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I.  INTRODUCTION

This report concludes a study begun in 1972, designed to test the effects of hypolimnion aeration upon 
the ecosystem and physical- chemical regime of a typical fresh-water lake in New York State’s 
southern tier. The lake under study, Lake Waccabuc, has a surface area of 53 ha. and a maximum depth 
of 13 m. The lake is located in the NE corner of Westchester County, in South Salem, N.Y., some 80 
km. from N.Y. City in a rural-suburban setting. In order to give the study a better framework, a second 
lake, Oscaleta, upstream of Waccabuc in the same watershed, was used as a control, i.e., the same 
physical, chemical and biological parameters were measured but Lake Oscaleta was not aerated. 
Oscaleta has a surface area of 27 ha. and a maximum depth of 10.5 m. It lies NE of Waccabuc, 
connected by a channel some 1,000 m. in length through a fresh-water marshland. A small pond above 
Oscaleta, Lake Rippowam is connected to Oscaleta via a low-flow channel with no water movement 
during the summer. The outflow from Waccabuc, the Waccabuc River, drains toward the Cross River 
Reservoir during periods of high water in early Spring and late Fall.

The hypolimnion aeration system used on Waccabuc was an Atlas-Copco Limno® design consisting of 
a compressor (40 hp, 280 scfm cap’y.) and two aerators. The compressor delivers about 7.9 m3/min of 
air to the aerators which in turn, discharge about 13mg/l oxygen into 30.3 m3/min of water at a 10 m 
depth. The operation of the system is completely described elsewhere1 and the performance of the 
system, levels of oxygen maintained, and periods of operation will be discussed in the data for this 
report.

In what follows we shall first summarize the 1975 data, much of which was analyzed ‘in-house’ by the 
CSL Analytical group. Notes on the status of the Waccabuc salmonid fishery also appear in this 
section, which is accompanied by previously unpublished figures. We will then compare this data to 
1972-1974 data in a second section. Because the latter data have been discussed in detail in other 
reports2 and papers3 , we will provide only a brief description of results obtained along with comments 
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on the sampling program and aerator performance. The final section deals with conclusions we have 
drawn from our program, and discusses the problems of lake restoration in a situation like Waccabuc’s. 
We append a paper on nutrient analysis, now submitted for publication3, which emerged from our 
study. A letter on the fishery results will also be submitted for publication and may be appended later.

II. 1975 DATA - RESULTS

Isotherms and Oxygen Isopleths (Figures 1 and 2) for Waccabuc show the effects of a rather warm 
summer. Epilimnion temperatures went above 28°C and the low temperature contours showed a 
negative slope through the summer. Hypolimnion Oxygen levels on Waccabuc stayed between 3.5 and 
7 ppm through most of the summer, but dropped below 3.0 ppm for a brief period in early September. 
This was a response to a twelve-day shutdown of the Limno system for aerator repairs (necessitated by 
a ruptured and kinked air line). Warm weather in mid-October and a delay of final destratification 
caused a brief low-oxygen spike in the late-October hypolimnion upon compressor shutdown. During 
the period of compressor operation on Waccabuc (May 21-October 24), Oscaleta’s hypolimnion was 
anoxic. In the sense that adequate oxygen levels for a salmonid fishery were maintained without any 
tendency toward destratification, the isotherms and isopleths show successful operation of the system.

Table I and Figures 3 through 7 show a minimal effect of hypolimnion aeration on nutrients and 
divalent metals during the 1975 period. In Figure 3, hypolimnion NH4-N rises to 1.7 mg/l (ppm) levels 
in Waccabuc, some 1.55 times the Oscaleta levels. Figure 4 shows that NH4-N is the prevalent form of 
Total Kjeldahl Nitrogen, but that somewhat higher Particulate Organic Nitrogen levels on Oscaleta 
[PON = TKN - (NH4-N)] tend to bring the Kjeldahl Nitrogen hypolimnion levels closer together on the 
two lakes. TKN levels rise to 1.9 mg/l in Waccabuc and 1.65 mg/l in Oscaleta.

Figure 5 presents both NO3-N data and Total-P data for the two lakes. The hypolimnion Nitrate levels 
are around 30 μg/l for Waccabuc while Oscaleta has virtually undetectable levels during the anoxic 
period. These numbers seem qualitatively correct, but are smaller by about a factor two than numbers 
obtained in previous years. Total P data compare closely between 1975 and 1974. The 1975 peak for 
Waccabuc is again much higher than for Oscaleta, 345 μg/l versus 225 μg/l. Aeration periods seem to 
have no effect on Total P and almost no effect on Organic Nitrogen. There is a tendency to oxidize a 
small amount of the latter into NO3-N, but that is a second-order effect compared with the overall 
nutrient buildup.

Figures 6 and 7 are somewhat surprising. We had always assumed that the disappearance of H2S in an 
oxygenated hypolimnion would be accompanied by substantial reduction in both Fe++ and Mn++ ion 
con- centrations. 1975 was the first year in which we tested this premise. Surprisingly, although 
hypolimnion Fe++ concentrations appeared to drop from 400 μg/l down to 270 μg/l, Mn++ 

concentrations rose from 350 μg/l to around 1 mg/l in aerated Lake Waccabuc. Oscaleta’s hypolimnion 
illustrates rising concentrations of both ionic species..

Nutrient results overall suggest that a much larger, perhaps two or three times larger, system might 
have had an impressive effect on Waccabuc’s parameters. The current Limno system was simply over- 
whelmed by organic nitrogen and phosphorous inputs, and could not even change most of the ferrous 
iron to the ferric form, which would then serve to precipitate phosphorous out as ferric phosphate.

Results from the salmonid fishery in 1975 were more encouraging, however. In August 1973, UCRL 
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stocked Lake Waccabuc with 2100 salmonids of general size 20-30 cm; 1500 of these were rainbow 
trout (S. gairdnerii). During the summer of 1975, hook and line techniques were used to take specimens 
for analysis of size and stomach contents. A. creel census gave additional information about location of 
thirty fish caught relative to the location of the aerators.

All fish were caught between 4 July and 31 August during day- light hours and, with one exception, 
they were taken from the oxygenated hypolimnion in depths between 9 m. and 14 m. All thirty 
specimens showed excellent growth during their 24-month residence in the lake. Lengths varied 
between 36 cm. and 45 cm. and weights ran from 750 g. to 1010 g. Nine specimens examined for 
stomach contents apparently fed extensively in the epilimnion although eight of them were caught in 
the hypolimnion. The fish reside most of the time in the oxygenated hypolimnion near the aerators, or 
downstream from the East aerator. (See Figure 8.)

A resurgence of white perch (Roccus americanus) numbers since summer aeration began and a return 
of large yellow perch (Perca flavescens) schools with an absence of summer kills in the latter species 
indicates that hypolimnion aeration is beneficial to species other than salmonids.

III.  1972-1974 DATA AND COMPARISONS

A mass of data accumulated during this period has been analyzed and discussed in previous reports2 

and papers3, so we will only compare the relevant parts to our 1975 results.

Isopleths and isotherms show virtually the same behavior of aerated Lake Waccabuc each season. As 
noted in Section II, minor isothermal differences may be attributed to different weather conditions, not 
to the aeration system.

In 1973, we were pleased to note a reduction of hypolimnion total P concentration (reference 3, Figure 
3) in the aerated lake. Unfortunately, this situation never again occurred, as Figure 4 shows. At the 
conclusion of the aeration periods, the hypolimnion NH4-N ratios for Lake Waccabuc:Lake Oscaleta 
were 1.59, 1.30 and 1.55 for 1973, 1974, and 1975, respectively, thus showing no clear trend. The rise 
of the NO3-N ratio from 0.45 to 2.64 between 1973 and 1974 continued in 1975, but the concentrations 
involved are small ( 100 ppb).

After some discussion between participants in the aeration experiments, it was decided that other data 
obtained in the 1972- 1974 period (e.g. Secchi disk, alkalinity, Ph, conductivity) did not lend itself to 
any clear-cut interpretations, and it was decided to substitute analysis for Fe++ and Mn++ in 1975. 
Reports from scattered fishermen on the lakes in 1973 and 1974 were encouraging and gave us the 
impetus to check the rainbow trout fishery more systematically in 1975. One parameter never properly 
analyzed in 1972-1974 was Total Kjeldahl Nitrogen (TKN) and this has been included in the 1975 data 
section.

During all three years of summer aeration, it proved impossible to operate the Limno system without 
interruptions of at least two weeks total time. Aerator hose repairs and major compressor repairs and 
overhauls do seem to be a disadvantage of this system. This situation necessitates constant monitoring 
of the Limno and a good service contract with both compressor service and a diving team on stand-by! 

One major concern in 1973 was whether the stocked trout would suffer adverse effects from Nitrogen 
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supersaturation in the hypolimnion, i.e., what would happen when these fish moved out of the 
hypolimnion on feeding forays? This concern appears to be unfounded, according to 1975 data, 
because the healthy trout go back and forth all the time. Another concern was whether DO levels would 
be high enough to maintain the salmonids outside the aerator exhaust ports and whether the trout could 
pass through anoxic sections of the metalimnion. Here, too, the fish responded well, working up and 
down through the metalimnion and often hanging out in the hypolimnion hundreds of yards from the 
aerators (perhaps using currents of richly oxygenated water too thin to detect via Winkler or DO meter 
sampling).

IV.     CONCLUSION

We conclude that hypolimnion aeration had only a negligible effect on the chemical and physical 
parameters of Lake Waccabuc.  As Garrell3 et al point out in the appended paper, external nitrogen and 
phosphorous loading for Waccabuc may reach such high levels that the internal nutrient cycle presently 
matters little by comparison. Data gathered from input point sources at certain times in 1975 are 
certainly in line with the estimates of Miller and Cowley4 as are anomalous nutrient sampling results in 
1973 and 1974 following heavy runoffs (probably lawn fertilizer).

From stream flow information, we now feel that Oscaleta fills from springs as well as from a 100-200 
l/min. East-end stream and flushes through its West-end channel into Waccabuc. Evaporation is a 
major contribution to the Oscaleta water loss as well. On Waccabuc, springs and the Oscaleta-
Waccabuc channel provide water input but water loss is entirely through evaporation during most of 
the summer. Consequently, on Waccabuc, organic nutrients put in by diffuse sources like septic 
systems tend to build up to high levels during the summer. Better flushing of Oscaleta (i.e. smaller 
water residence times) and a smaller hypolimnion might have given the Limno system a chance to 
retard eutrophication more dramatically on that lake. However, given the politics of the region and the 
logistics of system insta1lation, it is difficult to see how the 1973 system could have been installed at 
that time on Oscaleta.

There were several positive results from the hypolimnion aeration program, however. First of all, an 
excellent salmonid fishery was maintained throughout the summer by the aerators. Our creel census 
two years after the initial stocking showed this result. Previous spotty attempts to stock Waccabuc with 
trout when there was no hypolimnion oxygen were failures, of course, for the “two-tier” fishery 
depends on hypolimnion aeration. Warm-water fish apparently use the oxygenated hypolimnion as 
well, though not to the extent that the salmonids do, as catches of yellow perch, white perch, and 
bluegill sunfish from the hypolimnion indicate. Secondly, drinking water quality is improved thanks to 
the elimination of H2S and some heavy ions through oxidation and precipitation. Finally, the project 
involved an entire community through the Three Lakes Council and brought into focus certain 
environmental problems that could not have been otherwise squarely faced, i.e. septic system loading 
of watersheds, unnecessary nutrient dumping from various sources. We anticipate that the Limno 
system will continue to be maintained by the residents through the Three Lakes Council, that the 
loading of the lakes will eventually be reduced through septic system improvement or, perhaps in the 
distant future, through sewage diversion and that overall improvement of water quality will result.
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TABLES

I.   μg/l HYPOLIMNION NUTRIENTS and DIVALENT METALS 1975

F IGURES

1.   Waccabuc Isotherms, 1975

2.   Waccabuc Oxygen Isopleths, 1975

3.   Hypolimnion Ammonia Nitrogen, 1975

4.   Hypolimnion Total Kjeldahl Nitrogen, 1975

5.   Total Phosphorous and Nitrate Nitrogen, 1975

6.   Hypolimnion Manganese (++), 1975

7.   Hypolimnion Iron (++), 1975

8.   Trout Creel Census, Lake Waccabuc, 1975
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