loggers can be used in permanent wells and piezometers. For temporary VHG 
estimations, Rosenberry and LaBaugh (2008) provide details on the design of portable 
hydraulic manometers.  

 

8.4.2.3 Hydrochemical sampling 
Most techniques used to access the subsurface, such as wells, piezometers, direct-
push devices or sampling pits, can be used for both hydrological and hydrochemical 
measurements. Even a small monitoring network can provide valuable insight into the 
hydrochemistry of the riparian zone and the riverbed. In addition, it can facilitate the 
design of a denser network, for example to capture the extent of a contaminated 
plume. Multi-level samplers can be used to enhance the vertical resolution of 
hydrochemical mapping. As to the dynamics of hydrochemical fluxes, it can be 
monitored by adapting the sampling frequency to hydrological events or seasons. 
Because capturing events can be a challenging task, automatic samplers and remote 
sensors are sometimes used as an alternative to manual sampling (e.g. Quattrocchi et 
al., 2000). However, maintaining such equipment may be time-consuming. 
To characterise a contaminant plume, in terms of average concentration and mass flow 
rates, a constant pumping can be operated in one or several wells. The pumped water 
is regularly sampled for chemical analyses, and if additional control wells are sampled 
downgradient of the contamination’s source, attenuation rates may be estimated. Since 
this approach tends to avoid issues related to the structural heterogeneity of the 
aquifer, it is called an integral pumping test (Kalbus et al., 2006). Durand et al. (2007) 
discuss the case-study of a long-term pumping test combined with the monitoring of 
riverbed multi-level mini-piezometers, in order to assess the attenuation of 
contaminants in the hyporheic zone. In general, for large well networks and in the long-
term, such tests are relatively expensive.  
 

8.4.2.4 Biological sampling 
One of the most straightforward methods for obtaining invertebrate samples from deep 
or shallow wells is with a net sampler (Schmidt et al., 2004). A small diameter plankton 
net (usually 43 µm mesh size) is lowered into the well until it hits the bottom, at which 
point the sediment is disturbed and animals and sediment are retrieved. The procedure 



 

is then repeated to specifications. By itself, this is not a quantitative method; it is 
nevertheless useful for a simple and fast assessment of the subsurface fauna.  
In general, sampling subsurface organisms by well pumping involves either using the 
well as a trap, or purging the water and then sampling the refill (e.g. Hancock and 
Boulton, 2009). As for hydrochemical sampling, inflatable packers can be used for a 
better control on the sampling depth. 
Whereas (semi-)permanent wells allow the collection of time series at a given location, 
a portable standpipe allows for roaming surveys. The latter approach involves 
hammering a steel standpipe to a desired depth and pumping out water. Bou & Rouch 
(1967) described this method using a hand piston-pump (Figure 8.4), that allows for 
constant perturbation of the substrate during extraction. As the relationship between 
the number of organisms and sampled volume is not linear, it is usually advisable to 
collect a standard volume for all samples. The European PASCALIS project 
standardised their samples to 6 litres (Gibert et al., 2001). However, volumes from 2 
litres to 10 litres are not uncommon in the literature. Because wells inherently alter the 
bed, it can be argued that animals in the riverbed are not sampled, but rather those that 
are in this altered habitat. Additionally, issues of sample contamination by surface 
organisms must be considered. One way to avoid contamination is to sample exposed 
- rather than submerged - sediments in mid-channel bars or side bars.  
Many researchers find the use of the Karaman-Chappuis pit method (FreshwaterLife 
2009) as used by Boulton et al (2004) to be ideal as it simply involves digging a hole of 
predetermined dimensions and collecting the animals and water from the pit. As is the 
case with all subsurface sampling, depth is a critical factor in invertebrate abundance 
and should be selected and standardised according to the question. 
  



 

 

Figure 8.4 Diagram of Bou-Rouch sampler using hand- piston pump. From Gibert 
et al. (2001). 
 

8.4.2.5 Artificial tracers 

Artificial tracers are chemicals or materials that are introduced in the hydrological 
system for monitoring purposes. Conservative tracers are (relatively) inert substances 
that allow tracking the movement of water; such substances include fluorescent dyes 
(e.g. Rhodamine WT) and saline solutes (e.g. NaCl, KCl, LiCl). In contrast, non-
conservative tracers, which tend to react with their environment, can reflect the 
behaviour of nutrients or contaminants. Various reactive tracers have been used to 
assess the potential for retardation-transformation near the GW/SW interface. These 
include nitrates, isotopes or metals. Finally, ‘smart’ tracers are a promising approach, 
still in its development stage; they are defined by Haggerty et al. (2008) as behaving as 
conservative tracers, but showing “an irreversible change in the presence of a process 
or condition under investigation”. Reactive and conservative tracers are often used in 
conjunction to track simultaneously hydrological and hydrochemical fluxes.  
 

8.4.2.6 Hydrological applications 
In a well-to-well test, a tracer is injected into a well and its propagation in the 
subsurface is monitored through an observation well. If the tracer appears at this 
second point, the subsurface water velocity can be obtained by dividing the travel time 



 

of the conservative tracer by the distance between the two points (e.g. Pinay et al., 
2008).  
A variation of this approach, the stream-to-well test, is designed to characterise the 
infiltration of surface water, by injecting the tracer in the stream rather than in the 
subsurface (e.g. Wondzell, 2006).  
A point-dilution test provides a measure of subsurface flux where flow is near-
horizontal. The procedure involves injecting a tracer in a well, monitoring the dilution 
caused by subsurface water flowing through the well. The horizontal flux can be 
calculated with a standard equation – see Freeze and Cherry (1979). If the porosity is 
known the true velocity of water can be derived as well. 
 

8.4.2.7 Hydrochemical applications 
Simultaneously injecting a conservative and a reactive tracer is an invaluable tool to 
assess physical and chemical processes. In principle, any concentration decrease of 
the conservative tracer indicates dispersion or dilution, whereas changes of the 
‘reactive:conservative’ concentration ratio reflect the intensity of chemical reactions. In 
general, a contaminant solution that is enriched relative to the background 
concentration is injected and the ratios are monitored in the subsurface along a natural 
or forced hydraulic gradient. One drawback is that high solute concentrations are 
seldom representative of natural conditions. 
More expensive is the use of radiotracer techniques, in which trace amounts of 
radionuclides (or labelled atoms) are injected into a water body, and monitored in order 
to characterise the transport of some elements or compounds. A main advantage is 
that the injectate can be at background concentration. This type of technique has been 
used to estimate rates of denitrification or methanogenesis (e.g. Hansenet al., 2001). 
Single-well reactive tracer tests are used to assess biogeochemical processes at a 
specific location. In the push-pull method (Addy et al., 2002), both a reactive and a 
conservative tracer are injected in the subsurface. After an incubation period, part of 
the solution is recovered by pumping, and then sampled. This method allows for a 
relatively fast investigation of a great number of sites; it is nevertheless limited by the 
small volume investigated. 
 

8.4.2.8 Environmental tracers 

Environmental tracers are chemical or isotopic compounds that either occur naturally or 
entered the water cycle through human activity. For Brodie et al. (2007) they primarily 
include standard field parameters (e.g. electrical conductivity), major anions and 
cations (e.g. Cl-), stable isotopes (e.g. 18O), radioactive isotopes (e.g. 222Rn), and 
industrial chemicals (e.g. CFCs). To this, we add ‘heat’ since the daily temperature 
fluctuations of stream water provide a signal for tracing GW-SW exchanges. 
Environmental tracers are commonly used to determine source areas of water, the age 
of water, mixing ratios or water mass balances. They can also be analysed in 
combination with reactive species, for example to characterise biogeochemical 
processes. Measurement devices for standard parameters such as pH, dissolved 
oxygen and electrical conductivity are relatively cheap and easy to use. They can help 
identify the water types present in a certain area. But for a better understanding of a 
hydrological system, the water’s composition will be more informative. At this point, the 
availability and cost of analyses may have a significant impact on the choice of a 
method. For example, whilst the analysis of major ions is performed on a routine basis 
by many institutions, facilities for isotope and CFCs are not as readily accessible. 
The attractiveness of heat as a tracer lies in the relatively low cost of basic probes and 
loggers (Figure 8.5). The approach relies on the fact that heat is transported by flowing 
water, and that the daily fluctuation of stream temperature is perceived at greater depth 
in a losing reach (stream to subsurface flow) than a gaining reach (subsurface to 



 

stream flow). In a simple application assuming one-dimensional flow, the flux can be 
determined at the vicinity of the GW/SW interface using an array of temperature 
probes, in the horizontal or vertical plan (e.g. meander or streambed, respectively). For 
more details, see Stonestrom and Constanz1 (2003). 
 

 

Figure 8.5 Plan-view contour maps of the Pine River  (Canada) in winter for 
mapped streambed temperatures (a) and vertical flux es using an analytical 
solution (b). From Schmidt et al., 2007. 

 

8.4.2.9 Coring 
Extracting a sediment core permits a combined assessment of physical, chemical and 
biological properties of the sediments and pore-water. The main drawbacks of coring 
methods are the poor horizontal resolution, the labour involved and the impossibility of 
taking repeat measurements at a specific location (Bridge, 2005). A review of the 
principal methods for coring non-submerged sediments is given by Weight and 
Sonderegger (2001).  
In soft sediments, light hand-held devices are preferred; sometimes plastic tubes can 
be directly hammered and extracted with their top capped (Figures 8.6 and 8.7), in 
order to retain the core (e.g. Sheibley et al., 2003). But where the substrate is harder, 
for example in cobble-bed streams, the use of heavy drilling equipment may be 
necessary. A variety of drilling tools are available, such as portable electric- and petrol-
power auger, or drilling rigs. Freeze-coring (Figure 8.8) is a distinct technique that 
makes use of a steel tube hammered into the bed, and liquid nitrogen to freeze the 
sediment before its extraction (e.g. Hill, 1999). Note that, in deep or fast flowing rivers, 
such heavy tools can be extremely difficult to operate. 
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Figure 8.6 Hammering of PVC tube for coring of soft  riverbed sediments (photo: 
Nick Riess). 

 
Figure 8.7 Sawing of the core in site (photo: Nick Riess).  

  
Figure 8.8 Ice coring; left: core being extracted; right: frozen core (photo: Andy 
Quin). 

 



 

Figure 8.9 Diagram of a perfusion core setup to ass ess inorganic nitrogen 
transformations in riverbed sediments. (D) Groundwa ter is evenly injected 
through the inlet cup (A) and flow upward in the co lumn (B). A mixing cavity (C) 
is used to introduce into the column aerated recycl ed water using a peristaltic 
pump. Samples are taken from the inlet, outlet and at the sampling ports (E) 
along the column. From Sheibley (2003). 

 

8.2.2.9.1 Hydrological applications 
K can be derived from a core-sample either through grain size analysis or a laboratory 
permeameter test. Grain size analysis consists in sieving a sample into different 
fractions, and applying an empirical relationship relating the proportion of these 
fractions to hydraulic conductivity. Existing equations have been reviewed by Vukovic 
and Soro (1992) and Odong2 (2007). Generally, organic matter is removed prior to 
sieving (see Schumacher, 20023). Second, the laboratory permeameter test involves 
imposing a hydraulic gradient on an enclosed column of sediment; the hydraulic 
conductivity is then derived either from the flow at the outlet (constant head 
permeameter) or the rate at which the water level falls after an artificial rise (falling 
head permeameter) (Fetter, 2001). 
 

8.4.2.9.2 Hydrochemical applications 
Cores can be used to relate pore-water chemistry to the sediment’s geochemistry, and 
more generally characterise biogeochemical processes. The advantage of freeze-
coring is that the chemical gradients are preserved, although in practise frozen 
samples are more difficult to manipulate. 
In the laboratory, pore-water is usually extracted by suction, diffusion equilibration, or 
by squeezing or centrifuging sections of the core (Berg and McGlathery, 2001). The 
sediment’s biogeochemical properties can be assessed by measuring physical and 
geochemical characteristics, such as the grain-size, fraction of organic carbon (foc), 
cation exchange capacity (CEC) or clay content (e.g. Smith and Lerner, 2008), as well 
as by studying microbiological communities (Chapter 6).  



experiment, the operator has control on the water chemistry and solute concentration 
of the injectate. The apparatus may also allow for water extraction at several sampling 
ports along the column (see Sheibley et al., 2003). 
 

8.4.2.9.3 Biological applications 

Freeze-coring is often said to offer the most direct method for mapping the vertical 
distribution of biota. Once the core is removed, it is typically sectioned by depth over a 
trough that is divided into 10-20 cm units. As the core melts, sediment and animals fall 
into the assigned compartment, which can then be sampled. As a matter of choice, the 
frozen core can be chipped away from the standpipe at desired intervals and bagged 
for later processing (Adkins and Winterbourn, 1999). Organisms can be separated from 
the substrate by decantation: after swirling the sample in a bucket of water and allow it 
to settle, the decanted material is then run through a sieve of specific mesh size (63-
100 µm is common for including meiofauna while larger mesh sizes may be preferable 
for macrofauna).  

Other approaches enable a biological sampling of sediment cores. For example, 
pushing a tube in the streambed and sectioning the extracted core can provide insight 
into the movement of subsurface fauna and allow for microbiological sample collection. 
The use of such coring techniques is generally limited to fine-sediment streambeds or 
very shallow samples. Drilled cores are not generally used for faunal investigations, 
because of the mechanical disturbance.  
 

8.4.2.10 Measurements probes and passive samplers 
Most sampling devices designed for the aquatic environment can be used specifically 
at the GW/SW interface – see Bridge (2005) for a review. Besides the widely-used 
conductivity-, pH-, and redox-meters, various probes are available, among which the 
ion-selective electrode, which measures the activity of specific ions such as 
ammonium, nitrate, lead, or cadmium. When connected to a logger, it can provide 
concentration time series. However, if the concern is upon small scale spatial 
variations, gel probes4 may be an appropriate alternative. These passive samplers 
either equilibrate with the pore-water chemistry, or accumulate specific chemical 
elements or compounds. They can provide, after laboratory analyses, concentration 
profiles at a resolution as fine as a millimetre.  
This type of device has the advantage of not modifying the flow field by pumping 
(Kalbus, 2006). It is, nevertheless, recommended to use them in conjunction with other 
techniques that can provide a broader scale assessment of subsurface hydrochemistry 
(Bridge, 2005).  
 

8.4.2.11 In situ chambers and microcosms 
In order to create an environment that can be controlled, while responding to natural 
conditions, a small area of the streambed can be enclosed. Generally the setup used 
for biogeochemical measurements is called an experimental chamber when it contains 
in situ undisturbed sediments and a microcosm when it is pre-filled with a substrate 



(Figure 8.10). The system is then given some time to settle down and allow for 
colonization, typically one month. A similar concept involves creating traps for 
hyporheic invertebrates. In this case, chambers may be installed in the substrate, with 
or without bait, and then removed and sorted for invertebrates. Wells have been used 
as unbaited traps by Hahn (2005).  
 

 
Figure 8.10 Colonization chambers. From Grant et al . (2007). 

 

8.4.2.12 Geophysical methods 
Geophysical methods can be used to map the extent and nature of subsurface 
geologic materials. In hydrological studies, geophysics is commonly employed to 
determine the depth to the water table and bedrock, or to map the geometry of 
sedimentological bodies like gravels or clays. Techniques that have been tested at the 
GW/SW interface include ground-penetrating radar (Bradford et al., 2005), and 
electrical resistivity imaging ( Figure 8.11. Acworth and Dasey, 2003; Crook et al., 
2008). Although such methods may be thought of as non-intrusive, they are often used 
jointly with coring techniques that provide the ground-truth. At a large scale, remote 
sensing technologies such as airborne electromagnetics have also been applied in 
studies related to GW/SW interactions (see Brodie et al., 2007). 
 



 
Figure 8.11 Electrical resistivity model from a cro ss-borehole survey. The 
locations of the surface and borehole electrodes ar e indicated by the black 
circles. The geological logs from the core analysis  of each borehole are included 
for comparison, and the key for these can be found at the bottom left of the 
figure. From Crook et al., 2008. 
 

8.4.3 Interface measurements 

8.4.3.1 Seepage meters 
Seepage meters (Figures 8.12 and 8.13) are devices that isolate a small area of the 
streambed and measure the flow of water across that area. One of the simplest design, 
the half-barrel seepage meter, uses a cut-off end of a storage drum (steel or plastic) to 
which a plastic bag is attached, in order to register the change in water volume over a 
given time (see Rosenberry and LaBaugh, 2008). Seepage meters may be used to 
obtain a time-integrated hydrochemical sampling of water discharging to the stream. In 
this case, special care must be taken to ensure that any stream water trapped in the 
seepage meter has been purged (Lyford et al., 2000).  

 

Figure 8.12 Diagram showing a seepage meter install ed on a bed and its 
collection bags attachment. Source: http://edis.ifas.ufl.edu/SG060  . 



  

Figure 8.13 Four designs of low-profile seepage cyl inder shown with a standard 
half-barrel seepage cylinder made from a plastic st orage drum. From 
Rosenberry and LaBaugh (2008). 
 

8.4.3.2 Biological sampling 

8.4.3.2.1 Fish 

Some studies have shown a significant link between groundwater discharge into 
streams and mortality rates of salmon embryos (e.g. Malcolm et al., 2003). Surveyors 
document location of redds as they move along the river bank. These locations can be 
entered into a GIS database and/or correlated with river geomorphic patterns (Geist 
and Dauble, 1998). Response of redds to the discharge of groundwater can be 
assessed by egg and alevin survival studies (Malcolm et al., 2003), often using cages 
with eggs placed in the gravel bed, from which success of incubation can be measured 
(Baxter and McPhail, 1999).  

8.4.3.2.2 Benthic macroinvertebrates 

Benthic macroinvertebrates are frequently used as indicators of the ecological health of 
streams. However, studies have shown that GW/SW exchanges can affect community 
compositions (Pepin, 2002) even at the scale of a single riffle (Davy-Bowker et al., 
2006). Accounting for this influence may help reduce unexplained variability between 
sampling sites.  

For sampling benthic macroinvertebrates, two typical approaches include (Storey et al., 
1991) timed-area sampling with a kick-net, in which the substrate is disturbed by 
kicking at it upstream of a portable kick-net (this can be seen as a broad and semi-
quantitative method) and specific area sampling, which provides a more quantitative 
approach, allowing for estimations of invertebrate density. This second technique 
typically involves the use of fixed-area samplers such as the Hess and Surber 
samplers (see Figure 8.14). The substrate within the sampler area is disturbed, 
generally to 10cm depth, and the dislodged debris are caught in the attached net as 
they float downstream. In general, these devices are limited to less than 0.5 m2, and 
multiple samples are taken to calculate average density.  



  

Figure 8.14 Benthic macroinvertebrates sampling dev ices. From Storey et 
al. (1991).  
 

8.4.3.2.3 Meiofauna 

Meiofauna are those animals smaller than 500 µm and larger than 40 µm. Young 
instars of many benthic invertebrates can also be found as temporary members of 
stream meiofauna communities (Palmer et al., 2006). Studies have shown that 
meiofauna can dominate stream communities in terms of abundance and species 
richness (Robertson et al., 2000, Rundle et al., 2002). Thus, they could provide a 
useful tool in examining responses to management actions at the GW/SW interface. 
Sampling for meiofauna requires the use of smaller mesh sizes and thus sampling 
methods used for macroinvertebrates must be modified. Combining the methods for 
hyporheic invertebrate and benthic invertebrate sampling as well as using tools such as 
plankton nets provides a suite of tools for sampling meiofauna in various environments 
(Palmer et al., 2006). 

 

8.4.3.2.4 Periphyton 

Periphytons are benthic assemblages made of photoautotrophic (algae including 
diatoms) and heterotrophic (including bacteria) organisms growing on the stream 
substrate (Chapter 6). They are a useful tool for assessing nutrient status and stream 
health (Kelly, 2008; Lear, 2009). Furthermore, recent works have shown their potential 
dependency to the distribution of groundwater discharge (e.g. Pepin, 2002). Methods 
for benthic periphyton collection involve scraping or brushing the biofilm off natural (e.g. 
cobbles, plants, see  Figure 8.15) or experimental (e.g. tiles, slides) substrates. 
Collected samples are then either preserved for identification, or filtered for biomass 
and productivity estimates. In the UK, the DARES project5 aims at assessing the 
stream ecological status based on benthic diatoms (Kelly, 2008). It uses the Trophic 
Diatom Index (TDI), based on the identification of a set of taxa, to describe the level of 
anthropogenic impact on the stream ecosystem. 
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a)   b) 

Figure 8.15 a) using a soft bristle brush to remove  periphyton from around a 
know area (photo: S. Kelly); b) known area of perip hyton to be collected in to 
sample container (photo: Anna Ritchie).  

 

8.4.4 In-stream measurements 

8.4.4.1 GW and SW fluxes 

Net gains or losses of stream water, caused by GW/SW exchanges, can be estimated 
by differential flow gauging, that is by calculating the flow difference between the two 
ends of a stream segment. This method requires the input of surface tributaries to be 
known, as well as the errors in stream flow measurements, which controls the limit of 
detection. For more details, the reader is referred to Rosenberry & LaBaugh (2008).  

If a stream flow time series, or hydrograph, is available, several processing techniques 
are available to estimate the baseflow component of stream flow. These hydrograph- or 
baseflow-separation methods (Figure 8.16) provide a spatially lumped estimate of the 
magnitude and timing of groundwater contribution to stream discharge (Brodie et al., 
2007). They are mostly used in gaining streams, providing the assumption can be 
made that baseflow equates to groundwater discharge (i.e. no human activity controls 
the baseflow).  

 



geometry, to a sampling period or to stream discharge (see Bartram and Ballance, 
1996). The latter approach can be conducted through manual or automated sampling. 
Recent developments in automated in situ monitoring give the opportunity to record 
continuous time series of parameters that traditionally required standard laboratory 
analytical techniques, e.g. soluble reactive phosphorus concentration (Orr et al., 2006). 
 

8.4.4.3 Biological sampling 

8.4.4.3.1 Fish 

Fish are of primary interest to river managers. In some environments, during hot or cold 
periods, they may benefit from the thermal refuge provided by upwelling groundwater 
(Hayashi and Rosenberry, 2001). For large spawning fish such as salmonids, 
observation through bank-side surveillance and in-stream snorkel surveys provide 
direct means to map fish locations. In some waters, snorkelers proceed up the river 
while enumerating fish observed (Li and Li, 2006). In the UK, electro-fishing is the most 
commonly used method for population assessment (Cowx et al., 2009). It may be 
carried out on foot in shallower waters or by boat in deeper waters. Two electrodes are 
placed into the water, creating a zone of electric current that first attracts the fish 
towards the device, and then stuns them. The stunned fish are then scooped up with 
nets, catalogued and released. In rivers, a set area is netted off, and usually multiple 
passes are made in order to calculate population using removal/completion estimates 
(Li and Li 2006). Hand netting or traps are also often used in the UK (Cowx et al., 
2009). 

 

8.4.4.3.2 Macrophytes 
Macrophyte communities can be used to calculate indices of ecosystem health, such 
as those developed by Braun-Blanquet (Van der Maarel, 1975). They also impact 
GW/SW interactions and associated biogeochemical processes by modifying surface 
and subsurface water flow and extracting nutrients and other solutes from the water 
column and from the sediments (White and Hendricks, 2000). This dependency to both 
stream and riverbed environments can be used to provide indications on GW/SW 
interactions, where groundwater and stream water chemistry are distinct (White and 
Hendricks 2000). Many species of macrophytes (aquatic mosses in particular) 
accumulate metal ions and respond to variation in nutrient concentrations (Carr and 
Chambers, 1998). Thus, analysis of plant tissues can be used to indicate areas of 
exchanges, in particular where groundwater sources are contaminated with heavy 
metals (Elgin et al., 1997). 
Various survey methods exist for estimating the community composition of aquatic 
macrophytes. These include standard vegetation mapping techniques (Figure 8.17) 
such as using visual estimation, point transects, and plot surveys (Knapp 1984).  



 
Figure 8.17 Diagram of a study site design for macr ophyte surveys with details of 
point and plot type survey schematics. From Bowden et al. (2006).  
 

8.4.4.4 Artificial tracers 

8.4.4.4.1 Hydrological applications 

·  Transient storage measurement  
In-stream tracer tests (Figure 8.18) can help characterise the temporary 
retention of stream water in the subsurface. In a typical experiment, a non-
reactive solute (e.g. Rhodamine WT) is injected into the stream, and its 
passage is monitored tens or hundreds of metres downstream. This 
method assumes that physical retention of water in the subsurface is 
evident as an ‘imprint’ on the breakthrough curve. Ideally, this curve is a 
mean to estimate reach-averaged parameters such as the flux between the 
stream and the hyporheic zone (HZ), the residence time of water in the HZ, 
and the dimensions of the HZ.  
However, in practise the approach works when retention is caused only by 
hyporheic exchange, as opposed to in-stream storage. Therefore, it is 
rather designed for well-mixed streams. In addition, its ‘window of detection’ 
is weighted toward the short flow paths and residence times (hours to a few 
days) – see Harvey and Wagner (2000).  

 



 

Figure 8.18 Adding Rhodamine WT dye to a stream. Fr om 
http://toxics.usgs.gov/photo_gallery/instreams.html  . 

·  Groundwater inflow and outflow rate measurement 

Groundwater inflow and outflow over a stream segment can be 
estimated by coupling two widely-used stream flow gauging methods, 
velocity-area gauging and dilution gauging. In this approach, stream 
discharge is measured at both ends of the reach through a single in-stream 
tracer test (dilution gauging) conducted at the upstream end. At the 
downstream end, a velocity-area gauging is carried out as well. From this 
data and through a simple mass balance, described by Harvey and Wagner 
(2000), three fluxes can be determined: the net gain/loss of groundwater by 
the stream; groundwater discharge into the stream; and stream infiltration 
into the aquifer. The limit of detection depends on the error associated with 
the two gauging methods. 

 

8.4.4.4.2 Hydrochemical applications 

·  Solute uptakes 
Since the 1980s, research has been investigating the influence of 
hyporheic exchange on the reactive uptake of stream solutes. To assess 
the role of biogeochemical processes relative to dilution, a standard 
approach consists of performing in-stream tracer tests that combine 
conservative and reactive tracers (e.g. Lautz and Siegel, 2007). This 
approach provides a useful mean to quantify the ‘uptake length’ of solutes, 
i.e., the average distance an atom travels before it is taken by an organism 
(Duff and Triska, 2000, p. 202). 



measuring variations in the concentration of environmental tracers (see Section 3.2.3). 
In some conditions a quantitative estimation of the GW discharge rate can be obtained 
through a mass balance. While some tracers lend themselves to continuous 
measurements by towing (by foot or boat) a probe in the stream, e.g. temperature (see 
Vaccaro and Maloy6 (2006)), other tracers require a discrete sampling procedure, for 
example 222Rn (see Mullinger et al. (2007)).  
 

8.4.4.5.2 Heat as a tracer 

Thermal Infrared imagery (aerial or terrestrial) has been used to detected zones of 
groundwater discharge in areas where such inputs modify the stream’s temperature. 
This technique is effective only if surface water and groundwater temperatures are 
appreciably different – see Rosenberry and LaBaugh (2008). 
Distributed temperature sensing (DTS) is a recent technology, which can be used to 
detect small variations of temperature along a fibre-optic cable laid on the streambed. 
While the cable may be as long as ten kilometres, the thermal resolution can be as low 
as 0.01 °C, and the spatial resolution as fine as o ne metre (Selker, 2006).  
 

Method Advantages Limitations Requirements C B FC F Q 

Hydrographic 
analysis 

Describes 
temporal 
changes of GW 
contribution to 
stream flow; 
catchment scale 
information; can 
be carried out as 
a desktop study; 
analysis 
techniques 
available 

No information 
on spatial 
distribution; 
applicable to 
gaining streams 
only; analysis 
difficult when 
stream flows are 
affected by 
human activities 
such as flow 
regulation 

Stream flow time 
series; possibly a 
software for data 
analysis 

   �  

Environmental 
tracers (chemical) 

Can provide a 
wide range of 
information, e.g. 
input data for 
mass balance 
models; some 
devices are 
inexpensive (e.g. 
EC or pH-
meters); spatial 
surveys and time 
series possible; 
application to 
stream profiling 

Sampling can be 
time consuming 
and analyses 
expensive 

Analytical equipment 
and high-level of 
expertise 

  �  �  

Stream profiling  Can provide data 
on the spatial 
distribution of 
GW inflows or 

Useless when 
GW and SW 
concentrations 
are similar; 

Analytical equipment 
and sampling 
expertise; possibly a 
boat for monitoring 

  �  �  



Distributed 
temperature 
sensing 

Can provide data 
on the 
heterogeneity of 
GW discharge 
along a reach; 
relatively easy to 
install 

Expensive; 
estimation of flow 
are possible, but 
not necessarily 
straightforward 

Laser emettor and 
detector instrument  

  �   

Thermal Infrared 
imagery 

Can provide 
spatial 
information on 
GW discharge 
into streams 

The temperature 
difference and 
GW discharge 
flux must be high 
enough to allow 
for detection 

Infrared camera or 
available remote 
sensing images 

  �   

Geophysics Set of non-
intrusive 
techniques 
allowing for a 
mapping of the 
subsurface 
lithology 

Techniques have 
different 
limitations with 
respect to their 
capacity of 
detection (e.g. 
depth, reliability, 
type of 
sediments, 
buried 
structures...) 

Adapted geophysical 
equipment 

  (� )  

Differential Flow 
gauging 

Standard 
equipment, can 
provide temporal 
and spatial data 
if successive 
reaches are 
surveyed; 
inexpensive 
method in small 
streams 

Possibly time 
consuming; 
difficult in high 
flow conditions; 
provides only the 
net GW input 
along a reach; 
resolution limited 
by accuracy of 
measurements 

Flow gauging method   �  �  

In-stream tracer 
injection 

Useful for 
characterizing 
hyporheic 
exchange flow, 
groundwater 
discharge, solute 
transport, or 
surface-
subsurface 
connections  

Usually requires 
an authorization 
(often difficult to 
obtain around 
water supplies); 
health and 
ecotoxicological 
issues; can be 
time and money 
consuming; 
problems of 
uncontrolled 
sorption and 
degradation 

Careful planning and 
knowledge of the 
system (once the test 
is performed, the 
tracer might remain 
in place for a long 
time); expertise; 
injection and 
monitoring 
equipment 

  �  �  

Large wells Enable 
estimations of 
hydraulic 
conductivity and 

The presence of 
a stream can 
make the results 
difficult to 

An existing well; 
pumping equipment; 
for pumping tests, at 
least an observation 

�  �  (� ) �  



in the riparian 
zone if flow is 
horizontal; 
allows for 
chemical and 
biological 
sampling 

specific depth pumping equipment 

Piezometers Allows 
estimations of 
permeability; 
indicates 
seepage 
direction and 
possibly 
intensity; shallow 
piezometers (~ 
<3 m): rapid and 
relatively 
inexpensive 
installation  

Power-auger or a 
drill rig can be 
required; 
estimate of 
potential flow 
rather than direct 
measurement  

Adapted drilling 
equipment and 
piezometer; pump or 
net for sampling 

�  �  �  �  

Multi-level 
samplers 

Allows for 
chemical 
sampling at 
specific depths 

Tubes usually too 
small to perform 
hydraulic testing; 
clogging issues 
in fine sediments 

Multi-level sampler 
(hand-made or 
commercially 
available); equipment 
for installation 

�  �  �   

Seepage meter Direct 
measurement of 
flux and 
subsurface water 
sampling at the 
sediment-water 
interface over a 
small surface 
area; cheap; 
good for semi-
quantitative 
information 

Potential sources 
of error 
associated with 
design and 
operation; 
measured flux is 
time-averaged; 
unsuitable for 
fast-flowing, 
gravel-bed or 
heavy clay-bed 
streams; 
chemistry of the 
discharging GW 
can change in 
the seepage 
chamber and not 
represent 
subsurface 
conditions. 

Seepage meters are 
generally hand-
made. 

�    �  

Portable standpipe Relatively quick 
and inexpensive 
to install; mainly 
used to sample 
fauna 

Relatively 
shallow sampling 
depth; is 
sensitive to 
surface water 
contamination 
during installation 

Standpipe and hand-
operated piston 
pump 

�  (� )   



Subsurface tracer 
injection 

Direct 
measurement of 
flow velocity, 
direction, solute 
transport and 
transformation, 
and 
characterization 
of subsurface 
connectivity; 
relatively rapid 
over short 
distances or in 
high hydraulic 
conductivity 
materials 

Prior to the test, 
flow direction 
must be known 
or a network of 
piezometers 
must exist if 
sampling the 
subsurface; time 
consuming over 
long distances or 
low hydraulic 
conductivity 
materials 

Tracer, injection and 
detection equipment; 
well(s) or 
piezometer(s) 

  �  �  

Temperature as a 
tracer 

Temperature 
probes are 
generally robust, 
simple and 
relatively 
inexpensive; can 
provide time 
series of vertical 
flux; good for 
semi-quantitative 
information 

Requires a 
temperature 
difference 
between SW and 
GW; analytical 
solutions assume 
vertical flow 

Temperature probes, 
a logger; possibly 
heat transfer 
modelling software 

  �  �  

Point-dilution test Direct 
quantitative 
measurement of 
flux; relatively 
simple and 
inexpensive 
procedure 

Quantitative 
estimation of flux 
is possible only 
when subsurface 
flow is horizontal;  

A piezometer or a pit, 
a tracer, an injection 
and monitoring 
equipment 

   �  

Slug test Enables a local 
estimation of 
hydraulic 
conductivity 
Simple to carry 
out and analyze, 
inexpensive 

Measurement 
errors if the 
screen is 
clogged; possible 
errors caused by 
fine sediments 
disturbing the 
test 

A piezometer; test 
need to be 
replicated; expertise 
is required in results’ 
analysis 

   �  

Sediment cores Potential to 
combined 
hydraulic 
conductivity, 
chemical and 
biological 
analyses of thin 
sections; useful 
for laboratory 
tests (e.g. 

Empirical formula 
for estimating 
hydraulic 
conductivity are 
not always 
reliable; 
impossible to 
repeat sampling 
at the same 
location; 

Plastic tube, hand-
auger, power-auger 
or drill rig; 
appropriate analysis 
equipment; liquid 
nitrogen for freeze 
coring 

�  �   �  



samplers of physico-
chemical 
parameters, 
allows for high 
spatial resolution 
analysis and 
time integrated 
measurements; 
can detect low 
concentrations 

long sampling 
period 

(commercially 
available); analytical 
equipment for gel-
probes processing 

Microcosms and 
colonization 
chambers 

In- situ 
assessment of 
physical and 
biological 
processes  

Long time 
between 
installation and 
sampling; 
assessment of 
small volume of 
sediment; rather 
intended for 
research than 
routine surveys 

Container filled with 
substrate 

�  �    

Exposed sediment 
sampling 
(Karaman-
Chappuis method) 

Cheap and easy; 
avoids 
contamination of 
surface water 

Limited to 
exposed 
sediments; the 
water table must 
be shallow 

A trowel; a cup or a 
hand-pump 

�  �   �  

Benthic sampling Fast, easy, no 
complex gear, 
established 
methodology for 
surface 
applications 

Community 
associations with 
groundwater 
influence less 
known but 
currently being 
researched; lab-
identification is 
time-consuming 

Nets, sorting trays, 
preservative, vials for 
invertebrates, 
toothbrush, sample 
jar, filter set-up 
(biomass/chlorophyll 
a) and/or Lugols 
Iodine (identification) 

 �  �   

Table 8.1 Summary of monitoring techniques ; largely inspired by Brodie et al. 
(2007) and Rosenberry and LaBaugh (2008). Technique s are roughly sorted from 
the coarser to the finer scale of application; the spatial scale associated with a 
technique is mentioned for all methods except point  (or local) measurements, for 
which the obvious limitation is that they do not pr ovide insight on spatial 
distribution unless a network of monitoring points exists. Columns C, B, FC and 
FQ respectively refer to the following monitoring o bjectives: hydrochemical 
sampling, biological sampling, flowpath characteriz ation and water and solutes 
fluxes quantification. 



 

8.5 Conclusions 
 
The interface between streams and groundwater constitutes a special part of the 
hydrologic system. It is typically characterised by a high biodiversity and a strong 
chemical reactivity. However, this environment is heterogeneous and dynamic, and 
therefore difficult to study. Its hydrological and biogeochemical properties may 
appear to change with the scale of observation. Therefore, in order to monitor 
hydrological, chemical or biological parameters, not only a technological expertise is 
required but also knowledge about the natural processes structuring the interface. 
Together, these skills will help designing monitoring schemes adapted to specific 
sites and investigations. A whole range of scales can be covered by the various 
approaches. Consequently, prior to selecting a method it is critical to understand both 
its limitations and the natural system under investigation. A sensible monitoring 
approach is likely to make use of various tools, and build upon an appropriate trade-
off between a high measurement resolution and an extensive areal or temporal 
coverage.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


