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Abstract

Salt water intrusion in the Mekong River has been studied using a newly-developed acoustic

reflection profiling system (Model SC-3). This system determines the spatial distribution of

the halocline by measurements of water quality, especially of salinity. This system was made

by improvement of a 200 kHz precision echo sounder.  In the intermediate flow seasons of

Dec., 2000 and Jan., 2002, salt water was present only downstream of the mound at 8 km in

ebb tide, but progressed upstream beyond the mound at 14 km toward flood tide. A typical

wedge-like profile was obtained at the observation toward flood tide on 28 Dec., 2000. Time

series echo-sounding profiles obtained from ebb tide toward rising tide on 2 and 4 Jan., 2002

at the river mouth station is in accordance with each salinity profile. In the low flow season of

May 2001, salt water reached as far upstream as the mound at 28 km near flood tide, and

possibly entered the pool at 33 km. The echo-sounding salinity profiles and the surface salinity

data reveal the presence of strongly vertically-mixed water in the entire area invaded by salt

water, although partly stratified structures may be formed during slack tide. The present

echo-sounding system has proven to be very effective in unraveling the time-space behavior

of salt water intrusion in the Mekong River.
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Tidal change.
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Introduction

The Mekong River is the third longest river in Asia. It splits in several tributaries in its

downstream reaches in the Mekong Delta estuary. Physiographic data of the Mekong Delta

were reported by Gagliano and McIntire (1968). They showed that the surface intrusion of salt

water of 400 ppm salt, which is approximately equivalent to contact between freshwater and

salt water, was depicted as a seasonal isohaline map. The intrusion of salt water was also

reported in the Vietnam Hydrometeorological Atlas by Nguyen T.H. et al. (1994) as the limits

of maximum salinity of 1 and 4 ‰ (psu) (Fig. 1). The surface salt water intrusion in the

Mekong River is known to reach more than 50 km inland in the low flow season, compared

with less than 20 km in the high flow season. The extent of salt water intrusion has a

pronounced effect on sediment, soils, vegetation, and agriculture, and has been surveyed

extensively in the Mekong River estuary. Nguyen V.L. et al. (2000) also described recent salt

water intrusion in the low flow season, based on the data of Hydrometeological Center data

and land use maps. They stated that the maximum limit of this intrusion was roughly in accord

with the coastline at 3000-2000 yr. B.P., and had extended more than 20 km inland during the

past 20 years.  Salt water intrusion is expected to be exacerbated further upstream on the

Mekong River due to human- and/or nature-induced phenomena including underground

subsidence and coastal erosion, construction of large dams in up-stream areas and sea level

rise.  The combination of these factors could cause severe damage to water resources and

agriculture in the Mekong River Delta.

Precise observations of salt intrusion in the Mekong River estuary have been reported by

Wolanski et al. (1996) for the high flow season, and by Wolanski et al. (1998) for the low flow

season in the Bassac River. Vertical profiles of temperature, salinity and suspended sediment

concentration were analyzed at stations spread over a channel length of about 50 km in the

downstream reaches. Time series observations (13 hours) were also performed at two stations

in these studies. They reported that a salt wedge was present in the high flow season, but was

flushed out of the mouth of the estuary at low tide. In the low flow season, the saline intrusion

extended some 50 km up-river with vertical stratification in salinity.

We have observed saline intrusion in the Co Chien River, a tributary of the Mekong River

(Fig. 1). Our observations were mainly based on an acoustic reflection profiling system

developed for spatial distribution surveys of haloclines (Model SC-3, Senbon Denki Co. Ltd.:

Tokuoka et al., 2001; Nishimura et al., 2001). This system was made by improvement of a 200

kHz precision echo-sounder. The system measures reflection amplitude, and detects the weak

reflector caused by the rapid change of acoustic impedance at the halocline.  Distribution of

the halocline and the thickness of the salt water layer can be recorded as profile records.

Observations were carried out on three occasions (27-29 Dec., 2000 in the intermediate flow

season, 5-6 May, 2001 in the low flow season, and 2-4 Jan., 2002 in the intermediate flow
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Fig. 1.  The Co Chien River, a tributary of the Mekong River has been
surveyed mainly on the basis of acoustic observation methods. The solid
line shows the surface intrusion limit of salt water by Gagliano and
McIntire (1968). The dashed line indicates the surface intrusion limit of
saltwater (in Vietnam Hydrometeorological Atlas by Nguyen et al., 1994).

Fig. 2.  The SC-3 echo sounding survey routes (routes G-G’ of 6 May, 2001 and I-I’ of 4
Jan., 2002 are omitted. These are roughly the same as routes F-F’ and H-H’, respectively.
The topographic map is from the sheet 6228 Tra Vinh (1:100,000, Viet Nam).
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Fig. 3.  Representative SC-3 echo-sounding profiles in the intermediate flow season (Dec., 2000 and

season. The routes of surveys are shown in Fig. 2, and acoustic reflection profiles in the

intermediate flow season and low flow season are shown in Figs. 3 and 7, respectively. The

numerals shown in each profile indicate the distance from the tentative observation station at

the river mouth where the third observation was done in Jan. 2002. Our echo sounding surveys

had identified mound-like topography near the 14 and 8 km points. These are marked in the

above figures, and each of them are called the 14 km and 8 km mounds. Mound-like

topographies have also been found near the 28 and 45 km points, called the 28 km and 45 km

mounds respectively, in the survey upstream toward Tra Vinh Port in 29 Dec., 2000, although

the data are not shown in the present paper. These mound-like structures considered to have

roles as barriers against salt intrusion.
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Jan., 2002).Circled numerals: distance (km) from the river mouth station benchmarked in 2002 survey.
Other numerals: Salinity in psu.

Observation in the intermediate flow season

27 and 28 Dec., 2000 (Figs. 3 A-A’, B-B’, C-C’)

Preliminary SC-3 echo-sounding survey was attempted in the Mekong River and was

confirmed to be useful for understanding the time-space distribution of saline intrusion. In 27

Dec. observation was made from Tra Vinh Port, heading downstream around ebb tide. Fig. 3

A-A’ shows the presence of faintly stratified in the saline water in the downstream reaches.

We inferred that salt water did not extend beyond the 14 km mound.  In 28 Dec., the survey

was carried out downstream area of the tributary of the Co Chien River toward flood tide. Fig.

3 B-B’ apparently shows the invasion of saline water below fresh water, a situation approaching
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that of a salt wedge. Fig.3 C-C’ is the same profile about 3 hours later. Highly mixed conditions

prevailed over the entire traverse toward flood tide, and saline water extended beyond the 14

km mound, progressing further upstream.

2 and 4 Jan., 2002 ( Figs. 3 H-H’, I-I’, Figs. 4, 5 )

Time series water level data was measured at Tra Vinh Port from a floating pier between 1

and 4 Jan. (Fig. 4). We selected a benchmark observation station at the river mouth, where

named the 0 km point in this paper, and temperature and salinity were measured at two

horizons, about 1 and 2 m water depth at ebb tide by using a COMPACT-CT (Allec Densi Co.

Fig. 4.  Time-series
plot of the water level
at Tra Vinh Port (1 to
4 Jan., 2002)

Fig. 5.  Time-series plot of salinity at two horizons (1 and about 2 m depth in
ebb tide ) at the river mouth observation station (1 to 4 Jan., 2002)

1m

2m



79Salt water intrusion in the Mekong River estuary

Fig.  6.  Time-series salinity and SC-3 echo-sounding records
at the river mouth observation station (2 and 4 Jan., 2002)
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Ltd.). Salinity changes at two horizons (Fig. 5) are concordant, with the water level change at

Tra Vinh Port, 28 km upstream. Salinity increased toward flood tide and decreased toward

ebb tide at the two horizons. The time series difference of salinity between two horizons

suggests the existence of well mixed saline water toward rising tide, whereas some salinity

stratification occurred during high tide.

Echo-sounding and salinity profiles were carried out at this station at 30 minute intervals

on 2 and 4 Jan.  The observations began at ebb tide. Results are shown in Fig. 6. It is apparent

that the time series changes of salinity gradient from ebb tide to rising tide are in accordance

with the changes in reflection patterns.

Following the above station observation in 2 and 4 Jan., observations towing SC 3 were

carried out, heading upstream near flood tide. The acoustic profiles are shown in Fig. 3 (H-H’

and I-I’; the latter route is roughly the same as the former, and is not shown in Fig. 2).

Moderately mixed condition prevailed over the whole area, but faintly stratified condition

was visible in the lower reaches in both surveys. The acoustics show that saline water

extended beyond the 8 km mound.

Observation in the low flow season

5 and 6 May, 2001 ( Fig. 7 D-D’, E-E’, F-F’, G-G’)

Echo-sounding survey was made on 5 and 6 May, and representative profiles are shown in

Fig. 7. The time series water level was measured at Tra Vinh Port using a floating pier. Results

are shown in Fig. 8. On 5 May, echo-sounding survey was carried out toward ebb tide, heading

upstream (Fig. 7 D-D’). The echo-sounding profile indicated some stratification was present

in the downstream reaches. Salinity profiles obtained at several points indicated weak

stratification in the upper layer, although well mixed conditions prevailed over the whole

area. Acoustics show salt water intruded beyond the ridge at the 14 km from the river mouth,

penetrating up to the 22 km point. Echo-sounding survey was carried out along several routes

on 6 May (Fig. 7 E-E’, F-F’, G-G’; Route G-G’ is omitted from Fig. 2). These observations

were carried out toward flood tide, and the acoustics show strongly mixed conditions prevailed

over the whole areas. This was confirmed by salinity profiles obtained at several stations.

Series measurements of surface salinity also indicated gradual increase of salinity toward the

downstream, suggesting strongly mixed condition prevailed. At Tra Vinh Port, we obtained a

surface salinity value of more than 1 psu at ebb tide, suggesting salt invasion had proceeded

further upstream.

Conclusions

A schematic profile of salt intrusion in the Mekong River during the intermediate and low

flow seasons is presented in Fig. 9. In the intermediate flow season, salt water was present
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only downstream of the 8 km Mound at ebb tide, but progressed upstream beyond the 14 km

Mound toward flood tide (Fig. 3). The B-B’ echo-sounding profile in Fig. 3 apparently indicated

the appearance of a saline wedge, although salt water was generally mixed vertically. Time

series echo-sounding profiles obtained at the river mouth station from ebb tide toward rising

tide were in accordance with each salinity profile (Fig. 6). In the low flow season, salt water

reached as far as the 28 km Mound toward flood tide, and possibly entered the pool at 33 km.

Echo sounding profiles, salinity profiles and surface salinity data indicate that vertically well

mixed salt water was present in the entire area invaded by salt water. However, some of our

data suggests that partly stratified structures may be formed during slack tides if salt wedge

conditions are approached. This needs to be confirmed by further echo sounding profiles.
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Fig. 8.  Time-series plot of the water level at Tra Vinh Port ( 5 and 6 May, 2001).

Fig. 7.  Representative SC-3 echo-sounding profiles during the low flow season (May, 2001). Circled numerals:
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Fig. 9.  Schematic profile of the Co Chien River and conceptual illustration
of salt water intrusion in the intermediate and low flow seasons.

 distance (km) from the river mouth station benchmarked in 2002 survey. Other numerals: Salinity in psu.


