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This paper will present the evolution of Concrete and Asphalt Face Rockfill Dams (CFRDs and ACFDs) 
leading to the advent of Geomembrane Face Rockfill Dams (GFRDs).   
 
Rockfill dams were first built in the mid 19th century, often for mining projects. In the 1920-1940s early 
rockfill dams with a concrete waterproofing facing were constructed; among this is Salt Springs dam, 
constructed in the period 1928-1931; the first CFRD to reach a height of 100 m. With the increasing height 
of the dams, leakage started to become an issue. Compressibility of the dumped rockfill resulted in large 
deformations of the embankment, with consequent cracking of the concrete slabs and spalling in the longer 
compression joints. In the 1920-30s large ACFDs were also built: in 1923 Mulungushi dam, 46 m high, was 
built in Zambia with friable mica schist, and in 1925 its facing cracked along a line parallel to the slope. 
Development of heavy, smooth drum, vibratory rollers made it possible to construct compacted rockfills, 
with a modulus of compressibility several times that of dumped rockfill, and to use lower quality rockfill.  
Since the beginning of the 1970s, development of CFRDs has progressed rapidly until today, reaching 300 
m high in China.   
 
However, the leakage of CFRDs through the joints or through cracks in the concrete slabs, has led to a 
great deal of attention by designers (ICOLD, 2010). At the 113m high Turimiqure CFRD in Venezuela, 
leakage measured one year after first impoundment was 9,800 l/s, and this leakage was substantially 
reduced by installing an exposed geomembrane system on the most critical sections of the dam. ACFDs 
have also suffered leakage due to blisters, cracking, slump and bulges of the asphaltic concrete, and 
problems associated with bitumen instability on the slope.  
 
PVC geomembranes have been used to repair leaking dams since the 1960s, and large deformations, joint 
ruptures, and cracking of the concrete slabs in CFRDs have led to repairs of CFRDs with PVC 
geomembranes since the 1990s, due to their flexibility. This has led to the development of geomembrane 
faced rockfill dams (GFRD), where the geomembrane is the waterproofing layer for the dam. The assets of 
a geomembrane facing are its flexibility and elongation capability, allowing it to resisting settlement, 
differential movements, and earthquakes that would damage stiff concrete slabs, and a fast installation 
time compared with CFRDs and ACFDs.   
 
The modern concept of GFRDs is based on high performance PVC geomembranes, engineered to provide 
a long functional life when left exposed on the face of a dam. The design of this geomembrane has to 
include anchorages that will survive the wind loads on an exposed dam face. Two recent GFRD projects 
will be outlined: Nam Ou VI dam for hydropower production in Laos, and Edevu dam in Papua New 
Guinea.   
 


