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Abstract

Agricultural reservoirs in Korea have been recognized as an emerging resource for recreational and cultural activities for residents. However, most of the
reservoirs are eutrophic and showing high level of contamination with nuisance algal bloom and offensive odor during the summer. For better
management and restoration of the reservoirs’ water quality, scientific modeling approaches could be used to diagnose the problems and evaluate the
efficacy of alternative control measures. The objectives of this study were to validate the performance of a three-dimensional (3D) hydrodynamic and
water quality model (Environmental Fluid Dynamics Code, EFDC) for a eutrophic agricultural reservoir and assess the effect of bypassing of the effluent
from a wastewater treatment plant on the reservoir water quality. The 3D model successfully simulated the temporal variations of water temperature, DO,
TOC, nitrogen and phosphorus species and Chl-a observed in 2014 and also captured their spatial heterogeneity in the reservoir. The simulation results
indicated that the point source bypassing may reduce the T-N and T-P concentrations of the reservoir by 6.6 ~ 8.2 %, and 1.7 ~ 16.8 %, respectively. The
bypassing, however, showed a marginal effect on the control of TOC due to the increased algal biomass associated with the increased water retention time
after bypassing as well as the lower TOC level of the effluent compared to the ambient reservoir water.
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S 22257} OF 17,6000 7H 2] =]o] QJth (KRCC, 2015a).
“TEjUt o] F 0F90 % o AR AX|H 2] 304 ool Ayt i
FASAY Wohek w2 4R OPER oI5 A9 4
A9 §48 7150] BAS Astelo] Gl Agolet (Kim,
2010a; Kim, 2010b). £3], -2zt 548 A4-=2] 50 %
olafo] 1945 o) o] E3E T ANRH, 584
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waka glo] ) nfeto] B astet (Kim, 2010a). 54§ A
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of A4 Aot glom, FHES E TP TOE ARE-
A 0 & 1964 0] 2AJE|GloH, o] & ol id=8 Yl
P82 AFRE T QT (Oh and Lee, 1997). 12Uk 329
Aofj7} =4 LA A 0 &2 JPUEHA] 5 A7 HEAl A
9] 7)1 5ol HAaE UL A=A Y Het CODFE= 5H-8
A7) U =20 7 ogly]o] gl o, sjulr) 2
O] W) G4l O & QG A7 EAYE AL Q= Aol 14
HE2H GAGA = S FEHE ST AR &2 A=
Rom, JRet A 2A| oA = S A A gt o= vt
HS 9Jof] theFet =8-S HFokal ok Ax]e] 59 =3
< JhAIsE7] 18l 2011 @R sletAABE FX18E5 2
), 77 A7} BODE 11.5 mg/Lol|A] 4.8 mg/L, 221 (T-P)<
1.372 mg/LoJ A1 0.373 mg/LO.& 7| AE A0 2 H7}w| ).
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she W] o= FE53 Aol
%‘?&% AAl= Eol8 54448 Bol7]oll &9 f-50]
01751 9lo] a4 0] B3 & wo, 9.5l0] A|zteln o)
3 2. AT e 47 2 9J0] 7 A4 El 54
= 7FA1AL e (Kim et al., 2012). w2bA] 58 A4 2
Aa4 e A A e HeliMe e o
Qlofl thgt sfj 4l o] A etsA| o] Fof Aok sh, thefgt =27
A o]l chgt A2 aat B7hrtd asict ofzeh R4
T AR ApA] AR E SR A e = 2t
Al Z-&=a ol om, te Aol thsto] 2 48] HAgE e A
4, 29.910) 19 ATk} chere 22 jale) Ay
7ol #8514 &84 4= Qltt (Chapra, 1997). Yun et al.
(2014) A= A] 30410 HE 4] el 4] 9 TSIA]|E ©]
L5to] =4 o] HFUSIEAL-S | =31 v} i) Chung et al.
(2004)2- A 4=2] 941 9] © AU} EE o]85}0] EUTRO5S}
WASP Builder& £3j 4~ E‘% of| &35}93. 21, Ham and Kim
(2012)2 ASAR7F HE3 58 AR 9] 85 Hofgt
T AE=R FAEATA EEE A5 7 2 Brkskie) 1
ARy 7)eS BUE R 7]sat 3H3EE sH=ge
A A wASHA WSt e, 53] 32 -4
4 QA UL SAolA] A B0 Hishs 2 A B o)
SRS AUSHA ST 4 i o) Wt
(Trolle et al., 2014; Chung et al., 2014). Jeon et al. (2011)
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A7 TR o0l GAAAY = §olA 7150l 915k 9)
on BG4 FE L ES U 5 BHOR 19644]
BEsich Y e §elN 3 117) 58 Eakela sl
v 5 o9

53 km?, G- a4 11,6304 m’, 7= 7]
T4 S m (F[ A 11 m) 1 et & <=2] 0]
o} sk e 2= AR X3, SR 5 3709 =4
shxlo] Qltt. GARA] F92 AT Azt )14te] 5
7tol| wheh st S7Fskgl oH o) E dAst] $1sf of
S5 Qe skl A e 7F AL, 15 s
= AR o] Aol Avla7F A W (G WWTP) =L
Qltt (Fig. 1). & Ujofl=37119] s-a & To] §x]slaL 9l
o, 7% BAeE Aol € 13] S7g8aL ik (Fig. 1).
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3 G G0 3742 -4 S 918 EFDC
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® W.Q monitoring station
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Fig. 1 Layout of G Reservoir and locations of water quality monitoring
stations
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(Environmental Fluid Dynamics Code) =22 A14J3}5 )
ok ofe] 421w el % EFDCE A3t o] g #4=%] ©] 33}
2§54 Teiste] G WWTP Wipe] 44958 7}
5h7] f1ekolH, 9 EAEof thet e et =g o B4l

& bl B4 4854 gl A Ho) Q1] mholt). &
7] EFDCEE L sfj ¢t} s1t9] =] 3144 918l VIMS
(Virginia Institute of Marine Science) ]| 4] 7HE] .01, A
A=) 29 (Hamrick, 1994) 3} x|y o}5=2] || ] 227fof| 21-8-
E it} (Hamrick, 1995). EFDCX 22 Hydro H# 1} USEPA
1.01 Full 54 6.2 FLE o, Hydro H A2 Box HEf 9] =2
HdQ] WASPS] 48] ndl g Wo] &8 T3, Full AL
Hydrodynamics, Water Quality, Sediment Transport, Toxic
59 B o7} 7sstth. 2ol DSIALOl| A= Full HZ-S 7HA
RFEFDCH R el 7t o A28 =21 AR} SR,
w2 S HAIES ©Esh] SR HEA P, dAF 54 2] 7]
5 5ol F7HE AT & Aol M= GAGA| Y 2 A5 E
&& 318 sto] EFDCHE 28513t

EFDC & o] =] s A5 13h AJulf ®7g 41 AlIZt 3
% Navier-Stokes H 412 A8, =-2] 5142 ¢35t &4
TS 4 1k o 2 217427 A (Cartesian) 2} 2] nl2-A]
A (Curvilineal) & A A © & A85F4= QIt}(Zhen, 2007).
Az A| o] S Bkl B2 ok o] Fd= £ F
517] $¢-w B ARt oEHQJ ’“1 of Agtsict Et 2 5
B THOE slo] B gt A0 glo] 4] 4
A= A o] 7Hs5tod % oz A s e QL

A AR A 2 4= ek AR 2] A A= Sigma
stretching (o) Z}3E A2} Generalized Vertical Coordinate
(GVC) 1A E AN 5 9lo ™, EFDC+ Ll of = Sigma-
zed (SGZ) &3 A 7} 71| Uk o 232A|19] 542 4ol
s s YRt 7o) S AAske] 4lo] 45| et
= Yol thet 2] 2245 WA T 4= Qlek. e 9] |
Stof| whet =5-2] A7} 7HHAsH 4fo] 212 SLof| A 2
A5 A0 g% ks ARk of#le Tl )%
c}. ¥, SGZJr:UJﬂ— A 9] 7P Al sl of &

i?i-ﬁrﬂ.i

011

o] =302 ARE Y —/F pom, 7|E0 o FH3A
9] ??_}74]@?_] T24% 34 A4 2151} (Craig et al.,
2014).

L}, $EDH Sy

EFDC $3 E%_% CE-QUAL-ICM ®4 (Cerco and Cole,
1994)&-velo & 7jete] Q1 0 1 22 7} O] =2 Abef] =9} A)
= 5ol %—H SAgIch 42 mYlelq ERs W 115
wx, xR 24710 AR O £8 o B )
& HORIY f7lE A3t thefiAl= WASPY} 2o] BOD

2 ROekx] ¢k, 37)9] A2 thE Ao '
(RPOC, LPOC, DOC) 2 A| 53} 0] s Alalc}. wat A2
E_E.-Q-o]‘:—"— 07]€LH94 )\ 74/\ 01_4 —(st}o [e] /HXAO %3“
257 WESHS B A, 910) SIS Bkl Ala)
B, 3571514 (TOC), 521 (T-P), % B (T-N)wofge] 2
SHETh 7F 97ek Hay ol LA gxw(Refractory
particulate) Y5304 AR (Labile particulate), 1232

B 84 (Labile dissolved) @] 37l 319 1502 14-1.‘4
oj E—J%Ek wheba] BLOJRH QfoflA] Blofut WSl 824
715 (RDOC) 2] &Y 7] =7} F Aol A= 28] 2191

o] = 4 9ltk

b
ol

3. ¥ I
7t XgX= 7

A A o A T F 24| ] 2| A A 142 sl A5t
T B A9 AL e A HrefsioRih G
#427)9] EFDC %8 2249 52 2] 21 ghaisol 28
ALl 2016 A 50]] A4=A] WollA] St AR EE A
Fiob A 44 Z2 1 (CVLGrid) & ol §31o] T4l
1:]-, /\1‘1:11:11-6‘]:_9&_‘:—_ 115/_1/«]}_].?1.74]2 ].Q_s].o:l o u:] §]1:]— Hl—
8257 (17.1 ~ 39.4 m), ZCHF (17.9 ~ 66.6 m) % 1,528
o] A2 e FASIAT, SRS SGZEHAE A aelo]
eol] ket 22 2ol 2o 2074e] 450 2 Lh-gick
ARy e] Yehes solsh] 9Js) A A WAL B
A5t AT} -34~11.09 HYYE R o HH 2.1 (=& Z
ApA o] K-S o) F o] & A 0 = whtE| Qi) (Fig. 2). T
ot well Axpol| A ALHE GA|A] o] =91 A8 A
2 27 2} H] 115}¢] Absolute Mean Error (AME), Root Mean
Square Error (RMSE)£} Nash-Sutcliffe efficiency (NSE) S

Fig. 2 Numerical grid system of G Reservoir and orthogonality
deviation
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Fig. 3 Comparison of observed and simulated water levels versus
storage curves

AMgETo] )9t Hte & 718tk AMEE=0.17x10° m’,
RMSE 0.24x10° m* 2 24]4=8-2F tjju] 2 %o]u|Q] o212 1
R, NSEL= 0.999 2 v~ 122 A1 2| =5 LEP )T (Fig. 3).

Lt =7 =4 7

2 5o Wagh 27| R AR 59, 2, 2]
B, B0 Zel 4, olstabd Alt) 502 s 4 9)
ok o) 74717k 5 ol §IAFE 502 ) A=A}
& reo] A22014d 1 R H 12971R]| & 819k 27] 4=
Sh o] Al A7) 4-919) EL. 45.78 m2 2| 4590
Gt} 37 A1) S A AR E A1) B
2 0 & 37 ol (AFZ R Sitel, Site2, Site3) 0. LHE0]
AR The 27] 348 eielel 23100 GelER BAp) ol
o] B2k b WS AFEARE A Mt AH A Ao
K9] Egto] ©7IZE gtofl dojur] wiZell mojubrg oA &
Qe 74 242 A0 Welelo] 272U T4l
o} REo A= oA Al- g7 o R dojuf= 853
AL 48l Sl BAHE 9B 54 (gm’d)9}
SOD (Sediment Oxygen Demand)-& w72 ARESHC
2 o]Ae] HH 2] chal s BHze] 4% WSoD A
FAIE EO|2 POs-P, NHsi-NO 854529 SODE ¢
a2 TA3EATHKRCC, 2015b).

BAAZAL G153 FUSY ST 5, 7Y 5
o= FAEo] Ik GASAIL 93 1A% fofolnz 1
Aol Wag Ax] % A2E Susly] ol wet
A 5o o 7P Aol 9123 4471 el A S5
20141 Q4 44 A1 2E g SH0] 29— 12 A B2
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Fig. 4 Comparison of observed and simulated water surface
elevations

HEC-HMSo| Y=jslo] 2f-o f-53F& A8l o, 11
ANE mdlo] e b -85t E3H S ol 91x3t
slga] 2l G WWTPL] Adul=al 212 s 4

A& ARE AR B4R 24 Sl AMEsklth
2 Aol FE5E A FARL; AL fUH ST
A AR =S F7el7] §18 2014 GAA o] 9 4=
9 2AA 7} Hol4=91= H|wEt A}, NSE 0.986, AME
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Table 1 The kinetic parameters used for water quality simulations

Table 2 Water quality status of the reservoir and G WWTP effluent

Parameter Value Year Sitel Site2 Site3 G WWTP
KA. Half—saturation constant for nitrogen 0.015 coD 2013 14.4 147 6.7 79
KHNgy uptake for cyanobacteria, diatoms, 0.012 (mg/L) 2014 9.4 12.2 9.3 17

_ -3 —
KHN greens (g N.m™) 0.01 2015 93 10.2 97 49
KHP. Half—saturation constant for phosphorus 0.0015 T-N 2013 2.1 279 47 8.31
KHPgy uptake for cyanobacteria, diatoms, 0.0015 (mg/L) 2014 4,03 3.93 6.68 7.66

_ -3 v
KHP, greens (g N.m™) 0.005 2015 3.67 3.84 4.88 6.66
Minimum dissolution rate of refractory 2013 0.12 0.16 0.28 0.87
ay (ma/L) 2014 0.1 0.1 0.28 0.51
Kie Minimum dissolut(ion fﬁte of labile POC 0.045 2015 0.04 0.05 0.17 0.10

day ’

Koc Minimum dissolution rate of DOC (day™) | 0.05

Denitrification half—saturation constant

Table 3 Statistical indices used to evaluate the model accuracy

KHD Z 0.5
e for nitrate (g N m™) ) Statistical index Equation Desired value
PMc _ _ 25 2‘: Q-
PN Maximum .grow’th rate for cyanobacteria, 25 Nash—Sutcliffe P i
—_— diatoms, greens (1/day) = efficiency NSE=1- ——— 1
PMg 17 E(Qo Qruﬂ)Q
7W8rp Settli locity for RPOM, LPOM 70'8 -
€etlling velocity Tor . Absolute Mean 1
WS 0.8 AME= — -
P ; : Error Ni;wf @l 0
Partition Coefficient for Sorbed/Dissolved
KPO4, POs 0.5 Root Mean
0
Square Error
*)=Observed value, @;=Simulated value, @,, =Average of

4. AUzl 79

759 A2 S Aol w2 G442 BOD,
COD, T-N, T-P 55t &4 528174 7|% S 1~V el |
Slojul, MO R 570 A=} Uj$- & O Al
ST AL 52 845 Fol] §Iet 2

SAR, S0l Aol A48 02 B S 4
27k glo] F7ha10) A thRSe] Alal Folc. olefat
oha Follis A7k A B2 Bl e 24, A4A)
27 AT G WWTP 5o vlolal2, 91842 24,
s A ol ZitEck 53], G WWTP W540)
79 COD iz & U 42 wo] ] whe wolA|gk
R0 TINTHT-P 5 247 Bt Sime] v]sl) Al o)
o} Z Q3 T8 0 2 112]%] 31 9Tk (Table 2). ufaba] & 917
oA 33 2] mRE ASARE AT 5, GA
SA)0] SRS 18HG WWTP 5242] o] o2
o e Hrstech

5. BY T}

mofgta Aol $AH Mkl oxje] 271 Bk
37| 98t EA|2| E2 NSE, AME, RMSES A}4:3}9it}. NSE
L3R 400 BYY B34S F7Ieke AEH 02} ]

observed values, N=Number of data

Ato]9] G 71, 1of] 7P7h&a el A5 Bt ik
S AFEBHE AN 2 BEAS WOl AeE Pkl
(Nash and Sutcliffe, 1970). AME= A HF 22} 2 0 A=
Qo melgre) MALE Aol e As) AR oln,
RMSE = 4243} 1 olgh #31) 210 23] o
#0) AFEE 5= Aotk AMES} RMSE: % 0%
2718 Ao Hopsks Axols] 00] 7P7hess wel

-
3

9] Ai50] =2 A © 2 P (Table 3).
I, Zat Y o

§' 1
o z50] 4 % l AR
o}, wjebA] fawle) 7o) A 4= 4 olo] okA 1
Gelolof 3t aHol Slekabch, G el 2] 2
32 9130 20144 B 8] 59 T ) 30 A olA] A2 S
23 wolA3kE A A g )i 519} (Fig. 5). 2] A3}
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Fig. 5 Comparison of observed and simulated times series of water temperature (a) Site 1, (b) Site 2, and (c) Site 3
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Fig. 6 Simulated time—depth profile of water temperature at 500
m upstream from Dam
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o)

A]
o

>

Qe SR 1§ Fasp holol & 712t o
PR ORI B9 ol A A4 o A 4
A 24 AR7t o] 1ol A2E PHT 1 gk

ofr

p=)
>

N
-

|-SHE +2HS 29| At

N

f. &=MA(Dissolved Oxygen), & §7|EtATotal Organic
Carbon)
oW 5 S AR OlA 2 DOLETOC F=of o
3 U BOghe AAGR BBt o (Fig. 7), 1)
Aol tfgENSE, AME, RMSEE 44 81o] Table 30f] A A]
SEQITE 3 AR AR B A S gkl tigl 7] S A
Zrt B 2 4= Kruskal Wallis 7% Z3+= Tables 5, 6, 7] ZF
Z A A EFA L) EA A 2]+=IBM SPSS Statistics S AR5}
o Qg HAS AFYSE A}, BE EoA Aol
7\7ksjo) |4 EA|Ho= Relsisck
AZZHS 1T, DO B 2520] 93 (Fig 10 %) 02
FFET S shRollA =2 32 Holn, TOC= 54H4 2}
= 3A] Y8kou 7)ol AdRollA W o] 24| vEt
oI}, L 4] ) 378 )4 DOR}TOC 5ize]
4A W B4 A Ngsigon, DOg TOCH tig
NSE & 2+7+0.20 ~ 0.91, 0.39 ~ 0.99 2 -2 H2}7}
3 JeEPF o RMSE 1.61 ~4.63 mg/L, AME 1.23 ~3.87
mg/L o] @ A 915 H It} (Table 3). Z1euf, 22 A7 7]
74 DO “5&=0] AS5gkE B Aok A3 2ok ¢
W 0 2 422 Y DO sle= 7| 256 2] &7], EJZEA
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Fig. 7 Comparison of observed and simulated DO and TOC at (a) Site 1, (b) Site 2, and (c) Site 3
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Fig. 9 Comparison of observed and simulated T-P and PO,~P at (a) Site 1, (b) Site 2, and (c) Site 3

Table 4 Error statistics between observed and simulated water quality variables,

Site Index DO TOC T-N NHa T-P PO4
RMSE (mg/L) 1.61 0.66 1.50 0.54 0.08 0.05

Site 1 AME (mg/L) 1.23 0.48 1.15 0.34 0.05 0.04
NSE 0.91 0.99 0.97 0.86 0.47 0.65

RMSE (mg/L) 463 1.65 1.28 0.41 0.06 0.04

Site 2 AME (mg/L) 3.87 1.34 1.09 0.25 0.05 0.02
NSE 0.49 0.66 0.80 0.32 0.52 0.45

RMSE (mg/L) 3.61 15.50 0.96 1.04 0.05 0.04

Site 3 AME (mg/L) 2,90 572 0.70 0.70 0.03 0.03
NSE 0.20 0.39 0.85 0.18 0.55 0.60
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TPOHPOPE ALADBIAZ ALA YT ST 7). T2 ST A St 1904 $47] 5 mofg2
HUb e ghe MGlow WE BE 2 Uehtor] e AZge BRI 43S B, o 49 A £9
Sl olelt A3 WE S Al usin o flshs dediel 5 =q0] o) Az
91tk (Fig. 9). T-PEFPO,P| thet mele] 524 AFANSE 2 WIJslx] 31 9 EJ%E}

} o
%1\—1:

27} 0.47 ~ 0.55, 0.45 ~ 0.65 2 &Xéﬂi’igu% (Table

4), A=gka} R oj7ke] EA A §-oA]-& Site 2 A F 2] T-P &
E2 A3t HE x| H 3} 3FEof| 4] Kruskal Wallis testS =

31 P-value >0.5 0| B2 W E 0] 501d0] %

2191 =91tk (Tables

Ct. Z=&(Chl-a)

AR=

o TT&

SHF Ao A 9] 257 (Chl-a)ofl Hiet A4 2

T}ofl th3ENSE, AME, RMSEE- B]| 1/3}%I T} (Table 8). Chl—a

Table 5 Descriptive statistics and Kruskal Wallis test between observed and simulated results at Site 1

DO TOC T-N NH, T-P PO,
Index (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Obs Sim Obs Sim Obs Sim Obs Sim Obs Sim Obs Sim
N 1 303 11 303 11 303 11 303 11 303 11 303
Min 5,00 3.12 3.50 3.88 3.66 2,32 0.47 0.28 0.18 0.13 0.10 0.08
Max 1.8 1.7 15.4 16.5 9.96 9.99 3.95 3.86 0.40 0.44 0.28 0.32
Std 2.04 20 3.20 2.85 2.08 2.30 117 0.86 0.08 0.06 0.06 0.05
Median 8.10 6.49 550 6.01 6.33 51 1.89 1.57 0.28 0.23 0.18 0.14
p—value® 0.026 0.05 ) 0.05 ) 0.05 ) 0.05 ) 0.05 )
*Kruskal Wallis test, Ho: 4, =1, Hi: reject Ho if p—value € 0.05,
Table 6 Descriptive statistics and Kruskal Wallis test between observed and simulated results at Site 2
DO TOC T-N NHs T-P PO,
Index (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Obs Sim Obs Sim Obs Sim Obs Sim Obs Sim Obs Sim
N 1 303 11 303 11 303 1 303 11 303 11 303
Min 8.40 6.59 4,50 2.88 1.39 2.39 0.00 0.00 0.04 0.07 0.00 0.00
Max 20.3 15.3 12.6 9.67 6.57 8.57 1.92 2.19 0.19 0.26 0.12 0.19
Std 4.21 1.97 2.24 1.95 1.93 1.89 0.61 0.51 0.05 0.03 0.04 0.04
Median 11 10.1 5.60 5,04 3.31 418 0.72 0.44 0.10 0.15 0.05 0.07
p—valug* 0.022 0.05 ) 0.05 ) 0.05 ) 0.004 0.05 )
*Kruskal Wallis test, Ho: u;, = o, Hit reject Ho if p—value ¢ 0,05,
Table 7 Descriptive statistics and Kruskal Wallis test between observed and simulated results at Site 3
DO TOC T-N NH4 T-P PO4
Index (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Obs Sim Obs Sim Obs Sim Obs Sim Obs Sim Obs Sim
N 1 303 11 303 11 303 1 303 11 303 11 303
Min 7.70 4,67 450 257 1.89 2.36 0.00 0.00 0.04 0.04 0.00 0.00
Max 16.9 15.7 9.00 9.27 6.46 8.13 2.67 1.48 0.16 0.21 0.12 0.16
Std 2.51 2.41 1.49 1.98 1.65 1.81 0.82 0.40 0.04 0.04 0.04 0.04
Median 10.8 10.3 5.35 418 3.53 423 1.00 0.28 0.11 0.13 0.05 0.06
p—value* 0.05) 0.05 ) 0.05 ) 0.009 0.05 ) 0.05 )

*Kruskal Wallis test, Ho: p, = o, Hit reject Ho if p—value ¢ 0,05,
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Table 8 Error statistics between observed and simulated Chl—a ‘_ [efeh 7o) el R e foh=
dlofli= aHA7} Qe
Site Index Chl-a
3
RMSE (mg/m) 5,81 3 x{gmo_l Hl_ol H §J—_,|_ _E_A_.!
Site 1 AME (mg/m°) 4.03
NGE 085 GARFAI9] RS 918G WWTP] W54 o]
RMSE (mg/m°) 92.42 A tj@e] aaks FofRat A A ER v|asto] UeR ik
Site 2 AME (mg/m?) 58.03 (Fig. 11). TOC Y] 7%, vlo| oAz AR 7Y 25 &
NSE 0.25 3le A3A7]= AR YEpyon, shrolA ke 42744
RMSE (mg/m’) 494,20 A7} u|SER. of= A=A W& TOC 5&=7FG WWTP
Site 3 AME (mg/m?) 183,65 R sEETh =7 'ﬂi—‘?—oltﬂ EZFapo|af Ao mhE A4
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Fig. 10 Comparison of observed and simulated Chi—a at (a) Site 1, (b) Site 2, and (c) Site 3

Table 9 Descriptive statistics and Kruskal Wallis test between observed and simulated Chl—a

Chl-a (mg/m°)

Index Site 1 Site 2 Site 3
Obs Sim Obs Sim Obs Sim
N 11 303 11 303 1 303
Min 0.80 0.95 2.40 543 1.4 8.97
Max 40.1 437 340.9 97.7 1651.4 90.9
Std 13.7 9.11 99.7 234 487 24 4
Median 6.80 8.55 4.6 36.5 31.5 36.4

p—value* 0.05 ) 0.05 ) 0.05 )

*Kruskal Wallis test. Ho: 4
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Table 10 Effects of bypass on the reduction of TOC, T-N and T—P concentrations in the reservoir

TOC T-N T-P
Control Bypass Control Bypass Control Bypass

Site Index

Median
(mg/L)
Reduction
(%)
Median
(mg/L)

Reduction
%) 1.0 8.1 16.8
Median
(mg/L)

Reduction 20 8.2 158
(%)

6.004 6.350 5.149 4.811 0.230 0.226

Site 1

4.486 4,400 4190 3.851 0.149 0.124

Site 2

4,282 4198 4,232 3.883 0.133 0.112

Site 3

18

L —— Control
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=
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Month Month Month

12
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(a) (b) (c)
Fig. 11 Effect of bypass on the control of TOC, T-N and T-P at (a) Site 1, (b) Site 2, and (c) Site 3
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