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A monitoring and modelling program was initiated in June 1995 to assess the water quality
impacts of brackishwater shrimp aquaculture. India in recent years has been second to China in world
wide shrimp aquaculture production. The economic benefits, however, are accompanied by several
reports of the environmental damage caused by aquaculture. When this project was initiated, a major
concern was the loss of the crop due to the outbreak of shrimp diseases that virtually wiped out the
production along the East Coast of India with an estimtated loss of US$ 70 million. This monitoring and
modelling program was designed to assess the water quality. Impacts from brackish water shrimp
aquaculture farms on an estuary located near Vishakapatiiani, in Andhra Pradesh, India.

The objective was to perform a waste load allocation and determine the extent of aquaculture
that the creeks can sustain, by meeting the water quality criteria for both the creek ecosystem and pond
culture. Based on these results, similar assessments may be performed for other sites supporting large
scale aquaculture activities. This paper introduces the sampling program and modelling methodology of
the study.

The study area has 21 farms with 194 hectares (ha) of land utilised for brackishwater aquaculture
with 97.7 ha intensive, 93.9 ha semi-intensive and 2.8 ha extensive. The farm sizes range from 26.4 ha to
2.8 ha. The five largest farl~ls occupy 104 ha (53.5%) of the farmed area and four of these farms
practice semi-intensive farming. Since the disease of 1994, 19 farms (183 ha) have been disinfecting the
influent water in reservoir ponds prior to utilisation in the tanks. The ponds currently exchange 25 % of
the water once in a week. The previous practice was to exchange water everyday. There is no treatment
of the effluents.

The water quantity and quality data was collected from the 9 creek avatar quality stations (WQS)
and the 10 pond stations once every fortnight during high and low tides. Three crop cycles have been
sampled. The period between the crops was also being sampled at the same frequency. Typical crop
periods are 4 months in duration, thus resulting 8 sampling days per crop. There have been 30 synoptic
sampling days covering the creeks and pond effluents.

Each station has a tide pole referenced to the chart datum for stage measurements. The
fortnightly, water quality monitoring program at high and low tides in the creeks measures of
temperature, salinity, Dissolved Oxygen. Turbidity. Total Suspended Solids. BOD, dissolved nutrients
(amonia, nitrite, nitrate and phosphate) and hydrogen sulphide; and microbiological parameters (total
bacteria, total vibrio, total coliform and salmonella). Samples are also taken of the bottom sediments for
microbiological parameters. In addition, three surveys are carried out for twenty four periods with
samples taken every four hours for all the parameters listed above. The three 24 hour surveys are used for
calibration and validation of the model. The fortnightly observations are used for validation of the model
run in the continuous mode.

Farm sampling for the chemical and microbiological parameters was similar to the creek
sampling while the physical data includes farm and pond size, feed and pond management characteristics,
and volume of influent and effluent. Additional data on the freshwater inflow, tidal regime, land use
characteristics, precipitation and atmospheric temperature is derived from several government agencies.
All data collection adheres to standard procedures [1] with a QA7QC document prepared for this project.
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The modeling component includes the calibration and validation of a two dimensional finite
difference model for hydrodynamics and water quality (WQMAPW) developed by Applied Science
Associates (1996). The model adopts a boundary-fitted coordinate approach. It contains a grid generation
program that uses a set of quasi-linear elliptic transformation equations. The hydrodynamic model
utilises continuity and momentum equations, solved in the curvilinear coordinate system. For dissolved
oxygen and microbiological parameters, WQMAP utilises WASPS kinetics [2]. The model utilises a
simple GIS interface, ASAMAP for decision support, and pre and post processing of the model.

At the current rate of activity, there are violations of the Dissolved Oxygen criteria in the
receiving waters for approximately two hours in the early dawn period. Initial analysis of the water
quality data suggests a direct relationship between dissolved nitrate and bacterial concentrations with
production, for the upstream station of the Malagedda, where the flushing time is the longest. However,
since this observation is based on a ssingle season production data verification is essential.

The modeling for the hydrodynamics of the creeks has been performed with typical with an
average error of 0. lm for the high and low tide. Preliminary modeling for the water quality was begun
with bacterial concentrations of total coliform and vibrio counts, based on the assumption that shrimp
production is the cause for high bacterial counts in the receiving waters. Using average effluent
concentrations as inputs from the shrimp farms, modeling of scenarios suggest the obvious that a
common effluent treatment plant with a disposal point near the open boundary would significantly
decrease bacterial concentrations in the creeks.
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