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Outline

➢ Where does our drinking water come 

from?

➢ How is groundwater so important?

➢ Why are we interested in gravel aquifers?

➢ How do we protect water quality?

➢ How do tracer tests help us understand 

what is going on?



Sources of Water

➢ Rainfall

➢ Rivers/lakes – problems...

➢ Underground – groundwater!
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Gravel Aquifers in Bavaria
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How far away should protections 

zones be from a water supply? 

ZI: 10m

ZIIa: Transfer 
Time <24 hrs

ZIIb: Transfer 
Time <50 days
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Figure provided by M.Pronk (Uni. Neuchatel).



Artificial Tracer Tests

➢ Very useful to answer the 

following:

➢ How do we know if two 

points are connected?

➢ How fast does water travel 

on average?

➢ What is the range of 

velocity?

➢ How quickly do reactive 

contaminants become 

attenuated? (Comparative 

tracer testing)



Basic Conceptual Model

Tracer Type Particle 

Dimensions

Mass Injected

Bromide Solute – non 

reactive

n/a 14 g

Uranine Solute –

Non-reactive

n/a 100 mg (Year 1)

102 mg (Year 2)

P.putida Bacterium 1.0 μm x   3-4μm 4 x 1010 cfu

E.coli Bacterium 0.5 μm x  2.0 μm 2 x 1010 cfu

H40/1 B.phage

(Bacterial 

virus)

40nm x80nm 2.3 x 1013 pfu

(July Year 1)

1.32 x 1012 pfu

(May Year 2)

Quaternary Sand and Gravel Aquifer

Four Tracer Tests over Two Years

Two wells monitored each time

Comparing solute and micro organism 

tracer responses



Results



Peak Concentrations? 



More Detailed Investigations

Hydrogeology Journal (2005) 13:366–377



Above: Open Framework Gravels, with 

beds extending over 3m long in section of 

sandy gravels, silty gravels and sands 

(centre). Right: Granulometric analyses.

Source of “Fractured” Response



Initial Modelled Response

Above: Observed and modelled micro organism 

recoveries for Dornach tracer tests (Journal  of 

Hydrology (2004) 306 (1-4): 21-36)
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Testing in the Lab- Does 

Modelling work?

FEMS microbial ecology (2004) 49, 83-95



Dual Porosity – Lowers Solute 

Peaks

Mobile Water Fraction, b:  0.39

Adsorption Constant (1/hr): 0.052
Mobile Water Fraction, b:  0.614

Adsorption Constant (1/hr): 0.134



Outcrop Evidence

Above: Lenses of fine-grained material in open 

framework gravels.

Right (C): Grain size distribution for silty gravel 

lense.



Revised Conceptual Model



Why is Dornach Groundwater So Clean? 



Conclusions
➢ Tracer tests revealed that tracers could be transported through the 

Dornach Aquifer at rates that were over two orders of magnitude 

faster than suggested by rules of thumb. 

➢ On the scale of well head protection zones ZI and ZIIa the Dornach

aquifer tracer transport is comparable to that observed in a fractured 

aquifer, with significant differences solute and particle tracer 

responses.

➢ Despite measurable attenuation, bacteria could arrive at monitoring 

wells at more quickly and at higher relative concentration than 

solutes.

➢ Solute tracers displayed notable tailing that could be simulated by a 

MDM model.

➢ Particle could be simulated using the same transport parameters as 

solutes without dual porosity terms.

➢ Outcrop studies suggested that this may have occurred due to 

particle exclusion from  silty lenses in high permeability open 

framework gravels. 



So what?.......

➢ If you’re going to do tracer tests in shallow 

aquifers, 

⚫ Look at outcrops – it’s cheap and makes for 

more realistic conceptual models

⚫ Use tracers that correspond closest to your 

contaminant of concern. 

⚫ None-reactive solute tracers do not 

necessarily represent the worst case 

scenario.



Questions?
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