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Abstract

The objective of this research was to develop a system dynamics model to monitor
nitrogen removal in an aquatic plant pond subsystem of a municipality’s central wastewater
treatment system of Hat Yai city. It was intended to be able help explain the dynamic behavior of
the pond resulting from the interaction among various theoretical variables and was expected to
be further modified to explain the uncertain situations and to guide the operation of the pond
subsystem. The prototype model development started with documentary research, the result of
which was used to design the primary structure and relationships of the model. It was modified
and improved further using data from related research and Hat Yai city municipality’s central
waste water treatment system to make the model better fit to the local system. The model
development made use of Vensim PLE Plus version 5.4.

The model consisted of two groups of variables: (1) nitrogen variables and
(2) environmental variables. The Nitrogen variables were divided into 2 groups. The major group
consisted of (1) Org-N, (2) NH;—N, (3) NO,-N and (4) NO, -N. The minor group consisted of
(1) TN in sediment and (2) N, in atmosphere. The environmental variables consisted of
(1) organic matter, (2) bacteria, (3) algae and (4) floating plants.

The model that passed a series of logical tests and was further adjusted by specific
local variables could be used to explain the behavior of the pond resulting from the interaction
among those key parameters in line with the set hypotheses, for instance, the rate of NH 4+-N and
NO, -N used up in the pond increased and decreased according to the changes in the algae and

floating plants in the pond. Also it could explain the phenomenon that really occurred in the pond,
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i.e., in the case of heavy rain, where the rain water brought down N, from the atmosphere to the
pond in the form of NH;—N resulting in an increase of the parameters related to NH4+—N during
the raining period.

Sensitivity analyses of the essential variables in the model suggested that some inflow
variables such as nitrogen, pH and algae and those formed in the pond such as algae and plants
were significant to the change of effluent nitrogen.

The results of two scenario analyses also supported theoretical propositions. In the
first scenario, where the inflow variable changed but those formed in the pond did not for the next
10 days, the dependent variables also changed, NH4+-N disposed in the pond changed according
to pH, while NH4+-N and NO, -N changed due to the absorption by algae and aquatic plants in
line with the set assumptions and the possibility that might really occur in the pond.

In the second scenario where the inflow variables were kept constant but those formed
in the pond changed, Org-N and NH;-N would increased with the declining rate, the algae
disposed in the pond, NO,-N and NH;-N absorbed by algae and aquatic plants and NO,-N
transformed to gas in the denitrification process, also in line with the set hypotheses.

As the changed behaviors were all in line with the set hypotheses, it is expected that
this prototype model could be further modified and then applied to predict the behaviors of key
parameters in the nitrogen disposal system. Besides, it might be used as a tool to analyze,

monitor, and suggest the management of the pond in the future.
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