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Abstract

Since construction of the estuarine barrage at the mouth of the Nakdong River, eutrophication and increased abundance of
phytoplankton have occurred mainly due to the increased retention time in the reach. However, during the spring, there is a
decrease in chlorophyll-a, as a result of an increase in zooplankton number, which preys upon phytoplankton and affects the
value of chlorophyll-a. In order to emphasize the importance of zooplankton data in water quality simulation, zooplankton
community data were used to simulate water quality and eutrophication at Mulgeum located in 27 km upstream from the
barrage. WASP 7.2 was used as the water quality model for the river, using a monthly data set from 2003 to 2005 for model
calibration and verification. The results showed that chlorophyll-a, DO, and total nitrogen in the river were simulated well
during the verification period. The results of water quality simulation using zooplankton community data in the model were
better than those with phytoplankton death rate, in terms of the absolute value of percent bias, root mean square error, and
Nash-Sutcliffe efficiency. Those results indicate the use of zooplankton data provides more accurate simulation results for

chlorophyll-a and eutrophication.
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A9 UehA &3krh(Jeong et al., 2007).
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WASP 232 Hx=Z Di Toro 5(1983)% <JsiA A Fig. 1. Eutrophication state variable interactions.
Hol g3 A8s B 74 - RIS AA W FFF
of 93] EEEHUT WASP ¥ g AMEEo], Lung FEth AEX 4 7SS A AT
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I, Hernandez 5(1997)< microcosmsd] &< E3F T3 gate] £2& B3t 2 AFoAE Chl-ag AME

AEFH JIEL AL HAsIYeH, Wang 5(1999)2 B ol sEEFIEY JHATE d¥std Rt
Tampa Bay?l 49 JFELAH +29 FAE EA5%TH A#E stk 2 FAFE ol&ste RJAHAE

FYAQME, £2d 5(1993)c] TZF5o] WASP 2F< A5

AgaHon, AXSE 5(2008)2 799 FEP T WASPS WASPEE 2 AEF U9 2% 2989 W3, 52
£ Z gty P39 BOD, total-N, totd-PS =283l th 2ottt o] REL HFY HFHE RIT 5 YA 1, 2
A71F(199)2 HF ERFL] WASPEEFH QUALZ2E 3xY H Lol BF JtsstRrE sAF S4d Bt 2R
2% 2 AUTO-QUAL B3P & A&sto], WASP Bg¢] & AHEE & Aok SA4E AAFEQD Toxicantes #7158
AEALE AYT FEITEAA 22 FFEE YepdT wgo #d FJsE, HASH 2 B4R E7lE Wl
I AN el AEY(2007) = WASP7.29F QUAL2E HHAY FFE SEEY s=F dFste g 5
£ 4 kil 283t BOD, totd-P, tota-NS =2]sl%] Y guFEH AFAZT &4 [ RIS AHFEE
31, WASP7.29] BOD, total-P 22 Z37} QUAL2ES Z Q] Eutrophication ¥ 232 &&4k4, gaA A3y A

Table 1. Levels of complexity in implementing eutrophication model

System Symbol Name Use in complexity level
number 1 2 3 4 5 6
1 NH, + Ammonia nitrogen @) @) @) @) @)
2 NO,- Nitrate nitrogen @) @) @) @)
3 PO,3- Inorganic phosphorus @) @) o
4 CHL Phytoplankton carbon O ) @)
5 CBOD Carbonaceous BOD O O O @) @) @)
6 DO Dissolved oxygen O O O @) @) @)
7 ON Organic nitrogen @) @) O @)
8 OoP Organic phosphorus @) O O
Complexity level Explanation
1 “Streeter-Phelps’ BOD-DO with SOD
2 “Modified Streeter-Phelps’ with NBOD
3 Linear DO balance with nitrification
4 Simple eutrophication
5 Intermediate eutrophication
6 Intermediate eutrophication with benthos
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287, dFE2H 71224 Jal dFE B= A2 A71A, Ax stk 9 Ao LW A A F
FAE BYTE A5 2HE 252 ANE 252 2Wst #4Q olF - gAY (eHe ¢ v ), Foid
ojuf ttE 9% EY9 ZHE ol &std AT F+ 3 3, ‘ﬂﬂiﬂr%ﬂ(—?—t“is’% mA g g Uednh naAddE o
o} Fig. 12 WASPEE % Eutrophication F 239 +4 QA For FFstu HAG oL, Fsl, W o
EA7 43 #A&E& Jebd Ido|th Eutrophication ¥ = < FAAEFHE T

1
=
e 67H FRY wolRel me $ae 2T & A

(Table 1)
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Fig. 2. The Nakdong River basin and sampling stations.
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Table 2. The stage-discharge rating curves of the main stream
and the tributaries

Station Stage (m) Stage-discharge rating curve
Q=162.783h° — 1191.88h*
h<3
+2943.39h — 2374.36
Weagwan = K2 +16.1535h°
3 <h<10 Q= 6.37886h" +16.1535h
— 45.7564h — 41.6969
_ =13 _ 2
h<9.2 Q= 38.9215h® — 177.7483h
+267.429h— 131.176
Geumhogang — - P
99 < h<5 Q=—"50.1868h* + 586.726h
—1830.13h+1732.37
5} Q=—13.34202h° +82.2149h*
2
Hwanggang —150.256+ 67.0698
h<5 Q= 2731.35In(h)— 3492.86
h<1 Q= 4.34013exp(1.86658%)
Namgan =37. 2 _19.
9@g |, 10 Q= 37.5523h" — 19.6055h
+12.3685
h<3.85 Q= 30.5455In (h) — 36.5416
— 3 _ ani2
Hoecheon | 3.85 < h < 4.337 Q= 1827.45h* — 22440.90h
+91852.5h — 125282
4.337<h Q= 59.09891n (k) — 30.1089
#1s1 HEC-RAS 23 & |83 Z#E SAZA A
FEAT #Hd 42 vaH 2tk
V=aQ’ ®)
D=cQ" (6)
B=ec@Qf (1
Q=V-A=V-D-B=(a-c-e)Q"" "/ (8)

A71M, V& HdFE&(msec), D& BFd54(m), B+ ¥
#3HE(m), Q= FFMIse0), as FEAF(EAY), be
FEAF(FAY), ce FAAFERY), de FHASF
), ex FEAF(FAY), f& FEAF(FAD)olth

2 (8N (a-c-e) b+d+fe 10 At}

225 SEEYUIEL ™ XIE

=5 AR Edste FEEFIAES T 8F22 ¢
A e, FgE0] AT o]&d FEEFIES 18F°]
o FARY Ade 18F S 49 A9 s £2Y F
8 6FS 4 F7 A7k AY gl £ =89 3
Folle gl & 782 655 dHI 2AE AAstA

WASP g JHH s ST EY A8E HAF0l
o} ol we} Chl-ad] 2o #dste FE==ZA=Y 7
A-E dYstaen, d89d AR Fo2s &7

Brachionus calyciflorus, Hexarthra mira, Polyarthra spp, A
7+ Bosmina deitersi, Bosmina longirostris, 87+
Cyclops copepodids?} $Ith. Table 3& SEZZaE 2
=2ZFI =Y #AE Ueille B8 ARY 58 A4S0tk

23. 28| Mg WE1 Ao IR

WASP E9dxe AEEFaze] HFEH} ALES
AHgshe A9 Bk 2y 2 AP AEEPaE
o AEERD g FESFAEY MAF 4 HAER
=g gttt 23 9¥8 FEEFAEY AAFE F
Aojeta AEeTA ZFF AR(2003-20059)F A&
st ek

WASPEY 9 B3 2003d 19 1¢HFH 200349 12€
159744 ek B AIF2 20039 12¢€ 169FH
2005'd 129 31474 stk ¥ E9 = Chl-as 5

—

Table 3. Species-specific filtering rate (SFR) in the lower Nakdong River as measured by uptake of microspheres

Species (mL /an?rEZ - day) M easurement Model input

Asplanchna priodonta 0.185%0.210 @)

Brachionus calyciflorus 0.597+0.827 @) @)

Brachionus quadridentatus 0.153+0.178 @)

Brachionus rubens 0.029+0.015 O

Filinia longiseta 0.035£0.037 @)

Hexarthra mira 0.210+£0.154 O O
Rotifers Keratella cochlearis 0.001+0.001 O

Keratella valga 0.002+0.001 @)

Lecane spp. 0.001+0.001 O

Monostyla bulla 0.001£0.001 @)

Polyarthra spp. 0.111+0.057 ©) @)

Synchaeta oblonga 0.045£0.002 @)

Trichocerca spp. 0.010+£0.009 O

Bosmina deitersi 0.057+0.045 @) O

Bosmina longirostris 0.157+0.297 O O

Cladocerans -

Diaphanosoma brachyurum 0.453£0.275 @)

Moina sp. 0.101£0.153 @)
Copepods Cyclops copepodids 0.258+0.210 ©) @)
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doz dgom, RINAN FE0Ae 192 BIag
oh A7kl He Be)2%E W] 9] Gupta 5(1999) e e oheenert
o) AN 374 BAGES AgIG, 0]

SAHE root mean square error(RMSE; B #A] % 2.319]
AF2), percent bias(PBIAS, B Wate u]E), Nash-
Sutcliffe efficiency(NSE; Nash-Sutcliffe €84 XF)olth
SAZY T4 Bed 2o

Chl-a (j:g/L)

RMSE—\/l/N)E<%m ohe) (9) 0 |||||||—||||||||||||||||||||||||l

t=1 01/01/03 01/01/04 1231704 1231105
Time (mm/ddfyy)

Fig. 3. Smulation results of Chl-a

PBIAS = E( ohs um)/z olis < 100 % (10)
t=1 t=1
16
~ ~ 4" calibration ' verification
NSE:l_E( sim __ oﬁe) E( ohs mmn) (11) 14 —
=1 = IR
~ 12 o }
i . o 7
A7IA, ¢'me A BOERE(ugl, mglL), ¢ e #F £ 10| :
FEUYL, mglL), N& BEARY F, 7L HEEEY 8. \
B (ug/L, mg/L)olth .
A WA EAEA RMSES] B9 ngll, mglLelx, H3 ®]|7" = Qpserved ="
- ompu
%k%‘o’o‘lq-'—'—ma“iﬁ]aO]PBIAS"']:}";ILO‘I:]_l 4 IIIIIIIIII|IIIIIIIIII|IIIIIIIIII
NSEE= Falgoltt 01101/03 O”.T.‘.’“ o/ 12031/04 12131005
o . me (mm
RMSE: 943 29 o= oxe g7 4Ad Ax= A ime (mm/dd/yy)
Mate Aow, zrol z}%_/,“_% 2y Hso] § 2oL Fig. 4. Smulation results of DO.
Uetd . PBIASE RAFEY sl #35E s Hl&] .
A A2 B=e A BHAA dFE FETH. A calibration ! verification [a = = Observed
#He AS ‘001, FFd B HF4aFE, 27U B T T ! Computed
A F3Ee FFo2 BYPY A TS 9ngitt T o4
NSE: #Zgtel 2abel tid b 2ako) Fojgl 27 £
of tigh HEol, HAHZS ‘TolH HAT ‘0S 2H ok = i
B owolsd 4 9E 4%¢ BT @ F itk 3ol T o
0 e EFY 2 HE #Z3Y HAES AES
= Aol H Wt A& Adu i@ SF o)4s, 2007)
o B
[m] x F 01/01/03 01701704 12131704 12131005
3 éﬂ} ='=| _,E Time (mm/dd/yy)
Fig. 5. Simulation results of NH4"-N.
1. FEEe AL}
Fig. 3~74l 239 B3 7123 AT 717 49 A2t & i
A | AP T Observed
w2 Chl-a%t DO, NH4' - N, total-N, total-Pe] =]zt # . callbration , verification T computed
Z#S JEAATE o]9d BOD, NOs-N, organic-N, = !
POS -P, organic-Pel EOATHE EAR 4 JokHEW, 3, | |
208 AREAS A £ |
Frg Aol NH, - 49KFig. 5) PO~ -P«l 25 R .
Zﬁ“—‘i— A2 #EFE BAE F e WHHEFE FEs AR :
7] gk UHA $£F WFEY F5el E'_‘%JE%! 2% 2 l
L ound e oxE HYon(Fg 3, 4, 6 7) AT 1 I
IH%%.%]}&?J(ZOO8)4LT37‘Q'§_%}£F9}U}_ 1 I[ill[lll]llllilllllfllI[III[III]
N 01/01/02 0110104 12131104 123105
E71% RMSES NSE, PBIASE Al&3lol(Table 4) A% Time (mm/dd/yy)
717¢e] meo] ATE gLy o] BrEHh Fig. 6. Simulation results of total-N.

TAEH == 8HEE|X| H253 65, 2009



S 23N AR 837

04

I
1 calibration | verification ®  ©@Observed
! Computed
03 — |
o I
2 l
g " .
g8 \ !
(o]
= o o| | y
1
\ nw"‘/“m ;"E\E/N/“
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Fig. 7. Simulation results of total-P.

Teble 4. Statical analysis of verificationi results

Item RMSE PBIAS (%) NSE
Chl-a 28.86 (ug/L) 18.86 0.565
DO 1.27 (mg/L) 1.46 0.777
BOD 1.36 (mg/L) 45.92 -0.175
NH; - N 0.13 (mg/L) -45.94 0.128
NOs - N 0.45 (mg/L) -3.04 0.325
Organic-N 0.30 (mg/L) 30.75 0.348
Total-N 0.41 (mg/L) -2.03 0.522
PO,” - P 0.03 (mg/L) -26.73 -0.283
Organic-P 0.03 (mg/L) 19.20 0.198
Total-P 0.03 (mg/L) -13.73 0.078
F @A A Chl-as HFHAY] vl &o] 189%EA] M|
el AHEE #FSARRY RYgo] td Fom NSE:
056524 BP9 §&2 o= FEY HEHS 7HAL

>

ok £ A4 HAHA HE2 1.46%°]3 NSEE 0.777
2 Fol B9 o] 2% A3 RYPAAI} AF H ol
NOs - N¢ total-N¢] 29| 2 FHHAe] wlgo| Z+z
-3.049 203%2A 237 Foy NSE: ZZF 03259
052224 thh AL g HElth whde] NH, -NS F

Az H|Eo] -45.9%FE A Eogre] Ffskal organic-N&
308%=2A  Eogko]l FHAstth NHs -N9 organic-N
NSE: Z+7b 0.128, 0.34824 s 3slA| Zsith
Organic-P= FFHAY H]go] 19.2%2A thih ATt
NSEx 019824 ¥&stA Fatth. PO, - P ®oAd=
HHFAAY " go] -26.7%=2A Egkol st NSE=
STFe Ho RO BT #SFEY FEEES 2E Ao
2 A%E Helth I E BT totd-PY = AT
BFAX Hgo] -137%EA ITA  LA}E Kol
%31 RMSEE 003 mgL24 &ow, NSEE Foriw}
g Bl

WASPY AZZ#E 99kstd, DOE wWi¢ ZFEsA =
9|59, Chl-a, NOs -N, tota-N& o= Fx F&s}A
295929, organic-N, organic-PS th& 9171 3 A
AAQ A2 £33 @ ol otk ¥t RPRFGA
=49 W/l¥4$2E BOD, NHs -N, PO -PS HA3)

X of o

0
O

3 2270 wiAW ] 47 £10% Hajo] W& Chl-a 943 =
£ 0.01% "] Ftol Atk YA wiziwS 574, 370, 270, A
9] +10% sl W& Chl-ag] Y1Zt=E 742t £0.01~0.1%,
+1.8~3.7%, +6.3~14%, -12~61%% THTable 5). ThA] @a}o,
Chl-a Bogk2 277 wizfdsel diste mj E3st3ch

TEEHIE MAFS HAEZYIEY AIEE
AMgste] WASP 288 BEZ8E 4 qlvh 1A w7l

[e]
Az

Table 5. Parameter sensitivity of chlorophyll-a in WASP simulation

Average sensitivity
Variable Parameters Vaue of chiorophy!l-a%
10% 10%
increase decrease
Phytoplankton maximum growth rate @20°C 5 14.04 -12.81
Phytoplankton growth temperture coefficient 1.041 -12.03 61.27
Phytoplankton carbon: chlorophyll ratio 50 -0.08 0.08
Phytoplankton optimal light saturation 350 -3.69 3.75
Chi-a Phytoplankton half-saturation constant for phosphorus 0.005 -1.71 1.81
Phytoplankton endogenous respiration rate @20°C 0.02 -2.38 2.46
Phytoplankton respiration temperature coefficient 1.045 6.17 -6.25
Phytoplankton zooplankton grazing rate constant 0.001 -0.56 0.60
Phytoplankton phosphorus: carbon ratio 0.001 -0.08 0.08
Phytoplankton nitrogen: carbon ratio 0.001 0.00 0.00
) Mineralization rate constant for dissolved organic P @20°C (per day) 0.22 0.38 -0.45
Organic phosphorus - - - — —
Dissolved organic phosphorus mineralization temperature coefficient 1.08 -0.24 0.63
Other twenty two parameters for DO, ammonia, orthophosphate etc. - -0.01 0.01

Journal of Korean Society on Water Quality, Vol. 25, No. 6, 2009
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Fig. 8. Comparison between simulation results based on
zooplankton and those based on phytoplankton death
rate.

9 F7h WS B BT WAEST B Aol 47
@ WS 28e 24 A ol enE, FEEYa
E9 MAFE A8t 337 wESE
g AEEYAEY AEES AHET WASP RO E AHE
ok FEEZIEY MAFE AHES Chl-ad 223

AEZYIE AIEES AMSS 22 HAE Fg. 8

239 BEAVAAME FEEZIE MAFTE 4
Chl-a9l ¢ A9} ANEZFIAEY AMEES Y 2
H7t Z AolE Holx AUTHFg. 8). EFY HAF7IT
A EAZS 248 A Chl-ad PBIASE AEZ%3E
o AAEES 4HI Ao] -30.95%EA FEZZIAE AA
FE ALE Al 1887%ET A FAE2E F o7l
de oake #ERE Bt a3 #FFRT ALdEol
A 2989302 E ¢ § Atk RMSE: JEZHIEY
AEES Y8 2RVt BEZSHIAE MAFE AT 2
FEch 2.8 Hth NSES ARol=E AEZFIAEY AME
£S5 993 AU} -13972 HaF 0Rt A7) &

Table 6. Comparison between the results based on zooplankton
and those based on phytoplankton desath rate using

stetistics
- Phytoplankton
Statistics Zooplankton death rate
RMSE (ug/L) 28.86 82.12
PBIAS (%) 18.87 -39.95
NSE 0.565 -1.397
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