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ABSTRACT

Temperature and oxygen profiles and surface and
bqttom analyses for silica, total iron, pH, phenolphtha-
lein ;u;d methyl orange alkalinities, specific conductance,
tu_rbldlty, and nitrate nitrogen were made in Center
Hill Resgrvplr from April, 1966, through April, 1967.
Results indicated that surface waters, as compared to
b9ttom vb:aters, maintained lower levels of total iron,
nitrate nitrogen, pH, and turbidity during summer.
Phegolphthalein and methyl orange alkalinities exhibited
atyglcal late-summer peaks which were attributed to
the inflow of water from Great Falls Reservoir. Specific
conductance and silica data varied considerably during
the study. Oxygen and temperature profiles revealed late
summer oxygen depletion occurring first in the upper
portions of the reservoir and later in the lower portions.
Center Hill Reservoir was, therefore, an oligotrophic
lake despite the climograde oxygen curve; oxygen de-
plet;;)sn was probably attributed to allochthonous ma-
terials.

INTRODUCTION

This investigation was initiated to study selected phy-
sical and chemical relationships at Center Hill Re-
servoir, Tennessee. These relationships are well docu-
mented for natural lakes and are exhaustively detailed
by Hutchinson (1957); however, little comparable work
exists for reservoirs. Published limnological studies of
Tennessee reservoirs have largely been limited to the
TVA system, in particular, to Norris Lake. Dendy
(1945) and Eschmeyer (1950) gathered oxygen and
temperature data and correlated them with fish distribu-
tion. Wiebe (1938, 1939a, 1939b, 1940, 1941) investi-
gated the nature of density currents and oxygen and
temperature relationships. Dendy and Strou_d (1949)
demonstrated the effects of Fontana Reservoir on tem-
perature and oxygen distribution in smaller downstream
reservoirs. Wunderlich (1971) worked extensively with
changes in physical and chemical parameters, especia-lly
temperature and oxygen in various TVA reservoirs.
Center Hill Reservoir has been the subject of few limno-
logical studies. Nichols (1962) and Netsch and Turner
(1964) gathered oxygen and temperature data, and the
Tennessece Game and Fish Commission has carried out
occasional oxygen and temperature studies in conjunc-
tion with its fisheries program.

Center Hill Reservoir, impounded by the U. S. Army
Corps of Engineers in 1949, is situated in DeKalb,
Putnam, Smith, and Warren Counties, Tennessee. The
dam, located at mile 26.6 of the Caney Fork River,
forms a typical headwater reservoir with steep sides,

many small coves, and a low rate of flow (MacKen-
thun, et al., 1964). At maximum elevation the reservoir
contains 2.58 x 10 m® of water, a surface area of 9.3
x 10* hectares, and a maximum depth of 54.3 m. The
reservoir drains 5.7 x 10® hectares of mixed farm and
forest lands. The Caney Fork River, impounded by
Great Falis Dam, and Falling Water River are the
principal influent rivers.

METHODS

Two permanent mid-channel sampling stations were established
on the reservoir: station 1 at Hurricane Bridge, 13.7 km above
the dam; and station 2 at Sligo Bridge, 35.5 km above the dam.

Oxygen and temperature readings were taken in situ with a
YSI Model 51 oxygen and temperature meter at 0.6 m intervals
from the surface to a depth of 29.6 m. Water samples were
collected with a 3.1-liter Kemmerer sampler at the surface and
at the 29.6-m depth and transferred to I1-gallon plastic bottles
for transport to the laboratory. Samples were analyzed within 6
hours after the last sample was collected. Specific conductance
was measured with an Industrial Model RC-7p conductivity
bridge and turbidity with a Hellige Turbidimeter. Phenolphthalein
and methyl orange alkalinities, total iron, and silica were mea-
sured according to to Standard Methods (Amer. Publ. Health
Assoc., et al., 1960). Nitrate nitrogen was determined by the
phenoldisulfonic acid method (Swingle, 1964).

RESULTS AND DISCUSSION

Total alkalinity, as described by Ellis, et al. (1946), is the
sum of hydroxide, normal carbonate, and bicarbonate ions
expressed as mg liter* of calcium carbonate.

Data from Watts Bar and Norris reservoirs (TVA Fish and
wildlife Branch 1964 and 1965, respectively) suggested that
Cat+ and Mg} 4 were the most prevalent cations; the same
condition was assumed at Center Hill Reservoir. Therefore, the
relationships among the cations, pH, and alkalinity were essen-
tially caused by Ca--}, and to a lesser extent by Mg+,
interacting with carbon dioxide and carbonate.

Total alkalinity of Center Hill (Table 1) increased in the
surface and bottom waters at both stations from June through
the first week in November. Apparently carbonate, in the form
of calcium carbonate, was redissolved as it entered the carbon
dioxide-rich hypolimnion. However, the concomitant drop in
alkalinity in the epilimnion, normally associated with this
phenomenon, did not occur. The increased alkalinity of Center
Hill can best be explained by the addition of bicarbonates from
Great Falls Reservoir. The cooler water released from Great
Falls flowed between the epilimnion-metalimnion interface of
Center Hill. Transport of bicarbonates to the epilimnion and
hypolimnion could then take place.

Additional evidence for an external source of bicarbonate was
indicated by phenolphthalein alkalinity (first detected June 15,
1966; last detected September 28, 1966). During July and August
when phenolphthalein alkalinity was highest and, presumably,
carbonate was being precipitated in the surface water, a slig!:t
drop in total alkalinity occurred with a concomitant rise in
alkalinity of the bottom waters. Gradually the alkalinity in the
surface water increased after the initial drop and attainc.d_a
concentration similar to that of the hypolimnion. Alkalinity
gradually declined in surface and bottom waters at both stations
from November, 1966, until the end of the study.
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significant in oxygenating 2 body of water, although a combi-
nation of active mixing and convective streaming are the most
imp t physical p i genation of natural
waters. Oxygen reaches all levels of a dimictic lake only during
the sutumnal and vernal circulation periods (Ruttner, 1963).
Once a lake is thermally stratified, rapid translocation of oxygen
byphniulmnnisoonﬂnedwlheupperporliomofghe
epilimnion. The controlling factor of oxygen concentration
below the wind-agitated waters and in the euphotic zone is
determined by biological activities (Hutchinson, 1957). Oxygen

TABLE 3: Selected Oxygen Values (MG Liter
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Center Hill Reservoir and at least one sampling poj
Falls Reservoir should be established to study r;?i:;u:?elcrem
density currents. . y the
Results revealed distinct differences betveen conditions
stations 1 and 2. Generally, both physical and chemical ep, at
occurred first and were most abrupt and cxtensive at ltau'm““
Such differences between the gtations were probably due t:n 2,
the upstream position of station 2, (2) the greater yoly (1)
water per unit of bottom area at station 1, and (3) Samnl":g of
ctation 2 were taken nearer the mud surface of the rege; f{"oir at

) for Stations I and 2 for 1966 and 1967 in Center Hill Reseryojr

Tennessee
Depth (meters) .
Date Station Surface 2 4 8 10 15 20 30
April 1 9.1 9.5 8.8 8.3 8.3 8.0 7.3 1
17, 1966 2 104 9.6 100 9.6 9.5 9.5 8.8 7.5 14
May 1 8.6 3.6 8.6 8.5 8.7 7.8
14, 1966 2 82 81 8.1 79 79 7.5 6 e
May 1 5.9 6.4 6.6 6.2 5.4 5.3 5.0 5.1
21, 1966 2 64 7.0 638 f 54 53 53 46 ;;2
June 1 55 5.6 57 5.8 5.0 4.6 4.4
B B o X X 4.4
1, 1966 2 55 54 54 5.0 4.7 4.0 38 33‘
July 1 79 7.8 78 114 10.9 1.8
i y : . . 34 42
217, 1966 2 8.0 8.1 8.1 9.8 14 6.7 32 3. %2
August 1 8.4 8.4 84 111
oyl 1 , . 8.5 34 4.1 27
83 83 83 82 6.8 68 3.0 3.1 0.2
October 1 14 6.9 6.8
Gosger ! 5 { ] 1 6.8 6.8 6.6 0.4 0.0
73 7.0 70 7.0 7.0 6.9 49 0.0
November 1 8.6 19 1.5
Rosent i 2 i ; 7.5 7.5 7.5 73 1.3 0.3
‘ 74 7.3 72 12 72 6.4 5.9 6.0
December 1 9.6 9.7 10.0 10.0
5 o ! i P i J 10.0 10.0 10.1 10.1 9.4
8 108 10.8 10.8 10.8 124 10.8 105
:\‘d)lrch 1 112 113 1.3 11.0 10.4
, 1967 2 10.6 113 113 107 . 10.4 10.4 10.4 10.4
‘ ! 10.7 104 9.7 9.4 9.4
guﬂnﬁ 21 104 10.2 9.8 9.8 9.4 9.4
; 10.5 104 y - 403 2t 37
10.4 104 104 104 10.3 9.6 9.5
deficits of the hypolimnion are caused primarily by oxidizable
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ENTERPRISE RADIATION FOREST: PREIRRADIATION STUDY

Although much research has been done on the effects
of ionizing radiation on natural ecosystems, little is
known about radiation effects on the northern coni-
ferous and deciduous forests. The U. S. Atomic Energy
Commission has just published the report of a study (in
the Enterprise, Wisconsin, Radiation Forest) planned to
determine the impact of gamma radiation on natural
northern forest communities. The Enterprise Radiation
Forest documents a joint study project of the Forest
Service, U. S. Department of Agriculture, and the AEC
and supplies reference and base-line information not
only for evaluating the radiation effects but also on the
ecology of some important northern forest types.

Detailed studies of the physical and biological en-
vironments of the area before irradiation are reported.
These include the selection of the study area, the to-
pography, the climate, the solar radiation, the design of
radiation site 1, the vegetation (lichens, ground vegeta-
tion, shrub layer, tree cover, and litter production), and
the small-mammal populations. Finally, on the basis of
extensive preirradiation studies, the investigators pre-
dict the effects of irradiation during one growing season
on the plant communities of radiation site 1.

The book is available from the National Technical
Information Service, U. S. Department of Commerce,

Springfield, Virginia 22151.
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