








r 

Application of a steady-state nutrient model and inferences for load reduction 
strategy in two public water supply reservoirs in eastern Connecticut 
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Figure 11.-Effects of changes in total phosphorus concentration 
in the inflows to MHL and WR (range ± 50%) on chlorophyll a 
concentration as estimated with the Bathtub model. 
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Figure 12.-Bathtub model estimated and measured ratios of (Total 
N - 150)fTotal P (e=measured, O=estimated with the Bathtub 
model using low flow period of September 2001; error bars 
represent ± 1 SE of the mean). 

between the average chlorophyll a concentration measure­
ments taken at MHL-UpperLake, MHL-MiddleLakel, and 
the two sampling locations in WR. However, the chlorophyll 
a concentrations predicted by the Bathtub model for MHL­
MiddieLake2 and Near Dam in MHL were approximately 
double the observed value (Fig. 10). Lower chlorophyll a 

concentrations measured in these sampling locations may be 
related to the dynamic nature of the highly flushed impound­
ment system and the limits of our calibration data. 

Effect of varying total phosphorus 
concentrations and stream inflows on 
eutrophication 

James et at. (2002) studied the effects of phosphorus on 
eutrophication of Half Moon Lake in Wisconsin. They used 
the Bathtub model to estimate the effects of reducing total 
phosphorus load on the reduction of algae concentrations in 
the lake and developed a management plan for phosphorus 
control. For the purpose of management evaluations, hypo­
thetical scenarios were simulated with the Bathtub model. 

The effect of varying the total phosphorus concentration 
(from 50% lower to 50% higher than the calibrated value) 
on the chlorophyll a concentrations was investigated for 
MHL and WR with the Bathtub model (Fig. II). When total 
phosphorus concentration was increased by 50%, there was 
a 40% average increase in the concentration of chlorophyll 
a. When the total phosphorus concentration was decreased 
by 50%, there was a 50% average decrease in the concentra­
tion of chlorophyll a. The impacts of phosphorus loading on 
chlorophyll a concentration within each segment of the lakes 
is slightly different. 

The Bathtub model simulation results indicated that by in­
creasing the stream flows from low flow (the study period) 
to average flow levels of 200 I and maintaining unchanged 
total phosphorus and chlorophyll a concentrations in the three 
inflowing streams, the total phosphorus and chlorophyll a 
concentrations averaged over MHL and WR would increase 
by 47% (reaching 35.1 �~�g�/�L�)� and 29% (reaching 11.7 �~�g�/�L�)�,� 

respectively (Fig. 9 and 10). 

Samples collected at the points where Fenton, Mount Hope 
and Natchaug rivers entered the MHL were analyzed for se­
lected nutrients and chlorophyll a during the September 200 I 
low flow and the September 2002 storm flow conditions. The 
measured mean concentrations of total phosphorus, total ni­
trogen, organic nitrogen, and chlorophyll a with ISCQ® sam­
plers were compared with the mean values measured during 
the low flow period of September 200 I (Table 3). The ratios 
of storm-flow flow-flow concentration of total phosphorus in 
Fenton, Mount Hope, and Natchaug rivers were 1.0,0.4, and 
0.4, respectively. The corresponding ratios for chlorophyll 
a concentrations were 1.5,0.5, and 0.3, respectively. These 
data indicate that the concentration of total phosphorus in the 
Fenton River does not change with the storm event, whereas 
the concentration of chlorophyll a increases by 50%. It should 
be noted that Mirror Lake, located on the western highlands of 
the Fenton River watershed, is a seasonal habitat for Canada 
geese and migrating ducks. During storm events, this pond 
flushes to the lower section of the Fenton River with a large 
load of nutrients and (apparently) algae. 

During storm events, it is common for chlorophyll a concen­
trations to decrease, and because the opposite is observed in 
the Fenton River, more data are needed to reach reliable con­
clusions about this tributary. Because only one storm event 
was sampled, statistical inferences could not be drawn. 

We observed a sharp increase in the total phosphorus con­
centration in Fenton and Mount Hope rivers during the 
early hours of the rainstorm. However, no trend in the total 
P concentrations measured in the Natchaug River was indi­
cated. In the Fenton River, chlorophyll a showed an increase 
during the early hours of the storm, but no specific trend was 
observed for chlorophyll a concentrations in the Mount Hope 
and Natchaug rivers. The total nitrogen measurements during 
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the storm event did not indicate any pattern in Fenton, Mount 
Hope or Natchaug rivers. 

Note that mean concentrations for total P, total N, and 
chlorophyll a were used in the data analysis and as input to 
the Bathtub model. This averaging may have obscured any 
increasing concentration trends occurred in the three streams 
during the early hours of the storm (Fig. 13, 14 and 15). 

Limiting nutrient index 

The overall value for the Bathtub nutrient-limitation index 
for all sampling locations was about 10, which suggests that 
either nitrogen or phosphorus might limit eutrophication of 
the MHL-WR system, with the system (or parts of it) exist­
ing in a fragile threshold equilibrium. This also suggests that 
more detailed study into nutrient limitation may be warranted. 
A plot for this index was generated with the Bathtub model 
(Fig. 12), and the measured ratios showed that in two sam­
pling locations (MHL-UpperLake and MHL-MiddleLakel) 
the index was about 15 (potential P limitation). In the other 
four sampling locations the ratio ranged between 4 and 12 
(potential N limitation). 

Summary and conclusions 
This study showed that the Bathtub model is capable of es­
timating total nitrogen, total phosphorus and chlorophyll a 

concentrations of water impoundments with short hydraulic 
residence times with levels of accuracy that could be mean­
ingful for management evaluations. Results indicated average 
prediction errors of 2% and 9% for total nitrogen and total 
phosphorus concentrations, respectively (Fig. 7 and 9). The 
predictions of total nitrogen results were more accurate in 
MHL than in WR. The predictions of total phosphorus were 
equally accurate at all sampling locations, while the predic­
tions of chlorophyll a concentration were more accurate 
at the first two sampling locations in MHL (Fig. 10). The 
average prediction error for chlorophyll a concentration was 
54%. The Bathtub model was not suitable for estimation of 
organic nitrogen because estimation of organic nitrogen in 
this model was not constrained by, or related to, the observed 
nitrogen concentration. It is possible to obtain predicted 
values of organic nitrogen that are substantially higher than 
the measured values. 

Lake sediments may act as either source or sink of organic 
nitrogen. Therefore, for future studies of the MHL and WR 
system, more frequent sampling that includes sediments 
is recommended to provide better insight into the organic 
nitrogen cycle in the reservoir system. The empirical rela­
tionship in the Bathtub model between organic nitrogen and 
chlorophyll a should be investigated further for its suitability 
to reservoirs with high flushing rates. Comparison with other 
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Figure 13.-Total nitrogen concentration variation during the storm 
event. Samples were taken at the discharge area of the streams 
to MHL. 
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Figure 14.-Total phosphorus concentration variation during the 
storm event. Samples were taken at the discharge area of the 
streams to MHL. 
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Figure 1S.-Chlorophyll a concentration variation during the storm 
event. Samples were taken at the discharge area of the streams 
to MHL. 
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strategy in two public water supply reservoirs in eastern Connecticut 

models, including transient water quality models, to test the 
effects of steady state assumptions is suggested. 

The sampling campaign conducted during a moderate rain­
storm did not show the typical rise in nitrogen or phosphorus 
associated with nonpoint source pollution systems. This 
phenomenon may be due to the low intensity of the rainstorm 
and the consumption of rain water and nutrients through 
evapotranspiration of dense vegetation covering the water­
shed. The Bathtub simulation results indicated that compared 
to low flow conditions total phosphorus and chlorophyll a 

concentrations at average flow could experience a 47% and 
29% concentration increase, respectively (Figs. 9 and 10). To 
validate this hypothesis, more frequent sampling (especially 
in the three streams discharging into MHL) is needed. 

The results of this study indicated that even with limited field 
data, the Bathtub model can be calibrated and act as an ef­
fective tool for assessment of most water quality parameters 
in the MHL and WR reservoir system. 
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