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Engineering aspects of aqua farm design for
sustainability of environment and aquaculture
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Central Institute of Brackishwater Aquaculture
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ABSTRACT

Enaumnlup-cuofflm duunummpumntumfer the development of
map prepared from
IRS 1C- LISS 11 satellite data unn(G.ognphlc Information System indicated
that the area under aquaculture was 328 ha in and around Pichavaram,
Cuddalore district, Tamil Nadu. Farm design details like slope of primary and
secondary dikes, seepage control measures, pond bottom slope, pond and wnur
spread area were d from farms located at P
Tamil Nadu and compared with standard design parameters. Svddummmu
like pH, electrical conductivity, porosity and water holding capacity of the farms
ﬂnpdﬁwﬂ 51108.29, 6.18 t0 15.75 dS/m, 15.21t029.71 % and 20.7 t0 36.8 %
The velocity in the drai hi | varied from 0.32 - 0.73 m/sec.
‘ﬂn-apqcnhwnuh-d:uEZXSImIdAymmldu-mundymmn
The texture of the soil varied from loamy sand to sandy loam. Village based
drainage network is recommended to facilitate proper drainage of wastewater

from aquaculture farm.
Introduction and/or mnumu the adverse n;p:cu on
Traditionall 1 I ut, most
. ds are ofd\ammnafarmsmnolwnmmd

earthern ponds, conuructed in areas
where the soil has sufficient clay content
to prevent leakage of water (Singh, 1993).
The fast growth rate of the shrimp in-
dustry has resulted in the indiscriminate
development of shrimp farms without
prior site selection and environmental
survey. Thc nl’hu'h vnmuud in coastal

breaks all
along the Indun coast are mainly due to

‘hnical d dards and

a8 per
there are many deficiencies in designs,
construction and management of farms
(Omprakash, 1994). As a consequence,
majority of the farms constructed are not
stable to withstand the hazards encoun-
tered in coastal region (Mukherjee and
Ghosh, 1987)

The basic requirements of coastal
aquaculture farm are ponds, water dis-
tribution structures and good soil and
water quality parameters. Site selection
and Adequna knovledn in coastal
y are one of the
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Engineering aspects of aqua farm design

sieved through a 80 mesh sieve. Soil pH
was measured as soil water pH by po-
tentiometric method using 1:2.5 soil -
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total water loss and pond evaporation
value,

and di .

water The same soil-wat.
i d for

was used for EC determination by con-
ductivity meter (Piper, 1968). The poros-
ity was calculated from bulk and parti-
cle densities (Danielson and Sutherland

map of Pich

(Fig.1) indicated the development of
aquaculture in the region was 328 ha in
2003. The commerclal aquaculture

1986). Water holding capacity was deter-
mined by Keen's box method and Soil
texture was analyzed by pipette method
(Piper, 1966). The seepage rate was
measured by still water pool level
‘method. The depth of water in each pond
was checked with a J hook gauge having
an accuracy of + 1 mm, daily in the morn-
ing and the evaporation rate was meas-
ured using the evaporation pan. Pan
evaporation was then converted to pond
evaporation with the coefficient of 0.83
(Boyd, 1985). The seepage rate was cal-
culated from the difference between the

Tancx 1: Design details of shrimp farma

ponds were developed in late 1980's and
increased to 328 ha by 2003. The details
of farm design are given in Table 1. The
pond area ranged from 0.8 ha to 1.2 ha
with square or rectangular shape. Rec-
tangular ponds facilitate a better water
circulation and avoid dead zones
(Omprakash, 1994). The maxi de-
signed water depth was one metre. The
water spread area ranged from 60 to 70%
of the total farm area. The pond bottom
was provided with a slope of 1000:1 to
1000:3 towards the drain to facilitate
proper drainage whereas the recom-
mended slope was 1000:1 to 1000:5.

Location Farm Average Mean Numberof  Velocity of
area pond water ponds water in drainage
(ha) area (ha)  spread canal (m/sec)

area (ha)

11025'32°N 4 0.8 28 5 1032

T9° 46'21"E

11°25'4"N 12 10 96 12 0.46

79°46' 36" E

11°25'36"N 2 10 15 2 0.40

T6* 46’ 23"E

11°25' 30°N 8 08 72 1 0.37

79 46'20"E

11°25'51'N 9.4 09 7.82 10 0.52

79 4644°E

11°268' 42'N 2 10 156 2 0.59

79°46'5T"E

11°25' 46N 5 10 35 5 0.61

9° 48’ 59" E

11°29° 12°N 4 08 82 4 0.67

79°468'34"E

11°25' 49N 15 0.7 108 2 0.712

Te* 4T 06" E

11028 12 10 84 1n 0.78
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ripheral dike ranged from 1.5:1 to 2:1
whereas 2:1 is recommended as per de-
sign norms (Table 2). The periphery of
bunds were located very close to the creek
in most of the farms. However, it should
be located 30 m away from the riverbanks
for ecological consideration as well as
protection against floods and wave ac-
tion. There is a need to relook at the lay-
out of farms in addition to improving the
structural stability of the farm compo-
nents and water management by water
control structures. The dikes were not
lined and the free board was maintained
between 0.4 and 0.5 m in main dikes. A
minimum free board of 0.6 m is neces-
sary to prevent overtopping of dike. The
dikes should be lined with clay to avoid
erosion and seepage problems.

The width of secondary dike was 0.8
to 1.0 m where as the recommended
width is 1 to 2 m (Upadhyay, 1994). The
orientation of longer axis of the pond with
wind direction will be helpful to increase
the water movement by wind action. This

1. Aquaculture area in 2003 delineated
from IRC 1C, LISS I data

(Upadhyay, 1894).

The top width of 1.5 - 2 m periph-
eral dikes indicated that it needs to be
increased to 2.4 m. The alope of the pe-

Fig

Main Dike
Top width (m) 15-20
161-2:1
Free board (cm) 4048
Partition Dike
Top width (m) . 0.8-1.0
Slope 18:1-251
Free board (cm) 2027
Pond bottom slope 1000:1 to

the dissolved oxygen content in
the water and reduces the fluctuations
of water temperature. Clay soil is best
suited for constructing bunds since it has
good water retention properties. Such
bunds cannot be easily eroded by wave
or tide actions and will prevent seepage
problems.

dikes
perameters
24

12.11
251

30
1000:1 to
1000:5
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The stability of a homogensous earth
£ill dike and effectiveness of its side slope
can be rectified by using Taylor's stabil-
ity number (Singh and Punmia, 1970)
which suggests a minimum factor of
ufetyonaumnlhpﬁilmTom-

should be sufficiently wide and slopes
flatter so that the parabolic curve of the
seepage line falls with in the body of the
dike. Another major problem in farm
maintenance is tunnelling caused by eels,
crabs etc in the dikes and ponds which
can be counteracted with success by the
application of quick lime in the burrows
(Mline, 1972).

The velocity of water in the drain-
age channel ranged from 0.32 - 0.73 m/
sec. In most of the farms, the drainage
channel slope is found to be below 0.05%
which will result in silting. Lining of
channel with grass will to a large extent,
prevent silting and it is usually done
above the water line, leaving the main
channel section conveying the water free
from grass or other vegetation in to
farms.

‘The average soil pH and EC values
of the ponds ranged from 7.51 to
8.29 and 6.18 d/m to 15.75 dS/m, respec-
tively (Fig.2). The soil salinity was high
in some places due to the effect of sea
water back flow during high tides. As per

et
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the aoil survey report of Govt. of Tamil
Nadu, the soils of the shrimp culture ar-
eas were saline even before the start of
aquaculture (Anon, 1978). The water
holding capacity was less (20.7 to 36.8%)
in most of the farms because of high sand
content as this is directly related to the
porosity and clay content of the sail. The
porosity of the soils ranged from 15.21 to
29.71 % and it is found to be proportional -
to the sand content in the soil.

The seepage rate ranged from 10.2 -
13.1 cm/day (Fig.2) in the ponds because
of the sandy nature of the soil. Seepage
of saline water from aquaculture ponds
was an environmental problem since it
results in salinisation of soil in nearby
egricultural land and drinking water re-
sources. High seepage rates not only re-
sult in water loas but also reduce the
pond fertility and thereby adversely af-
fect the crop. Pond constructed in fine-
grained soil is confronted with the prob-
lem of water retention, as losses due to
percolation in such soils are quite con-
siderable. The extent of water loss

the pond bottoms and dikes
Mlmhﬁlednﬁ;nnndmumautof
ponds. Pond bed and sides can'be cov-
ered with hard clay deposited in layers
and well compacted. Chemical sealants
like sodium polyphosphate may be mixed
with soil to make it denser and imper-
meable.

The texture of the soil varied from
loamy sand to sandy loam (Fig.3). There
was not much difference among the tex-
tural separates viz., sand, silt and clay
in shrimp farm ponds. Since finer parti-
cles are more active than the coarse ones,
the magnitude of activity of the soil phase
is determined largely by ita textured com-
position. Analysis of soil texture and
other physical and chemical propertiea
of interest in pond construction are used
to determine if site soils are suitable for
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Fig 3. Soil texture and ssepage rate in shrimp
culture farms

building ponds (Hajek and Boyd, 1994).
Boyd (1976) showed that textural and
chemical properties of soils have direct
bearing on the p ivity of the ponds.
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quality of water. Drainage network is
necesaary to facilitate proper drainage of
wastewater from the farm and to ensure
that used culture water does not find its
way back into any other farm. Since, the
individual farmer is not able to provide
the wastewater treatment system,
through drainage network, the waste
water can be taken to a common treat-
ment system which can be installed in a
capacity basis.
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