
 

 

Sensor-Enabled Geosynthetics 
Monitoring Stability and Leak Detection 

in Earthen Construction 
Technical Paper #159 

 

Wilson B. Harvie1, Rex A. Peppler, P.E.2  
 
1TenCate Geosynthetics Americas, 365 South Holland Drive, Pendergrass, GA 30567; 
2Skelly and Loy Engineering and Environmental Consultants, 6615 West Main Street, 
Wise, VA  24293 
 
KEYWORDS: fiber optic sensing, seepage / leakage, instability 
 

Introduction 

Coal fired electric generating plants produce 140M million tons of coal ash per year.  

Some portion of this ash is sluiced to an impound pond while another portion of the 

material is enhanced for compaction and placed directly into a solid waste landfill.  

These ponds typically retain newly deposited ash along with residual ash from previous 

years. In the last decade a large number of embankment dam failures have occurred in 

the U.S. and around the world, causing billions of dollars in physical and environmental 

damage.  There are 676 slurried, i.e. wet handling, Coal Combustion Residuals (CCR) 

operations at 

240 facilities 

across the US. 

The 

embankment 

dams at these 

locations vary 

widely with 

regard to age 

and 

construction.  

Some of these 

facilities have 

been designed 

by a qualified professional with regular inspections by a similarly qualified professional.  

Others may be inspected by untrained personnel – or they may receive very limited 

review, documentation, and correction of deficiencies.  The EPA has assigned 45 of 

these impoundment operations at 27 different locations with a high hazard potential 



 

 

rating. A high hazard potential rating indicates that a failure will probably cause loss of 

human life. A significant hazard potential designation indicates that those 

impoundments are classified as structures where failure is not likely to result in loss of 

life, but may cause significant economic loss, environmental damage, disruption of 

lifeline facilities, or can impact other concerns.1  

 

 
 
 
 
 
 
Problems associated with these embankment dams may include some of the following:  

Internal erosion 
External erosion 
Overtopping  
Leakage and recovery systems;  
Inattention 
Pond level control 
Vegetation control; and vermin control  
Changing hydraulic pressure 
Instability 
Breaches 
Sliding settlements 
Ever changing construction materials 

 
 
 



 

 

 
Figure 1 
 
Possibilities of embank dam failures include: 

a) Piping channel 
b) Instability of the downstream slope 
c) Instability of the upstream slope due to fast decrease of the water level 
d) Roots and animal holes 
e) Deep erosion 
f) Deep erosion 
g) External erosion (upstream, waves) 
h) External erosion (downstream, runoff) 

 
 



 

 

Earthen hydraulic structures are known to be subject to internal and external erosion 
processes. Conventional methods of monitoring (evaluation) include: 

Visual inspections by operational personnel 
Visual inspections by an engineer or qualified / trained technician 
Geotechnical reports related to design and construction materials 
Piezometers  
Inclinometers 
Observation, evaluation, and documentation of leakage weirs and other dike 
leakage systems 
 

These conventional surveillance tools are unable to detect the extent of internal erosion 
despite evident observations of internal erosion in action. Visual inspections do not 
easily detect seepage and other early signs of the internal erosion phenomena within 
earthen embankment structures.  They are also time specific. Performance of 
embankment dams can change drastically due to seismic and climatic events. 
Piezometers and inclinometers are point specific.  They need to be individually 
monitored and are not likely to have the installation frequency sufficient to provide 
advanced warning of a developing problem.  Safety of the inspectors and operators is 
another concern. Embankment dam failures happen very quickly like the incident which 
just occurred in November 2012 at a U.S. coal slurry impoundment. Three men were 
working on an embankment dam to raise the height using a bulldozer.  There was a 
sudden collapse in the area where they were working and 2 pickup trucks, 1 bulldozer, 
and 3 men all slid into the murky water. Two of the men were rescued but the dozer 
operator who was in the cab went deep into the murky mess and lost his life.   
 
 
The EPA is requiring a plan 1 to:  

(1)Perform regular inspections and correct issues that might be observed;  
(2)Minimize dike leakage and maintain the system designed to control such 
leakage once it passes the dike structure;  
(3)Maintain proper water levels and allow only minimal fluctuation;  
(4)Diligently check the entire pond area on a frequent basis, including any means 
of managing storm water which is diverted away from the structure /checking 
overflow structures to eliminate blockages (hopefully before they occur – through 
the use of skimmers and screens) / establishing easy to read level gauges /and 
all other important features having to do with inflow or discharge;  
(5)Keep vegetation such as deep rooted trees cut and removed; 
(6) Remove burrowing animals immediately upon discovery. 
 

The critical issue facing the owner today is how to limit the impact of these aging 
embankment dams and minimize the risk of catastrophic failure while optimizing 
monitoring, maintenance and repair costs.   New technologies enabling the 
management of all risks caused by internal and external erosion processes and stability 
concerns are now being developed. 
 
 



 

 

Fiber Optic Sensing Solution 
 
For decades, temperature measurements have been recognized as one of the most 
relevant physical parameters to detect leakage through embankment dams. A change in 
the permeability of a structure leads to a change in the seepage flow through that 
structure. This seepage flow in turn causes a temperature change, which can be easily 
measured.  These temperatures vary seasonally and create temperature waves that 
propagate through the dam. Normally the seepage flow starts small in embankment 
dams. The seasonal temperature variations in the dam depend essentially on the 
ambient and radiant influences at the surface. These influences however are less than 
1o C for depths in the dam body that exceed 10 m. For identifying seepage within 
embankment dams this influence is negligible5. Water temperature is different from the 
soil temperature and creates a perturbation of the temperature profile when water flow 
occurs. Relying on the difference in temperature between the embankment area without 
leakage, (where heat transfer is governed by conduction of heat) and the leakage area 
(where heat transfer is governed by advection of heat by the leakage flow), temperature 
variation measurements have been commonly used to identify leaks.   
 
Capabilities of gathering accurate and complete temperature measurements have 
significantly increased using fiber optic sensing technologies.  Both Brillouin Scattering 
and Raman Scattering provide distributed temperature measurements. These advances 
opened up the way for temperature measurements to be used for both long term 
leakage monitoring and early warning systems for internal erosion.  Distributed fiber 
optic sensors are an attractive alternative to point sensors.  A single fiber optic cable 
can potentially replace thousands of individual sensors, dramatically simplifying sensor 
installation and data acquisition. 

 
Figure 2: Principle of Brillouin scattering in the TenCate GeoDetect® system. 



 

 

The instrumentation equipment sends laser light along a fiber optic cable and the 
photons interact with the molecular structure of the fibers and the interaction results in a 
variation of optical frequency or amplitude.  These fiber optic sensing technologies 
provide: 

Continuous measurements over the entire length of fiber 
A single piece of instrumentation equipment can monitor 30 kilometers on each 
channel  
Spatial resolution: 0.5-to several meters depending on configuration, and fiber 
length.  Note: Spatial resolution is the precision/ localization of potential leaks. 
Thermal degree of accuracy: 0.1 CO depending on configuration. 
Monitoring cycle time: 3-20 minutes depending on configuration and fiber length. 
Pre-defined warning levels can generate automatic alerts 
LAN, wireless, remote control allows for remote operation and data acquisition. 

 
Sensor Enabled Geotextile 
 
By embedding optical cables onto a geotextile fabric (Figure 3 below), the first system 
designed specifically for geotechnical and hydraulics works applications was developed. 
The geotextile portion of the product when installed in the soil enhances the mechanical 
and hydraulic properties of the soil matrix by providing in-plane drainage capability. The 
geotextile combined with the optical fibres for temperature measurement improves the 
speed of leakage detection.  If a leak occurs away from the optical fibre, it can be 
collected and drained through the plane of the fabric faster than flowing through the soil 
only.   The filtration properties of the geotextile also increase the stability of the soil by 
inhibiting the internal erosion process. 
 

 
Figure 3 
 



 

 

In addition to temperature measurements, differential strain can also be monitored.  The 
geotextile has high interface friction properties with the soil.  With the geotextile being 
securely anchored in the soil, even very small soil strains can be detected.  This friction 
interface facilitates the transfer of soil movements from the geotextile to the fiber optic 
line. The first stages of soil movement, settlement or sliding are detected by strain 
measurement. When connected to the proper instrumentation equipment, simultaneous 
measurements at the same location can be obtained. Monitoring the changes in 
temperature for leak detection and changes in strain for stability monitoring increases 
the probability of obtaining the right precursors of a malfunction.  

 

 

Embankment Seepage Test 

 
Figure 4 
 
This IJkdijk-piping experimentation6 clearly demonstrates the capabilities of the 
TenCate GeoDetect® system to detect the early stage of a piping process, by analyzing 
together temperature measurement corresponding to very small leakage rates, less 
than 1 l/min./m (0.1 gal/min/ft) as previously observed in other sites 2,3,4 and very small 
soil strain movements less than 0.1%. 



 

 

 

 
Figure 5 
 
TenCate GeoDetect® S-BR strips embedded with fiber optics for both temperature and 
strain measurement were buried 10 cm into the sandy subsoil lengthwise at three 
different locations from the downstream toe of the dike as indicated in figure 5. The 
temperature optical line was connected to Raman Scattering instrumentation, the strain 
optical line was connected to Stimulated Brillouin Scattering instrumentation.  
 

 
 
Figure 6 
 



 

 

Figure 6 shows the maps of the raw temperatures (left column) and of the relative 
strains (right column) measured by the TenCate GeoDetect® system. The temperature 
profile is affected by the penetration of a colder water flow inside the embankment body 
at a distance of about 12 m from the left upstream corner. An inflection of the channel 
inside the dike body predicts a channel outlet in an area between 8 to 10 m from the left 
downstream corner.  
The strain profile on the left is also slightly modified at the same distance with an 
elongation of the sensors corresponding to about 500 µε or 0.05 % (dotted white lines). 
From the observation of these two parameters, this clearly indicates that the start of the 
piping channel from the upstream side to the downstream side of the dike took place 
more than 15 hours before the dike failure occurs. 
A post-failure analysis carried out by eDF on a another experimental dike (IJkdijk Piping 
test n°2)6 based on signal processing models developed by eDF that is about to be 
included in real-time data analysis modules has revealed the presence of precursors 5 
days before collapse, i.e. only one day after the start of the experimentation4.  It has 
also been observed from the temperature measurements that the speed of the detection 
increases when the optical cables are located where the leaks are anticipated, such as 
the interface between the horizontal plane and the toe of the embankment.  The 
uncertainty of the temperature measurement (false positives) decreases with longer 
integration periods7. 
 
 
Conclusion 
Monitoring coal ash embankment dams for leaks and instability continues to be very 
important issues for their maintenance and the safety of people, property and the 
environment.  Solutions based on the fiber optic sensing technology have demonstrated 
over the past decade to be an effect means for detecting the early signs of seepage and 
internal erosion.  Fiber optic monitoring solutions including TenCate GeoDetect®, 
combined with the proper design, installation and a deep raw data analysis have shown 
to be powerful tools in establishing an early warning solution. These tools provide 
owners/operators with unique information that drives risk reduction and optimizes the 
cost of their maintenance strategy. 
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