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Abstract

Imha Reservoir is connected to Andong Reservoir via a diversion tunnel allowing water to pass between. The diversion tunnel
is equipped with screens to exclude exotic largemouth bass due to their predatory impacts on prey assemblages resulting in a

degradation of species richness of local fish fauna and extinction of local fish populations in Korea. Flow pattern changes
resulting from the fish screens and trash racks were investigated using a computational fluid dynamics (CFD) model.
Numerical simulations showed that the decrease in the discharge capacity of the tunnel is approximately 8.6% and the headloss

coefficient for fish screen at Andong intake tower was determined to be 1.5. In order not to allow the small fishes enough to
pass through the wire openings enter into Imha Reservoir through tunnel, the velocity in the tunnel should be greater than 1.48
m/s which is a critical ascending velocity of the bass. This study suggests that it can keep the velocity higher enough to

exclude largemouth bass when a gate opens with the condition of 1.0m difference in water stage between two reservoirs.
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2. Materials and Methods
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Fig. 1. A satellite image showing study area and the location
where the diversion tunnel from Imha Reservoir to
Andong Reservoir is constructed.
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Fig. 2. Intake tower equipped with the screens which can prevent fish entry into the tunnel. (a) front view, (b) side view
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Fig. 3. Three-dimensional bathymetric modeling as a high-resolution stereolithography format.

Table 1. General features of the unit screen installed to the intake towers

Width (m) Height (m) Total area (m?) Blocked area (m?) Area open to flow (%)
Trash screen 1.902 2.980 5.668 1.224 0.78
Fish screen 1.902 2.980 5.668 2.094 0.63
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Fig. 5. Computational domain with the structured mesh in FLOW-3D, consisting of approximately 20 million cells. Grid
consists of several internal interfaces, where cell size changes variously. Because of extremely small cell size near
screens, the grid near intake towers is not clearly visible in this figure. Details of grids are found in Table 2.
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B7bssiAA Ao olEd EAE 28] 95t 2™ & 25 AafdolA s AFEA oA 23d A
S Azge] dod 23U HAFH tste] FLOW-3D Aok datdolA Stz WF YFol AL
ANA A Fete WEZAALTE 38359 tHFlow science, 2014). gy A oAFAE 23A AR g F7t ovA] &
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TsA Tt Ao AFEE AA FAASE <F 2" T Ao SRt FARIY L Fx AAHA(K-water, 2012)1 A A
W AAF AAGRE Table 20] AA G B AN AR FEAN 2A% AREAY F AFA FAA(Im,
L AAUAGG) 288 % 20w £NAAGe) A 2mpel sk FARYOM, £F ANEY FsE
EFS A7) 98ke] CentOS V6.5 252 2FAA d HEES fstd &7 AW 2IHAA FF AeA 5
A W 2E §FS 64GB, CUPE 12719 CPU ALg BA] A 1omes Este] BHEW &7 Ao Was 24
of 28 4 3= Intel Core i7-3930KE 748 7S Sttt
Table 2. Meshing system for the simulations in this study
. 2 -direction y-direction z-direction
Sub-domains - - - Total meshes
Location Meshes Location Meshes Location Meshes
1 -0.005m ~ 0.010m 3 -2.942m ~ -0.001m 528 140.98m ~ 145.5m 688 1,089,792
2 -0.005m ~ 0.010m 3 -0.001m ~ 2.942m 528 140.98m ~ 145.5m 688 1,089,792
3 -0.005m ~ 0.010m 3 -2.942m ~ -0.001m 528 145.45m ~ 150.01m 702 1,111,968
4 -0.005m ~ 0.010m 3 -0.001m ~ 2.942m 528 145.45m ~ 150.01m 702 1,111,968
5 -0.13m ~ 0.030m 18 -2.965m ~ 2.965m 527 140.98m ~ 150.03m 815 7,731,090
6 -0.17m ~ 0.070m 14 -3.005m ~ 3.005m 298 140.96m ~ 150.07m 454 1,894,088
7 -0.25m ~ 0.150m 11 -3.085m ~ 3.085m 153 140.96m ~ 150.12m 240 403,920
8 -0.41m ~ 0.310m 9 -3.25m ~ 3.25m 81 140.96m ~ 150.32m 122 88,938
9 -0.73m ~ 0.630m 9 -3.57m ~ 3.57m 45 140.58m ~ 150.64m 66 26,730
10 -1.68m ~ 1.580m 10 -4.2m ~4.2m 28 140.30m ~ 151.275m 34 9,520
11 -2,025m ~ 60.0m 1,390 -60.0m ~ 60.0m 130 134.95m ~ 165.50m 38 6,866,600
Total meshes in the computational domain 21,424,406
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Table 3. Summary of simulation setup

Water stage (EL. m) .
Case no. - - Operation rules
Imha Reservoir | Andong Reservoir
| 160 150 During a flood, in case the water stage of Imha Reservoir >EL.160.0m
and AH>10m, the gate is closed
) 150 148 When the water stage of Imha Reservoir >EL.150.0m and AH>2.0m,
the gate is opened
When the water stage of Imha Reservoir > EL.148.0m and AH<I.0m,
3 148 147 .
the gate is closed
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Fig. 7. Changes in pressure due to the screen installed on the intake tower of Andong Reservoir. (a) Q=113.82 m’/s, Case 1;
(b) Q=51.83m’s, Case 2; (c) Q=236.81 m’/s, Case 3
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Fig. 8. Spatial distributions of velocities in m/s with the simulation setup (Case 1).
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Fig. 9. Longitudinal profiles of velocity and pressure for case 1. (a) near Imha Reservoir intake tower, (b) in the middle of
the connecting tunnel, (c) near Andong Reservoir intake tower
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Fig. 10. Longitudinal profiles of velocity and pressure for case 2. (a) near Imha Reservoir intake tower, (b) in the middle
of the connecting tunnel, (c) near Andong Reservoir intake tower
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Fig. 11. Longitudinal profiles of velocity and pressure for case 3. (a) near Imha Reservoir intake tower, (b) in the middle
of the connecting tunnel, (c) near Andong Reservoir intake tower

e #5E FuY 5852 AAT + 9oW A2 =4
A Geln ASE 5HES UEIA gk B 54

¢

2 36.8lm’s, BHESE 1.55m/isE A FHO o] FAA HA
& 148m/s S 2T, w29 HYU #Y92 2715 @
ALR dddr

22t sts] x| 30 As55, 2014

I!

4. Conclusion

Qetze] AAHD YT 2NN 45

d1 Qe ddels Mag ose %

3

> d



oIZEId L SEHa0)

o
o

FEARASHE X2 485

BFoR 2NN Pzl ABEE
of AN ol me AYE o7
2 Q% SAFTE WL, o)z AT #
A2 Boel AESAT £ Fo

Ax7E #e Ry =4
A3, 3o gt EFF

A5l sl <k 8.6% &
29 368Im’s 9 1.55m/s2 2 2+ AP HoH, F5
EAAFE F 1508 AXHYT B A Jol 2
A BFEE 58] AAEY HEHES oAFLY HF
& 148m/se F3stal glenz dEsoA Ystaz
vl 29 A o]FoA £ gty dgHETh

2 6 ARY 2 oA 220 &4 23 JYyoz

l-

A O
2 PARE 552 A4 & Ak Aoz A=A
o 4 ANE E5HY

Nog
oF 3.6~5.8% Y2 %S EAFA Utk

3) FARLEY A, %47] z
1omel A= Ede] =g JL*LH B F& 7
113.82m"/s 9t 4.79m/s 2 VLQO} W OES HLw &
A Fgshe FEFL 140,000N22 AEH]T &
ANAR= 2379 Fx AL FUHE A VIxAR
2 889 F s o gdhrh

References

An, K. G. (2014). Estimation of Critical Ascending Velocity for Large-
mouth Bass, K-water Consulting Report. [Korean Literature].

Bartzanasa, T., Boulardb, T., and Kittasa, C. (2002). Numerical
Simulation of the Airflow and Temperature Distribution in a
Tunnel Greenhouse Equipped with Insect-proof Screen in the
Openings, Computers and Electronics in Agriculture, 34(1-3),
pp. 207-221.

Bureau of Reclamation. (1987). Design of Small Dams, 3rd
Edition, Denver, CO.

Clark, S. P., Tsikata, J. M., and Haresign, M. (2010). Experi-

mental Study of Energy Loss through Submerged Trashracks,
Journal of Hydraulic Research, 48(1), pp. 113-118.

Flow Science. (2014). User Guide and Manual Flow-3D Version
11, Santa Fe, NM.

Hirt, C. W. (1993). Volume-fraction Techniques: Powerful Tools
for Wind Engineering, Journal of Wind Engineering and
Industrial Aerodynamics, 46-47, pp. 327-338.

Ho, J., Coonrod, J., Hanna, L. J., and Mefford, B. W. (2011).
Hydrodynamic Modelling Study of a Fish Exclusion System
for a River Diversion, River Research and Applications,
27(2), pp. 184-192.

Kirschmer, O. (1926). Untersuchungen uber den Gefallsverlust
an Rechen, Mitteilungen des hydraulischen Instituts der TH
Munchen, Munich, Germany.

K-water. (2012). Detailed Design Report for Andong-Imha
Connection Tunnel Construction Project, K-water. [Korean
Literature].

Osborn, J. (1968). Rectangular-bar Trashrack and Baffle Head-
losses, Journal of Power Division, 94(2), pp. 111-123.

Padmanabhan, M. and Vigander, S. (1978). Pressure Drop Due
to Flow Through Fine Mesh Screens, Journal of the Hyd-
raulics Division, 104(8), pp. 1191-1195.

Park, H. S. and Chung, S. W. (2014). Water Transportation and
Stratification Modification in the Andong-Imha Linked Reser-
voirs System, Journal of Korean Society on Water Environ-
ment, 30(1), pp. 31-34. [Korean Literature]

Raynal, S., Courret, D., Chatellier, L., Larinier, M., and David,
L. (2013). An Experimental Study on Fish-friendly Trashracks-
Part 1. Inclined Trashracks, Journal of Hydraulic Research,
51(1), pp. 56-66.

U.S. Forest Service. (2006). FishXing User Manual and Refer-
ence, U.S. Forest Service.

Yakhot, V., Orszag, S. A., Thangam, S., Gatski, T. B., and
Speziale, C. G. (1992). Development of Turbulence Models
for Shear Flows by a Double Expansion Technique, Physics
of Fluids, 4, pp. 1510-1520. [Korean Literature].

Yang, H. C,, Ryou, H. S., and Lim, J. H. (1996). A Study of App-
licability of a RNG k—e€ Model, Transactions of the Korean
Society of Mechanical Engineers B, 21(9), pp. 1149-1164.

Zong, Q. L. and Zheng, T. G. (2012). Numerical Simulation on
Flow Field of Screen Filter for Drip Irrigation in Field,
Applied Mechanics and Materials, 212-213, pp. 1197-1200.

Journal of Korean Society on Water Environment, Vol. 30, No. 5, 2014



