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Abstract

The downstream of the Nam River Dam is crucial region for long—term water resource planning for Busan
and Gyeongnam Province. Thus, the analysis of flow behavior and water quality is necessary for the
sustainable surface water management and the control of pollutant source. In this study, the flow field and
BOD transport at the downstream of Nam River Dam were analyzed by incorporating 2-D water quality
model, RAM4 and 3-D water quality model, WASP with the hydrodynamic model, RAM2 and EFDC,
respectively. The application of 2-D flow analysis model, RAM?2 showed that velocity distributions at the
five transverse sections of the meandering part closely followed the measured values by ADCP, and the
flow field and overflow characteristic at the submerged weir showed satisfactory performance compared
with the result of 3-D EFDC model. In addition, the BOD concentration field obtained by RAM2-RAM4
coupled modeling was in good agreement with the result by EFDC-WASP model throughout the
computational domain. The hydrodynamic characteristic and water quality at the downstream reach of Nam
River Dam are mainly influenced by the Dam discharge, and the water quantity is closely related to the
water quality control and fishery environment at the lower part of Nakdong River. Therefore, when further
quantitative analysis is necessary regarding these issues, 2-D semi-coupled modeling is recommended in
terms of computational effectiveness and model application aspect.
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Fig. 1. Field Measurement and Numerical Modeling
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Table 1. Tributary Discharge

Table 2. BOD Concenirations at Sampling Points

Tributary Discharge (m%/s) No. BOD (mg/L) Remark
Doksan Stream 0.110 W1-1 1.54
Panmun Stream 0.395 Wi1-2 1.50 Namgang Dam
Nabul Stream 0.585 W1-3 1.53 Outlet
Average 1.52
%2 0.1~07myse] W9 E HERITE B8 ERE Y W2-1 1.71
= A, SRR, U 5 3709] A el Al Valeport AF W2-2 1.61
o mzde 5% Agdel AR FU%L S99 W23 160 Cheonsu Bridge
th Table 12 37119 A|HolA SAHE 73 7S Ueld Average 1.64
2elet W3-1 161
22 #A=Y Wo2 150 Jinju Bridge
A= L Fig, 59 o] 57 57 243 371e] A3 W33 1.55
o4 SaET £ 2249 FEE A7) 913 el Average -
A &S G 30 ARE etk W ARe 1 Wil 140
oA AFE e, YR W2~Wh A HL vz 3 W4-2 1.52 In front of
wshy Qs AAEoh AR FESAEE FESEY W4-3 1.49 the bowl
A 2 g1 el frYEE FEA(W6), A4 Average 1.47
(W7), U=(W8) 2] tiszA1 3 ellA AlmE 28t 2l W5-1 1.43
T AR FAEA F52 BODE Fdetal E T W5-2 1.38
Aol ols) BASHA Table 2= BFe} Afe] W53 135 Jmyang Bridge
WA Ao ep AlTh WIelA B 152 pome) Avernme T
SEE Uit} 540 BEdownE 494 29 we " FES——
%O_ﬂ ofslf W2l 3t 1.64ppme=2 F&=7} Eobslth = 60 A —
o] BOD %7} 095 ppmo 2 @1 A F 32 0535
mY/ss HlwA Ee A #9l, Q9B os W 0% Nabul Stream

}Z“j')l_lp

Fig. 5. Water Sampling Points

454 Z3E 20124 3H

335



2boll o3t 84 wkapRo| Al Q] o)Al 9|t B Fo
deo = W3, W4, WoolAd&= ThA] %7} ol

T ST EAA F
o] =)
=i

o= sk 23k 1

3.1 RAMS

RAMS(M Y€ 5, 2010c)+ 200156 A1z 214171
ZEee] AT F A0 A% ]
wALgle] AR SHEE W SEEaAY)
o RAMS 71, RAMS 48°9] 175
zeglojolt, RAMSE B3te 487} =

! z
Aol 58, 2. gEAs] ol 3, sh

il

it ofm
o,

)

o

T
N

2l RAMS6, 1213 A8} gk
o] A-Txg] BEQ RAMS-GUIZ FAEE 2 oA+
ol A= RAMS B3 5 zdstzlolA o] 55 2 FAd4
2320 RAM29} RAM4E 49 a7t 28381tk
RAM2+= RAMS® 3355 ¥R EZA, 334

Navier-Stokes 78218 A& AR ¢ 5 4

oh op  9q
ot ox dy )
@+i(ﬁ+gﬁ)+i(ﬂ) %)
ot ox\ h 2 oy \ h
P 2\1/2
92 Lplp*+P)"
+ghg+gn W—O
o, o(d ﬂ) i(ﬂ)
8t+6y(h+ 2 +8a: h @b
1/2
0, Ldp’+d)
+gha + e =0

336

AN, gi= THIEE, nd& ZEAF, p% o= 44 F
YL frdell 4 nE w3 DAFT Ko, 2=
v dars ojulgit) At 8anek A 84 Bl
3 aot 23 84 T8 B Xete] aaws 75
& glom, SUPG 7IWE o183 Fiesrdgds &
3 A4S ol ASITHA S S 5, 2000)

RAMA= RAMS®] shzlsd s e =X, W=
FHAlIA Ede] 3219 o]F- it A S A AR

2]
2749 o] %2t WAL Augg Ao s Agahe 23
3] o]

R
9 fAeaw

(¢}
RAMA®] Aujgg 4 e thes) 2o,

o(hC) L 0 (10)+ -2 (hoe)
ot ox oy
0 aC aC
Cax h(D” ox + oy )] @)

o714, c= 74 A ol w st v FAAEE
& ke WA ed=Ae] AT, Qv A B
2 skeelth. D, D,,, D, R D, = BARARE o
I} o] T, 2007)
u 1)2
Dmc_ DL? + DT? ’
uv
D,,=D,= (D,— D;)—; 4)
U
2 2
u v
D,,= D;— +DL?
o7|M, D, & FEMNAS, Dis RS, Us
HE o] Z7)(va? +o* )2 AREAL ol JHE Fhew
Aoldnt. AR e FEaEeko] Austiae] Wk
I A A ke Aol ale] FEE WS EES
HAS F= 9TE shA wlrh RAM49| whg-&ka) A4
EE AU o)8she A, =X 7YE edede
(o] 23 AU, 2008), HHEA LHdEZe] Ko
(A2 £+, 2007), BOD-DO €Al Beol(AdY %5,
2010b), 72 (ML 5, 2011b), F-frAF Eoj(M L
5, 2000) 5= TAY F e By o] 7hssith
3.2 EFDC

EFDCx= 874 45 9 g3 = (Environmental Fluid

Dynamics Code)& YERIE= ool &2 Wx]o} ajga}sted

BEKERBEMNE



TA(VIMS)oll A 1992 A3 71 St Hamrick, 1992).
EFDC 29& fAle] ofF, 9 2 2% 2| go%
=

Ay w0 FEY PREAY olF, 29U A9 o
3 84, Ryt 714, HHGEAL o5/ g B
w97} 7psait}. EFDC Rl ake] ZAA %
AL Uehl7) giste] FEAEA x, y HEES e
o AN FHNE ol gato] ueFR §H9
o] g SHe HATTE F, A1kl whet 914} Lol 7}

shshmz el Uls wiste] Wash Hm 1w

g

A7\, 2= Aele] Beld Amoln, hs} (= 27t A

F Svia vievolAe] Beld AEE eI,
EFDC Rd& ?i—ﬁ—%}@ﬂﬂ— %%HO]—XJ/J /\LEHHJ—@/J

B4 nEPAY Som PyEe] glow zizte] P

< Egs. (6)~14)%} 2t}
a(m¢) N o(m,,Hu) N o(m, Hv) 0 ©
ot ox oy
a(mHu) n 3(m,/HUU) N o(m, Hou) -
ot ox oy
om, om,, (go
*(mfﬂLU 5 L—u o )Hv— H—" +Q,
(mHv) (myHUU) (mszv) ®)
ot ox oy
L 0%-) o olg0)
+(mj+v 5 U 2 Huy=—m_ H oy +Q
(ﬂ;fﬂ)) +%(m1/[{uv) +_(mzHUU)
(mwv) ( My 2 )H
+ mwuv mf+ov U o u
h H
= —m, H (gC+p) (Z—yfzz—y)@ 9)
O an g 2V
+ 5 (mh A”az)+Q”
%=—gH(p—pU)p51 =—gHh (10)
p=p(p,S,T) (11)

#5454 H39E 20124F 3J]

S (m HS) + <= (m, FuS) + T/(m HuS) (12)
= (mwS) = == (mH " AS-8) + Qs

:f (mHT) + —(m HuT)+ —J(m HoT) (13)
+ 2 mwT) = = (mH A1)+ Q;

o O (mHO) + —(m HuC)+ —y(m H0) (14)

(me) = s (mH 14 —+u)C') +mHR + Q.

A7NA, 4,4, TGS
FhEde ¥& He F7HER+(, fv Corolis
parameter, m,, m, = Fynleko g
sk Y 5, Te 78, 9, @, R AskE Y
Q)5 source-sink &
sink 3, Q,, Q& —%%ak x@ﬂ—iﬂg 3 u
=%
A H A 2ol 3 '?r“’ﬁh A o HE, w

= LhEhI,
3.3 WASP

WASP (Water Quality Analysis Simulation Program)
288 US. EPACNA 1981139 7Hks WASP 2382 4=
- Hes Ao o] % 19931 DOS7]8F WASP57} v

01 3L, 200139l= WindowsE 7|9Ho 2 3= WASP6

A E ATh 2006130l 7159] 7]es tiE Heksal
Si}% T 29I AA ARg-o] 7l WASP7o] Wi
2t Ambrose et al., 1993; Wool et. al., 2001; Ambrose
et al.,, 2006). WASP 282 s}, A=A, 3+ 3ot &
AHSE A AL o] TSI Ao e
ARSI Q= Eolrk

WASP7¢] 7%, 712 WASP 2] 2rael
st ool ofe] FHEIAY] 7)o FFEAUSH,
R Ay gigk $4e 7|50l AslE o] o]-g2te] He
£ =R&ka itk WASPS Edo] 79l DYNHYDS

do] At RHPolmRE FElfsid] IAE
712 2 9)=d] v]s] WASP7-L 331919] 48] 538 34
o] 75 EFDC =213} AAgte] 2188 5 QT
Ae 25 12709 FENH-N, NOs-N, POs-

3odo

337



P, Chlorophyll-a, CBOD, DO, Org-N, Org-P, Periphyton,
Detritus, Benthic Algae Salinity)& =98 5= gt}

WASPL: 547, A%, 84, gk 59| thekar 524 9]
FATAZ E—ﬁ@.} 4 9l melo]n] AanEe] Yo
SAR WAAS AR TFujere] Aol dial g,
f, AslelA W), R RyE e Kl o] welHn,
37190 BAFAAL By (15)9h 2

00 (o) -2 (yo) - L(ze) 4
t 0 oy 0z
+ 2 (B2 - 2 (g 20 - 2 (. 2C

ox ox oy 4 oy 0z 0z
+5,+855+5

o714, o= A FE FR(mg/l), B A5 (mY
day), Sy= A7 HateHg/m' - day), S A FFEHE
H3}-8( g/m day), S, e84 —rO}Ek g/m’ - day),
Ue 2t w3 f-4(nmv/day) oIt

4. Zxshe 23

41 2R 2ol HME

4.1.1 RAM2

Panmun

Stream '\

Upstream

Boundary

(Namgang
Dam Outle)

Doksan
Stream

ZIEAR (B F, 20090 ARE o]-8-3to] Fig. 62
2,9717H91 sig%i} 288971 A& 7= FRka
£ o, tidTk el f1A1s) = 2
AR, ‘/}Eﬂ s e AFE B E3eth
AzA o ke S WH I 1361 m'/s

52l Table 1—4 e A}%o}oﬂﬁr ol gte] 2%
AT BEHL ARG L3RS %k% 2009)
A0 B Bl AN 2
S3sirt. o] ghe ol Bol 4-% 3

=AT-¢, 2005)

o
N i‘

F

2

o
ol
ol
R
1 o
A
N
_N
S
il
ok
A
<

X,
N

LU

ol
S
2

G
o
=

i
Ir

)

=
g
¥
it
L)
o
ol
D)
rD
o,
fo
i
rlo
1= =
o
or
i o
(=)
(@)
—_
o
ox
(o
B

X

Ir
o
N
Lo

_>|4_'4
o
N
i)
£
N
fu
T
o
T
d
o riz
2
-

ll
o,

O T
_OL

yes e s 2EA5E (.

Fig. 7 RAMR0]| 2]3F Ro
A RE IHEH o] F3he] HERHFo| A
AL, vl o g A F-freke] R
=d _5;_2.0] velstt Fig. 8& RAM29
oA o] FEHEEE EAISE Blo|t) 3
1 Aol o3 BE YFel= o] wE
= 2l = 3tk Fig. 9+= Fig. 20 A%
o ADCPoﬂ olgh 42k RAM294 v

)
63

—U
a
Lo
ol
o

s

il
T
= e né% Au’

o,
= X
Moo

L qu Ho
o A i
e

Mo K
=)

Or_‘Q

lo lo B mf ok
g ooy
SETLE
ﬂ!lﬂléx\lloﬂl
TS
E‘L_{
I
Ul
=

()
[\
{
=}
al
5
o
't f
o,
,ﬂ

Nabul
Stream\

Avd
Downstream
Boundary
(Namgang
Weir)

Fig. 6. Mesh Layout

338

BEKERBEMNE



Fig. 7. Velocity Contour by RAM2 Model

Fig. 8. Velocity Vector Around Submerged

Weir (A in Fig. 7)
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Table 3. Boundary Condition for RAM4

Tributary BOD (mg/L)
Main stream 152
(Namgang Dam Outlet)
Panmun Stream 6.40
Doksan Stream 3.60
Nabul Stream 0.95

Table 5. Reaeration coefficient (x,) (Chapra, 1997)
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Table 4. Deoxygenation Coefficient (k,) (EPA, 1987)

Treatment Ranges of k, AT 20°C (/day)
Untreated 0.30 ~ 0.50
Primary 0.10 ~ 0.30
Activated sludge 0.05 ~ 0.10

Nature of streams Ranges of k, AT 20°C (/day)
Small pond and backwater 0.10 ~ 0.23
Large stream of low velocity 0.23 ~ 0.35
Large stream of moderate velocity 0.35 ~ 0.46
Swift streams 0.46 ~ 0.69
Rapids and water falls >1.15
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Fig. 10. Calibration and Verification of RAM4 Result
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Fig. 13. BOD Concentration Field at £24 hr

Scalar
&.500

Fig. 14. BOD Concentration around Tributaries at t=24 hr (Left: A in Fig. 13; Right: B in Fig. 13)
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