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ABSTRACT

Destratification of a water supply impoundment was studied over a three
year period. Prior to destratification, baseline information on physical,
chemical and biological parameters--the latter both at micro and macro
levels~-was established. Destratification was accomplished by the use of the
"Air-aqua' system which creates vertical circulation in a body of water by
the release of small bubbles from hoses laid on the lake bottom, Effective-
ness of destratification was distinctly evident in temperature distribution
in the epilimnion and hypolimnion, the latter becoming, on the average,
nearly the same température as the former during the summer heating season.
The deep waters of the hypolimnion did not lose oxygen to the point of be-
coming anaerobic, as they had under stratified conditions. However, the
quantity of oxygen present showed a limited degree of aeration from the
transport of surface water downward, and showed the rapid rate of deoxy-
genation that had always been characteristic of the hypolimnion of University
Lake,

Nevertheless, striking changes in numbers and population character-
istics of the phytoplanktonic organisms were clearly evident in each of the
two years\of destratification. Benthic forms, particularly the Chironomidae,
shifted from species tolerant of micro-aerophylic conditions to those re-
quiring higher levels of oxygen. The total period of observation was too
short to establish clear changes in characteristics of fish populations, but
it was evident that due to the behavior of fish relative to the air bubbles,
fishing efforts decreased and the number of fish caught per man hour increased.
An overall distribution of organic material occurred in the lake as the body

of water became more homogenious. During the summer months, this resulted
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in an increase in the chlorine demand at the water treatment plant which

uses University Lake as a water supply.
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary of Results

Studies on the effects of destratification on a water supply impound-
ment to establish physical, chemical and biological changes in water quélity
were carried out over a three-year period. The first year was used to
develop baseline information building upon a long record of limnological
investigations on University Lake, Chapel Hill, N. C. - the test lake.
Starting in 1970 a system of air bubble diffusers provided vertical circu-
lation for artificial destratification. The air distribution hoses laid
on the bottom of University Lake were first operated from a set of 1/2 h.p.
air compressors. These were run on a 24-hour continuous basis following an
initial testing period of approximately one month. 1In the second year of
destratification, 3/4 h.p. compressors were used with the airlift pattern
concentrated in the deepest portion of University Lake. 1In addition to a
monitoring program to establish changes in physical and chemical character-
istics of the water, the plankton populations, benthic organisms and peri-
phyton accumulations were studied. Also, a creel census was taken and infor-
mation on the operation of the water treatment plant which uses University
Lake as a raw water supply was analyzed.

The major changes which occurred in water chemistry reflected the main-
tenance of oxygen in the deeper levels of the lake during artificial destra-
tification. Ordinarily the lake was completely depleted of oxygen from mid-
May until the final fall overturn. When the lake was destratified, the quan-
tity of oxygen in the deeper layers was sufficient to maintain aerobic con-
ditions at all times even though the lake was considerably below saturation.
This in turn prevented the accumulation of large quantities of iron and
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manganese that had previously put a burden on the water treatment plant.

It appears from the changes in certain of the non-conservative elements (those
that enter into or are changed by biological processes such as nitrogen and
phosphorus as well as other related parameters such as chlorophyll and or-
ganic carbon) that the two years of destratification initiated trends which
might have created new levels of equilibria for these materials.

Major shifts in plankton populations, in both numbers and species charac-
teristics, were dramatically evident in the first year of destratification
and continued into the second year of destratification. Particularly evident
was the shift in summer phytoplankton populations from blue-green algae domi-
nants to green algae dominants.

The specific nature of benthic organisms is primarily one which is
defined by the nature of the bottom material. The introduction of oxygen
into the deeper layers of the lake created new environments that were re-
flected in the changing population of Chironomid larvae. Those species tol-
erant of very low oxygen conditions shifted to species requiring higher
levels of oxygen. Similarly, the character of the periphyton, which was
measured by the quantity accumulated on glass slides immersed for standard
periods of time at varying depths, demonstrated a reduction in the rate of
periphyton accumulation in the surface waters and a gradual increase in the
rate of periphyton accumulation in the deeper waters. This trend appears to
be one which might have continued if destratification had been continued.

The direction indicated was that of a lake becoming more and more homogeneous,
i.e., changing from one in which marked differences were clearly evident
between epilimnetic and hypolimnetic water to one in which the differences

were minimal.
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A creel census of all fish caught in University Lake showed little
change in total catch between 1969 and 1970. 1In terms of species caught
and total pounds of species removed, the differences could hardly be des—-
cribed as significant. However, there did appear to be an improvement in
fishing from the point of view of the fisherman since his catch per man
hour was dramatically increased in the 1970 period of destratification.
This resulted from the lines of airlift bubbles serving as a fish attractant
by (A) sparkling in the light and (B) creating a vertical current carrying
with it fish food materials.

Major evidence of some change in water quality as reflected in the
water treatment plant operations was the systematic increase in the quantity
of chlorine required to maintain chlorine residuals in the finished water.
This agreed with two other parameters (organic content and periphyton) that
were systematically measured in the periods of destratification. The in-
crease in organic content of the water reflected the increase in homogeneity of
the organic content of the lake as defined by the change in characterization of
the periphyton. This increase in organic content appeared to be the source of

the increase in chlorine demand at the water treatment plant.

Conclusions

1. In spite of the high summer temperatures of central North Carolina,
the 3/4 h.p. installation with five airlift hoses in the summer of 1971
appeared to maintain a systematic destratification of University Lake.

2. Although most of the water chemistry changes were of comparatively
small nature in terms of magnitude of change, they appear to have created
new ecological conditions which resulted in major shifts in plankton charac-

teristics in both numbers and species.
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3. Changes at other points in the food web (benthic organisms and peri-
phyton) were also created by destratification although in the relatively
short period of time - only two years - the net effect at the upper end of
the food pyramid at the fishery level was not appreciably discernable,

4, The destratification procedure appeared to be in the process of
creating a more homogeneous body of water in terms of its suitability for
use as a water supply reservoir. However, in this process it produced an
increase in chlorine demand. This increase resulted from the overall change
in quantity of organic materials distributed throughout the lake. Whether
this would have continued after several more years of destratification

could not be answered within the comparatively short period of investigation.

Recommendations

1. The successful demonstration of the nature and order of magnitude
of change in water quality parameters, both physical, chemical and biological,
in University Lake suggests various levels of applicability to other im-
pounded waters in North Carolina.

2. The potential for use of such techniques as artificial destratifi-
cation for maintaining water of higher quality in New Hope Lake is particu-
larly suggested by the nature of change in the species composition of the
phytoplankton populations.

3. Prior to making a final decision as to whether such installations
should be developed for New Hope Lake, it is recommended that New Hope Lake
be allowed to fill and stabilize in order to establish circulation patterns
and other hydraulic features peculiar to the New Hope impoundment. This
information would be essential for proper location of the destratification

installation.

-xviii-




INTRODUCTION

The sequence of stratification (resulting from solar heating) and
destratification (resulting from spring and fall overturn) has long intrigued
limnologists and water engineers with the associated water quality changes
that are found in the distinct levels of a stratified lake. The possibility
of optimizing water quality by using processes which artificially maintain
lakes in a state of destratification has been considered and tested for two
decades. The earliest argument for 'breaking nature's hold" on lakes was the
need to prevent winter fish kill from occurring in stratified ice-bound lakes.
In such cases, natural aeration by gas diffusion across the water surface was
prevented by the ice. Thus, by natural process of deoxygenation, dissolved
oxygen was reduced to levels inadequate for the support of fish, Techniques
to obviate fish-kill involved the upwelling of deep warmer water to melt the
ice cover and allow gas diffusion to replenish the oxygen content of the water*

Procedures for creating a destratified lake under ice cover generally
fall into two categories, (A) mechanical stirring with propellers to create
vertical movement of the deeper warmer water, or (B) airlift devices to
bring deep warmer water to the surface by vertical circulation induced by
bubble-emitting pipes laid on the bottom. Subsequent to the first attempts
of winter destratification (1), considerable interest was developed through
a wide variety of investigations which examined the chemical, biological and

physical effects of destratification in impoundments of different sizes and

*Because water has its maximum density at 4°C, during winter stratification
near-freezing water is at the surface and heavier warmer water is beneath it.




locations. This culminated in a major research effort initiated in September,
1962, in which many aspects of this problem were examined and systematized (2).
Other investigations in this field include comparison of different techniques
and mechanisms for producing and maintaining destratification (3), examination
of changes in chemistry of specific elements (4), cost benefit analysis for
lake destratification and its implication for large-scale water projects (5),
quality control in reservoirs by artificial mixing (6), recent examples of
fisheries management by induced aeration of small lakes (7), and additional
studies on techniques for eliminating thermal stratification (8).

Subsequenfly, a task force of the American Water Works Association was formed
to examine those bodies of water where artificial destratification had been
practiced. Of particular interest to them were the effects on raw water
quality and consequent impact on water treatment procedures (9). Although not
specifically cited, it should not be imagined that this type of study was
underway only in the United States.Considerable effort and investigation on
mechanisms of destratification of holding reservoirs for water quality control
was underway in Europe (10), particularly England (11, 12). In the London area
the large holding reservoirs with nutrient rich water and low turbidity often
suffered from explosive growths of algae and thus offered unusual opportunity
for studies in destratification.

Large flood control impoundments in those southeastern United States
areas that are frequently subjected to the intense rainfall of tropical storms
coming from the Gulf of Mexico, Caribbean, and/or the tropical Atlantic
Ocean are being constructed in nutrient-rich river basins with the consequence
of impounded water that is generally of low quality for both recreational and

water supply uses. Exposed to a long heating season, these impoundments




stratify early and maintain thermally stable conditions well into the late
fall. This stratification plus exaggerated low water quality conditions,
particularly in the hypolimnion, often results in reduction of overall
potential use. A recent example of quality control through destratification
in such a reservoir is the investigation on the Allatoona Reservoir, impounded
on the Etowah River in Georgia (13). The results for this lake of over
367,000 acre feet were very promising although the destratification required
an initial investment of $85,000 to $100,000 and an annual operational cost of
$40,000.

The investigation described in this report followed the announcement of
the proposal to construct a flood control impoundment (New Hope Reservoir)
with a dam located just below the confluence of the Haw and New Hope Rivers
in Chatham County, North Carolina. Since these rivers drain industrial and
urban areas of the Piedmont of North Carolina, they will bring into the
reservoir nutrient loads which will most probably result in water quality
somewhat less than desirable for anticipated recreational and water supply
uses (14, 15). To establish whether artificial destratification could
effectively aid in optimizing water quality in the proposed impoundment,
University Lake was selected as a prototype for study of artificial
destratification and consequent changes in water quality.

University Lake is a 200 acre water supply impoundment that_supplies
water to Chapel Hill and Carrboro, North Carolina. It is located on Morgan
Creek, one of the headwater streams of the drainage that flows into the
proposed New Hope Reservoir. Both lakes should have similar periods of
stratification since they will be exposed to the same annual heating and
cooling cycles of central North Carolina. The quality characteristics

examined in a three-year sequence included a wide variety of physical,
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chemical and biological factors. The first year, 1969, was the control year
and the two subsequent years were examined for changes due to the artificial
destratification., University Lake was not, at the beginning of this
investigation, a lake of unknown quality since it had long been under
investigation and study by students and faculty of the Department of
Environmental Sciences and Engineering, University of North Carolina. A
bibliography of student technical reports and published papers dealing
specifically or in part with University Lake is provided in Appendix A, With
this wealth of background information and knowledge concerning the impound-
ment, it was comparatively simple to establish a program of sampling for the

period of study.

System for Destratification

The continuing studies on University Lake over a period of ten years had
established its physical and chemical characteristics with particular
reference to early stratification, rapid deoxygenation of the hypolimnion,
and unusual accumulation of iron and manganese in the ''reduced" environment
of the hypolimnion (16, 17, 18). The characteristic thermal stratification
pattern described by vertical profiles taken at the sampling station located
at the deepest point of the lake by the dam is is shown in Appendix B, a
series of figures covering a ten year period of record. One interesting
characteristic of the isotherms as described in this unique long-term record
of the annual thermal stratification is the different rate of deepening of
specific isotherms as a function of the variations in summer climate. This
is particularly evident in the manner in which the 120, 13° and 14° isotherms
deepened at different rates from year to year. It is thus apparent that

energy input used to destroy thermal stratification in such a system would




have different requirements from year to year.

As illustrated in Figure 1, the bathymetry of University Lake shows
just upstream of the dam a relatively narrow gorge that shallows rapidly into
two long arms. The average depth of the lake is 10.5 feet. The main basin
is characteristically 20 feet deep except for a narrow section that is an
additional 10 feet deep in front of the dam. This is the deepest area of the
lake. The area-volume curves for the lake are shown in Figure 2, as prepared
in 1962. 1In 1966,2-foot flash boards were added to the spillway elevation.
However, due to water consumption demands the usual operating level of the
lake has been at about the old spillway elevation.

Because of the shape of the lake and a desire to minimize noise and
power requirements, it was decided that a heavy duty single compressor
located on a raft and feeding a pattern of diffuser tubes should not be used.
Instead, four half-horsepower compressor units were installed at the pump
house on the downstream side of the dam (Figure 3). Four diffuser tubes were
unreeled into different sections of the lake from a large raft, and all hose
termini were attached to the compressor units. Figures 4 and 5 show the
pattern of hoses and diffuser tubes as laid in the lake in 1970 and 1971. The
necessary vertical circulation needed to prevent or break up stratification
was generated by bubbles rising from these tubes. The airlift system (Air-
Aqua) was designed by the Hinde Engineering Company.

The initial operating pattern called for a pumping cycle of approximately
twelve hours on (night); twelve hours off (day). When pumping was initiated
in early spring of 1970 it was quickly seen that longer periods of vertical
circulation were required and so the pumps were run 24 hours a day. However,
under this type of operation some failures of the compressors occurred and

consequently one of the four lines would occasionally be out.
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Unreeling air diffuser hose from raft. January 1970.

Portion of air bubbling pattern. August [971. Arrow
points to pump house, downstream side of dam
where air compressors were located.

Air compressors, |/2 h.p. in pump house, |970.

Air compressors, 3/4 h.p. outside pump house with
rain shed, 1971.




SUOI}D307] UuCHDIS @

"SuU0I§Ids 9soy uolIiDJIBD

JO Suo01}D20| 3jowixosddy
Tlll@llln_
19 upbiopy
1931 s|iyd

ove

0l6l

t aunbi4

¥o9i) upnbioiN

NEXTle) m\V

1334 NI 3OS

009 00 002 O 002
s = e = o

N "TMIH 13dvHD

iv
VNIMOYVYD HLYON 30 ALISH3AINN

DIV ALISHIAINN




SUOI}DJ0T UOIIDIS @ 1261 G ainbi4

*SU01}IdS ISOY UuOo1liDIBD
40 Ssuoi}pd0| 3jpwixoiddy %9919 unbIOW

% ool

¥981) 3duid

1334 NI TVIS

002 00t 002 O 002
e ™ ™= =

'9'N “T1MH 13dYHD

2219 siud :
ovre UNITOHYD HLHON 40 ALISH3AINN

( BV ALISHIAIND




Following the annual overturn in November 1970, pumping. was ceased for the
winter since an ice cover rarely forms at the latitude of Chapel Hill. The
one-half horsepower pumps were replaced with 3/4 h.p. units by the time
pumping was initiated once more in the spring of 1971, The pumping log for
1970 and 1971 is shown in Figure 6. It is estimated that pump hours in 1970

totaled 18,888 and 16,056 in 1971 (See also Appendix D).

Special Studies Related to the Destratification of University Lake

Building on the scientific record accumulated from University Lake, an
expanded program of chemical, biological and physical studies was initiated in
1969 to be carried through the succeeding years. For the purposes of this
study, the year 1969 was considered the control year, and 1970 and 1971 were
considered experimental years. The associated studies were in two groups,
primary and secondary. Primary studies were those which were carried out on
a systematic basis, weekly or bimonthly, throughout the entire year. They
provided the basic parameters of comparison to ascertain changes in water
quality. The primary parameters were determined at four stations (A,B,C, and
D) in the lake (Figure 4). Station A was sampled on a weekly basis and
Stations B, C and D were sampled on an alternate-week basis throughout 1969
and 1970. 1In 1971 sampling was limited to weekly evaluations of changes at
Station A and alternate-week evaluations at Station C.

The primary sampling included nearly all standard water quality parameters
as shown in Table 1. Determinations were by Standard Methods unless otherwise
indicated (for example, Technicon Autoanalyzers were used for all nutrient
analyses). In addition, the characterization of phytoplankton was
systematically carried out on the indicated schedule at the four lake stations

in 1969, 1970 and 1971.
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Table 1

Water Quality Parameters and Analytical Procedures

Parameter
Temperature
DO

pH
Conductivity
Color
Turbidity

Chlorophyll

Carbon

Nitrogen (all species)
Phosphorus (all species)
Iron

Manganese

Silica

Procedure, Technique or Reference

Thermister Probes
Weston-Stack Electrode
Glass electrode

Lab~Line Lectro Mho-Meter
Standard Methods

Hach Turbidimeter

Membrane filtered sample, 957 acetone
extraction Klett photometer, 640 mu filter

Beckman 915 TOC Analyzer

Technicon Auto-analyzer

Technicon Auto-analyzer

Perkin Elmer 303 A A Spectrophotometer
Perkin Elmer 303 A A Spectrophotometer

Perkin Elmer 303 A A Spectrophotometer

-13-




Secondary studies were as follows: Benthic organisms were systematically
sampled in 1969 and 70 and have been partially reported by Hartley (19).
Also, changes in organic productivity as seen in periphyton accumulation on
microscope slides hung in vertical sets at Station A for the three years of
the experiment have been reported on in part by Gibbon (20), 1In the period
of June, July, and August of 1969 and 1970, a systematic creel census of the
fish taken from the lake was attempted. University lake is open to fishing,
but since it is a water supply inpoundment, access is limited to one dock and
all fishermen check in and out through the lake warden station at the lake
each day it is open. Thus, reasonable control of all fish caught and removed
from the lake is possible. By establishing a sampling procedure for each
week, a representative estimate of fish taken was obtained.

Characterization of the phytoplankton populations of University Lake
before and after destratification will be reported by Breedlove, the
principal investigatcr of that aspect of the study (21). The phytoplankton
information to be described in this report will essentially highlight the
more important shifts in plankton composition.

The high frequency of sampling and the spatial distribution from which
samples were taken within University Lake permitted computer analysis of the
data., For this, the SYMAP program was used because changes in the lake could
be presented visually as well as numerically. By plotting values and then
filling in zones of intensity by interpolation, the computer printed out maps
which, in their descriptive values, are similar to hand drawn isopleths.

Many of the parameters in this three-year study are presented in a series of
SYMAP figures. In addition to the SYMAPs, the original data has been used to
derive average water quality values at various depth zones. These show the

water quality during stratified and unstratified conditions for each of the
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three years.

Finally, an analysis was made on the daily operational data of the water
treatment plant that withdraws 3-4 mgd from University Lake, This daily
operational record provided an unusual opportunity to see if a standard water
treatment plant responded in any detectable way to changes in raw water

quality that resulted from the destratification procedure.
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ANALYSIS AND INTERPRETATION OF CHANGES IN WATER QUALITY PARAMETERS
RESULTING FROM DESTRATIFICATION

The analysis and interpretation of the results of destratification will
be presented with a series of SYMAPS for each of the three years of study,
(1969, 1970 and 1971) for Stations A and C (Figure 4). These two stations
form an axis across the deepest portion of the lake. For 1970 and 1971, the
years in which destratification was accomplished by airlift, a pumping log is
described in Figure 6.

One aspect of SYMAP plotting is the requirement that the computer
program take the entire range of values to be plotted and divide it into a
frequency distribution with ten intervals between the lowest and highest
values. Thus, from year to year the ranges may be somewhat different. To
help interpret this, there is incorporated in each SYMAP the frequency
distribution of data points at each frequency level with the maximum and
minimum value for each level. Thus, if studied with care, these presentations
can be read, with some degree of precision, to the actual values graphically

presented.

Temperature

The process of destratification by artificial means is essentially a
procedure for introducing energy into a lake to overcome density gradients
that have been established by solar heating. A detailed description of the
temperature changes at Stations A and C for each of the three years of this
investigation is presented since it is temperature that establishes limiting

or controlling conditions for many of the chemical and biological changes in
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water quality parameters.

In 1969 the usual heating and cooling pattern that had been exhibited in
University Lake for the past ten years of record (Appendix B) was found once
more at Stations A and C. At Station A, the temperature profiles extended to
a depth of 28 to 30 feet depending on the seasonal lake level, and at Station
C the depth averaged close to 20 feet. These profiles are described in the
SYMAP presentations of Figures 7 and 8. 1In both instances the uniformity of
the winter temperature pattern was quickly transformed under solar heating,
from mid-April on, into the horizontal patterns illustrative of the develop-
ment of thermal gradiants and a stratified condition. At both stations, the
midsummer surface pool of warm water was in a range of 27-30°C, being slightly
cooler by approximately a half a degree at Statlion C than at Station A.
However, because of the shallower water at Station C, the deepest portion was,
as might be expected, slightly warmer—--in the range of 12.5 to 15°--than that
found at Station A where the temperature range of the deeper water was 11.8°
to 14.4°C.

The isotherms of interest, in terms of the time for them to reach bottom,
are 11.8° at A and 12.6 at C, At the deeper station (A), the 11.8°
isotherm as seen on the SYMAP reached bottom at approximately day 235 whereas
the 12.6°isotherm at Station C reached bottom at about day 200. It thus
appears that, at least in the year 1969, these two sampling stations which
form a transect across the major segment of University Lake heated at
approximately the same rate.

In 1970 air pumping commenced on March 25 and went to a 12 hour on-off
pumping cycle on March 27 (the airlift hose pattern is described in Figure 4).
This was extended to a continuous 24-hour cycle on April 28, 1970. On the

temperature SYMAP for each year of destratification,critical dates in the
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SYMAP

TIME = 0.0

c UNIVERSITY LAKE DATA - 19689

c STATION C

C TEMPERATURE

DATA VALUE EXTREMES ARE 5,40 2%.50

ABSOLUTE VALUOE RANGE AFFLYING TO FACH LFVEL
(*MAXINMUK¥' INCLUDED IN HIGHEST LEVEL ONLY)
MININUM 5.40 7.81 10.22 12.63 15.04 17.45 19.86 22.27 24.68 27.99
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pumping sequences are indicated on the map by an arrow. The effect of the
airlift destratification process in 1970 was quite dramatic with respect to
the impact on temperature distribution in the lake. The normal pattern of
horizontal transition zones, typical of a stratified body of water, gave way
to the pattern of vertical zones characteristic of a well-mixed body of water
(Figures 9 and 10). However, this vertical pattern also indicates that the
lake had a larger volume of water of higher temperature in 1970 than in the
control year, 1969. The effect of destratification was to break up the
density boundaries and to permit heat transfer to greater depths.

The time that it took different isotherms to reach the bottom can be used
to illustrate the change in the temperature characteristic of the lake. For
instance, in 1969 at Station A, it required 235 days for the 11.8° isotherm
to reach the bottom. Under the mixing conditions, the 12.9° isotherm reached
bottom in 120 days and the 18.2° isotherm in 200 days with the deepest water
attaining a temperature unheard of in the previous record of the past decade:
26.3°C by 260 days. Subsequently, normal seasonal cooling took over and with
the cessation of pumping at around 307 days the overall lake temperature was
reduced in the usual seasonal pattern.

Vertical mixing due to destratification in 1970 at Station C was seen in
the rapid deepening of the 25° isotherm which reached the bottom by 180 days,
(Figure 10).This followed on the mixing process which had caused the 16.7°
isotherm to reach bottom at 20 feet by the 140th day. Whereas the natural
heating and cooling cycle had preserved a basin of cool water in the deep
portion, the artificial mixing sequence had succeeded in destroying the
thermally stratified structure of the lake and had produced a basin of

uniformly warm water from early in June until mid-October.
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In 1971 the original air hose pattern was changed to increase the number
of air diffusion outlets in the deep portion of the lake in front of Station
A. The size of the air compressors was also increased from 1/2 to 3/4
horsepower. Starting in mid-May, day 139, all pumps were operated 24 hours
continuously, It is of interest to note that due to the late startup of
destratification procedures, normal stratification patterns had already
started to form in University Lake. This is shown by the horizontal pattern
of isotherms from approximately day 75 to day 140. 1In fact, the effect of
airlift was very dramatic with a rapid transition of horizontal isotherms to
vertical isotherms at both Stations A and C (Figures 11 and 12). The previous
winter of 1970-71 was somewhat milder and the lowest temperatures in the lake
prior to the heating season had not gone below 7.59C, Thus the whole basin
of water was warmer at the beginning of the heating season. The net result
was considerably warmer water by midsummer than had been found at the two
stations in the prior year. At Station A the maximum temperature was 30.5°C,
whereas at Station C it reached a maximum value of 34°C although only for a

limited time, being on the average at the warmest about 31.3°c,

Ongen

The quantity of oxygen present in a body of water at any time can
generally be used to define the limits for various life forms which might
inhabit a particular aquatic ecosystem. Characteristic of the lakes of the
southeastern United States is the rapid deoxygenation of the hypolimnetic
zone that takes place with the normal seasonal temperature stratification.
The presence of both allochthonous and autochthonous organic matter leads to
rapid oxygen consumption by microbial degradation of these materials. Over

the years this has been very characteristic of University Lake with a
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substantial portion of the deep water remaining anaerobic for a

substantial périod of the seasonal cycle. This rapid deoxygenation and its
consequence is vividly described in Figures 13 and 14 for Stations A and C,
respectively, in 1969. From early April until late October or early November
the deepest portion of the Lake had little or no oxygen and this condition
was found at depths as shallow as 8 to 10 feet,

With artificial destratification and its effectiveness as indicated by
the redistribution of temperatures throughout the body of water, it might be
expected that the pattern of oxygen distribution would follow in similar
fashion. However, the oxygen distribution characteristics of the Lake for
1970 and 1971 at Stations A and C as shown in Figures 15, 16, 17 and 18,
illustrate the problem of improving water quality in a basin subject to high
summer temp2ratures. Although the rate of deoxygenation was somewhat slowed
because of the initial mixing period in which oxygen-rich surface water was
redistributed towards the bottom, it soon became apparent at both Stations A
and C that oxygen-rich water was still limited to the upper 8-10 feet, the
euphotic zone, as in the control year. Here oxygen production was in excess
of oxygen consumption, but in the deeper portion of the lake rates of oxygen
consumption were as high or higher, probably caused to some degree by the
higher water temperature. This again resulted in a substantial body of water
with little or no oxygen present., What was clearly changed by the air lift
mixing process was the boundary zone between the euphotic area and the deeper
tropholitic zone. This boundary layer had a greater depth of transition as

well as indications of some effects of mixing from the layers richer in

oxygen,
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pH

The pH of water, a description of hydrogen ion activity, can also be
indicative of the degree of biological activity in natural surface waters.
This results from utilization of C02 or carbonates by photosynthetic
plankton and a consequent shift in the bicarbonate-carbonate equilibria with
a rise of pH values to a range of 8-9., Also, in deep water below the
euphotic zone, accumulation of COp from the degradation of organic matter
results in the formation of slightly acid waters in the range of a pH of 6-7,
Thus, the profile of pH from top to bottom and its seasonal changes is a
reflection (in a soft, slightly buffered water such as University Lake) of
the level of biological activity, both tropholitic and trophogenic. At both
Stations A and C in 1969, the pH of that portion of the basin occupied by the
cooler, low-oxygen water was at a slightly acid pH, less than 7.0, and the
warmer surface water that was rich in oxygen (indicative of high biological
activity) was found with a pH value greater than 8 (Figure 19 and 20).

The artificial mixing of 1970 and 1971 had a clear and distinct impact
on the pH of the lake water, It reduced the extreme range of values that had
previously been encountered and changed the distribution pattern to show a
much higher degree of irregularity paralleling the mixing process. The
implication of course is that the air lift procedure did create vertical
stirring. It reduced the time that any particular body of water remained at
the surface and therefore reduced the capability of any algal activity to
last long enough to raise the pH to the extremely high level associated with
exhaustion of free or bound carbonate. The characteristic patterns of pH in
University Lake for 1970 and 1971 at Station A is shown in Figures 21 and 22

and for Station C for 1970 and 1971 in Figures 23 and 24.
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Conductivity

The conductivity or specific conductance of a water describes its ionic
composition. When a lake undergoes destratification, changes in
conductivity may in part reflect the mixing process as well as the particular
characteristics of rain and runoff of a particular year. In University Léke
the sequence of change in conductivity followed under normal seasonal strati-
fication that of a gradual increase of conductance in the deep, low-oxygen pool
until the fall overturn. This was somewhat ameliorated by the mixing process
in the two subsequent years. There also appeared to be, however, a distinct
down trend in conductance, particularly in maximum values of the range
encountered. This was lower each year which may reflect changes in rain and
runoff. (See Appendix C)., The distribution of conduétance for Stations A and
C in 1969 is seen in Figures 25 and 26. In 1970-71 at Stations A and C the

conductivity patterns are seen in Figures 27, 28, 29 and 30 respectively.

Colox

Color as a water quality characteristic is important in water supply
considerations since its presence tends to reduce the acceptance of water for
ingestion although it may not necessarily reduce its potability. In most
instances the formation of color in water is the result of either specific
color species of mineral elements or, in these latitudes, the degradation of
organic materials with colored soluble residues of comparatively large
molecular size, in some instances approaching colloidal dimensions. As might
be expected, these substances tend to accumulate in the deep basins of lakes
under stratified conditions. This occurred at Stations A and C in 1969, as
seen in Figures 31 and 32. With the mixing process, the higher concentrations

of color in the deep water were reduced and dispersed throughout the entire
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volume of the lake. The distribution of color in 1970 and 1971 for Stations

A and C is shown in Figures 33 and 34,and 35 and 36, respectively.

Turbidity 3

Organic and inorganic particulate matter in suspension contributes to
turbidity. A highly turbid water 1s undesirable both for potable uses as
well as recreational uses. For the former use, turbidity is generally reduced
through the usual treatment processes of coagulation and settling., Thus, any
reduction of turbidity in the lake reduces the particulates that need to be
removed at the treatment plant and would be a marked improvement in the basic
quality of water. However,in a small reservoir such as University Lake,a
major source of turbidity is the runoff from the surrounding land and comes
in as a fine colloidal suspension of particulate materials. This is a
particular characteristic of the lake in the winter season.

As seen in Figures 37 and 38, in 1969 the somewhat more turbid period of
the lake was found in the late winter and early spring, whereas the general
midseason period was quite clear, particularly in the surface water. The higher
mid-depth values of turbidity such as seen at Station C at about day 140 and
again at about day 240 (1969) and the period from day 220 to day 260 at
Station A are probably indicative of biological activity and the turbidity
determinations reflect particulate material of biological origin. The
stirring process which destratified the Lake in 1970-71 appeared to generally
improve the average turbidity throughout the midseason period with the
extremes of turbidity found only at the early and late portions of the year
when destratification was not in progress. The principal quantity of
particulate material was probably derived from allochthonous sources. The

turbidity characteristics of Stations A and C for 1970-71 are shown in
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Figures 39, 40, 41 and 42, respectively.

Chlorophyll

Systematic determination of chlorophyll in the lake water sampling
program provided an opportunity to descriminate between particulate materials
of nonbiological origin and particulate materials associated with living
microscopic plants. The chlorophyll determination was by extraction of the
particulate matter from membrane filtered water samples with 95% acetone. A
direct reading of absorbance was then made using 640 um filter in a Klett
photometer, This procedure describes total extractable materials and includes
other acetone soluble plant pigments. However, the results appear to be
systematic and reflect to some extent differing degrees of biological growth
associated with phytoplankton populations.

In 1969, the period up to approximately day 125 was fairly low in
biological activity as evidenced by the amount of chlorophyll extracted, bdbut
about that time a period of vigorous growth ensued at about 8 feet at both
Stations A and C giving rise to peak values for the entire year (Figures 43
and 44). This particular bloom appeared to have extended across the lake
at a very specific depth. The characteristics of this bloom can not be
defined since plankton analysis did not start until June 1969.

One interesting feature of the stratified lake was that chlorophyll
values on the average tended to be higher in the deeper water below 8 feet
than in the shallower water. With destratification and the mixing process,
as with other parameters, there appears to have been a more uniform
distribution of extractable plant pigments. However, in 1971, just prior
to the onset of air 1lift pumping, at about day 140 there was again a mid-depth

increase in extractable plant pigments at about 12 feet at both Stations A
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and C. This appeared to have been dissipated by the mixing procedures and
did not persist, The distribution patterns of plant pigment at Stations A and

C for 1970 and 1971 are seen in Figures 45, 46, 47 and 48.

Carbon

An analysis of the changing characteristics of the non-conservative
water quality parameters which involve biological interaction requires an
understanding of the interplay, movement and changes that take place in many
instances simultaneously but not necessarily directly related. Carbon,
nitrogen and phosphorus, the principal components of cellular materials of
biological origin that are found in a lake,will move through several stages
of oxidation and degradation as a result of microbial activity. The total
carbon content of the water, including both living and non-living materials,
showed the tendency to accumulate in the deeper portions of the lake in the
midsummer period and to diminish considerably in the late fall and winter
both under stratified and destratified circumstances. This is illustrated in
Figures 49-54 for the three years 1969, 1970, and 1971 for Stations A and C.

The total carbon content of the water can be further broken down into
its inorganic components (primarily CO; and carbonate) and the soluble
components, that portion which would pass a 0.45 micron membrane filter. The
same pattern of accumulation in the deeper pool under both stratified and
destratified conditions appeared to persist. This was also seen for the
soluble carbon component at Station A, which was followed systematically.
For the three years 1969, 1970, and 1971 at Station A, inorganic carbon is
illustrated in Figures 55, 56 and 57 and the soluble component in Figures 58,
59 and 60. The distribution pattern at Station C for inorganic carbon and

soluble carbon for the three years is described in Figures 61-66.
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TIMF = €.0

C UNIVFRSITY LAKE DAT? - 1971
C STATICN R
[o} SOLUBLE CARBON

DATR VALUE FXTREMES RAET® 9. 60 60.00

TOTAL MTSSING DATR PCINTS TS ?

ABSOLUTE VALUE RANGE APPLYING TC FACH LEVFL
(*MAXTHUM® TNCLUDED IN HIGHEST LEVRL ONLY
MINTHUN 9.n9 14,10 19,24 20,20 29, 40 34,50 39,60 Ly, 70 49,80 54,90
MEXTHMOM 14.10 19,20 24330 29,00 3450 39,60 44,70 49.80 54,90 50,00
PERCENTAGF OF TOTAL ABSCLU™ VALUR KANGP PPPLYTNG TO REACH LFVEL
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c NH3-N
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ABSOLUTE VALUE RANGE APPLYING TU EACH LEVEL
'MAXIMUM* INCLUDED IN HIGHEST LEVEL ONLY)
MINIMUM 0.01 1.51 3.01 4,51 6.01 7.50 9.00 10.50 12.00 13.50
MAXIMUM 1.51 3.01 4.51 6.01 7.50 9.00 10.50 12.00 13. 50 15.00
PELRCENTAGE OF TOTAL ABSOLUTE VALUE RANGE APPLYING TO EACH LEVdL
10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

FREEUENCY DISTRIBUTION OF DATA POINT VALUES IN EACH LEVEL
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C STATION C
C NH3=N

DATA VALUE EXTREMES ARE 0.0 4.40

TOTAL MISSING DATA POINTS IS 18
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PERCYNTAGE OF TOTAL ABSOLUTE VALUE RANGE APPLYING TO EACH LEVEL

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
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TOTAL MISSING DATA POINTS IS 1
ABSOLUT® VALUR RANGE APFLYING TO FERCH VFL

(*MAXIMUM' INCLUDED TN HIGHEST LEVTL ONLY)

WTNTHIIH 0.01 0.9 0.16 0. 24 0.31 0.39 0.47 0.54 0.62 0.69

FAXTMUM 0.09 0:16 0528 051 0.39 0:87 0054 062 0169 077
PERCENTAGFE OF TOTAL ABSCLUT® VALUR RANGF APPLYING TO EACH LREVREL

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
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TTHR = C.C
C  UNIVERSITY LAKE DAT2 = 1971
C  STATICN C
C  TCTAL EHCSPHORUS
DATA VALUE EXTREMES ARF 0.02 0.16
TOTAL MISSING DATR ECINIS IS 1
ABSOLUTE VALUF RANGE APELYING TO FACH LEVAL
(' MAXIFUMY TNCLODED IN HIGHEST LEVEL ONLY)
MININUM 0.02 0.04 0.05 0.06 0.08 0.09 0.10 9.12 0.13 9.15
MAXIHUN 0.04 0205 0206 0.08 0.09 0.10 012 0.13 015 0.18
; PERCENTAGE CF TOTAL ABSOLUTEZ VALUN RANGE APPLYTNG TO EACH LEVEL
i
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FREQUENCY DISTRIBUTION CF_DATA POINT VALUES IN FACH LEVEL
IEVEL 1 2 3 4
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