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Physical Environment Changes in the Keum River Estuary Due to Dike
Gate Operation: III. Tidal Modulation of Low-salinity Water
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To examine the movement of the freshwater discharged artificially into the estuary during ebbing period in the
Keum River dike we observed surface salinity variations in three stations along the estuary channel in May 1998
and July 1997 and surface temperature and salinity along the ferry-route between Kunsan and Changhang during
eighteen days in July 1999. Based upon the typical features of observed salinity variation, we analyzed the excur-
sion and decay processes of the discharged water. When freshwater is discharged, the low-salinity water forms
strong salinity front over the entire estuary width, which basically moves forth and back by tidal modulation along
the channel, producing the sudden change of surface salinity with the front passage. Salinity distribution along the
channel, which is deduced from time variation of mean salinity over the estuary width, after one tidal period from
gate operation suggests that diluted low-salinity water is trapped to the front and surface salinity increases grad-
ually toward the upstream region. This frontal distribution of salinity is interpreted to be produced by the sudden
gate operation supplying and stopping of freshwater within about two hours. Daily repeat of freshwater discharge
produces separation (double front) or merge between decaying and new-generated fronts depending on dike-gate
opening time, and the front decays with salinity increasing if the freshwater supply is stopped more than two days.
In addition, the observed fluctuations and deviations in surface salinity variation is explained in terms of the dif-
ferences of fronts intensity, their transition time and temporal salinity front running along the channel, which can
be generated due to artificial gate-operation for the discharging time and water volume in the estuary dike.
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Fig. 1. Station map of surface salinity observation in the Keum
River estuary in July 1997 (St. 2, 4 and 8) and May 1998 (St. 2, 4
and 6), and observation line of surface temperature and salinity
along the ferry route between Kunsan and Chanhang in July 1999.
Dotted area indicates the dry bank at low tide and roman characters
in the ferry route denotes the subset of the observation line.
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Table 1. Surface temperature and salinity observation in the Keum River estuary and data sources of fresh water discharge and tide.

Component Obs. period Source Remark
Salinity and temperature ~ 1997.7.22.7. 23 Lee et al. (1999) 25 hrs (St. 2, 4, 8)
1998. 5.23 13 hrs (St. 2, 4, 6)

1999.7.9 7.26 (18 days) Kunsan-Changhang Ferry RCM-7 06:30-21:30
Discharge Korea Agricultural Rural Infrastructure Corporation see Table 2
Tide National Oceanographic Research Institute hourly
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Table 2. Gate operation time and fresh water discharge in the Keum River dyke.

Gate-Close

Total Discharge Discharge Flux

High-Water Gate-Open ,

Date gTime Timé) Time (x10°m®) (x10° m*/min) Moon’s age
97/07/22 16:55 18:35 21:03 32,704 220.97 17.3
98/05/23 13:16 14:27 17:52 20,133 112.47 26.6
99/07/08 10:12 11:31 13:46 12,591 93.27 24.3

09 11:36 12:29 15:32 22,139 120.97

10 12.46 13:32 17:06 28,249 132.00

11 13:43 15:06 16:58 10,056 89.78

12 14:32 16:04 17:48 10,731 103.18

13 15:17 17:05 18:41 9,728 101.33 0.0

16 05:18 07:55 09:35 10,438 104.38

18 06:39 09:02 10:28 7,608 88.46

23 11:29 11:57 13:39 9,576 93.88 10.0

26 14:12 14:45 17:21 16,866 108.11
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Fig. 2. Variations of surface salinity in the stations and tide level (dot and line) at the Keum River tide station (a) in July 1997 and (b) in
May 1998. The dashed block with discharged freshwater volume denotes the period of gate-open in the Keum River dike. The arrows with
F, D and S indicate the typical features of salinity variations explained in the text.
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Fig. 3. Temperature and salinity diagrams plotted (a) for eighteen days and (b) for each day observation during July 1999. The spatially
averaged temperature and salinity of every ferry route surface observation is used.
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Fig. 4. Variations of tide level, mean surface temperature and salinity, and their standard deviations (top to bottom) in July 1999. Mean and
standard deviation of temperature and salinity denote the spatial average of each ferry route data and deviations from the averaged values.
The shaded blocks indicate the freshwater flux (see axis in the right side) and discharging period in the Keum River dike.
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discharge.
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Fig. 6. Pile up of variations of mean salinity obtained from the spa-
tial average of each ferry route from July 18 to 21, 1999. Low tide
times are used in the reference to overlap each day variations in time
domain.
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Table 3. Variation of time-space mean surface salinity obtained by tidal average of space-mean salinities along the ferry-route in Fig. 6. The
salinity deficiency due to freshwater indicates the salinity difference between time-space mean salinity and reference salinity of the breakish

water (25%o).

Days in July, 1999 18 19 20 21
Time-space mean surface salinity (TMS, %o) 17.45 20.43 22.59 23.45
Salinity deficiency: 25%0-TMS 7.55 4.57 241 1.55
Ratio of salinity deficiency to 18th day 1.0 0.60 0.32 0.20
Ratio of salinity deficiency to a day before 0.60 0.53 0.64
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