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MICRO-OCEANOGRAPHY IN ESTUARY

Akio MURAKAMI

1. Scope of work.

As a rule, the sea condition of ciastal waters is more complicated than that of the open sea.
Especially in an estuary, variations are very considerable owing to the effects of complicated
topography, wind, tide, river discharge, etc. On the other hand, clarification of the detailed sea
conditions of coastal waters is urgently required for the bznefit of fisheries, public works, industrial
developmﬁ_ent and urban life.

From 1964 through 1966, the Scierce and Technology Agency conducted an integrated study of
coastal sea conditions in Hiroshima Bay with the Maritime Safety Agency, the Fisheries Agency and
the Meteorological Agency as the participants. The author took part of this study and carried out a
study concerning the mechanism of the exchange bstween the fresh and sea waters. An unique
automatic cbservatory was designed for this purpose and installed near the estuary of the
Ota River. The characters and movements of fresh, brackish and sea water masses were studied by
means of this observatory and by supplemental observations.

The automatic obzervatory takes measurements at several depths between the surface and the
bottom of the sea at regular time intervals. Such method of automatic observation is the first attempt
in Japan. The measured items are air temperature, wind direction and force, water temperature,
electric conductivity, and direction and speed of current. The detectors for these elements are moved
up and down through the water column by the motor installed on a tower. The tower is lccated at
a point 250 m off the shore and 8 m in depth. Self-regulating and recording parts are placed in a
house on land. The distanc® of about 300 m bestween the house and the tower is connected with a
submarine cable.

The observatory takes measurements at the water surface and then at 0.5, 1, 2, 3, 5and 6 m
balow surfzcz, and it takes about 10 minutes to complete one series of observation. Such a series is
repeated every 30 minutes. The observatory bzgan recording the data in January 1966, and was kept
in operation until April 1968. Electric  power was obtained from the commercial power supply. To
avoid obstructing navigation, the tower was placed about 500 m to the east of the river mouth.

The supplemental cbservations were carried out monthly from April 1966 to March 1967, and
consisted of stationary and cruising observations. In the statiopary cbservation, the same observation

items as covered by the automatic cbservatory were continuously measured for 24 hours from a
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survey ship anchored at the river mouth. During the same period the cruising observation was
carried out by another survey ship which made the round tour to cccupy the 10 stations lccated
within 2 km of the shore. It took 2 hours to make a round, and four or five successive rounds
were made.

2. Results obtained.

' (1). Thermal stratification occurs in two seasons of the year, namely, from April through
September and from January through February. Vertical gradient of water temperature is 0.7 and
0.3C/m respectively in the two seasons. Stratification occurs also when low-salinity water
temporarily cccupies the surface layer; in such a case, there is considerable difference between the
surfzce layer and the underlying layer not only in temperature and electric conductivity but also in
current pattern.

(2). The discharge of the Ota River is abundant from March through July (with the maximum in
July) and scanty from August through February (with the minimum in November). Needless to say,
the sea condition of an estuary is ruled mainly by river discharge. Judging from the current velocity
and chlorinity of the surface layer, however, it is only in.the period of abundant river discharge

(i.e., above the year-round average) that the river discharge strongly affects the sea condition.

(3). The sea condition of an estuary is affected by the tidal range as well as by river discharge.
In the estuary of the Ota River the maximum tidal range is about 4 m and the tidal mixing of
fresh and sea waters is not so intense...... limited only to the upper layer...... as in the estuary of
the Chikugo River which is located in the inner part of the Ariake Sea and where thé maxinium tidal
range measures 6 m. Spatial distribution of low-salinity water differs in the stratifying and the
circulating seasons because of the different mixing conditions.

(4). When tidal range is small or when river discharge is very large, the surface water flows
down the estuary even during the flood tide and, consequently, there can bs seen at a depth of 1 to
2 m a sharp discontinuity between the offshore-flowing low-salinity upper water and the underlying
high-salinity water flowing ashore. The thickness of the former water varies with the river
discharge :it is usually less than 2 m and sometimes only 20 to 30 cm. Such surface water is several
per mil lower in chlorinity than the underlying water.

3. Problems pointed out.

(1). As this was the first attempt to descend and ascend the detectors at an aufomatic
observatory, - the elevator apparatus went out of order rather frequently. The majority of the troubles
was due to the increased friction or weight or to the clogging of the pores of detectors, which were
altogether caused by the attachment of sessile organisms. The observatory composed of sea and land
parts proved to be advantageous in the maintenance of the instruments and in securing the electric
power. If all the parts are to be installed in the sea, it seems more desirable in the coastal waters
to submerge them to the sea bottom than to float them by means of a bouy.

(2). Since some of the hydrographic elements show sharp vertical gradients in an estuary, it is
necessary to get a fixed point in the sea for their measurement. Particularly in the measurement of
water current, the errors due to the rolling and pitching of the survey ship cannot be disregarded.
In measuring the movement of a water mass, it is more desirable to follow a current float than to

use a current meter.
(3). The electric conductivity meter has to be improved so as to bes adjusted more rapidly and

surely, if it is to be used in an estuary. In the region of low salinities the relationship between



electric conductivity and chlorinity is not the same as in the open sea, and the calibration curve
must be drawn for each series of observation by securing a few water samples and determining
their chlorinities by titration.
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H + 1 (One hour after high water) . Stations of continuous investigation

LT (Low water)

Fig. 1. Horizontal distribution of chlorinities on surface water in the estuary of Chikugo
River in Ariake Sea, Septembzr 1, 1956. Figures denote chlorinity in %.
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Fig. 2. Constitution of the automatic observatory of micro-oceanographical
condition in the estuary of Ota River.
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Fig. 3. An example of the record and a scale.
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Photograph 1. Regulating and recording parts of the aulomatic
observatory, placed in the house on land.
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Photograph 2. Tower of the automatic observatory seeing from offshore.
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Fig. 10. Diurnal change of factors of sea condition at station A,

1 122 13 14 15 16 17 18 19

10

August 22
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Fig. 11. Diurnal change of current direction and velocity at station A,
August 22—23, 1966. Figures denote current velecity in cm/sec.

~~~~~~~~~~~~~~~ Boundary of flood and ebb current
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Fig. 16. Diurnal change of factors of sea condition at station A,
November 18-—19, 1966.
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Fig. 17. Diurnal change of wind and current at station A,
November 18—19, 1966, symbols are same as in Fig. 11.
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4. AOREEEROBELL

Table 1.1 BHIMRHANEDORFERY T,

Table 1. Factors in supplemental investigations.

Time Age of the | Maximum | Discharge®! - of Percipitation
No. Date hour moon tidal range | Ota River at at Hiroshima
(em) Kumura (m?3 /sec) Connn)
1 '66. 4.27—28 13—13 7—8 +223 88.4 (26) *210.5
2 5.25—26 12—12 6 — 7 +287 95.6
3 6.22—23 12—12 4 —5 +345 475.7 | (20) 63 (22) 5.7
4 7.22—23 11—12 5—6 +319 76.3
5 8.22—23 10—11 7—28 +245 63.7 | (20) 18.5 (23) 2.9
6 9.30 7—20 16 +276 174.3
7 10. 21—22 11—11 8§ —9 +196 45.8
8 11.18—19 11—11 7—8 +253 54.6 | (16) 0.8 (17) 34.5
9 12.19—20 11—11 8—9 +196 45,1 | (18) 0.9 (19) 17.9
10 ’67. 1.19—20 11—11 9 —10 —148 74.0
11 2.15—16 11—11 7— 8 +222 75.5
12 3.23—24 11—11 13 — 14 —302 107.7 21) 16.8

*1  Average of three days before the investigation
*2 (day)

9 A% KM E b —BEIT o » TERRAL TW 5, AIERBEMET« B2 b0 3 AEOFET, 6
HO476ms /sech A, BANT10H D 46m3 /secTH - Tco AAIL 4 ~16TNERD S RGN TN
BEEE 6 B 345 AT 1 AO -1’ FZA I TH %,

1. SIEKIRDZ%E

Fig. 20. e &0 (KiR) — GEEKR) OEOIEE R AR MRS ¥ TR,

KL 2 AD5CHE T AO20°CETEMET 523, 15T LD 4 ~0BRSIRAKE L D <, ERHD
11~ 3 HIZ KBRS & D E\e B +7. 5°C~—10°CTERIB DT 2% Bzt K ¥V, RIAIRDMIRL
EEMIC S < Bbh, 'HE L OEBEEHCEEAMET LARCEZ 5,

2. k B B B , .

Fig. 21. (c & BlOERE /KRG & EEKR LR T, REKROE (AR E, BREEORICKE < (60,
TR (2~3°0), Shuckd LERBKIREZEEZ 72 < (1°CEPD SEOFERIES FEAR &L TH
. 9 AOACH BE, 3ADICH BETHD, Tibb B 1y Ak <h, BLLTR sy

5oCHs, 4~ 8 BIXEBOFAME . THEDETI~I2ZAL 3 Aikre, 6~8 BIRBbRE, ETRE
DIKBERNC/m GRIEERKETHR LA b O) OlF% Fig. 21w, HMO RAIR0. 75°C/miCET 5,
6, 7 ANEbEAN KX, KBB4 A 3~TmfE (15~13°C), 6 Aic2~4mfE (20~18°C),
7 B 3~ 4 mfE (24~22°C), 8 it 4~ 6 mfE (24~23C), 9 Ai0.5~ 1 mJE (23~22°C) KKii%, &
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Fig. 20. Water temperature and difference between air and water temperature.
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Fig. 22. Average discharge of Ota River at Kumura.
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in the day before investigation. Figures denote month.
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HEDFABNRE RS D, BEEEE & LA BRRATIKE LIcko 6 SRRENE, ¥ 1006 K
WA A bR EE 25 & L OME (TR H0fEd L ORSSEHA St. 8B 2HEKR &
Table 2. 5%, (8 FRBHEEAE Loz O TERREY Ao, 3 ATFERNsTR oI ey,
XA HEE )
Table 2. The maximum electric conductivity and the location of neritic water

(river water 1 +sea water5) in each supplemental investigation.

Date Max. conductivity X 6 conductivity Tidal Distance from Depth at
year month | (K18 x 10248 /em) | (K18x 10724 & /cm) phase river mouth(km)| St. 8 (m)
66 4 442 367 L—3 >1.2 1.6
5 450 370+ L—-1 >1.2 0.2
6 450% 370% L+2 >1.2 2.7
7 424 352 L T >1.2 “>bottom
8 (17.81) (14.8) — <0.5
9 451 374 L T >1.2 0.9
10 445 369 L—-2 1.6
11 442 367 L T >1.2 0.9
12 — 370+ L T >1.2 11
67 1 443 368 L—-1 0.5
2 451 374 L—-2 0.9
3 451 374
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