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Hydropower waterway designs and recommendations
Article reference 
Hydropower watercourse failures - risks and causes – TunnelTalk March 2020 
Feedback from: Chris Breeds 
Great article Dean. Very informative and great examples. 
Best regards,
Chris Breeds

Feedback from: Nick Barton, Independent Consultant

Dear TunnelTalk, 
It is always interesting to read of tunnel failures, from which we all learn. I have two points in response. 

In his interesting and well-illustrated review, Brox has suggested using “other than rock mass classification methods” for application of final support and linings. There is nothing wrong with this suggestion except that it ignores the contribution of such methods to thousands of kilometres of hydropower tunnels and considerable cost savings for owners. If mistakes are made in application of the methods due to oversight, especially in the case of faulted rock, then lessons need to be learned by those involved. 

Incidentally the Ituango case, the failure erosion cone is much larger than described and is a special case of optimism in diverting water with a peak velocity of up to 10m/sec around a remarkably tight bend, both of which are entirely different to the typical 1.5-2.5 m/sec velocities in the case of hydropower tunnels. Design for velocities of 1.5-2.5 m/sec have been and are the basis of Q-system case records. With Eda Quadros, I have prepared a paper for Eurock 2020 titled Some lessons from single-shell Q-supported headrace and pressure tunnels that may not now be presented due to Covid-19 postponements but may become available in published proceedings of Eurock 2020 planned for 15-19 June 2020 in Trondheim, Norway. 

Secondly, Brox recommends independent checking of waterway tunnel designs. I agree that this could, in principle, be valuable. I have reservations however based on what is available outside of the use of more careful rock mass characterization and use of empirical methods, like the Q-system which probably has the most relevant database. It should not be forgotten that there are thousands of kilometres of such waterways, and many hundreds (actually thousands) of economic projects as a result of the single-shell type of support, which, as pointed out by many, needs to consider the intended use of the tunnel. 

As indicated above, if a water velocity, as in the case of a river diversion, is chosen by a designer that is well outside the database (for example 10m/sec as compared with a conventional 2m/sec velocity), then one is asking for potential trouble, if the tunnel support, also of the invert, is not dimensioned accordingly.

Having reviewed many projects over the years, and having experience of a specific international court case, it is evident that numerical modelling is frequently too much relied upon. These experiences have also demonstrated the severe limitations of popular numerical modelling methods, those that produce the colourful appendices (and maybe pay-raises), might well be used by engineers engaged to carry out independent checking with the assumption that they are more reliable and sophisticated than rock mass classification and empirical methods. The exaggerated so-called plastic zones of supposedly jointed models, or of the simpler continuum models, has led to jokes about needing snow shoes so as not to sink in the models as they show quite different behaviour to more reliable models with longer track records. 

Of course, it is also possible to misuse the more reliable codes and their longer track records by, for example, modelling with exaggerated joint continuity. There are hundreds of examples of this. In fact, it is found that a super-simple empirical model, linking deformation, tunnel span and the Q-value, provides a far more accurate check of potential deformation, as monitored subsequently at the completed project, than the exaggerated models. With more realistic engineering- geologist-generated joint continuity and its digitization, a more realistic and smaller deformation is predicted which agrees well with the simple empirical check.

Best regards,

Nick Barton
Independent consultant
Norway

Single-shell lining design and advantages – TunnelTalk February 2020
Q-system references in the TunnelTalk Archive

