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studies on ;he distribution of' temp&turo and salinity in' the Visakhapatnam harbour during the months of 
November-December 1966 and June-July 1967, showed marked seasonal variations. In winter both the temperature 
and salinity values are low throughout the depth column, while in late summer there is a significant increase in their 
ms1ues:The effect of tide and rainfall on the hydtological parameters has been discussed. 

In the field of harbour defence systems, harbour navigation and construction of wharfs, studies on tem- 
perature, salinity, currents and other oceanographic parameters are essential. Very few data are available 
in respect of the harbours in our country. Varadachari has discussed the near shore cliaracteristics of the 
Visakhapatnam area. In  the present paper an attempt has been made to study the distribution of tempera- 
ture and salinity in the Visakhapatnam harbour during November-December and June-July. The effect of 
tide and rainfall on these parameters has been discussed. 

C O L L E C T I O N  OF D A T A  A N D  L I M I T A T I O N S  

The area under study together with the location of station positions is given in Fig. 1. The temperature 
and salinity data were collected a t  different depths for every three days a t  a specific time around 10 a.m. at  
station E during November-December 1966, and at  stations E and €2 during June-July 1967. The rainfall 
during the period of observations, if any, is noted. 

The tide position at  the time of observations is noted from the Tide Tables,and the discussions are limited 
to the ~bse~vations taken in the above manner. 

Fig. 1-Hydrological studies at Viaakhaptnam. 

*present affiliation: Central Iwtitute ~ ~ f ~ ~ s h e r i e e ' ~ p e r a t i v e s  (Mad~a,~ Unit), Royapurmn, Madras-13. 
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R E S U L T S  

November-December 1966 : I n  the whole depth column a t  station E, the temperature varies between 
2 3 . 1  and 27.9OC (Eg. 2). The details of the temperature ranges a t  different depths $re given in Table 1. 

Almost throughout the period of observations the ternpe~atures are low. During most of the days of 
the first half of December, the bottom temperatures are higher than the surface temperatures. 

\ 

Rains, during this period, do not appear to have much effect on the surfa temperatnres. The 
tide data at the time of observations2 shows that the temperature increases with ood tide and decreases 
with ebb tide a t  all depths. 

iff 
/ 

Jzlne-July 1967 : At station E, the temperature varies from 2 6 . 6 O  to 30.B°C rlght from the surface 
through the bottom (Big. 3). Intermittent rains during this period reduce the surface temperatures &ghtly. 
Prom the tidal positions at the time of observations~, it is noticed that in general the temperature increases 
with high tide and decreases with low tide. 

f -- 

TIM€. LN W S  f O A T E I  MONTH) 

Fig. 2-Temperature variations at station E for the Visakhapatnam harbour during November-Deoember 

TIME IN DAYS (DATE / M O N T H )  

Big. 3-Temperature vrcriations at station E for the Visakhapatnam harbour duvbg Jm&Tly 
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TE~EBATUB~:  AND SAIJNITY a m m s  AT STATIONS E AND 0 
- - -  

Station Period Depth Temperature range Salinity mnge 
(MI re) ("100) ----- ---- 2-- 

' E  Nov-Deo 66 Surface 23.9-27.9 23.2-27.4 

0.6 23.9-27.7 - 
6 24.0-27-4 - 
Bottom 24.3-27.3 24.8-28.4 

E June-July 67 Surface 27.4-30-6 26.3-36.9 

1 27.8-30-3 30.8-36.2 

3 27*630.4 .-- 30.4-36-2 ' 

Bottom 26.6-30.1 29.8-36.3 

C June-July 67 Surface 27.4-30-7 26.8-36.8 

1 26-8-30.6 32.9-36-8 

6 26-030.6 34.0-35.4l 

Bottom 25.3-30.3 34.2-35.2 

Similar features as observed at station E have been encountered at station C which is situated at the 
mouth of the North-West channel of the harbour (Fig. 4). 

Salinity Distribution 

Nosenzber-Dt?cem&r 1966 : Low salinities have been found at station E, and the salinity s t  the surface 
and bottom varies between 23- 2 '/,,and 28.4 "/,, (Pig. 5). The salinity ranges at different depths for stations 
E and C are also given in Table 1. On comparison of the salinity data with the tide positions, it is found 
that in general the salinity increases during flood tide and decreases during ebb tide. 

TIME IN OAYS (DATE /MONTH) 
I 
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* June-July 1967 : The salinity distribution thropghout the depth column at  station E shows a marked 
increase in their values and ranges from 25.3 O/,, to 36.3 "/,, (Pig. 6). The salinity increases towards the 
bottom during most of the observed days: 

Intermitte 4 rains during thit season reduce the surface salinitips slightly, but around middle of July P .I d " 

heavy raid?& owers the surface safimt~es considerably. The sali6ity - .  increases during flood - tide and 
decreases - dur ig  - ebb . --  tide. . . 

The salinity distribution a t  station C is almost similar to that of sttition E (Fig. 7). Station C is a t  the 
. 

entrance of the North-West channel and also nearer to the turning bisin where as station E is situated a 
little interior of the North-West chadnel. . 

- .  
if " % '  - .  D I S C U S R I O N  

Low ,8kmperiatures throughout the depth column during November-Deoember are thought to be due 
to the winter ,conditions prevailing generally - .  over this region. Relatively high temperatures towards the 

, ,, 
TABLE 2 

3 0  
w,,u--8,. .  SURFACE. . I RAINFALI, AT VISAKHAPATNAM -..-.-- BOTTOM 

, -- 
Date *Rainfall at - 0830 hr 4 IST 

(in tenths of mm) 
2 2 6 -  ---- -- --- --- 
> 
I- 10-7-67 000 - 11-7-87 000 
f 
2 12-7-87 000 ' , I  
4 " '13-7-67 008 

14-7-67 - 000 I 

2 2- 15-7-67 518 
; j V ; 0  186 2 6 - 2 * - 2 - 5 

C -- 16-7-67 
II 11 12 12 12 12 ?b 17-7-67 008 

TIME IN (DAYS (DATEIMONT~) . L 

. Fig. +Salinity variatiorls i& station E for the ~isakha~atnafa *Rainfall at O W  ~ZS'@T is rainfall since 083@ hl$'IST 3f 

harbour during Nopember-December 1966. the previoW-day. . . , . 
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Big. 6-Salinity variation6 at statio~ E for the Visakhapatng harbour during June-Jul? 1987, . b 
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bottom m y  be attributed to the surface cooling and evaporatioh, and tidal effect on the harbourA waters. 
Deviations to this may be due to the presence of relatively clear skies4 and this is particularly more effec- 
tive in shallow waters. 

During June-July, there is a significant increase in temperature values a t  all depths. The higher tem- 
peratures are mainly due to the heating of the atmosphere and sea surface during summer and partly due 
to the tidal effect. Intermittent rains during this season reduce the surface temperatures slightly. The rain 
and the associated cloud conditions might be responsible for lowering the surface temperatures5 on some 
days. 

In general, low temperatures and positive gradients during November-December and h h  tempe- 
ratures and negative gradients during June-July are comparable with the observations of Vakadacharil. 

Low salinities during November-December are the result of the dilution of the Bay of Bengal waters 
by the river discharges in the northern portion. These diluted waters are brought into the Visakhapatnam 
region by the prevailing current system probably this effect masks the increase of salinity by evapora- 
tion. In addition to this, rainfall during this season contributes to the low saline waters. 

High saline waters daring late summer are considered to be due to the influence of the Southern Bay 
of Bengal waters which are brought into the northern parts by the existing ci~culation pattern. The effect 
of rainfall on the salinity of the waters is overshadowed by the influx of considerably high saline Smithern 
Bay water. Also very low discharges from the rivers in the south do not have any effect in reducing the 
salinity. 

Although a few exceptions have been noticed, in general, during both winter and summer, the tempe- 
rature and salinity values at all depths increase with flood tide and decrease with ebb tide. The fluctuations 
of temperature and salinity with tide are due to the i d o w  of relatively high temperature and high saline 
waters into the harbour during flood tide and the recession of the waters during ebb tide. The increase 
of temperature towards the bottom during winter, as observed on some days, is thought to be mainly due to 
the influx of relatively high temperature waters into the harbour through the bottom layers during flood 
tide. The higher temperatures at the bottom, during most of the days of the f is t  half of December, may be 
due to the initiation of the flood tide before the complete recession of the bottom waters. 

TlPilE IN DAYS ( D A J E I M O N T H )  

~ i ~ . ' 7 - ~ a l i n i t y  variations qt atation C for $he Viwkhapatnam harbour during June-July 1967. 
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On comparison of.the bottom'temperature and salinity values at  stations C and E during June-July, 
relatively low temperatures and high salinities have been found at  station C. This may be attributed to the 
bottom slope. From the soundings it has been observed that station C is qeeper by about three metres than 
station E. Low surface salinities of the order of 25.5 "/,, have been observed at  stations C and E during the 
middle of July. This is mainly due to the heaqcrainfall during this period (Tabie 2). 

" .  
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