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and then experienced complete structural failure. It was replaced with two Bernhardt
style full lift hypolimnetic aerators which successfully oxygenated the hypolimnion and
significantly improved lake water quality (Soltero et. al., 1994).

The two main problems with hypolimnetic aeration are (1) estimating the oxygen demand
of the lake and (2) estimating the oxygen input capacity of the aeration system (Ashley
and Hall, 1990). By using a proven design with several years of operating experience, the
errors in estimating oxygen input capacity can be minimized.

7. Advice on development of protocols to govern the use of hypolimnetic aeration
techniques

The operating procedure for the hypolimnetic aerator is quite simple. The system should
be turned on when the hypolimnetic oxygen concentration in the deepest section of the
lake has declined to 4 mg L' following spring circulation and the onset of summer
stratification. By starting the aeration system at this time, the oxygen demand of the lake
will be relatively low and the system should start oxygenating the hypolimnion. If the
system 1s not tumed on until the hypolimnion is anoxic, the accumulated chemical and
biochemical oxygen demand can exceed the oxygenation capacity of the aeration system
and the hypolimnion may remain anoxic,

The ballast tanks positioned in the end walls of the separator box are used to balance the
aeration unit when the compressor is running. The air flowing up the inflow tube tends to
raise that end of the aerator slightly. By adding ballast water to the inflow end tank, the
separator box can be leveled out so the unit is resting level in the water.

Durning spring and fall months the aeration system should not be operated. The limited
oxygen and temperature profiles for Sheldrake Lake indicate the lake experiences
complete spring and fall circulation, and operation of the aeration system will have
minimal benefit on the lake, and place unnecessary operating hours on the compressor
and PSA umit, and increase annual operating costs.

During winter months the aeration system should be operated once oxygen concentrations
decrease to less than 4 mg L. Winter oxygen concentrations in Sheldrake Lake are below
saturation levels, and the aeration system will assist in the whole-lake circulation during inverse
winter stratification. After a few years of operation, winter operation may be reduced as the
trophic condition of the lake gradually decreases. The separator box should freeze into the 1ce
surface, and thus be approachable by walking on the ice surface. However, extreme caution
should be exhibited near the separator box as stray bubbles form the outlet tube may cause
localized weak areas in the ice surface, and with a light covering of snow or cold night, these
areas may not be visible the following day and could collapse underfoot. Also, the plume of
water discharged from the outlet tube of the aerator may travel some distance to the adjacent
shoreline and create a thin ice area near shore some distance from the acrator. Therefore,
warning signs should be posted near the lake to wamn of these potential dangers to ensure no
accidents occur and ensure that WRWEO is protected from potential civil liability. The law is
very clear in this regard:
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Criminal Code of Canada, Section 263: " Duty 1o safeguard opening in ice — Excavations
on land — Offences: 263 (1) Evervone who makes or causes to be made an opening in ice
that is open to or frequented by the public is under legal duty to guard it in a manner that
is adequate to prevent persons by falling in by accident and is adequare to warn them
that the opening exisis."

“Every one who fails to perform duty imposed by subsection (1) is guilty of
manslaughter, if the death of any person results therefrom; (b) an affence under Section
269, if bodily harm ro any person results therefrom.”

8. Advice on development of criteria to screen other lakes to determine those
suitable for remediation using hypolimnetic aeration techniques

A selection criteria to screen lakes suitable for remediation by hypolimnetic aeration is as
follows:

a. Depth — the lake must be sufficiently deep to allow installation of a hypolimnetic
aeration system. In addition, the lake must thermally stratify during the summer. At
present, the lower limit for hypolimnetic aeration is ~7 m, any lake shallower than
this is not suitable for hypolimnetic aeration with the current technology:;

b. Trophic status — the lake must be deficient in dissolved oxygen in the hypolimnion
such that cold water fish species are excluded from the hypolimnion. The normally
accepted critena for cold water fish is ~5 mg L of dissolved oxygen. Hence, if the
hypolimnetic dissolved oxygen concentration does not decrease below 5 mg L™, then
consideration of a hypolimnetic aeration system is not warranted. Consequently,
oligotrophic lakes by definition will not require hypolimnetic aeration; mesotrophic
lakes may depending on their degree of hypolimnetic oxygen depletion, and most
eutrophic lakes would be suitable for hypolimnetic aeration;

¢. External nutrient loading — external nutrient loading from point and non-point
sources should be minimized in order to increase the success of a hypolimnetic
acration system al increasing the concentration of dissolved oxygen in the
hypolimnion. If the lake continues to receive excessive amounts of limiting
macronutrients, primarily phosphorus and nitrogen from external sources, this will
often overwhelm the capacity of the aeration system, and negate the benefit of the
hypolimnetic aeration system. Where possible, a complete watershed restoration
program should be implemented that reduces external inputs of nutrients to the lake in
question. It is permissible to install a hypolimnetic aeration system in advance of
longer term watershed activities to reduce nutrient loading, as this will allow some
early benefits to be realized from the funds being spent on watershed nutrient control;

d. Contaminant loading - the lake should not be receiving any contaminant loading from
any industrial or agricultural operation that would adversely affect the biota in the
lake (e.g., pesticide runoff). In this case, the beneficial effect of hypolimnetic
aeration would be negated by the toxic effects of industrial or agricultural runoff;
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Power supply — electric power should be available at the lake under consideration for
hypolimnetic aeration. A variety of alternate power sources have been examined for
hypolimnetic acration, including wind, solar, diesel and propane, however, the only
power option that was cost-effective and reliable over the long term was electricity.
This may change in the future with the development of fuel cells, however, it is
unlikely the energy required for hypolimnetic aeration could be cost-effectively
supplied by wind or solar power until the $/kW of these energy sources decreases
considerably (Ashley and Nordin, 1999),

Lake size = there are no firm rules regarding the minimum and maximum size of
lakes suitable for hypolimnetic aeration. Lakes as small as 1 ha in surface area are
suitable for hypolimnetic aeration, if the community or agency involved believes
aeration 15 warranted. The general rule of thumb is that the unit cost per hectare
aerated increases with smaller lakes, however, the overall cost declines because of the
reduced size of equipment (Ashley, 1987). The maximum size of lake that can be
aerated is simply a question of funds, the unit cost per hectare decreases as economy
of scale come into play, however, the total cost of the project increases with lake size,
and at some point, exceeds most available budgets for lake restoration.

Water elevation changes — lakes and reservoirs that are subject to large changes in
elevation complicate the design and operation of a hypolimnetic agration system.
Most natural lakes fluctuate ~1-3 m annually, and hypolimnetic aeration systems are
sized physically to provide minimum clearances from the lake bottom, and to deliver
sufficient oxygen to exceed the hypolimnetic oxygen demand. Some reservoirs may
fluctuate up to 20-30 m annually, and this wide variation in depth and hypolimnetic
volume requires vanable length inlet and outlet tubes, and design oversizing, in order
to compensate for the range in depth and hypolimnetic volume.

. Remoteness — very remote lakes are less suitable for hypolimnetic aeration as they
typically do not have access to hydroelectric power, which at present is the most
reliable and cost effective power source for hypolimnetic aeration. In addition,
remote locations reduce the frequency of maintenance visits and limnological
sampling which are required to ensure the equipment is in proper working condition,
and the aeration system are adequately functioning properly.

9. Advice on development of appropriate analytical methodologies to measure
before and after trophic states as well as identification of W() parameters which can
be monitored at reasonable cost in order to gauge the success of hypolimnetic
aeration

The water quality parameters which can be monitored at reasonable cost to gauge the
success of the hypolimnetic aeration system are as follows:

Dissolved oxygen concentration. The presence of dissolved oxygen in the
hypolimnion at a time of year when oxygen was not formerly present is a clear
measure of success. Dissolved oxygen monitoring should be done bi-weekly
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throughout the ice-free period, and on monthly or 3 week intervals during winter.
[Dhssolved oxygen can be measured with a chemical Hach™ kits, or Winkler titration;
however, 1t 15 recommended that a portable oxygen-temperature meter be purchased.
This type of meter, usually a polarographic probe design (e.g., YSI Instruments) are
very reliable, and will give years of service. It is important to change the electrolyie
in the probe, and inspect the probe membrane at regular intervals, calibrate the meter
each time it 1s used by a simple air-saturation calibration, and to keep the meter
indoors and not let it freeze as this can damage the probe;

. Temperature. Temperature measurements are required to confirm that the
hypolimnion remains colder than the epilimnion, and has not been unintentionally
destratified by operating the system incorrectly. Hypolimnetic aeration typically
causes a temperature increase in the lower strata of the hypolimnion by simple
dilutional mixing with the layers situated immediately above the lowermost and
coldest layers. This cannot be avoided, and 15 usually not a problem as the
temperature differential in the hypolimnion 15 minimal. Hypolimnetic warming can
also be caused by heat transfer across the inlet and outlet tubes during summer
operation. Metal conducts heat quite efficiently, and the large surface area of the inlet
and outlet tubes, combined with the high volume of water flowing through the tubes,
can result in significant hypolimnetic warming if the tubes and separator box are not
insulated with a thermal lining (see Section 6);

. The oxidation state of nitrogen species in the hypolimnion is a key measure of
success. Ammonia nitrogen (NH3-N) tends to predominate in anoxic or anaerobic
hypolimnia, whereas nitrate nitrogen (NO;-N) dominates in aerobic hypolimnia.
Routine water sampling during aeration should show a decrease in the concentration
of hypolimnetic ammonia nitrogen, and an increase in the concentration of
hypolimnetic nitrate nitrogen. This process is typically bacterially mediated by
Nitrosomas and Nitrebacter sp. bacteria, and the bacieria prefer slightly alkaline
conditions, hence the acidic pH of Sheldrake Lake may slow the process of bacterial
oxidation of ammonia nitrogen to nitrate nitrogen (Wetzel, 1975; Perrin et. al., 2000);

. The oxidation state of key metals in the hypolimnion is also a measure of success of a
hypolimnetic aeration project. Under anaerobic or anoxic conditions, manganese and
iron exist in their reduced states, i.e., Mn*” and Fe**. These metals are completely
dissolved when present in their reduced manganous or ferrous oxidation states. As
the oxidation-reduction potential increases in the hypolimnion due to the presence of
oxygen, the dissolved the metals are oxidized to their oxidized state, manganic
manganese {Mn"‘} and ferric iron {FE*E}. Both manganic and ferric iron exist in a
particulate form, and will gradually settle out of the hypolimnion as their specific
density is greater than water, hence the concentration of total iron and total
manganese in the hypolimnion will decrease. In some cases, the separator box may
develop an orange rust coloured coating from the precipitation of the ferric iron, and a
black sand-like material may be found in the separator box, which is the manganic
manganese. Another indicator of success is the ratio of dissolved to particulate
manganese and iron, but this means that water samples must be taken, and field



filtered through a 0.45 u filter, and preserved with nitric acid to prevent the metals
from oxidizing or plating cut on the sampling bottle. However, if a regular water
sampling program is to be carried out on Sheldrake Lake, analysis for total metals
should be done. If additional laboratory funds are available, it is interesting to plot
the decline in the concentration of dissolved (i.e., reduced metals), the temporary
increase in particulate (1.e., oxidized) metals, and then the eventual precipitation,
which allows you to observe the oxidation and precipitation process;

e. The concentration of hydrogen sulfide (H;S) 15 the hypolimnion is a very sensitive
indicator of success. This reduced gas can be present in anaerobic environments
only, and as soon the oxygen is introduced into the hypolimnion, H,S is oxidized to
sulfates (S0.7), or simply vented from the lake. A strong odour of rotten eggs may
be noted imtially around the separator box as hydrogen sulfide is vented from the
hypolimnion. Hydrogen sulfide is very toxic to aguatic life, and must be removed if
the hypolimnion is to be recolonized by aerobic organisms. The water chemistry test
for Hs8 is not particularly reliable, and is typically sensitive only to 0.5 mg L', hence
the most cost-effective test is o sniff the odour of the separator box. If hydrogen
sulfide is present, the human nose will easily detect it;

f. The concentration and type of phosphorous in the hypolimnion is another key
measure of success. Under anoxic and anaerobic conditions, the reduced inorganic
phosphate ion (i.c., PO,”, or orthophosphate ion) tends to be present, along with
variable concentrations of total dissolved phosphorus and total phosphorus. As the
hypolimnion becomes oxidized, the concentration of the inorganic phosphate ion
should decrease as it oxidizes and co-precipitates with manganic manganese or ferric
iron. The concentration of total dissolved and total P may not change as much, hence
they are not as sensitive a measure of success as inorganic phosphate 1on, although
they are valuable in tracking the longer term response of the system to changes in
external or internal nutrient loading;

g. The wrbidity in the hypolimnion is an index worth tracking, however, 1t is not a
sensitive indicator of success. The hypolimnia of lakes tends to be quiescent under
normal conditions, and hypolimnetic current velocities are rather slow relative to
wind induced current in the epilimnion which typically approximate 3% of surface
wind velocity (Lawrence et. al., 1995). Hypolimnetic aeration induced currents in the
hypolimnion are significantly greater than the pre-aeration conditions, and this often
increases the turbadity of the hypolimnion, and may be responsible for the observed
increase in hypolimnetic oxygen demand which is observed during the initial stages
of hypolimnetic aeration. Turbadity measurements are a relatively inexpensive test at
most commercial laboratories, and can also be measured with inexpensive field
instruments,

It is important to note that most of the aforementioned oxidation-reduction sensitive
water quality parameters can show a significant improvement in water quality, without
any free dissolved oxygen being detected in the hypolimnion. These reactions are
oxidation-reduction mediated, and as oxygen is introduced into the hypolimnion it may
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be immediately used such that free oxygen is not detected, yet ammonia is being oxidized
to mitrate, manganous manganese and ferrous iron are being transformed to their oxidized
states, and hydrogen sulfide is being vented. Thus it is possible, during the early stages
of operating a hypolimnetic aeration system, that the system appears undersized as the
oxygen meter, or other oxygen measunng procedure, 1s not measuring any free oxygen in
the hypolimnion. Under these circumstances, one should just wait for a few weeks as the
accumulated oxygen deficit is reduced, then free dissolved oxygen should start being
detected in the hypolimnion.

Standard trophic state indices, such as the OECD index, Carlson Trophic State Index, and
Dillon-Rigler models will not be very useful as indicators of tropic state change in the
short term as it will likely take at least one summer to effect significant changes in the
ecology of Sheldrake Lake. In the longer rerm, any of the published trophic state indices
should be a useful tool for demonstrating a change in the trophic status of Sheldrake
Lake. It is recommended that the aforementioned water quality parameters be used to
determine the measure of success of the hypolimnetic aeration project, as they are more
sensitive, and will show changes within a few days of starting the aeration system.

An appropriate sampling design should be implemented to track the effect of the
hypolimnetic aeration program. A single sampling station near the deepest section of the
lake would be adequate for a lake the size of Sheldrake. A standard sampling program
would be as follows:

Dissolved oxygen and temperature vertical profile monitoring should be done bi-weekly
at 1 meter intervals throughout the ice-free peniod, 3 week intervals during spring and fall
circulation and 1 month intervals during winter;

Secchi depth should be monitored bi-weekly throughout the ice-free period.

Water chemistry (general ions), metals and nutrients (NH3-N, NO;-N, SRP, TP, and
TDP) should be analyzed from a composite epilimnetic sample and a composite
hypolimnetic sample collected bi-weekly throughout the ice-free period, 3 week intervals
during spring and fall circulation and 1 month intervals during winter;

Phytoplankton should be collected from a composite epilimnetic sample collected bi-
weekly throughout the ice-free period, and analyzed for chlorophyll . Actual species
identification may be conducted later if an adequate sampling budget is arranged;

Zooplankton sampling is optional, at the same frequency and location as the
phytoplankton sampling. The samples can be stored for later analysis if adequate funding
can be arranged. An option is to simply measure the zooplankton as dried weight.

The samples should be analyzed at a credible private water chemistry laboratory,
Government laboratory, or at an educational institution such as Dalhousie University.
Advice on this topic is best obtained from a local limnologist.
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10. Reference material

Several key reports have been published on hypolimnetic aeration, in addition to
numerous scientific journal publications. Copies of the following ten key references are
provided with this report, and should be reviewed to gain an appreciation of the issues
involved with hypolimnetic aeration.
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Figure 1. Sheldrake Lake morphometry
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Figure 2. Plot of Sheldrake Lake hypolimnetic oxygen content vs. time
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Figure 3. Linear plot of Sheldrake Lake hypolimnetic oxygen content vs. time



Weighted Hypolimnetic Oxygen Concentration (mg/L)

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

Sheldrake Lake Hypolimnetic Oxygen Content - 1992

i

i

I

i
f y = -0|1531x + 31.459
j 1 = 0.9905
|
| y = -0.1545x + 30.626
| A? = 0.5982 |

20 40 GO B0 100 120 140 160 180
Julian days

—#— 4-7 m hypolimnion —8— 3-7 m hypolimnion = Linear (4-7 m hypolimnion) == Linear (3-7 m hypolimnion)

200



Figure 4. Fine bubble diffuser design
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Figure 5. Full-lift Bernhardt design hypolimnetic aerator
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Figure 6. Partial lift hypolimnetic aerator
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12. Appendix



eldrake Lake oxygen depletion rales
Date Clrala (m) Volume Depth DO conc. Av. DO Mass Weighted
July 268081 m m3 m mg/L ma/L kg av, (mg/L)
0-1 114,294 6.6 6.3 720.1
12 B5.718 1 6.0 59 5057
23 64,210 2 5.8 3.9 247.2
3-4 45,850 i 1.9 1.0 445
4-5 26,663 4 0.0 0.0 0.0
5-6 12,522 5 0.0 0.0 0.0
B-7 6,287 6 0.0 0.0 0.0|
7-7.5 500 iy 0.0 0.0 0.0
7.5 0.0
Total vol, = 357,044 Whole Lake 1517.5 4.3
Total vol. = 45,972 4-7m _ Hypolimnion 0.0 0.0
Total vol, = g2 822 3-7Tm  Hypolimnion 44.5 0.5
|Date Strata (m) Volume Depth DO conc. Av. DO Mass L'lllr'alght&d
Sept 1491 m m3 m mg/L mg/L kg av. (mgfL)
0-1 114,294 0 8.4 8.2 937.2
1-2 B5, 718 1] 8.0 8.0 685.7
2-3 54,210 2 8.0 7.9 507.3
3-4 46,850 3 7.8 7.6 356.1
4-5 26,663 4 7.4 7.2 182.0
5B 12,522 5 7.0 3.7 45,7
6-7 8,287 6 0.4 0.2 0.9
7-7.5 500 7 0.0 0.0 0.0
7.5 0.0
I
Total vol. = 357,044 Whole Lake 2r24.9 7.6
|
Total vol, = 45,972 4-7m Hypolimnion 238.6 5.2
Total vol. = 92,822 d-7Tm Hypaolimnion 584.7 6.4
i
|Date |Strata (m) Volume Depth DO cone. Av. DO Mass Weighted
[Oct12/91  |m m3 m mg/L mg/L kg av. (mg/L}
Q-1 114,294 0 8.4 8.3 1057.2
1-2 85,718 1 8.1 9.1 775.7
2-3 64,210 2 8.0 8.0 574.7
3-4 48,850 3 8.9 8.8 409.9
4-5 26,663 4 B.6 7.8 209.3
5-6 12,522 5 7.1 6.9 85.8
G-7 6,287 B 6.6 6.2 39.0
7-7.5 500 7 5.8 5.2} 2.6
7.5 4.6 |
Tolalvol = 357,044 Whols Lake | 3154.2 BB




otalvol. = 45472 -7 m ypolimnion 336.7 7.3
Totalvol, = 92.802 3-7m__ |Hypolimni 7 8.0
te Strata (m Volume De DO conec. |Av h
ov m 'm3 m m mg/L av. )
-1 114,284 0] 11.8 11.7] 13315
E 85,718 1 11.5 11.5 281.5
2-3 54,210 2 11.4 11.3 725.8
3-4 46,850 3 11.2 11.2 522.4
-5 26,663 4 11.1 11.1 2946
55 12 522 5 11.0 11.0 137.7
B-7 6,287 6 11.0 11.0 68.8
7-7.5 500 7l 10.8 8.2 4.1
7.5 55
Total vol. =| 357,044 [Whole Lake 4066.2 11.4
Totalvol. = 45,072 4-7m IHypolimnion 505.3 11.0
|
Total vol. = 92,822 3-7m__|Hypolimnion 1027.7 11.1
{Date Strata (m) Volume De DO conc, |Av. DO Mass Weighted
Jan 26/92 m m3 m m mg/L kg av. (mgf/L)
0-1 114,294 0 13.0 11.5 1314.4
1-2 85,718 1 10.0¢ B.5 728.6
2-3 64,210 2 7.0| 6.5 423.8
3-4 46,850 3 6.2 6.0 281.1
4-5 26,663 4 5.8 5.5 146.6
5-6 12,522 5 5.2 3.9 48.8.
6-7 6,287 [ 26 2.0 12.3
7-7.5 500 7 1.3 1.0 0.5
7.5 0.7
Total vol. = 357,044 Whole Lake 2958.1 8.3
Total vol. = 45,972 4-7m___ Hypolimnion 208.2 4.5
= I
Total vol. = a2 822 3-7m Hypolimnion 489.3 5.3
|Date Strata (m) Volume Depth DO conec. Av. DO Mass Weighted
[March 7/92 m m3 m mg/L ma/L av. (mgiL)
0-1 114,294 0| 12.8 12,1 1377.2
1-2 5,718 1 11.3 9,1 775.7
2-3 64,210 2| 6.8 6.7 430.2
3-4 46,850 3 6.6 8.7 3139
45 26,663 4| 6.8 6.6 174.6
5-6 12,522 5 6.3 6.3 78.9
6-7 6,287 3l 6.3 5.3 33.0
|7-7.5 500, 7l 4.2 3.2 1.6
i 7.5 2.1




Jotalvol. =1 357,044 ale Lake 18! X
| Total vol., = 459 1 -7 m H R iTnic g1l /53|
([ T S S [ .
{ Total vol, = 92,822 3-¥m Hypolimnion 502.0 6.5
Date Sirata (m) |Volume  Depth DO conc, Av. DO Mass Weighted |
May3/92 'm m3 m mg/L ma/L av. (mg/L)
0-1 114,294 0 14,1 14.0 1584.4
1-2 85,718 1 13.8 13.7 1174.3
|2-3 654,210 2 13.6 13.6, 870.0
|3-4 45,850 3 13.5 13.4] 627.8
4-5 26,663 4 13.3 13.2 350.6
|56 | 12,5322 5 13.0 11.8 147.8
67 6,287 6 10.6 6.4 40.2
7-7.5 500 7 2.2 1.7 0.8
! 7.5 1.1
Total vol. =| 357,044 Whole Laka 4806.0 13.5
Totalvol, = 45,972 4-7m  Hypolimnion 539.4 117
Tolal vol, = 92,822 3-7m__ [Hypolimnion 1167.2 12.6
IDate Strata (m) Volume Depth DO conc. |Av. DO Mass Weighted
June7/92 m \m3 m m ma/L av. (mg/L)
0-1 | 114,294 0 10.2 10.2 1165.8
1-2 | 85718 1 10.2 10.2 874.3
2-3 64,210 2 10.2 9.7 622.8
3-4 | 46,850 3 9.2 8.8 412.3
4-5 | 26,663 4 8.4 7.2 180.6
56 12,522 5 59 4.9 61.4
-7 6,287 B 39 3.4 21.1
7-7.5 500 7 2.8 2.1 1.1
7.5 1.4 |
Total vol. = 357 044 Whole Lake J3349.3 9.4
Total vol. = 45,972 4-7m  Hypolimnion 274.1 6.0
Total vol. = 92,822 J-7m Hypolimnion 686.4 7.4
fDate Strata (m) Volume Depth DO cone. (Av. DO Mass Weighted
Bune 28/92 m m3 m ma/L ma/L kg av. (mg/L}
0-1 114,294 0 10.2; 10.0 1137.2
1-2 85,71B! 1 9.7 9.1 775.7
2-3 84,210 2 B.4 6.7 430.2
3-4 46,850 3 5.0 4.9 229.6
4-5 26,663 4 48 4.0! 106.7
5-6 12,522 5 3.2 2.4 30.1
6-7 6,287 ] 1.6 1.2 7.5
|7-7.5 500/ 7 0.8 0.6 0.3




7.5 0.4
Totalvol. = 357,044 Whole Lake 2717.3 7.6
I
Total vol. = 45,972 4-7m  Hypolimnion 144.5 a1
Totalvol. = 92,822 3-7m _ Hypolimnion 374.1 4.0
Date Strata (m) Velume |Depth DO cone. Av. DO Mass Weighted
July 12192 m m3 m mg/L mg/L av. (mg/L)
-1 114,204 0 9.0 8.9 1017.2
1-2 B5. 718 1 B.B 8.5 728.6
2-3 64,210 2 B.2 8.0 510.5
3-4 46,850 3 I 5.4 253.0
4-5 26,663 4 3.1 2.6 G8.0
5-6 12,522 5 2.0 1.3 15.7
B-7 6,287 <] 0.5 0.5 2.8
7-7.5 500 _7 0.4 0.3 0.2
7.5 0.2
Tolalvol. = 357,044 Whola Lake 2595.9 7.3
Total vol. = 45972 4-7m Hypolimnion BE.6 1.9
: I
Total vol. = 92,822 3-Tm Hypolimnion 339.6 3.7
Date Strata (m) Veolume Depth DO conc. Av. DD Mass Weighted
July 26/92 m m3 m mg/L mg/L av. (mg/L)
0-1 114,294 0 9.4 92| 10458
12 85,718 i 8.9 8.5 724.3
2.3 84,210 2 8.0 724623
3-4 45,850 3 6.4 13 201.5
45 26,663 a 2.2 1.7 453
5-6 12,522 5 1.2 0.9. 10.6
6-7 6,287 5 0.5 05 28
775 500 7 0.4 0.3 0.2
] 0.2
Total vol. = 357,044 Whole Lake 2492.8 7.0
Total vol. = 45,972 '4-7m __ Hypolimnion 58.9 1.3
Total vol. = 92,822 J-7m Hypolimnion 260.4 28
Date Strata (m) Volume Depth DO conc. |Av. DO Mass Weighted
Aug 30/92 _m m3 m | mg/L mg/L kg av. (mg/L)
0-1 114,294 0 8.7 56 982.9
1-2 85,718 1] 8.5 76 551.5
2-3 64,210 2] 6.7 5.3 337.1
4-5 26,663 &: 0.6 0.5 73.3
5.6 12,522 5 0.4 0.4 5.0




e 6z & o4 02 25 8 8| 0.4 0.4 25
7-7.5 500 7| 0.4 0.3 0.2
7.5 0.2
[Total vol. =| 357,044 Whole Lake 20095.6 5.8
I‘_Fnlal val. =| 45,972 4-7m Hypolimnion 21.0 0.5
Total vol. = 92 822 3-7m 'Hypulimniun 1241 1.3




March 7792 66 6.3 E6| 6.5

May 3/92 123 1.7 0.16] 123 12.6 0.15
June 7/92 158 6.0. 0.14 158 7.4 0.186]
June 28/92 179 3.1 0.08 179 4.0 0.02
July 12/92 183 1.9 0.04 193 3.7 0.06
July 26/92 207 1.3 0.02 207 2.8 0.04
Aug 30/92 242] 0.5 242 1.3






