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ABSTRACT

Total dissolved gas (TDG) can be easily induced in high dams spilling. It will create adverse effects for
fishes. Generally, the hydropower stations built on the embranchment are smaller and the supersaturation
of TDG is much lower than the main stream. According to this, a separated region at the confluence,
which will become the refuge for fish to survive the supersaturated TDG, can be formed with lower
TDG concentration under appropriate structural measures. In this study, a numerical simulation is
established to the simulation region which is 5 km downstream the river from discharge structures.
Under the condition of tunnel-spillway flood discharging in a hydropower station, the study especially
focuses on the hydraulic characteristics and distribution of supersaturated TDG at the confluence.
Coupled with the simulation on hydrodynamics, the distribution of TDG under different structural
measure conditions are simulated, including setting up longitudinal embankments and water-blocking
piles. At last, considering the feeding ground hydraulic requirements of the fish, which is paid significant
attention, the study analyses the effectiveness of the refuge region created before. The result shows
that the case with 2 water-blocking piles and longitudinal embankments of 200 m length can effectively
increase the area of the refuge for fish to avoid the adverse effects of TDG supersaturation. Besides,
the simulation of adopting sturctural measures can satisfy the hydraulic conditions of the concerned
fish as well. This study provides new directions and references to construct shelter for fishes against

the detrimental effects of supersaturated TDG.

INTRODUCTION

High dams discharging water easily cause the supersatura-
tion of the total dissolved gas (TDG) which threatens the
survival of fish (Weitkamp 2008). The researches about the
influence of TDG supersaturation caused by high dam dis-
charging water started in 1960s. The death of salmon in
Columbia river caused by TDG supersaturation attracted
much attention and researches (Dawley 1975). In China,
there are also many incidents of fish death caused by
supersaturation of TDG after high dams discharging water
(Tan 2006). In recent years, based on the researches about
the regulation of generation and release TDG supersatura-
tion, researchers have achieved some results in relieving
the adverse effectsfor fish. In the aspect of reducing TDG
generation, United States Army Corpsof Engineers(USACE)
mounted deflectors to achieve the aim of reducing the
generation of TDG in some spillway damsin ColumbiaRiver
(Weitkamp 1980). With atwo-phase flow model based on
the WellsDam of TDG dynamics, Politano (2010) proposed
some feasible suggestions on spill operations for the pur-
pose of optimizing the discharge dispatching. In light of
China's actual situation of the hydroelectric engineering,
thejoint operations of the upstream and downstream power

stations was needed to minimize the negative effect on the
reservoir in Feng Jingjie's study (Feng 2014). As the re-
search moved along, Ma (2016) developed a two-dimen-
sional (2D) model of two-phase flow in high-dam plunge
pool with established computational fluid dynamics (CFD)
software to simulate the behaviour of dissolved gas. In re-
spect of researches of the TDG rel ease, the fluctuations due
to wind on the surface of the water could enhance the re-
lease of TDG wasfound by Schneider & Barko (2006). Be-
sides, based on experiments, (Yong 2012) proposed that
flowsaround, backflow and some other hydraulic phenom-
enawithin complex waterswere beneficial to the release of
TDG. Shen (2014) experimentally investigated that the su-
persaturated TDG dissi pation coefficient increases with the
temperature and turbulence intensity. Lichtwardt (2001)
found that aeration could be used to relieve TDG in water
and that the mitigation effect was related to the dissolved
oxygen content in water and the aeration rate. For atenta-
tive sorting and discussion of large-scal e prototype meas-
urements, Qu (2011) suggested diluting the supersaturation
TDG with the turbine discharge. Several experiments de-
signed for Prenant’s schizothoracin found that the fishes
had a sense of the TDG gradient and thus had the ability to
find regionswith lower TDG concentrations (Zhou 2016).
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Fig. 1: The sketch map of simulation region.

Furthermore, astudy by Wang (2015) stated that Prenant’s
schizothoracin exhibit varying degreesof horizontal escape
from, and strong vertical avoidance, of TDG-supersaturated
water .

The flow turbulence, sediment deposition and nutritive
salt enrichment make confluences important places where
fish can search for food and rest (Ginney 2001, Benda et al.
2004, Rice 2001). In addition, lower dam structures on the
embranchments lead to lower TDG concentration flows.
However, few studies have been done by using the dilution
effect of thelower TDG water to improve theliving space of
the natural fish. Embranchment can not only dilutethe TDG
concentration in the main stream, but can also develop a
separate region with alower TDG concentration at the con-
fluence. By adopting the appropriate structural measuresto
restructure the confluence, alower TDG concentration re-
gion can be created for fish to avoid adverse conditions.
Thisidea is of great significance for fish protection and
congtructing safe areas for fish population.

Congdering the hydraulic characteristics of the conflu-
ence, one-dimensional hydrodynamic model cannot abun-
dantly simulate the flow turbulence and the secondary flow
in the confluence. In addition, three-dimensional hydrody-
namic model has lesser application in such hydraulic cal cu-
lations because of its difficulties in the implementation of

algorithmsand itslong computationtime. A depth-averaged,
two-dimensional model is employed to simulate the TDG
transportation and distribution at 5 km downstream of the
discharging structuresin addition to hydrodynamics. Struc-
tural measures, such aslongitudina embankments and wa-
ter-blocking piles, are adopted to createalower TDG concen-
tration region at the confluence. Different conditionsin the
supersaturated TDG areas after adopting the structural meas-
uresdescribed above areasoillugtrated. To explorethe avail -
ability of regions for fish to survive TDG supersaturation,
combining the optimum conditions with hydraulic condi-
tions required by fish must be given significant attention.

MATHEMATICAL MODEL AND VALIDATION

According to the distribution characteristics of the hydrau-
lic propertiesof supersaturated TDG inthe confluence area,
adepth-averaged two-dimensional turbulent mathematical
model implemented in MIKE softwareis established inthis
study. The model equations apply a discretized finite
volume method equation, which is solved by the chasing
method. The discrete method is shown asfollows:

Continuity equation:
oz ohu ohv
+ —=

o ax oy 0 (1)
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Table 1: Simulated condition settings.

847

Case number Stuctural Measures Specifications (lengthxwidth)/mxm The total length of structures/m
1 None \ \
2 200 m longitudinal embankment+ longitudinal embankment 200x20, 350
2 water-blocking piles each water-blocking pile 25x20
3 400 m longitudinal embankments+ longitudinal embankment 400%20, 550
2 water-blocking piles each water-blocking pile 25x20
4 4 water-blocking piles each water-blocking pile 25x20 250
5 8 water-blocking piles each water-blocking pile 25x20 550

Table 2: Boundary conditions settings.

In\out flow boundary Power building Tunnel spillway Embranchment Downstream 5km
Flow (m3/s) 2016.8 1553.2 198 /
TDG concentration (%) 100 120 100 /
Surface elevation (m) / / 2482.7
Momentum equation: In the pollutant transport model, salt istreated asatrace
Wy ) ) material in the confluence between mainstreams and
ou,,ou,ou, oz, W =V, (6_‘: n a_lj) tributaries. The errors of simulation value compared to the
o ox oy "X h ox* oy observational measurements are 2.9% and 9.8%, which are
...(2)  bothin the acceptable range (Shen 2016).
N, N N 0z nVAUP+V? o v APPLICATION EXAMPLE
—+u—+v—+g—+gT =V| —S+—
o ox oy "o ox* oy General Situation of the Congtruction
..(3)

ISic)

+U
ot OX

TDG transport and diffusion equation:
kTDGSG

oG 6( aG) 0 oG
FV—=—|V,— [+—|V,— [+
oy OX OX oy oy
(4

Intheequations, t(s) istime; x, y ison theright-hand side
of the descartes two-dimensional coordinate system; h(m) is
thewater depth; z(m) isthewater level; u(m/s) and v(m/s) are
thevertical velocity inthex and y directions, respectively; n
isthe manning coefficient; (m?/s) isthe eddy-viscosty coef-
ficient; G(%) isthe TDG concentration; k. (s*) isthe re-
lease coefficient of TDG; and S isthe source-sink term.

The simulation of hydrodynamics in the river conflu-
ence areaand the validation of the pollutant transport model
are used existing research outcomes. The depth-averaged
two-dimensional hydrodynamic model is applied to verify
the simulation cal culation and compare the measurements
of the water flow exchange process in return periods and
with different durationsfor three typical floodsin atypical
wetland ecosystem in Hulun Buir Steppe. According to the
outcomes of the model computation, the relationship
between the reservoir discharge and changes in the down-
stream wetland watersisreflected (Wang 2014).

Thisstudy s mulates downstream flow from the discharging
structures of a hydropower station, including an inflowing
confluence from the left bank at 0.7 km downstream from
the main stream. A fish feeding ground stretches from the
confluence to 1.5 km downstream. The pivot of the
hydropower station consists of retaining structures, power
buildings and flood-releasing energy dissipator structures.
The tunnel spillway discharges flood waters, with energy
dissipation occurring via bottom flow.

The computational domain is shown in Fig. 1. The re-
gion of simulation stretches from the power buildings sec-
tionto 5 km downstream.

Simulated Condition

The study sets 5 simulated conditions. Condition 1 simu-
latesthe TDG distribution of tunnel spillway discharge un-
der the natural conditions. Condition 2-5simulatethe TDG
distribution with different structural measures adopting at
the confluence. The specific information of the five setsis
givenin Table 1. Longitudinal embankments can properly
prevent supersaturated TDG water mixing in order to in-
crease the area of low TDG concentration. However, the
engineering quantity can be cut down by the structura
measures with water-blocking piles, comparing with the
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Fig. 2: The layout of longitudinal embankments and water-blocking piles.

longitudinal embankments. Note that ongitudinal embank-
ments and water-blocking piles are waterproof structures.
The concrete layout of longitudinal embankments and wa-
ter-blocking piles are showninthe Fig. 2.

Boundary Conditionsand Parameter Deter mination

The boundary conditions of simulation are givenin Table
2. In particular, the TDG concentration of the tunnel-spill-
way flood discharging was assumed to be 120%.

According to the characteristic of the water course, the
manning coefficient is set equal to 0.032. Eddy viscosity is
calculated from Smagorinsky equation which is equal to
0.28. The smulation of therel ease of supersaturated TDGis

not taken into consideration.
PREDICTION RESULTS AND ANALYSIS

The Environmental Protection Agency (EPA) in the U.S.
setsa TDG concentration of 110% asthe maximum level of
supersaturated TDG in natural streams, according to toler-
ance experiments conducted using salmon and trout (U.S.
EPA 1986). An evaluation of the supersaturated TDG is
shown below based on the threshold.

Fig. 3 shows the results of the TDG distribution. The
result of natural conditions (Case 1) shows that the distribu-
tion extends into the embranchment. The distribution in-
fluences the confluence on the left bank. The areaof TDG
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Fig. 3: TDG distribution at the confluence.

concentration above 110% is also mainly on the left bank
of the river. The areain which the TDG concentration is
over 110% ismuch larger.

The simulation of conditionsthat use the 200 m longitu-
dina embankment and 2 water-blocking piles(Case 2) shows
that the distribution of a TDG concentration over 110%
stretches along the longitudinal embankment and extends
into the embranchment from the two water-bl ocking piles.

The case with a400 m longitudinal embankment and 2
water-blocking piles (Case 3) showsthat the distribution of
aTDG concentration over 110% al so progressed along the
longitudinal embankment, mainly inthe middle of theriver.
In comparison, the area of a TDG distribution over 110%
on the left bank islower than that in Case 2.

Thesimulation of 4 water-blocking piles(Case 4) shows
that the area with a TDG concentration over 110% is

distributed along the middle and the left bank at the
confluence and stretches to the embranchment.

Thesimulation of 8 water-blocking piles(Case 5) shows
that the area of TDG concentration above 110% increases
compared with Case 4 and stretches further into the
embranchment than does condition 4.

The areas with TDG concentrations below and above
110% are shownin Fig. 4. Statistics suggest that adopting a
200 m longitudinal embankment and 2 water-blocking piles
(Case 2) maximizestheareaof which the TDG concentration
isbelow 110%, reaching 28.53x10* m?. Compared with natu-
ral conditions (Case 1), theareain which the TDG concentra-
tionisbelow 110%in Case 2 increasesby 11.8%. Further, the
area with a TDG concentration over 110% is the smallest
among the five smulated conditions. This result shows that
adopting the 200 m longitudina embankment and 2 water-
blocking piles (Case 2) can effectively shelter thefish.

ANALYSIS OF FISH'S HYDRAULIC DEMANDS
The simulation results show that after adopting the 200 m

Nature Environment and Pollution Technology @ Vol. 17, No. 3, 2018
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Fig. 5: Water depth and flow field at the confluence under different conditions.

longitudinal embankment and 2 water-blocking piles (Case
2), thereisadgnificant increasein theareainwhich the TDG
concentration is below 110%. However, employing the
structural measures to upgrade the hydraulic conditions for
thelocal fish' sfeeding ground gtill needs further discussion.
This study addresses the feeding ground hydraulic demands
of the Prenant’s schizothoracin. The feeding ground of
Prenant’s schizothoracin is usually distributed along the
shallows and rapids. The juvenile Prenant’s schizothoracin
prefersthe shallowswith d ow flow. When water isabundant

during the month of July, the average flow velocity of the
Prenant’s schizothoracin ranges from 1.5-3.5 m/s (Ginney
2001).

Fig. 5 showsthe water depth and flow field at the conflu-
ence under different conditions and that the water depth
changes are not significant.

Fig. 6 shows the flow velocity at the confluence under
different conditions. The figure illustrates that setting the
200 m longitudinal embankment with 2 water-blocking

Vol. 17, No. 3, 2018 @ Nature Environment and Pollution Technology
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Fig. 6: Fow velocity at the confluence under different conditions.

piles (Case 2) has no significant influence on the flow ve-
locity. Thus, the flow velocity at the confluence meetsthe
feeding ground requirements.

CONCLUSION AND OUTLOOK

The study simulates the natural conditionsand other condi-
tions with different structural measures, based on an aver-
aged-depth two-dimensional turbulent numerical simula-
tion. The result indicates that setting a 200 m longitudinal
embankment and 2 water-blocking piles (Case2) maximizes
the area of TDG concentration below 110%. The areain-
creases by 11.8% compared with the natural condition. The
area of the TDG concentration above 110% on the condi-
tion with 200 m longitudinal embankment and 2 water-
blocking piles (Case2) isthe minimum among thefive con-
ditions. Meanwhile, the hydraulic conditions of the 1.5 km
stretchesfrom the confluence, meet the demands of the feed-
ing ground of Prenant’s schizothoracin. Therefore, setting
200 m longitudinal embankment and 2 water-blocking piles
(Case 2) provides an effective shelter for Prenant’s
schizothoracin to abide the high supersaturated TDG.

This study explores the TDG distributions by discuss-
ing different sturctural measures set at the confluence, pro-
viding new directions and accordance to construct shelter
for fish against the detrimental effects of supersaturated
TDG.

The sturctural measures set in the simulations, contents
the feasibility to reduce the adverse effects of supersatu-
rated TDG. However, itsengineering feasibility needs con-
tinued further professional analysis and demonstrations.
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