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Abstract : This study predicted the effect of operation pattern of flood control dam on water quality.
Flood control dam temporarily impound floodwaters and then release them under control to the

river below the dam preventing the river ecosystem from the extreme flood. The Hydrological
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Simulation Program Fortran (HSPF) and the Environmental Fluid Dynamics Code (EFDC) were

adapted to predict the water quality before and after the dam construction in the proposed reservoir.

The non-point pollutant delivery load from the river basin was estimated using the HSPF, and the

EFDC was used to predict the water quality using the provided watershed boundary conditions

from the HSPF. As a result of water quality simulation, it is predicted that the water quality will be

improved due to the decrease of pollution source due to submergence after dam construction and

temporary storage during rainfall. There would be no major water quality issues such as the

eutrophication in the reservoir since the dam would impound the floodwater for a short time (2~3

days). In the environmental impact assessment stage of a planned dam, there may be some

limitations to the exact simulation because the model can not be sufficiently calibrated. However, if

the reliability of the model is improved through the acquisition of actual data in the future, it will

be possible to examine the influence of the water environment according to various operating

conditions in the environmental impact assessment of the new flood control dam.

Keywords : Flood Control Dam, HSPF, EFDC. Grid Generator
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Figure 1. Research site.
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Table 1. The current status of pollution source

. livestocks Land use (km?)
Ttem Population = Residential
(person) orean Pig Deer Field Paddy | Forest SICENA | erg Sum
Cattle area
Dam
Watershed 154 53 - 6 0.379 0.122 6.767 0.063 0.150 7.481
Table 2. Discharged pollutant loads in the watershed
o Discharged load (kg/day)
em
Life Livestock Land Sum
BOD 431 2.52 12.70 19.53
TN 1.82 1.49 20.22 23.53
T-P 0.19 0.14 1.25 1.58

Total Discharged load : 19.53kg/day

Lif]

ivestock
7 6.3%

Total Discharged load : 23.53kg/day

Total Discharged load : 1.58kg/day

BOD TN TP
HakeEo oF 77.9%~92.7% & AHA8kaL lof v S8, #48E% 29sk= PERLND 2&, E52Y
0o Balo] ko] & Ao 2 dAFETHTable 92). (impervious land)9] & 9 £z H 95}
IMPLND &, =4 o] 48] 9 =38 298
2. RARE oM RCHRES ®82 717} Urol A Jltt, 429
1) HSPF 259 42 ofc B9 557 BAE RET EAGE YT
BAA G 4] Golo A §EEE 9T 0 o TN IR BEOE FEE 9l 49
nalepe ARGy 98te] $AmEe HSPF  Fred 2FrsY o, el B d¥e T
(Hydrological Simulation Program—Fortran, Ver [Tk, AR ol o A, AFAF, SHEAL
3.0)2 o]&-3}gich HSPF 2dl2 1980 o] 7fulg] AT, ARS 75, S0 45 9 Ask 7= 50l
o] 0o]Z2 2|47 ¢l 24T FAL ASF o1 9}, Adck 2t A AELS EXuE, B, At 2A 5
TE 8 A s S A45F 0 1o off oJaf Al7ko] uleh wsksict, =4 Y 48] mole=
stEle BHog U2 udSo| B oz /iy SES SO R W g BEo| §nt ofy v
o] $k=d| HSPF&= A& T2 7|52 7 8-+ o 45 FEo2 1A= o, 18 A9
A BAES APA SE-A B & Zolo dist SEEAT AREHE SEe] IA=
mdlojgt 3 4= 9lt}, HSPF+= E*l A3} H]EEA] 2] #s}A] Qrethe 7P 7128 sl 9ot
o mEo] st BHREA EAA G FE2
build—up/wash—off Ze& AHE-5H T 1= A7) 2) 29 dEA= 74
Ao B4R AL AT} BEARIA] 7]12HE A6 FFAE AM APANEE HF TAAH R o
HARSE o H, F4A] 9 (pervious land)& F o= SRS RS F 105,000 AFEE ogsto] 5=
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Figure 2. HSPF Input data.

2|2 =] & (Digital Elevation Model, DEM)< A
Attt (Figure 2a), EA|0] &+ 5}75‘—”%0"*1 Al
Fle 2BR A2 (Figure 2b) 2 AM&5tg o, ¢
FAY 9L F 7.5km?] A F oF 91%7}
AFEAIG 07 A E o] Qlot

2o 23l 7]AA = (Watershed Data in
Management, WDM)- a5t 6-< 2] ElAlg-S- 1125}
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TAE BES o]851e] 2004 1€ 1€HE 2015
| 74 319714 9%, BOD, T-N, T-PE m9J3}
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Table 3. Result of water monitoring
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Ttem Concentration Load
(m?gnin) BOD TN T-P BOD TN T-P
Date (mg/L) (mg/L) (mg/L) (kg/day) (kg/day) (kg/day)
2015.5.6 0.926 0.8 2.12 0.012 1.04 2.75 0.02
2015.4.9 3.897 0.7 2.03 0.014 3.82 11.08 0.08
2015.7.1 1.608 1.0 1.98 0.018 2.25 4.46 0.04
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——Simulated Flow

® Observed Flow —Rainfall ——Simulated BOD * Observed BOD —Rainfall
2.0 v v v 0 100.0 v v v 0
1.6 (a) v V_\Iv V 30 ’E. 80.0 (b) v Vv V V 30
g 1.2 60 E % 60.0 60 g
E 0.8 20 % g 40.0 20 g
0.4 120 = E 20.0 ﬁ 120 =
00 1;1'\—”'“._”/\3/7“/LJ 51 Tem *%n 372 ) 51 T e
——Simulated T-N ® Observed T-N —Rainfall ——Simulated T-P * Observed T-P ——Rainfall
150.0 @ Aanany Wy 0 2.0 @ Aanant Wy v 0
‘é 1200 30 E- 1.6 30
E 90.0 60 E E 1.2 ¢ 60 E
3 60.0 920 g g 0.8 90 g
E 30.0 w/w]k_’ 120 * E 0.4 120E
0 ' 32 501 o *%in 32 51 o
Figure 3. Calibration results; (a) Hydrological, (b) BOD, (c) T-N, (d) T-P.
Table 4. Model parameters used for calibration
Parameters Definition Range" Value
LZSN Lower zone nominal storage (in) 0.01~100 8
INFILT Soil infiltration capacity index (in/hr) 0.0001~100 04
UZSN Upper zone nominal storage (in) 0.01~10 2
hydrological DEEPER Fraction of Groundwater inflow to deep recharge 0~1 0.9
AGWRC basic groundwater recession rate (day™') ~0.999 0.98
IRC Interflow recession parameter (day™') ~0.999 0.5
INTFW Interflow inflow parameter 0~ 5.0
KBOD20 BOD decay rate at 20°C (hr-1) 0~ 0.0005
TCBOD Temperature correction coefficient for BOD decay 1~2 1.06
. KODSET Rate of BOD settling (ft/hr) 0~ 0.0001
Water-Quality — -
KTAM20 Oxidation rate of total ammonia at 20°C (hr) 0~ 0.010
KNO220 Oxidation rate of nitrite at 20°C (hr') 0~ 0.002
KNO320 Denitrification rate of nitrate at 20°C (hr') 0~ 0.002

Z}& : 1. USEPA, Hydrologic Simulation Program-Fortran (HSPF) User’s Manual, 2001

A4 AR AFAYFZr2AH) Y LI 3
HILE 9| =317 Y8te] EFDC(Environmental Fluid
Dynamics Code; Hamrick 1992)® 492 #-8-5}%c},
EFDC X212 Virginia Institute of Marine Science
oAl AP 3xH fraaliA] mdon, st
FAL o], 54Ed md A4 FF HAY =
d2w AMSEHI Qo EFDC 2H2 & 4719 7%

HER HE o] F AT Ko HES thA

6719 FreRER FAEY, A9 2o HE9

o] Ayt A w0 (Water Quality), SAF o] %

(Sediment transport), =452 (Toxics) 2o 9%

Ho] AMEEHFigure 4), 42 E 29 (Water Quality)

HEd &34, AL a 1, 27, B,
°

Hade Eds= T 22719

I
transport) H&E A} FA SR o] 242}
rz A

mosju], 2tz}e] 4%} 54
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EFDC Model
| =S
| | | | | 1
i ; Sediment . ” -
Hydrodynamics Toxics Dynamics Near Field .
ydroay! Water Quality Transport ] ‘ Dye | | Temperature ’ Salinity ’ Plume Drifter
Hydrodynamic :
m Water Quality

Organlc
Carbon

Phosphorus ’ ‘ Nitrogen

coD Sediment
Silca i* E Diagenesis

Figure 4. Components of EFDC Model.
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(a)

Bottom Elev (m)
202 [Time 0.000] 236

Orthogonality Deviation
10 10

Avg [Dev| = 2.907 degrees

4 Inflow

4 Inflow

Figure 5. 3-Dimensional grid system for hydrodynamic and water quality Modeling; (a) Grid construction, (b)
Orthogonal Deviation.

Table 5. Model parameters used for water quality calibration

Parameters | Number Description and units Range (EPA)Y a};:; gagz) \2 lslfg)
11 Nitrification rate (day™') 0.025~0.16 0.1~0.6 0.25
NHsN 12 Constant 11, @20°C, Temp. coeff 1.02~1.08 1.08 1.08
13 E;Sg?tgl;m’ Half-saturation constant for oxygen limitation B 052 163
21 Denitrification rate (day™) 0.002~1.0 0.01~0.09 0.038
NOsN 22 Constant 21, @20°C, Temp. coeff 1.02~1.09 1.08 1.08
3 xrgnglzt}gnon, Half-saturation constant for oxygen limitation B 012 09
41 Maximum growth rate (day) 0.2~8.0 2~3 23
42 Maximum growth rate Temp. coeff 1.0 1.068 1.068
46 Carbon-Chlorophyll Ratio (mgC/mgChl-a) 10~100 50~200 125
Phyto- 48 Half-saturation constant for Nitrogen (mg/L) 0.01~0.4 0.01~0.05 0.032
pltag;k- 49 Half-saturation constant for Nitrogen (mg/L) 0.0005~0.08 | 0.001~0.05 0.020
52 Death Rate (day™) 0.003~0.17 0.03~0.15 0.08
57 Phosphorus to carbon ratio (mgP/mgC) 0.024~0.24 | 0.005~0.03 0.019
58 Nitrogen to carbon ratio (mgN/mgC) 0.05~0.43 0.06~0.25 0.172
CBOD 71 Nitrification rate (day™') 0.01~4.24 | 0.001~0.01 0.01
72 Constant 71, @20°C, Temp. coeff 1.02~1.15 1.047 1.047
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Table 5. Continued

Parameters | Number Description and units Range (EPA)" (IEcTe iib \Z 1833”
81 Oxygon to Carbon ratio 1.4~2.67 2.67 2.67
0O, 82 Reaeration rate (day™) - 2~5 35
83 Reaeration rate @20°C, Temp. coeff - 1.024~1.03 1.028
91 Dissolved organic nitrogen mineralization @20°C (day) 0.001~0.4 0.01~0.40 0.168
92 Constant 91, @20°C, Temp. coeff 1.02 1.08 1.08
Org-N %3 ?dzr;ﬂ})ic, Organic nitrogen decomposition rate (Benthic reaction) 0.0004~1.8 0.0004 0.0004
94 Constant 93, @20°C, Temp. coeff 1.02~1.14 1.08 1.08
Org:P 100 Dissolved organic phosphorus mineralization @20°C (day™) 0.003~0.8 0.10~0.22 0.196
101 Constant 100, @20°C, Temp. coeft 1.08 1.08 1.08

A& @ 1. USEPA, The Water Quality Analysis simulation Program, WASP7.3, 2009
2. Seo DI, Lee EH(2002), Kim(2003), Kwak(2001), K-Water(2007, 2009)
3. Average value of water quality parameters applied to domestic dams

4) AvEle 74 9 Az 5 AAISHA o, A Fdrgel S7ksk

RUUL U5 oo FHu o o N WS TS BES AN ¥ AUl
Fupo] o] Asto 2 WA= of AMAT AL RS AlFEt e A pHR R 2
79 A 452 A 9data oA W 3 D ARE 7R Al webA |58 ARl =
A S0] 2]427 B o] kalo] AR A7]olk 2 109 W= F47IA AR @4 3l HEE
S e gy Frrd s doer AgH oo ASsRReH, A5 AlVle A7V CM A5
A FUREE SHR2 A URstl T W e 20059~2014 Z-9AME S eetol 255, 5mmE

Table 6. Average daily maximum precipitation in the last 10 years(Wonju Meteorological Office)

lem 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
N 716 8/4 7124 712 9/22 13 7/6 722 8/11
Rainfall |, 5 240 74 184.5 191.5 209 204.5 255.5 25 57.5
(mm)
= Simulated Flow = Rainfall
15-0 T'1 ([ r T ‘j '1;” T”"T WT T I'I ! o T ]' 0
it
12.0 - ' 100
iE 7~ Water Quality -
—_— 3 ! / . . o E
¢£ 9.0 . 15 Simulation period | 200 £
o 7/5~7/12 =
E] i 3
2 6.0 - b 300 2
3.0 1 - 400
0.0 - . i -L‘L Y VTP AL “LM*,AL 4+ 500

2012-01 2012-03 2012-05 2012-07 2012-09 2012-11
Figure 6. Daily watershed flow in Wonjucheon dam basin in 2012 (HSPF Simulation result).
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Table 7. Water quality simulation period Daily average flow

July 2012

Flow

S day 6 day 7 day 9 day 10 day 11 day 12 day

n flow 0.388 9.966 4.731 1.199 0.614 0.326 0.177
(m?/s)

Out flow 0.388 0.000 0.000 6418 6418 6418 0.177
(m¥/s)

Table 8. Fraction of water quality items for EFDC model input
Parameters TOC/BOD POC/TOC DOC/TOC PO4-P/T-P NH4/T-N NOs/T-N
Fraction 1.450 0.212 0.603 0.202 0.718
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Table 9. Analysis of watershed runoff load before and after dam construction

Watershed runoff load (kg/day)

Year BOD TN T-P

Before After Rate Before After Rate Before After Rate
2005 17.01 14.61 -14.1% 32.94 30.96 -6.0% 0.43 0.37 -14.0%
2006 16.50 15.06 -8.7% 36.06 34.14 -5.3% 0.46 0.41 -10.9%
2007 19.37 1633 -15.7% 37.86 3549 -6.3% 0.48 0.41 -14.6%
2008 13.98 11.34 -18.9% 25.28 23.34 -7.7% 0.36 0.30 -16.7%
2009 18.86 16.21 -14.1% 37.11 34.72 -6.4% 0.50 0.43 -14.0%
2010 20.74 18.02 -13.1% 38.72 36.45 -5.9% 0.51 0.44 -13.7%
2011 28.28 25.16 -11.0% 60.76 57.30 -5.7% 0.75 0.66 -12.0%
2012 19.20 16.51 -14.0% 37.18 34.87 -6.2% 0.49 0.43 -12.2%
2013 2223 18.48 -16.9% 42.84 39.81 -7.1% 0.57 0.48 -15.8%
2014 10.00 8.24 -17.6% 19.27 17.90 -7.1% 0.24 0.21 -12.5%
Average 18.62 15.99 -14.1% 36.80 34.50 -6.2% 0.48 0.41 -14.6%

2. WLy 2AE Do|} te] TOC, T-N, T—P, Chl-a2] 47} $2 820

Sfstel AASHEE FoeAlo] AAA sk 71

| 3t A%l = o} o] 2T L o5
3017} %‘T“ﬂ'?{iﬂ'ﬂ‘ S TOC—’] FTAHEE = Sin 1.03mg/LN

2.05mg/L& 34443174 7|2 [a(@mg/L ©|5h) ~Ib

3015%H]—EL % L;‘ﬂo o _‘;: ;‘d—%}] }
R EEOIC] U A A SRS e 016})% - @—% e Aoz =
oﬂ}\i 233 8EL m77]’ ] ‘%‘ ]'5]’% 7)—1~O—i Cﬂ]é—ﬂ%l’/]— = ié\_—)r\—@‘ 7(:)]7]_2'_ VI(I 5mg/L iy/})};ﬂgi A=
(Figure 7). o= A2)% 2|11 Wk=9]21 237 45EL.m =it T-P= AHF 0.012mg/L~0.035mg/L
£ 9A gouE g 2 27t glS AoE w 2 342:2877]% 1b(0.02me/L ©|3)~111(0.05
g, mg/L ©J3hE0] £E etz Aoz mog
YFAY SYA 52 EFDC Bl o8 3lew, Chl-ax 4%+t 4.0mg/m?~4. Img/m’2
250.0
Open
| Watergate |~ =
240.0 (233.8EL.m)
€
o 2300 [ I e e
-
i
w
g 220.0 Closs |1 —— e
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» (202.3EL.m)
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200.0
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Figure 7. Change of water level according to the simulation conditions.
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Table 10. Simulation result of water concentration change in dam during 10 years frequency rainfall

Day TOC (mg/L) T-N (mg/L) T-P (mg/L) Chl-a (mg/m’)
7/5 1.76 2.000 0.028 4.0
7/6 2.05 1.878 0.035 40
77 1.37 1.878 0.020 4.0
7/8 1.24 1.807 0.018 4.0
7/9 1.15 1.824 0.015 4.1
7/10 1.05 1.884 0.012 4.0
711 1.03 1.918 0.012 4.0
Average 1.38 1.884 0.020 4.0
EoE|3{th(Table 10). ;’\iéi‘%“—’l 5494 @ SHt shel mAl= E5}7] flstol | A
Lolte] 2~3902 om Yooyst 5ol pA ot A A 271797} B Wi 4439 A
Qe A9 g Ao Hasgon, o5lE F4 AT UNHOR Y FUREL U 37 4
2 Akl ostof A4 gl o] FrpstaL, 2 Ag Wasih ¥ Y TS v 2
7] A A szl e gEdo]l 27 #HTable 1) thRES] F 9 Ad & 2%
2 o) F ol TR FYE= Ao st} 34 o AFa 52 ol Hr=rt 22 A
Hol #48 =7t gasts AoR noEy He ACR 95Ho s o 384 F&F=
(Figure 8, 9, 10, 11). |2 Aog et

7/10

Figure 8. Water quality simulation result — TOC.
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7/10 7/11
Figure 9. Water quality simulation result — T-N.

Figure 10. Water quality simulation result — T-P.
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7/11
Figure 11. Water quality simulation result — Chl-a.

Table 11. Water quality simulation results before and after dam construction

o Simulation results (Dam discharge point)
Division
BOD (mg/L) T-N (mg/L) T-P (mg/L)
10 years frequency Before 0.880 1.925 0.024
rainfall After 0.740 1.875 0.013
V.22 3R HERREEEEE L EL DL E
B 51 3 u gol7|7F = o) 7oz 7
U o] WE AHT e ARy o o 08 AT S A o]
0E §oE 9% W SES Bt} @ LA
7K AAIslolof 3o, AARE 79 BRI of
- _ o= Ronze; | =Rl ;_Z = Tl

8310] 9 14 o) SAMBE o &sio] Brpao] Do e VIEARS ALt
- - HAA L dl2] o] SEl= 0 %3] 57 QA
525} 9)eh(Park et al, 2010), £ AL ML @ 8Al= sPlel FHIS s, 35710l LAl
. _ - ) 3 A0 Tk 2L T AZAQ ol EA
W BRI A T v pus o 1OE TR SO AT SR WY 54
2% 352 udel oet 359 Rt e An & HAR D] Sfste] Curvilinear Grid B
st o A28 et on, $As4 YL vt
ONAoF Qojo] oz 0wkl o oHFlEES H W+ Bt A H2HE(Orthogonal Deviation)&
A7) ¢lste] A PR, B0l & &, /AR 3otz Aol mo) Axto by SHESE &
& A@sto] L1235 HSPF RS o] g3to] 107t FAWSE S-S HAISHATE S5l dAHo R
o &R edRelFS mojstgnt, 1047k o Heeohe SR 544 W Wl AlFAltel
WEHE ZJ RS M 4IRS Aol b BOL 28 & 371 59} 41 ot A9 gl
o 7R Wato] W2 YL AREF WSt AOR BAHGIon], 052 B Mg ofstol
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