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Streamwater quality is affected by a number of natural and human processes. Major
types of chemical compounds which may affect water quality include nutrients (nitrogen
and phosphorus). Nutrients are of particular interest in the study of environmental quality
within the Pusiano/Lambro River basin as they turn out to be critical for the water quality
in the lake. This paper briefly details a methodological approach used for implementation
of water quality models, with an aim of defining water quality in the lake’s immissary as a
result of all different pollution-generating activities within the basin. A steady-state
simulation model (QUALZ2E) was adopetd to predict changes in the concentration of in-
stream nutrient concentrations in the Lambro River within the Lake Pusiano watershed
(Northern Italy). Simulation of local hydrology as a preliminary study was conducted
using the HEC-HMS model. In this study, watershed analysis is carried out with the “Soil
and Water Assessment Tool” (SWAT) package. This paper describes therefore parts of an
integrated hydrologic, catchment and stream nutrient modelling system. The river
modelling system is designed to simulate at first, and subsequently to develop reduction
plans, nutrient loads delivered to lake.

In order to fully implement the capabilities of the SWAT framework, input file
organization in a Geographic Information System (GIS), as an integral part of the
existing database is essential. In fact, a GIS allows to collect, store, easily manage,
elaborate and display large quantities of data, necessary to run a complex simulation,
associated with a watershed. Pollution-generation models in fact require input information
including: land use and cover, soil data, precipitation and potential evapotranspiration,
stream-reach characteristics and stream flow, and many additional informations that may
be useful in determining or estimating the model parameters. Time series data, such as
water quality data, are also necessary to run the QUALZ2E model, seeing that all water
quality models simulate changes based on a known initial condition, and thus demand a
comprehensive, well organized water quality sampling program. However, conventional
measurements of water quality require onsite sampling and expensive and time-consuming
laboratory work. Due to these two limitations, the sample size often can not be extended
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and comprehensive enough to cover the entire water body. The difficulty of overall and
successive water quality sampling becomes a barrier to water quality prediction (Brown &
Clark, 1998). Therefore, in this study, specific preliminary attention was paid to the
outcome of an established monitoring program, which is recommended primarily to
support the water quality model calibration.

Existing water quality data (two years’ records on a monthly basis) of Lambro River
were applied to preliminary modeling using QUAL2e. Representative events were selected
to identify the governing water quality processes under low and high flow conditions.
Accordingly, preliminary water quality modeling was used to assess the variability of
nutrients throughout the catchment, examine data set for water quality modeling and
identify potential pollution sources. An initial examination of model results lead to
recognize the water processes and establishing further data collection. A new monitoring
program designed on thus preliminary results was started in january 2004. This is
providing a new set data to improve the modeling framework.

Concentrations of nitrogen (N) and phosphorous (P) species were determined in the
main stream and tributary waters of the Lambro River system during the periods of July
2002 through December 2003. Water quality data were analyzed for five monitoring
stations. Examination of the observed water quality variability was used to select the
simulated events; as a criterion the ranges for flow values during the day of the selected
events were taken. Changes in mean concentrations are significant: during the entire
period, the total N (TN) and total P (TP) concentrations in surface waters were found to be
within the ranges of 1,3 — 6,0 mg/l and 0.01-0,6 mg/L, respectively. The results of this
comparative analysis can be expressed in terms of low and high flow (i.e. total nitrogen
TN: minimum 1,3 mg/l, maximum 3,4 mg/l in S1, and minimum 2,4 mg/l, maximum
4,4 mg/l in S5). The events were ranked according to streamflow values observed at the
gauging station Caslino. Events below and above 2.5 m’/s were considered as ‘low’ and
‘high® flow events respectively. Two events were arbitrary selected for presenting
modelling efforts; one for low flow (November 15, 2002) and one for high flow
(September 03, 2002) in order to model observed changes in concentration along the river.

Nutrients nitrogen (N) and phosphorus (P) were simulated as the chemical parameters
of interest. Chlorophyll-a and dissolved oxygen will be calibrated in the next part of study,
as the former had been measured since January 2004 only. Chemical calibration of the
model involves determining the strength of point sources (in our case tributaries),
evaluating existing conditions along the stream and water temperature as initial conditions.

The initial approach used for the Lambro River model was to use constant rates derived
from QUAL2E’s user manual and/or other related literature for initial model calibration.
Although this option was used as a starting hypothesis, it was determined during the
course of the simulations that a large number of model reaches required individual user’s
specification of coefficient rates. Variable rates were used mainly for nitrogen oxidation
coefficient and ammonia uptake rates. Reaches 6-8 required lower rates, while reaches 13,
17 and 22 generally required higher rates. These and some other adjustments were made to
the model, in order to achieve good calibration for nutrients results. Model results are
plotted for each chemical parameter in river-kilometers versus chemical parameter format.

To help derive meaningful interpretations of temporal and geographical variabilities in
the nutrient behavior, the entire database was evaluated under several different schemes.
As mentioned earlier, the nitrogen concentration difference between low and high flow
was on the average around 2,5 mg/l and as much as 4,7 mg/l. Recommendations for the
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developed monitoring framework have been made to better investigate this relationship
during high flow events. The new monitoring program will provide additional datasets for
QUALZE, in order to improve model calibration and understanding of the major processes
impacting water quality in the Pusiano Lake watershed.

REFERENCES

Arnold J.G., Neitsch S.L., Kiniry J.R., Williams J.R. & King K.W. (2002). Soil and water
assessment tool. Documentation and user manual. Texas Water Resources Institute,
College Station, Texas. TWRI Report TR-191, 506.

Bowie, G., Mills, W., Porcella, D., Campbell, C., Pagenkopf, J., Rupp, G., Johnson, K.,
Chan, P., Gherini, S. & Chamberlin, C. (1985). Rates, Constants and Kinetic
Formulations in Surface Water Quality Modeling, U.S. Environmental Protection
Agency, EPA/600/3-85/040, 244 - 274.

Brown, L.C. and T.O. Barnwell. (1987). The enhanced stream water quality models
QUAL2E and QUAL2E-UNCAS: Documentation and user manual. US-EPA Research
Laboratory, Athens, GA. EPA/600/3 -87/007, 184.

Chapra, S.C. (1997). Surface Water Quality Modelling. McGraw-Hill, New York, USA.

Clesceri, L.S., AD. Eaton and A.E. Greenberg. (1995). Standard methods for the
examination of water and wastewater.19th Edition. American Public Health Assosiation
Washington, DC 20005.

Covar, A. (1976). Selecting the Proper Reaeration Coefficient For Use in Water Quality
Models, U.S.EPA Conference on Environmental Simulation and Modeling, April 19-
22,Cincinnati, Ohio. EPA-600/9-76-016.

Hoffman D.W. (1996).GIS spatialdatabase and hydrologic modelling: An aid to locate
water quality monitoring sites. A WRA Annual Conference on GIS and Water Resources,
293-295.

HEM-HMS, Hydrological Engineering Center- Hydrologic Modeling System, Version
2.1, (2001). Us Army Corps of Engineers, California. http://www.usace.army.mil/

Santhi C., J. G. Arnold, J. ’

Novotny, V. and H. Olem.(1994). Water quality: prevention, identification and
management of diffuse pollution. Van Nostrand Reinhold (ed), NewYork, NY,1053.




