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Abstract. The effective longitudinal dispersion is a pri- 1 Introduction

mary tool for determining property distributions in estuar-

ies. Most previous studies have examined the longitudinabollutants enter rivers by many routes, including runoff from
dispersion coefficient for the average tidal condition. How- agricultural land, industrial and municipal wastewater, and
ever, information on spatial and temporal variations of thistributary discharge. Physical processes such as advective
coefficient at low and high tides is scarce. Three years ofrransport and dispersion play key roles in determining the
hydrographic data taken at low and high tide along the mainrmovement and changes in concentration of these contami-
axis of the Sumjin River Estuary (SRE), Korea are used tonants after they enter a river. Thus, advection and dispersion
estimate the spatial and temporal variation of the effectiveare fundamental variables for the evaluation of water qual-
longitudinal dispersion coefficient. The range of the disper-jty in aquatic systems by conceptual or numerical models
sion coefficient is rather broad at high water slack (HWS) (Garcia-Barcina et al., 2006; Ji, 2008). The dispersion co-
and narrower at low water slack (LWS) because of the differ-efficient can be estimated using tracer experiments (Caplow
ent tidal amplitudes. The spatially varying dispersion coef-et al., 2003; Ho et al., 2002), but these experiments are logis-
ficient has maximal values-@00 n? s~1) near the mouth at tically complex and time consuming. However, the spatial
high water and decreases gradually upstream, with fluctuaand temporal distribution of salinity in an estuary sampled
tions. The temporally varying dispersion coefficient appearsnon-synoptically is a useful indicator of the system’s physi-
to be positively correlated with river discharges at both low cal condition because it represents the net effect of numerous
and high tide. The dispersion varies with the square root ofcomplex processes such as the freshwater inflow, tidal range,
river discharges at HWS and LWS. The dispersive salt fluxesand degree of turbulence (Lewis and Uncles, 2003; Eaton,
increases with increasing river discharges and decreases witfo07).

decreasing river discharges at HWS and LWS. Estimation of pjigpersive processes in an estuary are usually estimated
the numerical values of the effective longitudinal dispersion by a dispersion coefficiend; (x) using salinity as a tracer.
coefficient in the SRE can be useful for better understand—Di (x) is usually defined as the ratio of the non-advective
ing of the di_stributions Qf other tracers in the SRE as We.".astransport rate of salt (or other substances) through a unit
for developing and testing hypotheses about various mixing;ross-sectional area to the salinity gradient along the main
mechanisms. axis of the estuary (Dyer, 1997; Savenije, 2005). The tidally
averaged approach has been used by many authors to un-
derstand the temporal variation of the longitudinal disper-
sion coefficient (Paulson, 1970; Officer, 1976; Dyer, 1997;

Correspondence toY.-K. Cho Lewis and Uncles, 2003). However, the spatial variation
BY (choyk@snu.ac.kr) of D;(x) in estuaries at low and high tides has received
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little attention. The tidally averaged salt balance equa-2 Study site and data
tion has been integrated for high water slack (HWS) and
low water slack (LWS) conditions (Savenije, 1989, 2005), The Sumjin River splits into east and west channels near
which are of greater interest in this study for determining the Pohang Iron and Steel Company (POSCO) before it en-
the effective longitudinal dispersion coefficient based on ob-ters Gwangyang Bay. The bay is connected in the south
served axial depth-averaged salinity distributions of an estuto the coastal ocean (South Sea) and in the east to Jinjoo
ary. Eaton (2007) noted that the spatial distributions of theBay through the narrow Noryang Channel (Fig. 1). The
dispersion coefficient depend strongly on ground-water disCross-sectional area fn width (m), and depth (m) of cross-
charge and are most sensitive at LWS. sections of all CTD stations of the SRE were calculated by
The numerical values of this longitudinal dispersion co- using Surface Water Modeling System grid generation soft-
efficient in estuaries are comparatively difficult to deter- ware (version 8.1) (Shaha and Cho, 2011). The watershed
mine and interpret because the motion of solutes in estuararea of the SRE, including farmland, is almost 4906Gkm
ies is influenced by river discharge, tidal variations, bed fric- Seasonal precipitation and runoff in the Sumjin River basin
tion, channel topography and density gradients (Guymer andlecrease in spring and winter, and increase in summer (Bae et
West, 1992; Geyer and Signe”, 1992; Vallino and Hopkin- al., 2008) The dally mean rive discharge has been obtained
son, 1998; Austin, 2004). The effective longitudinal disper- from Songjung gauge station located about 11 km upstream
sion varies temporally and increases with freshwater inflowfrom CTD station 24. The maximum monthly median river
(Paulson, 1970; Garvine et al., 1992; Dyer, 1997; Austin,discharge was highest (37Gs1?) in July 2006 and low-
2004). In contrast, th®; (x) values decline with an increase est (11nis1) in January 2005. Tidal information has been
in tidal range (Lewis and Uncles, 2003). This is because thecollected over the observation period from the Gwangyang
dispersive action becomes less effective under more turbulentidal Station (GT1, Fig. 1), operated by the Korea Hydro-
conditions as turbulence generated by strong tidal amplitud@raphic and Oceanographic Administration. The tidal cycle
effectively reduces the dispersing action of velocity shearsS semi-diurnal, with mean spring and neap ranges of 3.40
(Linden and Simpson, 1988). Moreover, Linden and Simp-and 1.10 m, respectively.
son (1988) reported thdd; (x) increases with the horizontal ~ We recently acquired three years of conductivity-
density gradient and also with the period of the turbulencetemperature-depth (CTD) profiles using Ocean Seven 304
modulation. The dispersive flux of salt is particularly sensi- CTD sensors (IDRONAUT Company) at 25 stations dis-
tive near the maximum salinity gradient (Lewis and Unc|esytl’ibut8d along the SRE to cover most of the range over which
2003). salt intrudes from Gwangyang Bay. The nominal distance
The Sumijin River discharges into Gwangyang Bay on thebetween CTD stations was 1 km. A total of 24 longitudinal
south coast of Korea. No information is available about thesalinity transects were obtained at low and high tide during
typica| magnitude ofD; (x) a|ong the Sumjin River Estuary Spring tide in each season from August 2004 to Aprll 2007.
(SRE) or how it changes with variations in freshwater dis- A Global Positioning System was used to obtain the location
charge, tidal height, and salinity gradient along the SRE. Theof the CTD stations. On the basis of the stratification param-
purpose of this study is to determine the effective longitudi- €ter, which is the ratio of the salinity difference between the
nal dispersion coefficient at low and high tides in the SRE,surface and the bottom divided by the depth-averaged salin-
which are ultimately responsible for transporting salt up- ity, the SRE shows partially or well-mixed condition during
stream. In addition, the effects of freshwater discharge, tidappring tide (Shaha and Cho, 2009).
height and salinity gradient on the spatially varying longi-
tudinal dispersion coefficient are examined. A better knowl-
edge of the numerical magnitude of the effective longitudinal

dispersion, with some indications of the spatial and temporagy, assuming equilibrium between advective and dispersive
variability of this dispersion coefficient, may be useful for f,ves under tidal average conditions, Savenije (1986, 1989,

developing three dimensional humerical models with morexn0s5) integrated the salt balance equation with respeet to
realistic physical fields, which would be helpful for under- ;4 give

standing of biological and chemical distributions in the SRE.
The rest of this paper is organized as follows. The studyg s\ — §;) — A1a DTABSi =0 (1)

area and data sources are briefly presented in Sect. 2. The dx

methods are described in Sect. 3. The results and discussiomhere is the freshwater discharg&;a represents the mean

are presented in Sect. 4. The conclusions are summarized tidal steady-state salinity; is the freshwater salinityda is

Sect. 5. the tidal average cross-sectional area arg is the longitu-
dinal dispersion coefficient. This equation can also be used to
determine the longitudinal dispersion coefficient under HWS
and LWS conditions (Savenije, 1989, 2005). Assuming the
salinity S of freshwater discharge is zero, this equation can

3 Methods
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cable to stratified conditions (Dyer, 1997). However, Eq. (2)
describes the coefficient of effective longitudinal dispersion
for well-mixed estuaries (Dyer, 1997; Savenije, 1989, 2005).
Therefore, this simple advection—dispersion model of the salt
distribution is applied to the SRE under partially to well-
mixed conditions during spring tide.

The effects of longitudinal salinity gradient and the mag-
nitude of D;(x) on the salt flux in the SRE are taken into
account to obtain insight. The non-advective transport, ex-
pressed as the rate of transport of salt per unit area, repre-
sents the salt flu¥s at the estuary location corresponding to
the salinity gradient (Dyer, 1997).

34.85N

dS;
Fs(x) =Di(x)§ ©))

34.80N

Fsis expressed in units of nT$.

127.60E 127.65E 127.70E 127.75E 127.80E 127.85E

Fig. 1. Map of the study area. Solid circles indicate CTD stations. 4 Results and discussion

Stars denote the Gwangyang (GT1 and GT2), Mangdock (MD) an

Hadong (HT) tide observation stations, 4.1 Longitudinal distribution of salinity and its gradient

The depth mean salinity; with standard deviation at LWS
be expressed in general form for the spatially varying disper-and HWS is shown in Fig. 2 for all stations. The shape of the
sion coefficientd; (x) as follows: salt intrusion curve varies according to thg range of river dis-
! charges. The river discharges are categorized as 52$5'm
0S:i(x)/A;(x) 16-30nts 1, and 45-60mMs~1. A concave shape salt in-
as (2) trusion curve is found for river discharge of 5-18sn?!
dx with small salinity gradient near the mouth (Fig. 2a). For
where the subscript corresponds to HWS or LWS condi- river discharge of 45—-60%s 1, 50 % of the total salt intru-
tions. The longitudinal dispersion coefficieBt(x) isabulk  sion curve is concave toward the mouth and another 50 %
parameter that is used in simple models to characterize thes convex upstream. The salt intrusion curve for river dis-
overall diluting capacity of an estuary (Dyer, 1997; Lewis charge of 16-30fs 1 is a mixture of the two. These salt
and Uncles, 2003; Savenije, 1989, 2005). Simple modelsntrusion curves are consistent with the curves described by
are valuable for estuarine water-quality studies but there isSavenije (2005). The salt intrusion curves are mostly con-
necessity to understand better wiiat(x) represents physi- cave at LWS (Fig. 2b). The mean horizontal salinity gradi-
cally (Lewis and Uncles, 2003). A little is known about the ents at high (low) tide according to the first-order polyno-
typical magnitude ofD; (x) in estuaries at LWS and HWS mial fit (not shown) are 1.25 (1.40) km, 1.44 (1.48) k't
conditions, or how it varies over space and time in responsend 1.46 (1.42) km! for river discharges of 5-15%s 1,
to changes in channel morphology, freshwater discharge anl6—-30 n? s~1, and 45-60 s~ 1, respectively (Fig. 2a). The
tidal amplitude (Fischer et al., 1979; Lewis and Uncles, first-order polynomial (linear function) fits give? value of
2003; Gay and O’Donnell, 2009). >0.92 at HWS and LWS. This simple fit predicts the land-
Therefore, it is important to obtain a better quantitative ward end of the salt intrusion.
knowledge of the dispersive characteristics of an estuary. Figure 2 also shows the lower-order mean standard devi-
D;(x) can be calculated at LWS and HWS along the SRE;ation of salinity over the length scale of the tidal excursion
becauseQ, A;(x) and the salinity distributiors; (x) along of 6 km near the mouth (Shaha and Cho, 2011), in which
the axis of the SRE for three years are available. The numixing occurs mainly by tidal effects, resulting in less vari-
merator represents the advective rate of transport of salt seation in the salinity distribution and consequently yielding a
wards by the river flowQ per unit area of cross-sectiax). lower standard deviation. The salt intrusion length is longer
This is countered by the landward flux of salt due to non-than the tidal excursion length scale, which characterizes the
advective processes. The denominator represents the longbRE as a coastal plain estuary (MacCready and Geyer, 2010).
tudinal salinity gradient. As the salinity gradient also has de-In contrast, the standard deviation is of higher order in the
pendence on the strength of the vertical circulation, it is con-central regimes between 6 and 20 km, where mixing occurs
ceivable that the ratio given in Eq. (2) does not represent thdecause of both tide-driven and density-driven circulation
effects of vertical salinity gradient on the dispersion due to(Shaha et al., 2010), causing different salinity distributions
using depth-averaged salinity. Therefore, Eq. (2) is inappli-and thus a higher standard deviation.

Di(x) =
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Fig. 2. Depth mean salinity distribution at high and low water slack i 3. spatial variation in mean longitudinal salinity gradient along
in the Sumijin River Estuary under different river discharges. the Sumijin River Estuary at low and high tide under different river
discharges.

4.2 Longitudinal dispersion at low and high tides

The mean longitudinal salinity gradients along the SRE at
low and high tides under different river discharges are shownThe relative abundance of salinity data in the SRE is used
in Fig. 3. At river discharge of 45-60%hs 1, the strength of  to estimate the distribution of the effective dispersiof),
the mean salinity gradient increases from downstream of thavhich varies with time and location. The longitudinal
SRE to middle regimes and then decreases in the upper moslispersion increases with increasing river discharge (45—
regimes at LWS and HWS. However, a continuous landward60 n¥ s 1) and decreases with diminishing river discharges
increase of the salinity gradient is found at both HWS and(5-15n?s™1). The range of dispersion coefficient values is
LWS for river discharge of 5-15%s ! and 16-30 s 1. rather broad for HWS (Fig. 4a). The values vary between 100
The cross-sectional area of the SRE increases exponentialgnd 494 M s~1, with a mean value of 261%s 1, at high tide
toward the mouth from upstream (Shaha and Cho, 2011)for river discharge of 45-60#s~. The mean longitudinal
Therefore, the displacement of a given salinity is reduced aglispersions are 171%s~! with a range of 44-470frs~1
the seaward end of the SRE compared to upstream locatiorfer river discharges of 5-15%s~1, and 181 st with a
for mass balance: as a result the seaward advective trangange of 53-400 s~ for river discharges of 16-30hs !
port of salt per unit area decreases near the mouth. Cons@ HWS. The spatially dependent structure has maximum
quently, the salinity gradient increase landward from the SRBmean values%300 n? s~ 1) due to the reduced salinity gra-
mouth at both LWS and HWS. An exception is found at high dient near the mouth. This reduced gradient reflects a larger
river discharge of 45-60%sL at HWS where the salinity ~ dispersion coefficient with higher standard deviation, and de-
gradient falls after 17 km from the SRE mouth. Lewis and creases gradually upstream after the tidal excursion length at
Uncles (2003) noted that estuarine locations with less-steeptWS.
salinity gradients are relatively well-mixed, and those with The dispersion coefficient in the SRE appears to in-
steeper gradients are partially stratified. According to thecrease from the mouth to 3km and then rapidly decreases
longitudinal salinity gradient of the SRE, the well-mixed area to the innermost SRE, the freshwater end, at both HWS
can be approximated as extending up to 7 km from the estuand LWS conditions (Fig. 4), in agreement with results of
ary mouth with a salinity gradient o¢1; and the partially =~ Austin (2004). This also seems inconsistent with the ex-
mixed area can be approximated as extending between 7 amgkcted increase of dispersion toward the mouth (Lewis and
20 km with a salinity gradient ranging from 1 to 2 at high wa- Uncles, 2003), which MacCready (1999) ascribes to the in-
ter. These well — and partially mixed areas agree with thosdluence of the estuary cross-section on the largest possible
identified in the earlier studies of the stratification parame-eddies responsible for mixing. A summary of the estimated
ter (Shaha and Cho, 2009), estuarine parameter and potentikdngitudinal dispersion coefficient values for the different es-
energy anomaly (Shaha et al., 2010), and Van der Burgh'suaries of the world are given in Table 1. Prandle (1981)
coefficient (Shaha and Cho, 2011). found a range of; (x) values between 50 and 506811
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Table 1. Summary of the estimated longitudinal dispersion coefficient for different estuaries.

Source Estuary Longitudinal dispersion
coefficient (n? s~1)

West and Williams (1972) Ems estuary 50-300

Prandle (1981) A group of six estuaries  50-500

Van de Kreeke (1990) Volkerak estuary 150-325

Vallino and Hopkinson (1998)  Parker River estuary 670 (near mouth)

de Swart et al. (1997) Ems estuary 200-1200

Lewis and Uncles (2003) Tees estuary 100

Lewis and Uncles (2003) Severn estuary 212

Austin (2004) Chesapeake Bay 200-1000, with a mean 650

Banas et al. (2004) Willapa bay 710 (near the mouth)

20 (upstream)

1000 (Fig. 4b). The mean value @b, (x) is around 79 ris~! with

600 | (o] High water —a—s1smg ) arange of 18-138 frs1 for river discharge of 5-15fs 1

and 184 M s~1 with a range of 41-286 A1 for river dis-

charge of 45-60 ms~! (Table 2). West and Williams (1972)

found a range oD; (x) values between 50 and 306871 in

Ems estuary, in agreement with this result. This also seems

consistent with the result of Van de Kreeke (1990) who found

a value between 150 and 32587! in Volkerak estuary.

(b) Low water Monismith (2010) gives a range of values fo(x), with typ-

ical dispersion values of 100-30G 1! for many estuaries.

Lewis and Uncles (2003) suggested a representative longi-

tudinal dispersion value of 100981 as a reasonable first

choice for establishing a cross-sectionally averaged estuary

model. Fischer et al. (1979) reported a typical dispersion

. . . : : . . . value of 200 Ms™! for estuaries, particularly for tidal dis-

0 3 6 9 12 15 18 21 24 persion. These average values of this study are consistent
Distance from the mouth (km) with those suggested by Fischer et al. (1979), Lewis and Un-

cles (2003), and Monismith (2010).

The analysis of this study does not address the specific
mechanisms responsible for this dispersion owing to a lack
of velocity measurements. However, this quantitative knowl-
edge of the spatially varying dispersive characteristics of the
SRE can be useful for developing and testing hypotheses
: ) about various mixing mechanisms. This is the only example
that found at HWS.'” this study. However, .de Swart et known to the authors of either temporal or spatial variabil-
al. (1997) and Austin (2004) found a more wide range of ity in dispersion estimates at high and low tide for the SRE.

dlspe'rsmp coefficient. This inconsistency may be dge to theI'hese data provide an important starting point for additional
variation in geometry and bathymetry of the estuaries. Ba- 5o terization of mixing processes in the SRE.

nas et al. (2004) also found a decreasing trent;ifx) from
710 n? s~1 near the mouth to 20fs~1 upstream, in agree-
ment with this study. Vallino and Hopkinson (1998) found a
dispersion coefficient of 67051 near the mouth of Parker
River estuary. These values correspond with the maximunrhe |ongitudinal dispersion coefficient increases with in-
dispersion coefficient during high tide of this study. creasing river discharge (Paulson, 1970; Garvine et al., 1992;
In contrast, the range of longitudinal dispersion coeffi- Monismith et al., 2002; Austin, 2004). In this study, the tem-
cient values is considerably smaller for LWS. These valuesporally varying longitudinal dispersion appears to be posi-
range between 35 and 194s1!, with a mean value of tively correlated with river discharge at high and low tide
110 s~1 for river discharge of 16-30#s ! at low tide  (Figs. 5 and 6), respectively. Theoretically the dispersion is

1
2]
o
o

400 -

200 { %]

600

400 A

Longitudinal dispersion coefficient (mzs‘ )

200 A

Fig. 4. Mean longitudinal dispersion coefficieBt; (m2 s‘l) asa
function of position along the Sumjin River Estuary for high water
slack and low water slack conditions.

for a group of six estuaries. This range is consistent with

4.3 Effects of river discharge and potential energy
anomaly on longitudinal dispersion
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Fig. 5. Effective longitudinal dispersion coefficienD] estimated at high water slack versus river dischaRjeat various positions along
the Sumijin River Estuary.

a function of the square root of the river discharge (Egs. 1.2is minimal at LWS compared to that at HWS, and river dis-
and 5.70; Savenije, 2005). The dispersion varies approxicharge induces seaward advection at LWS, a more functional
mately with the root of the freshwater discharge in segmentgelationship between river discharge and longitudinal disper-
1,9, 11, 12, 13, 21 and 22 at HWS (Fig. 5). Some loca-sion coefficient might be found at LWS than at HWS. Ward
tions do not show this functional relationship between riverand Fischer (1971) noted that althouBltx, ¢) is a function
discharge and longitudinal dispersion coefficient at high tide.of discharge at any given location for a range of dispersion
This is because mixing in estuaries is determined in part byvalues, the variability inD(x,¢) atx could be due to the ex-
the bathymetry, and no combination of purely external inputstreme complexity of estuarine systems including great vari-
completely describes the process (Fischer, 1976). Moreovegtion in geometry and bathymetry as well as inappropriate
Chatwin and Allen (1985) reported that the transport of saltapplication of the steady-state assumption for some salinity
at a given point in space may conveniently be considered taistributions because freshwater discharge varies over sev-
result from turbulent mean advection processes and turbueral orders of magnitude during the course of a year.

lent diffusion processes. At LWS, the diSperSion varies with In addition, the tempora”y Varying horizontal dispersion
the root of the freshwater discharge mostly in all segmentscoefficient appears to be inversely proportional to the tidal
except in 4, 9, 11, 12 and 13 (Fig. 6). As the tidal effect heights, but there was no significant correlation (not shown).
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Fig. 6. Effective longitudinal dispersion coefficienbj estimated at low water slack versus river discha®edt various positions along

the Sumijin River Estuary.

Table 2. Longitudinal dispersion coefficients of the SRE for The spatial variation in the potential energy anomaly at

different river discharges. low and high tides along the SRE is shown in Fig. 7. The
potential energy anomalypj is the amount of work neces-
Tide River discharge Minimum Average Maximum sary to Completely mix the water column (jﬁ) and can be
(m3s7Y) (m2s~1 upstream) (is™1) (m?s~1, near mouth) ) 1 0 _ )
015 m 1 a0 calculated using = % [ gz(p — p)dz, wherep is the ver-
HWS 16-30 53 181 400 . ) ) —H .
45-60 100 261 494 tical density profile over a water column of depth, z is
515 18 79 138 the vertical coordinate anglis the gravitational acceleration
Lws 16-30 35 110 104 (9.8 ms2). The potential energy anomaly increases with in-
45-60 41 184 286

creasing river discharges. As a result, the longitudinal disper-
sion increases with increasing potential energy on the water
column. The potential energy anomaly at HWS (Fig. 7a) is

. . 10 Jn13 over the tidal excursion length for river discharge
The tidal height data were collected from the Gwangyanggf 45-60 n¥s~1 at which the Iongitudi?\al dispersion coeff?—

tidal gauge station near the SRE’s mouth. These data Wergient is maximal. The potential eneray anomalv o Jn-2
used to examine the effects of tidal heights on the longitu- ‘ P gy ¥

dinal dispersion coefficient because of a lack of observe ver the tidal excursion length (landward 6km) at LWS and

. . - —1 . —1
tidal height data along the SRE. This may be one cause o WS for river discharge of 5-15%s" and 16-30 s

e . ; . . ~where the longitudinal dispersion coefficient is lower. Bur-
an insignificant correlation between tidal height and longitu- ) ) )
: ; . - o . chard and Hofmeister (2008) examined the dynamics of the
dinal dispersion coefficient. This is attributed to turbulence

generated by strong tidal currents, which effectively reducepo'tent""II energy anomaly at a location, where the water col-

the dispersing action of velocity shears (Linden and Simp—umn Is fully destabilized d“T'”g flood, with a range@be
. . N tween 0 and 9Jm?. According to the stratification param-
son, 1988). Without corresponding velocity data (the obser- . .
vations lack velocity measurements), it is impossible to jud eeter, well-mixed conditions are found near the mouth of the
. ClIy! . P - oJudg SRE during spring tide (Shaha and Cho, 2009). Therefore,
the relative contribution of shear flow dispersion by tidal cur- ;

rents. However, the fact that the dispersion increases witHt can be assumed that the effective longitudinal dispersion

river discharge is consistent with previous studies. values should be maximal over the tidal excursion length
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4.4 Link between salt fluxes and salinity gradient

The spatially varying horizontal dispersion coefficient is in-
versely related to the salinity gradient; whereas the salt fluxes
are proportional to the salinity gradient (Fig. 8). The low salt
fluxes are associated with low salinity gradients and a low
potential energy anomaly, whereas high salt fluxes are asso-
ciated with high salinity gradients and a high potential energy
anomaly. The net salt fluxes increases with increasing river
discharges and decreases with decreasing river discharges at
HWS and LWS (Fig. 8a—b).

As the cross-sectional area increases exponentially at
the seaward end of the SRE (Shaha and Cho, 2011), the
displacement of the salinity distribution for a particular iso-
haline decreases at the seaward end of the SRE. Therefore,
the seaward advective transport of salt per unit area decreases
to the mouth of the SRE from the upstream end at LWS be-
cause of maintaining mass balance. This result is consistent

Fig. 7. Spatial variation in the potential energy anomaly at low with that of Lewis and Uncles (2003). They reported that
and high tides along the Sumjin River Estuary under different river the rate of salt transport per unit area at the seaward end of a

discharges.
0.8 y
(a) High water —e— 5.15 m3§'1
—a— 16-30 m3s™"
0.6 - —a— 4560 m3s”!

(b) Low water

Net salt flux F, (m s™)
o
©

0.6 4

0.2 A

0 3 6 9 12 15

Distance from the mouth (km

Fig. 8. Response of dispersive salt flifg (m s~1) to salinity gradi-

18 21 24
)

coastal plain estuary may be quite small because of the rela-
tively large cross-sectional area, which leads to low residual
currents.

On the other hand, the salt fluxes increase in the central
regimes owing to the increasing salinity gradient. The sea-
ward shifts of the salinity distribution in the central and inner
regimes are much more sensitive at LWS than at HWS during
high river discharge period because of mass balance between
the regions of greater cross-sectional area (near the mouth)
and shorter cross-sectional area (upstream). As a result the
standard deviation of net salt fluxes is higher in the central
regimes at LWS than at HWS.

5 Conclusions

Three years of hydrographic data taken along the main axis
of the SRE are used to analyze the effective longitudinal dis-
persion coefficient. Using an advection-diffusion equation,
the effective longitudinal dispersion is inferred as a func-
tion of space. The effective longitudinal dispersion is par-

ent (k1) at low and high waters along the Sumiin River Estuary ticularly sensitive near the mouth of the SRE at both HWS

under different river discharges.

and LWS owing to the small salinity gradient. The maxi-
mum value of the temporally varying dispersion coefficient
is 494nfs 1 near the mouth and decreases gradually up-

scale observed in the SRE (Shaha and Cho, 2009). Bana¥ream to 44rhs~* at HWS. On the other hand, the mean

et al. (2004) also found the maximum(x) value near the
mouth. In contrasty increased to more than 11 Jfland-

dispersion value is approximately 118s1! with a range
between 18 and 19445~ at LWS. The seaward advective

ward from the tidal excursion length of 6 km, and the value transport of salt per unit area near the mouth of the SRE is

of D(x) decreased upstream.

Hydrol. Earth Syst. Sci., 15, 3679688 2011

decreased because of the relatively large cross-sectional area
at the seaward end, which generates a small salinity gradient.
This effective longitudinal dispersion appears to be positively
correlated with river discharge at both HWS and LWS. The
dispersion varies approximately with the square root of the

www.hydrol-earth-syst-sci.net/15/3679/2011/
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river discharges at both HWS and LWS in many locationsDyer, K. R.: Estuaries, A Physical Introduction, 2nd Edn., John
along the SRE which are consistent with the theory. Wiley, London, 195 pp., 1997.

The salinity gradient decreases at the seaward end of thEaton, T. T.: Analytical estimates of hydraulic parameters for an ur-
SRE and increases upstream by maintaining mass balance Panized estuary — Flushing Bay, J. Hydrol., 347, 188-196, 2007.
between greater cross-section area near the mouth and uB'—s,\‘;lherr'] Hé Bl':()g""ig‘g zigtighspersmn in estuaries, Ann. Rev. Fluid

. . . . . ecn., o, - ' .
S“ea.”.‘ locations. The .dISperSN.e _ﬂux of S.alt Is particularly Fischer, H. B, List, E. J., Koh, R. C. Y., Imberger, J., and Brooks,
Sen_SItlve near the maximum Sal"_“ty graFjlent_ln the central N. H.: Mixing in Inland and Coastal Waters, 1st Edn, Academic
regimes at LWS becausg of the increasing d|s_p!acement of Press, New York, 483 pp., 1979.
isohalines. The salt flux increases with the salinity gradientgarcia-Barcina, J. M., Gonzalez-Oreja, J. A., and De la Sota, A.:
and potential energy anomaly at both LWS and HWS. Assessing the improvement of the Bilbao estuary water quality in

These basic estimates of effective longitudinal dispersion response to pollution abatement measures, Water Res. 40, 951—
and information about their spatial and temporal variability 960, 2006.
will provide an essential test for numerical models of this es-Garvine, R., McCarthy, R., and Wong, K.-C.: The axial salinity dis-
tuarine circulation. A better understanding of the principal  tribution in the Delaware estuary and its weak response to river
hydraulic parameters controlling mixing such as the disper- _discharge, Estuar. Coast. Shelf S., 35, 157-165, 1992.
sion coefficient is therefore the prime requirement for an ef-G&: P- and O'Donnell, J.: Comparison of the salinity structure of
fective numerical simulation of estuarine circulation. Longi- the Chesapeake bay, the Delaware bay and long Island sound us-

dinal veloci ina ADCP and . ing a linearly tapered advection-dispersion model, Estuar. Coast.,
tudinal velocity measurements using and experiment 32, 68-870i:10.1007/s12237-008-9101-2009.

of 3-D numerical model will be performed to verify and re- Gever, W, and Signell, R.: A reassessment of the role of tidal dis-
fine the dispersion coefficients determined from salinity dis-  persjon in estuaries and bays, Estuar. Coast., 15, 97-108, 1992.
tribution in the next study. Guymer, |. and West, J. R.: The determination of estuarine diffu-
sion coefficients using a fluorimetric dye tracing technique, J.
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