Effects of tailwater depth on spillway aeration
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Abstract
Hydraulic structures such as spillways or weirs with their water-air controlling mechanisms are not only important for
their structural properties but also for their effects on downstream ecology. Tailwater depth is an important factor affecting
dissolved oxygen transfer and aeration rates of spillways. In this study, effects of tailwater depths and discharge values on
the aeration efficiencies of laboratory-model smooth and stepped spillways were investigated. Changes of tailwater depths
affect the dissolved oxygen transfer rates and aeration efficiencies are affected more than 100%, resulting in supersaturated
dissolved oxygen concentrations. Tailwater depth is a significant parameter in the design of the spillway and the stilling
basin of dams. Therefore, this value should be estimated correctly.
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Introduction
Dissolved oxygen (DO) affects water quality directly.
Spillways with their water-air controlling mechanisms are
not only important for their structural properties but also for
their effects on stream ecology (Aras and Berkun, 2006).
The concentration of DO in water has long been a significant
concern in water quality management and certain minimum
levels are necessary for the maintenance of aquatic biological systems and for either separate treatment or concurrent
assimilation of treated municipal and industrial wastewaters
(Ling et al., 2010; Baylar et al., 2009; Baylar et al., 2010; Aras
and Berkun, 2010).
Downstream DO concentrations are affected by various
factors such as flow rates, water temperature, and hydraulic
characteristics of weirs and channels. Tailwater depth is an
important factor for spillway aeration. Aeration efficiency
increases with the increasing tailwater depth (Chanson, 1994).
The effect of tailwater depth is limited since an infinite depth
for bubble penetration does not exist. An average maximum
tailwater depth can be determined for the combinations of flow
and dropping heights, to assess a potential depth value of the
limiting aeration efficiency. Pöpel (1974) noted that aeration
efficiency remains constant where downstream water depth
is greater than 2/3 times than the falling height. Avery and
Novak (1978) stated that tailwater depth should be 0.6 times
greater than falling height to have an effect on DO transfer
efficiency. Previous experimental and field research studies,
by Balachandar et al. (2000); Mossa et al. (2003); Tsai et al.
(2004); Sui et al. (2008); Sankar et al. (2008) and Aras and
Berkun (2008), have provided equations and graphs to show the
effects of tailwater depths on aeration.
Avery and Novak (1978) gave hydraulic jump models for
weirs and cascading spillways and noted that oxygen deficiency
is a function of the Reynolds number; effect of tailwater depth

is important and effect of channel width is negligible for the
optimum aeration efficiency. The following equation resulted
from Avery and Novak’s (1978) modelling studies:
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where:
E20: aeration efficiency at 20°C,
F: Froude numberd
R: Reynolds number

Nakasone (1987) worked with 3 different laboratory-model
aeration systems to describe the aeration efficiency for different
flow regimes (Table 1) and found that tailwater depth should
be included in the formulas to calculate aeration efficiency
along with the falling height and discharge. Aeration efficiency
increased until a certain flow rate and then decreased. Optimal
flow rate was given as 235 m3∙h−1 and optimum tailwater depth
was 30% of the falling height. The following equations were
developed:
1.5 HC ≤ 1.2 m and q ≤ 0.65 m3∙s−1∙m−1 for;
															
(2)
E 20  1  exp  2.61( D  H C )1.31 q 0.428 H 0.310





1.5 HC > 1.2 m and q ≤ 0.65 m3∙s−1∙m−1 for;
															
(3)
E 20  1  exp  2.86( D  H C ) 0.816 q 0.428 H 0.310





1.5 HC < 1.2 m and q > 0.65 m3∙s−1∙m−1 for;
															
(4)
E 20  1  exp  0.28( D  H C ) 0.31 q 0.363 H 0.310





1.5 HC > 1.2 m and q > 0.65 m3∙s−1∙m−1 for;
															
(5)
E 20  1  exp  0.30( D  H C ) 0.816 q 0.363 H 0.310





Nakasone (1987) developed the following equation taking the
tailwater depth into account:
kN 3
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This equation can be converted into the following form for
hydraulic structures having DH>12 m and qw >0.065 m 2∙s−1
(Nakasone, 1987):
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