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Fig.7  Conductivity evolution of solutions in the aeration experiment. A. 30°C; B.2ZC
1
Table 1  Chemical changes of sample waters in the jet-flow experiment
(pH / )
/ml / (ml/min) /(m/s) /mm /s /C
0. 98m 1.93m
F1 1590 95 17 0.1 6.54/ 1083 8 02/1024 8. 11/ 1012 2 25
J2 1237 1000 21 0.1 6. 86/934 8. 17920 8. 31/ 904 1.7 225
3.2 . (TP27) )
2 CO
TPI1 19. 8 mg/1 TP3 189 0.011 mg* om 2o d_l(TPl) ,
mg/ | 0.2 m/s
’ B B 9 0
. (TP2 ), 1m 0. 04 mg* cm > d', 1.8 m
0. 047 mg*em”+d’ ', ( 0.017 mg* em =d' (TP3-1 TP3-2)
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Table 2 Average CaCO; predpitation rates on the tablets of different locations on the Yahe
/ (mg® ent?e &) /(m/s) /m /(CaCO3mg/ 1) P co, Sle
TP1 5 0.011 < 0.7 0.23-0.45 194.8 3.3 0.8
TP2 8 0. 047 34 0.1 189.0 3.6 1.25
TP31 (0.1 m) 5 0. 040 < 0.2 0.1 187.8 3.62 1.09
TP3-2 (1.8 m) 6 0.017 < 0.2 1.8 190.2 3.27 1.09
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Fig. 8  Chemical evolution of the waters at natural waterfall condition and pipe condition along Dishuiyan Waterfalls
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Natural Water Softening Processes Associated with
Waterfall Effects in Karst Areas
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Abstract The redudion of water hardness, which occurs at waterfalls on rivers in karst areas, is considered to be a result
of the waterfall effects. These consist of aeration, jet-flow and low- pressure effects. Waterfall effects bring about two physt
cal changes in river water: an increase in the ai+water interface and turbulence. A series of experiments was designed and
implemented in order to investigate whether these effects and associated physical changes may cause a reduction of water
hardness. From an experiment involving the enlargement of interface area, the plot of air-water interface areas against con-
ductivity revealed that the higher the ai-water interface, the more rapidly conductance declines (and Ca™ is precipitat-
ed). A bubble producer was designed and used to simulate bubbles that are produced by aeration and low- pressure effects
and a faster decline of water hardness was observed at the location with bubbles in this experiment. When a supersaturated
solution was passed through a jetstream producer, a rapid reduction of water hardness and an increase of pH appeared.
Field measurements were used to support the laboratory experiments. Work on the Ya He River and at the Dishuiyan Water-
falls revealed that places with aeration had the quickest hardness reduction and the highest average rate of calcite deposition.
Key words water softening, waterfall effects, karst, CaCO3 hardness



