stAGSH I Vol. 32, No. 6(2023), pp.473~487  J. Environ. Impact Assess. 32(6): 473~487(2023) ISSN 1225-7184
https://doi.org/10.14249/eia.2023.32.6.473

Research Paper

ZMot - Zallx] - olall=
A A K—water A

Modeling the Effect of Intake Depth on the Thermal Stratification
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Abstract: Korea’s multi-purpose dams, which were constructed in the 1970s and 1980s, have a
single outlet located near the bottom for hydropower generation. Problems such as freezing damage
to crops due to cold water discharge and an increase the foggy days have been raised downstream
of some dams. In this study, we analyzed the effect of water intake depth on the reservoir’s water
temperature stratification structure and outflow temperature targeting Hapcheon Reservoir, where
hypolimnetic withdrawal is drawn via a fixed depth outlet. Using AEMB3D, a three-dimensional
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hydrodynamic water quality model, the vertical water temperature distribution of Hapcheon

Reservoir was reproduced and the seasonal water temperature stratification structure was analyzed.

Simulation periods were wet and dry year to compare and analyze changes in water temperature

stratification according to hydrological conditions. In addition, by applying the intake depth change

scenario, the effect of water intake depth on the thermal structure was analyzed. As a result of the

simulation, it was analyzed that if the hypolimnetic withdrawal is changed to epilimnetic

withdrawal, the formation location of the thermocline will decrease by 6.5 m in the wet year and 6.8

m in the dry year, resulting in a shallower water depth. Additionally, the water stability indices,

Schmidt Stability Index (SSI) and Buoyancy frequency (N?), were found to increase, resulting in an

increase in thermal stratification strength. Changing higher withdrawal elevations, the annual

average discharge water temperature increases by 3.5°C in the wet year and by 5.0°C in the dry year,

which reduces the influence of the downstream river. However, the volume of the low-water

temperature layer and the strength of the water temperature stratification within the lake increase,

so the water intake depth is a major factor in dam operation for future water quality management.

Keywords : Hypolimnetic withdrawal, Thermal stratification structure, Outflow water temperature,

Three-dimensional modeling, AEM3D
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YeEPATH Ward 1985; Webb 1996; Caissie 2006),
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Figure 1. (a) Location of Hapcheon Reservoir; (b) Bathymetric map of the Hapcheon Reservoir including the location

of intake tower.
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Table 1. Monthly meteorological and hydrological data for Hapcheon Dam in 2010, 2017 and comparison with past data

Meteorological Data Hydrological Data

Month Rainfall (mm) Monthly Average Inflow (m?/s) Monthly Average Outflow (m?/s)
1989-20212 2010 2017 1989-2021 | 2010 2017 1989-2021 | 2010 2017
January 25.6 22.0 0.6 4.6 2.1 52 16.9 8.8 7.0
February 36.4 90.4 36.0 6.0 7.9 53 159 112 11.2
March 56.8 68.0 322 8.6 10.0 3.6 15.0 14.5 9.2
April 82.2 90.0 53.5 11.2 10.0 8.6 17.1 15.6 9.3
May 91.0 113.1 282 10.0 15.5 2.0 19.7 17.0 18.6
June 152.7 22.8 55.3 16.9 32 1.7 21.8 223 22.1
July 296.1 294.6 143.7 57.7 40.3 5.7 22.6 7.3 20.2
August 292.9 544.6 167.0 60.4 125.7 15.0 31.8 10.8 8.5
September 164.2 246.6 127.5 434 83.3 10.6 27.7 42.6 2.7
October 56.8 57.0 88.8 13.4 10.0 10.8 19.0 20.0 3.6
November 384 9.1 1.7 6.7 4.3 3.0 17.3 19.6 6.8
December 21.6 30.8 16.1 5.7 4.0 23 18.5 215 159

a) Period after dam construction and operation
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Table 2. Hydraulic parameters used in AEM3D for Hapcheon Reservoir

Parameters Variable Unit Assigned Value Reference
Horizontal eddy diffusivity Dy m%/s 1
Bottom drag coefficient Cp 0.005 0.005”
Extinction coefficient for NIR (700-2000 nm) ANIR /m 1 19
Extinction coefficient for PAR (400-700 nm) Aoar /m 0.4 0.25-0.4"%
Extinction coefficient for UVA (320-400 nm) Auova /m 1 195
Extinction coefficient for UVB (300-320 nm) Move /m 25 1-2.59
Mean albedo for short-wave radiation gy 0.08 0.082-
Sources: ¥ Chung et al. (2009), ® Han et al. (2021)
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Figure 2. Comparison of predicted and observed water levels; (a) 2010, (b) 2017.
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Figure 4. Comparison of temporal and vertical distributions of temperature simulated in (a) 2010, (b) 2017.
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ol A5 7= AlAdsto] 1
HeAoA 457t Adste] Haed = e s
A AHZE Qe BR of7| A= 2 E S

o 91X M-S 7MYkt Figure 83} Figure
9% 72+ 20109 3} 2017A 2] 19| Ao}, Figure
8la)= @A Ha YAE DS B¢ HA%L A
HolAo] A4 2 REZE AER

Aot} BHH Figure 8(b)= 2010W %
A 2710] M FURE AEollA FHeA
& WAste Ae 7Hgsto] mojRt Autolnt,

oN

ﬂ[ﬂqm

S~

R ED
4 qgic, 2017EL] 2l s o

A2 -2k golr} Hskat Ao 2 mojsialr

Water Temperature ()

§ 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24 26 26 27 28 2 0 N N

thermocline depth

A~
_'__L_
s Fle ] ‘F’E 15.0 moﬂ/ﬂ E% FAl 8.

9 4331 B AR

ok

o])l-

S iy
l-ﬂl rr

o7 A SE Q)
AL LQlof A= SALSH AL E ZolE
AE 9] Ogouchi dam- 1957 of| A

AstE,

W A= dste] 199299 #5 HeE S 4 3
= AEE HeA S 7o r AAste] st
ok, ey £ 34 o] F #0559 A FHol
7} ot AL 4224050 757t WA E Y th(Duka et
al. 2021a, 2021b). Niirnberg(2007)%= 2F 407]2] 4

o 550k 879) o] oA 2AT ANE vl
0 4% AN 22439 34 Zol7t YolAn
S2AEe Bkl FATE Huskct

A 9 9801 248 4 TAE 9
& 524% AHBAS(SS L N) HBE 3 3
s 3, 3 Ao A9 S2or2el 2
#2102 21 3fsiciTavle 3). 9 2494
20179 3F71el) N* grol 813k Z7Hstiy] of
-l ®) R

thermocline depth

20100201 20100301 20100401 20100601 20100601 20100701 20100601 20100901 20101001 20101101 20101201

20100201 20108301 20100401 20100601 20100601 20100701 20100801 20100901 20101001 20101101 20104201

Figure 8. Simulation results of thermal stratification with the changes of intake depth in 2010; (a) hypolimnetic withdrawal,

(b) epilimnetic withdrawal.
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Figure 9. Simulation results of thermal stratification with the changes of intake depth in 2017; (a) hypolimnetic withdrawal,

(b) epilimnetic withdrawal.
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Table 3. Comparison of the monthly average SSI and N2 in 2010 and 2017 with the changes of intake depth

Schmidt Stability Index (J/m?) Buoyancy frequency (s?)
Month 2010 2017 2010 2017
HW? EW? HW EW HW EW HW EW
April 139 102 218 188 0.0005 0.0003 0.0004 0.0003
May 625 491 798 631 0.0022 0.0019 0.0014 0.0015
June 1,033 534 1,383 847 0.0033 0.0048 0.0028 0.0035
July 1,634 1,422 2,156 1,049 0.0036 0.0053 0.0031 0.0081
August 2,795 3,132 2,509 1,363 0.0034 0.0038 0.0037 0.0076
September 2,706 3,465 2,133 1,599 0.0040 0.0025 0.0035 0.0044
October 1,213 2,337 1,470 1,302 0.0048 0.0024 0.0030 0.0027
November 465 1,000 656 569 0.0029 0.0021 0.0024 0.0016
“HW: hypolimnetic withdrawal, ” EW: epilimnetic withdrawal.
© Agsfoll A5 e 2 S5 Bl A%t 2 SH, Feeal Hstof whE B 29 oS A=
ofzo] Wslyl 27] wjFel Ao Wekelrh SSE=  Figure 103} Table 4o AX|alec} @A12] 4%
i3 HeE WA 7P Al 201099 S7kohe AR FolA EF Fer oA HASTE A R 2
AEEYT(~10U B, 1,876 — 2,178 J/m?),  °| AA A% T AR o SHIt, 20109 AB
20179 o= T 7&5\_5}% ASR A EHUHBG~10  HRPE2E %‘% H*AI 12.1Co A 15,6T& 35T
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Table 4. Monthly outflow water temperature in 2010, 2017 with the change of intake depth

Outflow temperature(C)

Month 2010 2017
HW? EWY At HW EW At
January 7.1 7.1 0.0 8.2 8.2 0.0
February 4.6 4.7 0.1 5.8 6.0 0.2
March 53 5.7 0.4 55 6.0 0.5
April 6.5 9.1 2.6 5.7 9.0 33
May 9.1 16.2 7.1 6.3 154 9.1
June 13.0 20.4 7.4 7.4 194 12.0
July 15.9 24.6 8.7 10.3 23.0 12.7
August 16.6 274 10.8 13.7 25.7 12.0
September 18.9 25.1 6.2 15.1 234 83
October 19.9 20.6 0.7 14.8 194 4.6
November 16.2 15.5 -0.7 13.2 13.2 0.0
December 11.6 10.8 -0.8 9.9 7.8 -2.1

YHW: hypolimnetic withdrawal, ® EW: epilimnetic withdrawal, ©' At : temperature difference (EW-HW).

w2b4] Sherman(2000) 2 Chaaya & Miller (2021) dlo] 24=51A AdshS &5kt

of WA ufol o] HEHSL G AFAA DA SREA) ME ANSL BRG] BAY 2

A AASHE b A doln kel whelnl, ok Fosioh 24l 4-24% T2 A4 2 Aol

P/ A58 B dolE BAY nAe BAS ) & 4o 34 Folgth, A% 420 2ol
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AR¥Elo] Fosjol] AejE 0= 7o Aol 42085

V. 42 o] FAE = Ao E Pt} T3 A skE A
Z>9] Schmidt Stability Index(SSD€} Buoyancy
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E4S I & Q= 33 HHEE o]§ste] FHa Mgt A} 4~1099] Bt SSI= F4afell 1,451
Aol 2% 2ol vA= G ofof e W J/m?, Z<pafof 1,528 J/m? 2 Zesflof ¥4, N
&) BAol thate] EAsHGITE A= Agel = Fse 2ol 2442+ 0.0031, 0.0026 s°=
A FerE AR & T FHEE A ARgE o it s 71O ARl 2405 oHY
O siglom Haal 2 oA o] 94 SteE HwskSlE l dsfiol] o ARt AdSel &4
T 320 A s e TEHH LR £ ¢ okl wee 4= Qliet 3, R A%
3 Srolet 2l s Akl ey skl Ale o YRS Bl Ay Faliof 12,1, s
glojdoll= 34 e E ey =l o] 9.7CE At Eof Fdllell B =8ith ol
AEM3D Zdo] A-gEglct, md o] fAFL 54 A% 29| Aol 7|Qlst3l on Tl o] 2ok
Alof thste] 4=9) A& AAE HFOIL, 2495 o] B & aaloll FAdE o] Ha1he] 420 At
Tzof tiste] H4] R EE HEASY 2 9 Ao g 97| gl RAE I
5 A ekl 24950] F3igh o5t HeAE A A4S FeolA 2302 WHsH=
s WdeR 9F pREE 2o JeeE Ut AU &5 A8sto] Fgalo] 2405 300 mIA|
S Avf A a2, 22T FA A T2 R © Y AR A AR Hx ] 2wt
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