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ABSTRACT 
This study determined the distance of sea water intrusion, attributed to the influent flow rate 
of upstream and tidal water-level Nakdong River Estuary Barrage (NREB) using Mike 21 
model supplied by DHI. Generally, Nakdong River estuary is tidal river where sea water is 
inflowing into the river , resulting from oceanic tide. The movement of saline wedge causes 
to increase salt concentration at tidal river region, affecting the water quality of living, 
industrial, and agricultural water at water intaking plant. Busan Metro city regulated the 
0.5psu and 0.3psu of salt concentration of living and industrial water, respectively. To 
maintain the level of concentration, the NREB was established to block the intrusion of sea 
water at 1987. Unfortunately, this system causes water quality deterioration and a change in 
ecosystem at certain region. Therefore, Busan Metro city made a plan to recover Nakdong 
River estuary for ecosystem restoration, which allows sea water intrusion up to 6km from 
Nakdong River estuary to build sea water allowed basin in Nakdong River. Herein, this 
study evaluated the condition of minimum flow rate and tidal water-level to cause the sea 
water intrusion and suggested the allowed river length of the sea water intrusion at Nakdong 
River estuary to supply the fundamental information of making a feasible plan. 

INTRODUCTION 
Nakdong River is located in the south eastern of Korean peninsula at Northeast Asia. It’s 
basin area is 23,656km2 and 200-year frequency of flood discharge is 22,300 m3/s. After 
establishment of Nakdong River Estuary Barrage (NREB), River water has been used to 
industrial and agricultural water at its near region. The NREB is composed of six main sluice 
gates and four control sluice gates with a 47.5m width and a four and one extended sluice 
gates with a 47.5m and 95m width, respectively, and a locking fish ladder to control the 
flood. Among various methods to estimate the distance of sea water intrusion, MIKE 21 
model supplied by DHI, SUNTAIN model program by Stanford University, EFDC model 
program by Virginia Tech. have been used broadly. Currently, opening NREB has been 
issued at the civic society of Busan to recover the original purpose of river at Nakdong River 
estuary. Meanwhile, it is announced that well-management of the NREB is better decision 
than opening NREB to meet the original purpose of Nakdong river estuary. 

METHODS OF SEAWATER INTRUSION 
We were calculated by the emphasis on the following. Applied to the numerical calculation 
model is developed by EFDC and MIKE21 Model. This models are a program that is widely 
regarded worldwide for superior technology for simulating the flow conditions of the non-
hydrostatic conditions such as salt water intrusion in large rivers. This calculation is to 
determine the propagation and distribution characteristics of salt water wedge (Saline wedge) 
in the Nakdong River Estuary. According to the field survey, the Nakdong River estuary bed 
slope is gentle. In the Nakdong River estuary tends to be is wide in width toward the 
upstream is narrower. This is monotonous river where is not bend of the river bed to stop the 
saltwater intrusion in the bottom of the river. Therefore, the intrusion length of salinity 
significantly affected the inflow and tidal fluctuations. At the same time, the width of the 
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river is so narrow and relatively simple terrain can be ignored Longitudinal changes in 
salinity and velocity of the tide. Therefore, it is possible to predict a sufficiently reliable even 
in a two-dimensional model. 

RESULTS 
The analysis of 2D model showed the distance of sea water intrusion at high/low tide under 
the same inflow rate, which suggests 42km at high tide and 23km at low tide. We found that 
without NREB, sea water intrusion goes up to 40km at high tide under 75 m3/s of inflow rate. 
That is, we carefully suggest that sea water intrusion causes the social issues that drinking 
water with industrial and agricultural water can be affected by salt concentration when fully 
opening or removing sluices since most water intake towers at upstream are located below 
40 km from the estuary bank (e.g., industrial intake plant: 8 km, Daejeo sluices: 15.6 km, 
Kimhyea intake plant: 22.8 km, Mulgeom: 25.5 km, Ulsan wondong: 26km, Maeri: 27km, 
Kimhyea changam: 44.5 km). We also discussed that the distance of sea water intrusion can 
be reduced when upstream flow rate is quite high enough, but the sites required for 
agricultural water is placed near to those for industrial water and, furthermore, only one 
event of sea water intrusion causes severely damage to the living-life. 
 
We also investigated the distance of sea water intrusion when opening the sluices partially. It 
is found that partial opening of 1st and 2nd sluices at low tide does not influence the salt 
concentration (16-17 ppt) at 16km of Daedong sluice site from the estuary bank.  
 

 
Figure 1. Results of calculation salt intrusion(full open gates) 

 

  
Figure 2. Results of calculation salt intrusion( open only control gates ) 
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Figure 3. Calculation of salt intrusion length due to sluices opening degree 

DISCUSSION AND CONCLUSIONS 
As climate change, mean sea level is rising up 6mm/year. The around area also take a lot of 
salt to climate change impacts. Therefore, the length of the salt intrusion will rising up 
farther than the calculated results. This calculation is a calculation performed for the case as 
an initial study phase inlet flow rate is relatively small. First, extend the variety of site 
conditions determine what to do after performing the calculations to verify the direction?  
Second, the calculation model is a model that is widely recognized as the world's 
commercial software MIKE21. However, the local observation and analysis must be 
accompanied in order to verify the results of numerical modeling. Third, the calculation 
results can be controlled by open and close the part of gate can make a part of the NREB 
upstream fresh and sea water mixing area. However, we should always develop a regulation 
open and lockage way to ensure that the same mixing area. Acting element is a tide, tidal 
level, upstream inflow, flow rate, etc. Therefore, viability of gates operations is very low. It 
is always difficult to ensure that a certain mixing area. 
 
1) 2D modeling for full open sluices  

From the analysis of sea water intrusion using MIKE 21 model, the distance of sea water 
intrusion is 42 km from the estuary bank at Nakdong River, which is a good agreement 
with the analysis data using EFDC model obtained by K-water.  We suggest that 
MIKE21 can clearly determine the physical phenomena of sea water intrusion for 
opening estuary bank at Nakdong River. Table 3 represents the distance of sea water 
intrusion based on the inflow rate from the results of previous and this study.  Figure 
shows 44 km of sea water intrusion regardless of inflow rate for construction field, but 
we suggest 42 km of sea water intrusion evaluated by MIKE 21 model. To prevent sea 
water intrusion, the inflow rate must be required of at least 75 m3/s of everyday from 
Jindong site to estuary bank at Nakdong River. 
 

2) 2D modeling for partial open sluices  
At high tide, the distance of sea water intrusion is 40 km, while at low tide, that is 35 km 
from the estuary bank at Nakdong River when opening two sluices to S.M.S.L.- 3.5 m at 
estuary bank partially. The distance of sea water intrusion is longer than 40 km from the 
estuary bank at Nakdong River when opening two sluices over S.M.S.L . -3.5 m at the 
estuary bank partially, which becomes the same condition as full open sluices. The 
conditions for securing the current basin up to 6 km from the estuary bank at Nakdong 
River are listed in the Table 2 in detail. We recommend that more restricted open sluices 
at certain time is better than partial open sluices every day and in particular, the real time 
field measurement and analysis of salt concentration should be carried out to support the 
precise management of estuary bank at Nakdong River. 
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