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Man-Made Aquifers
Thinking outside the (water) box!

Prof Dr Ruud J. Schotting

Sultan Qaboos Chair of

Quantitative Water Management

Changing the hydrogeological properties

of soils
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Changing the hydrogeological properties

of soils with …..

BACTERIA!  

Applications of ‘Smart Soils’

• BioSealing 

• BioGrout
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BioSealing

BioSealing is a method to clog subsurface

leaking water retaining constructions

• Micro-organisms are available everywhere

• Injection of nutritients in existing flow paths

• Fast growth of micro-organisms: biomass

• Transport of fine particles (clay minerals/colloids)

• Catchment of fines in bioslime: clogging!

• Degradation of bioslime: clogging persists

11 april 2018

nutrients are injected groundwater flow 

directed towards the leak

Biomass growth

is stimulated

at the position of

the leak 
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Applications of biosealing

Applications of biosealing

Leakage control in 

groundwater retaining 

constructions

Seepage control in 

recharge dams and other 

dikes/dunes/dams

Reduction of piping 

phenomena!
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Applications of biosealing

Applications of biosealing
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Applications of biosealing

Water Availability

Management Yunnan
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Water Availability

Management Yunnan

Study mission June 9 – 13, 2010

Ultimate goal:

Yunnan Drought Preparedness Plan

Combination of a variety of traditional and

innovative techniques to mitigate the

consequences of future droughts

BioSealing of fractures?

Management Yunnan

Subsurface groundwater reservoirs



11/04/2018

8

BioSealing of fractures?

Management Yunnan

BioSealing of fractures?

Management Yunnan
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BioSealing of fractures?

Management Yunnan

BioSealing of fractures?

Pilot study Indonesia

• Identification optimal location

• Geophysical research: characterization 

• Hydrogeological, geochemical & micro-

biological characterization  

• Confinement (sheet piles) of target area

• Observation wells to monitor biosealing

• Artificial recharge? 
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BioSealing of fractures?

Pilot study Indonesia

Identification optimal location

• (Micro)-Climate data collection

• Weather monitoring during pilot

• Collection of geological data 

BioSealing of fractures?

Pilot study Indonesia

Geophysical research: characterization

• GPR

• EM

• Shallow seismics
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BioSealing of fractures?

Pilot study Indonesia

Hydrogeological, geochemical & micro-

biological characterization

• Particle size distributions

BioSealing of fractures?

Pilot study Indonesia

Hydrogeological, geochemical & micro-

biological characterization

• Effective porosity
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BioSealing of fractures?

Pilot study Indonesia

Hydrogeological, geochemical & micro-

biological characterization

• Hydraulic conductivity 

BioSealing of fractures?

Pilot study

Hydrogeological, geochemical & micro-

biological characterization

• Relative permeability

• Retention curve

• Water content
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BioSealing of fractures?

Pilot study Indonesia

Hydrogeological, geochemical & micro-

biological characterization

• (Geo-)Chemical

• Micro-Biological

BioSealing of fractures?

Pilot study Indonesia

Confinement of the pilot area

• Sheet piles
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BioSealing of fractures?

Pilot study Indonesia

Observation wells/soil sampling

• Wells to monitor changes in the confined 

area

BioSealing of fractures?

Pilot study Indonesia

Observation wells/soil sampling

• Non-destructive soil sampling
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BioSealing of fractures?

Pilot study Indonesia

Costs for a pilot project

• Identification of the optimal location 

GEOLOGY and CLIMATE conditions

30 kEuro. GO or NO GO.

• Confinement of the research area and pilot

tests, instrumentation, analysis and transport

355 kEuro

Pure research costs, no commercial aims/goals

BioSealing of fractures?

Pilot study Indonesia?

Conclusions

• Pilot necessary to demonstrate the potential

• If successful, serious technique to mitigate 

consequences of droughts

• Simple, no hazardous chemicals, no waste

• Sustainable and very low cost

• Towards drought-preparedness
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Thank you for your attention!

‘Water, fresh water, every where…

Enough for all’

Prof dr Ruud Schotting, 2018

Man-Made Aquifers
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BioClogging = BioGrout

From loose sand

to 

sandstone!!! 

Scale-up in 5 years

2003

2005

2007

1D 2D 3D

2008

5 cm 1 m 1 m3 43 m3
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1 januari 2008

Principles

General: strengthening of 

sand by producing 

calcite in situ

CO(NH2)2 + 2H2O  CO3
2- + 2NH4

+

Ca2+ + 2 Cl- + CO3
2-

 CaCO3 ↓+ 2 NH4
+ 2Cl-

First Generation process: urea hydrolysis

urea

calcite

Urease containing Sporocarcina pasteurii (Bacillus)

11 april 2018

BioGrout: Application in gravel 

for HDD
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Where are we now?

• Three field-scale experiments of BioSealing

succesful! (The Netherlands, Austria and 

Canada)

• BioGrout from large-scale lab experiments 

to the first field-scale applications

• Oil industry interested and owners of dikes , 

dunes and dams

SmartSoils

Super Absorbing Polymers 

(SAP)
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Smart use of limited WATER availability in semi-(arid)

regions :

The WaterBoxx

Pieter Hoff

SmartSoils programma

13:30 Biogrout, Gerard van Zwieten, VSF

SAP’s, Pacalli Zitha, TU Delft

15:00 Koffie/thee

15:30 Versterkte baggerspecie, Willem Bogaard,

Waternet & Hans van de Velde, Deltares

Biosealing, John Lambert, Deltares

16:00 Kennisuitwisseling

17:00 Borrel
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Water Facts

Reservoir Percent of All Water Percent of Fresh Water

Oceans 96.5 0

Ice and snow 1.8 69.6

Groundwater

Fresh 0.76 30.1

Saline 0.93 0

Surface water

Fresh lakes 0.007 0.26

Saline lakes 0.006 0

Marshes 0.0008 0.003

Rivers 0.0002 0.006

Soil moisture 0.0012 0.05

Atmosphere 0.001 0.04

Biosphere 0.0001 0.003

Water Management

Dutch Foresight Committee Hydrological Sciences (2005)

Water management

‘… provides the scientific knowledge and the 

predictive/descriptive models that are needed for the 

development of methodologies and policies of water 

management’
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Water Management

Highly inter-disciplinary

• Physics (fluid flow)

• (Geo) Chemistry

• (Micro) Biology

• Mathematics

• Numerical methods

• GIS/Graphics

Some Hydrological problems in 

Semi-Arid Regions

• Seawater intrusion

• Flash floods and extreme droughts

• Brine production by industry

• Contamination of freshwater reservoirs

Specific, but not unique for semi-arid countries!
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Oman 

• 2.5 million people

• Semi-arid climate zone

• Agriculture consumes 90% of 
freshwater (= 2% in UK and US!)

• Domestic use of water is 5% of 
freshwater

• Exploitation of non-recharging 
deep aquifers

• Over-pumping of coastal fresh 
water aquifers

• Economic diversification

Water resources in Oman

• Ancient ‘falaj systems’ (Qanats)

• Non-recharging deep aquifers

• Shallow coastal aquifers (wadi’s and 

recharge dams for recharge)

• Desalination plants: expensive, never cost-

effective for agricultural needs



11/04/2018

24

Connecting Water Worlds

My main challenge

“Connecting the scientific/applied water world of the 

Netherlands to the scientific/applied water world of 

Oman”

How to realize this?

Research

Two research directions:

- Research related to innovative and  
sustainable freshwater production in semi-arid      

regions
- Research related to the underlying 
fundamental flow and transport processes in 
porous media

- New research projects
Oman  the Netherlands
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Education

Initiatives

- New course at the Roosevelt 

Academy

‘The Role of water in geological 

and environmental processes’

- Short/intensive courses at e.g. Sultan 

Qaboos University

- Exchange of BSc/Msc/PhD students

between the Netherlands and Oman

Collaboration

Establish/intensify

- Contacts/collaboration  between Dutch and Omanian national 

water research institutes/companies

- Contacts/collaboration  between Dutch and Omanian 

universities

- Collaboration with the new Shell Research Center at Sultan 

Qaboos University

- Collaboration with Petroleum Development Oman (PDO)
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My ultimate challenge:

To position the Chair of Quantitative Water 
Management of Semi-Arid Regions at the 
focal point of new scientific and applied 
developments between the Netherlands and 
Oman in a hydrological context


