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Numerical Modeling for Sedimentation Characteristics of the Lower Nakong River 
and Sediment Dredging Effects at the Nalzdong River Estuary Barrage 
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Ji, Un Julien, Pierre Y. Park, Sangkil Kim, Byungdal 

Abstract 

The Nakdong River Estuary Barrage (NREB) was constructed in 1987 to prevent saltwater intrusion and to provide the sus- 
tainable water supply in the upstream channel. Sediment dredging has been conducted to eliminate deposited sediments in the 
approached upstream channel of the NREB. Fluvial changes and sedimentation problems have been continued due to urban- 
ization and development in the watershed as well as construction of the NREB. However, the sufficient field monitoring and 
researches for sedimentation characteristics and bed changes have not been performed after construction of the NREB. There- 
fore, bed elevation changes and seasonal sediment concentration distribution were analyzed using the quasi-steady state model 
with historical field data in this study. The water surface elevation changes with and without sediment dredging operation were 
calculated using the developed quasi-steady state model and finally the sediment dredging effects were evaluated. 

Keywords : lower nakdong river; nakdong river estualy barrage, sediment concentration, sediment dredging, numericnl mod- 
eling 

*Bag - 3&lWAt . 2 A l C H 9 1  Zi!JCH9 ZZS@!Z9i!J 9AlO Pi78 (E-mail : jiuncivilOgmail.com) 
**(01)9S?I'77E!CH9Z Zi!JUls! !iSZSCi!l d3 (E-mail : pierreOengr.colostate.edu) 
***as19 . =AtrUaJ 2;IIrHbI ES2JEl;ll ;;I/\ IF-mail. ee.lrn=rbG3n.*r-- --I*-\ 



I Typhoon Rusa 1 

Tide level of NREB 1 
i 
i 

2 f ~ l ' , . l ' l l l . , . l ' , . I . I . l . , l l  I I 
?It102 1128102 21Xm2 3117102 4119102 SBm2 5RlmZ W5RZ 7RORZ Wl4m2 BIW2 90nm2 1012WO2 1982mZ 12117102 

Date (mmlddlyy) 

--- il Typhoon Maemi i i tooa, 

I I 

2 ! , , , 1  I , , . , , , ,  - l . l ~ , . l ~ 7 . 1 , , , l ~ , . i  

111103 1120103 li(YO3 3117m3 4111103 510103 JIJ1103 6125103 7120103 8111103 WW03 IOOl03 10128103 lll22lO3 12117103 

Date (mmlddlyy) 





Upsmarn 

I , I 
I - 

NREB <Ohm 20km 30km 40km 

Slmons and Rldmrdeon 

t 
Ripplos (Ale) 

I 
Dunos (A?) 

I 
16.5km 

Ripples Dunes Tmnsllion 100 1000 10000 
I 

I I Flow discharge (crns) 
9,Okm 23.7km 

2% 0.02011A-1 0.Wl %q(Julien, 1998)q 811%4.1q *% 
7J ~ l ~ O l l A - l q  Manning -19 3 0 . 0 2 s  01 % 
q Cb11 +gq. 

0 ACkerS and m ~ t e  (1973) 0 Engelund and HanSen (1967) 

Yang (1979) r shen ana Hung (1972) 

A Bromlle (1981) o J~naony field data (1995) 

33 6. 88 XIXdOllYOI ;;ht O I % W  Hlii! 

too0 4 I I 
100 I000 10000 

Flow ~lischatge (cllts) 

o llrkers and Whlle (1973) o Enqelund an0 Hansen (1967) 

vane ( I  979) Shen ana Hung (1972) 

A B r m l l e  (1981) o NREB Pels aata (812811995 to 91310995) 

q. " 1 3  34, ? ! % ~ 1 ~ 4 1 ~ j ~  Engelund and Hansen 

(1967) M>qo]l q S ] \  +xJ@ gj=Or~)$@ 3% +xJ@ @!].q. 
H1Z3%8 zkwxJ@ 293 222 Shen and Hung 

(1972), Ackers and White(1973), Yang(1979), 2 4 2  
Brownlie(l981) 24W ~%X)S-P]- 931%$ 3-34. 

L#%7o%l*q A)$@ +%--$-A)@ x)S. E@ q ~ j  71x1 
9) %-$A)% 5 q g x l -  ~liz?il.~oq 3% 74. &z+. 

Julien(1998e 7-s $?!q .!LzJ]Z +$%! i!l+@l -$+)01$ 
% Ql)Gg 41 Ackers and ~ h j t e q  ??q(1973)0] H].ii!q 

314 +!-%gE 8301 943 ZlZj-Fi)-sLl-. 3% 7 0 l l ~ j s  

? 9501 Sl+!~llS7) 7k Y.zlls +57J- ~ j y + l l ~ j  
Ackers and White M > g o ]  M A ) ~ B -  H I 3 4  qw>xd3)il 
%%$ XqFiL 34. *g, Engelund and Hansen(l967), 

Yang(1979), Shen and Hung( 1972) 1 4 3  Brownlie(l98 1) 

24Sg qS-723w g%~l.jZ9$ D]]+ -$A)3)$.4, & 3 
7 q A - l  g*$ $zJ% + 3 ] ~ 3 0 ) ] &  +$-$A)% s q  
Brownie(l981) 3 4 0 )  74)$-5)$?.4. 



- .- -- - 

,' _. . _ 7- 

~ ls tanso  lrom tile NREB (Lm) 

I 
I 5 10 15 20 25 10 IS 40 . 4 5  

@= .!Z48k 1:41& qA)7)-  9 ~ J S l . x )  3s %El121 

%ql 8wzs %7] 8w ?535?3!, 8w f Z].F,L!]S 4A181. 

%*. 
EPA National  Water  Qual i ty  Inventory-2000 22 

Aj(U.S. EPA, 2003)ol) q8)g Z+L]- 4 9 % ]  ~ ~ 1 3  817 
~ 1 0 1 4  70h11A-]q a&) -$A). m s  93- 4 ~1~l.k 81.; 

20lq %A) ",FA$!q %S+ -$-A) %S, 713, 81-hdl-E 
q X )  3 )  54 8pTz q€l+J 2~1.. -+A]- %S+ * 
eggs qzq+ DH+ ga?j. ~lxolq +A) 9x1-q ol* 

S Z A l Q )  ~ 1 1 %  G-S ?l?j+j+ ~Hx8l.i~ 9~1.. 
qE& fl U)A]& 391 "OFfllq 9949 $2 + E H ~  
7 ) - 3  rrH 7pJ 201 A R - S ] ~  +A&EQ]- 4349 gg-+jg. 
23 9q-. 
3% 9pF I@ 33 200294  20039011 41811 12181 2 

Z d 5  xq-$$ 01%8)4 '=+570%17q ~ l + p l l A j 2 ~  qq 19 
%",F4 % % A t q  %S g*z zq3 4 z ) o l q - .  20023 
200334 - $ ~ $ 7 1 - ~ 0 1 ] ~ j ~  q99- f 2501 Ygg- :$+7]- 
5 % 4  9% AhFololl ",FAB8)-rrl 2000 m3/so1hdl.q ++%a] 3 - 4 9  
A]oll& -$A]- %!Z ~ F J )  SG81 5 7 ) - 8 ] &  2% ",F + flq-. 
Y.4 %~)011 q81-g 7pJ &$ -$-A) %4-+ 9 A J  7pJ 
%"r 41 & J % E  3-S ~ l - ~ l ~ ]  1000 mR/s 01~Jq ++%+ 
2e W7) 33 2-1ss @JAJ%$ 41 2J .q lq9~  3s 



- - - -- -- - 
- Simulation without dredging (Gupo)' A ' 

Slmuiation with dredging (Gupo): B ' 
e .  

:IT---- 
~ - . - -- .. ~~ . .- ~ .. - - - - .. ~~ .- 

- Simulation without dredging (Gupo): A 1 

v x m  2 n - m  31.m urn 0.m -c*.oll w m  W l - n  I , m  linlmn, 
mm Ism r m  rrm i,u, rrr, , a s i  tstn IW  no) 

. .. - .- 

Water level difference = A-B 

--~.- -.-- 
q n m  m t m  rn i.mo *~~<mi :mm r a m  r o i m ,  t~nwa,in<mm 
mm Ism ,m n m  ~ r m  rro nm itm ,sj no, 



?!31*?(2006) %7,C+YI M(7Z g 3HP) + F 2 M d z A t .  
&!-~-6"r(1991) !=f= 8E!XdHl7 1SAI4 (3!E1)(8W-E!Oa 

W). 
3331, 0]33(2005)  92-72 S]qqGl %xH -4 f  XI^] 

%. 2005E!E ZS=*LHb.l W d ,  '5;17.il]ll"osr)q71Qq4a, 
pp. 1995-2001. 

~1 $, qk'$G!, Julien, P.Y., 01%Y!(2007) sRq 8l-$& 

E]]S?~ p 5  s=$-A].q %L&) '+jell $?. 2 0 0 7 g E  

8 7  I q G L H S I  ~ 1 i $ ~ w 8 l ,  pp. 4165-41 68. 
4%&(1996) kfzgsw -2.%]01 +i?IqE/ +.?-doll act 9?, 

M ? A ) q 4 & + 3 ,  F$L~~x.  
g ~ T X w ~ A ) ( 2 0 0 7 )  '+=g3m g 3 z t 2 1 f  +FXIgFZ( 7H 
k! 99. 

g;;;"T~HsA1-(2~~6) % % & ! E m  32193!. 
q ) T ~ w % A l . ( ~ 9 9 ~ )  !=fZ7,CEM EIAC 74s 4 g o l l  ZtE! 97. 
Ackers, P. and White, W.R. (1973) Sediment transport: New 

approach and analysis. J. Hyd. Div. ASCE, Vol. 99, No. IIY I I ,  
pp. 204 1-2060. 

Bogardi, J. (1974) Serlinto~t Trnrtsl>o,? irt AlIi~viaI Srrrnrns. f?itrla/)- 
est: Akrrdcmini Kincl. 

Brownlic, W.R. (1981) Prediction of flow depth and sediment dis- 
charge in open-channels. Report no. KH-R-43A. Pasadena, 
California Institute of Technology, W. M. I<eck Laborato~y. 
Engelund, F. and Hansen, E. (1967) A Monograph on Sedi- 
ment Transpol% to Alluvial Streams. Copenhagen, Teknik Vor- 
lag. 

ISWACO-NEDECO (1987) Nrrkong Rita, Estirory Brrwnge and 
Rcclal~m/ion Project: O~~oratiorz Morzirrrl. Rcpublic of Korea 
Industrial Sites and Water Resources Development Corpora- 
tion and Netherlands Engineering Consultants, Busan, Korea. 

Ji, U. (2006) Numer-iccrl n~odr l  f i r  seclirnolt ,flushirig a /  /llc Nnk- 
dong River E.shtrr,y Bcirrrr~e, P1l.D. dissertn/ion. Colorado 
State Univenity, Fort Collins, Colorado, U.S.A. 

Julien, P.Y. (1998) Erosion and Sedimentation. Cambridge Univer- 
sity Press, Can~bridge, UK. 

Shen, H.W. and Hung, C.S. (1972) An engineering approach to 
total bed-material load by regression analysis. Proc. sedimenta- 
tion Symposiun~, ed. H.W. Shen. Berkeley, Calif.: Water 
Resoiirces Pub. 

Simons, D.B. and Richardson, E.V. (1963) Form or bed roughness 
in alluvial channels. Trans. ASCE, Vol. 128, pp.284-323. 

Simons, D.B. and Richiudson, E.V. (1966) Rosi.strit~ce to Jow bz 
nlluvinl chanrze1.s. Professional Papcr 422-3. Washington, D.C., 
U.S. Geological Survey. 

EPA, U.S. (2003) Developing water quality criteria for suspended 
and bedded sediments (SABS), Office of Water. U.S. 

van Rin, L.C. (1984) Sediment transport, Part 111: Bedforms and 
alluvial roughness. J. Hvd. Di~t ASCE, Vol. 110, No. 12, pp. 
1733-1754. 

Yang, C.T. (1979) Unit strearn power equation for total load. J. 
Hyd. Div. ASCE, Vol. 40, pp. 123-138. 


