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PREFACE

The mathematical model investigation of Tallahala Creek Lake re-
ported herein was authorized by the Office, Chief of Engineers, U. S.
Army, on 19 August 1974 at the request of the U. S. Army Engineer Dis-
trict, Mobile (SAM). An earlier investigation of Tallahala Creek Lake
was completed in June 1973 and a letter report was forwarded to SAM.

The model study reported herein reflects various structural and opera-
tional changes in Tallahala Creek Lake not investigated in the earlier
study.

The investigation was conducted during the period April-November
1975 in the Hydraulics Laboratory of the U. S. Army Engineer Waterways
Experiment Station (WES), under the direction of Mr. H. B. Simmons,
Chief of the Hydraulics Laboratory, and Mr. J. L. Grace, Jr., Chief of
Structures Division, and under the supervision of Mr. J. P. Bohan, Chief
of the Spillways and Channels Branch. The study was conducted by
Messrs. S. T. Maynord and B. Loftis. This report was prepared by
Messrs. Maynord, Loftis, and D. G. Fontane.

Directors of WES during this study and the preparation and publica-
tion of this report were COL G. H. Hilt, CE, and COL John L. Cannon, CE.

Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply

feet
miles (U. S. statute)
square feet

square miles (U. S.
statute)

acres
acre-feet

cubic feet per second

Btu (International Table)

Fahrenheit degrees

By To Obtain

0.3048 metres

1.6093kk kilometres

0.0929030k square metres

2.589988 square kilometres
Lo46.856 square metres
1233.482 cubic metres

0.02831685 cubic metres per second
1055.056 Joules

5/9 Celsius degrees or Kelvins*

* 7o obtain Celsius (C) temperature readings from Fahrenheit (F) read-
ings, use the following formula: C = (5/9)(F - 32).
(K) readings, use: K = (5/9)(F - 32) + 273.15.

To obtain Kelvin
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TEMPERATURE ANALYSIS AND SELECTIVE-WITHDRAWAL DESIGN STUDY
TALLAHALA CREEK LAKE, MISSISSIPPI

Mathematical Model Investigation

PART I: INTRODUCTION

Purpose

1. The purpose of this study was to investigate the temperature
structure to be expected within the proposed Tallahala Creek Lake and to
determine a selective-withdrawal intake configuration that will allow

operation to satisfy downstream water-quality objectives.

Project Description

2. The Tallahala Dam will be located on the Tallahala Creek
approximately 13 miles* north of Laurel, Mississippi, and will have a
drainage area of 152 square miles (Figure 1). An 8,000-ft-long earth-
fill dam will impound water for water supply, water-quality management,
and flood control. The lake formed by the dam will be approximately
8 miles long and will provide 128,360 acre-ft of storage at el 317.5,%¥
which will be the top of the flood control pool. The storage allocation
will include 67,300 acre-ft for flood control, 36,800 acre-ft for water
supply, and 12,400 acre-ft for water-quality control. The top of the
conservation pool will be at el 306.5 and the bottom of the reservoir
will be at el 270.0. The surface area of the lake at the top of the con-
servation pool will be 4,845 acres. Releases from the lake will be made
through an outlet works with a 10-ft-diam conduit in the dam and over a

300-ft-long emergency spillway.

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 3.

*% Al]l elevations (el) cited herein are in feet referred to mean sea
level.




3. The outlet works will consist of an intake structure with
provisions for making selective-withdrawal and flood releases. The
selective-withdrawal releases will pass through two 10~ by L.75~ft wet
wells, each of which will have two 3.0- by 4.0-ft intakes, one at
el 289.0 and one at el 298.0, with hydraulically operated sluice gates.
The two intakes at el 298.0 will discharge into the sides of the wet
wells, and the two at el 289.0 will discharge into the front faces. The
flows from each of the wet wells will be controlled by 2.0~ by 2.5-ft
sluice gates at el 272.0. The flows from the wet wells will discharge
into the flood control conduit just downstream of the service gates.
Fach wet well will pass 85 cfs, and the combined capacity for both wet

wells will be 170 cfs.

Approach

4. The study was accomplished with the use of a numerical simula-
tion model. The approach involved the selection of several study years
and simulation of lake operation for each of these years. Study years
selected had combinations of streamflow quantities and air temperatures
that could create extreme conditions of thermal stratification. The
data required for the simulations were lake inflows and outflows, inflow
stream temperatures, meteorological data for each of the study years,
geometry of the lake, and geometry of the intake structure.

5

e

The heat transfer into and out of the lake was evaluated and
the heat was distributed within the lake. A heat budget was maintained
throughout the simulation period. An objective temperature was speci-
fied for each simulation day, and an operating scheme was determined.

The operation scheme for any day was the combination of open ports that
minimized the difference between the objective downstream temperature

and the predicted release temperature. The output from the simulation
included a comparison between objective and release temperature in graph-
ical form throughout the simulation period as well as tabular summaries

for each day and plotted profiles of temperature within the lake at

specified times of the year. The numerical simulation model was also




used to simulate the dissolved oxygen (D.0.) structure of Tallahala
Creek Lake.

The purpose of these simulations was to evaluate the ef-
fects of reservoir operation upon the D.0. regime of the lake. A de-

scription of the simulations and the results of the simulations are pre-
sented in Appendix A of this report.
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PART II: MODEL DESCRIPTION

6. The downstream release characteristics and the internal temper-
ature and D.0O. structure for Tallahala Creek Lake were predicted using
a numerical simulation model. The model (WESTEX) used in conjunction
with this investigation was developed at the UU. S. Army Engineer Water-
ways Experiment Station (WES) based on the results of Clay and Fruh,1
Edinger and Geyer,2 Dake and '{arleman,3 and Bohan and Grace.h The D.O.
portion of the WESTEX model is described in Appendix A.

7. The WESTEX model provides a procedure for examining the bal-
ance of thermal energy imposed on an impoundment. This energy balance
and lake hydrodynamic phenomena are used to map vertical profiles of
temperature in the time domain. The model includes computational meth-
ods for simulating heat transfer at the air-water interface, heat advec-
tion due to inflow and outflow, and the internal dispersion of thermal
energy. The model is conceptually based on the division of the impound-
ment into discrete horizontal layers. Fundamental assumptions include
the following:

a. Isotherms are parallel to the water surface both laterally
and longitudinally.

b. The water in each discrete layer is isotropic and physi-
cally homogeneous.

c¢. Internal advection (between layers in the lake) and heat
transfer occur only in the vertical direction.

d. External advection (inflow into and outflow from the lake)
occurs as a uniform horizontal distribution within each
layer.

e. Internal dispersion of thermal energy is accomplished by a

diffusion mechanism which combines the effects of molecu-
lar diffusion, turbulent diffusion, and thermal convection.
8. The surface heat exchange, internal mixing, inflow, and out-
flow processes are simulated separately and their effects are introduced
sequentially at daily intervals.
9. The WESTEX model employs an approach to the evaluation of

surface heat transfer that was developed by Edinger and Geyer.2 This

method formulates equilibrium temperatures and coefficients of surface




hent exchange.  Equilibrium temperature is defined as that temperature

at which the net rate of heat exchange between the water surface and the |
atmosphere is zero. The coefficient off surface heal exchange is Lhe
rate at which the heat transter process will occur.  The equation de-

aoribing this relation ias

He= K(E - 0) (1)

where
H net rate of surface heatl Lransfer, ?‘1\1/’1‘1;‘/&:!_\'“
K coef'ficient of surface heat exchange, liln/t‘l"".l:a_\“')“ 5
I equilibrium temperature, “F
0 gurface temperature, °F

The computation of equilibrium temperature and heat exchange coefticient
ia based solely on meteorological data asn outlined by Edinger,
Duttweiler, and (‘rr"\'l‘l‘.l‘ | §
10. "The net heat exchange at the sarface s composed of seven heal

exchange processes. These are the following:

a.  Shortwave solar radiation.

b. Reflected shortwave padiation.

¢.  Long=wave atmospheric radiation.

d. Reflected long=wave radiation.

e. Heat transfer due to conduction.

', Back radiation from the water surface.

g. Heat loas due to evaporation.
For every day of meteorological data, the seven heat exchange teprmag can
be evaluated and the net. heat exchange expressed in terms of an equis-
Libriam temperature and an exchange coef'ficient.

11, All of the gurface heal exchange processes, with the excep=
Lion of gshortwave radiation, affecl only approximately the top few feet
of the lake. Shortwave radiation penetrates the water smrface and in-
creagses the temperature at greater deptha., Baged on laboratory invealti=
)

3
gationa, Dake and Harleman have suggested an exponentinl decay with

»

for convenltence, symbols and unusunl abhreviationn are listed and de- 3
fined in the Notation (Appendix ). E




depth for describing the heat flux due to shortwave penetration.

12. The surface heat exchange concepts are implemented in the
WESTEX model by the exponential penetration of a percentage of the in-
coming shortwave radiation and the placement of the effect of all other
sources of surface heat exchange into the surface layer. This can be

expressed mathematically by the following two equations

H =K(E - 08) - (1 - 8)S (2)
, -)\':,i
‘ H, = (1 - B)Se (3)
wvhere
H = rate of heat transfer into or out of surface layer,

Btu/ft</day

B = percentage of incoming shortwave radiation absorbed in the
surface layer
-
8 = rate of total incoming shortwave radiation, Btu/ft"/day
“
H, = rate of heat absorbed in layer (i), Btu/ft"/day
e = natural logarithmic base (2.7183)
’ e -1
A = absorption coefficient, ft

z, = depth below surface, ft

13. The process of inflow into a lake is simulated in WESTEX by

the placement of inflow quantity and quality at that layer where the

density of the lake corresponds most nearly to the density of

~

the inflow. 3
Research efforts and physical model studies at WES have indicated that
entrainment-induced density currents can exist and flow upstream along
the surface into the turbulent mixing zone caused by the inflow. Fn- ‘{
trainment is implemented in the model by augmenting the inflow quantity
with a volume from the surface layer. Characteristics of inflow and

entrained flow are averaged, and mixed values of density, temperature,

and other water-quality parameters are determined. The mixed density is :
used to determine placement of the total quantity and mixed quality. ik
Simulation of the process of inflow displaces upward a volume equal to
! the total inflow quantity. This upward displacement is reflected in the ‘
ﬁ l
i i
| 10 |
| .
i
1
) :
1
3
§




model by an increase in the water surface. A corresponding decrease in
water surface occurs as a result of the outflow process.

14. The internal dispersion process is represented by an internal
mixing scheme based on a simple diffusion analogy. Internal mixing
transfers heat and other water-quality constituents between adjacent
layers. The magnitude of the transfer between two layers is a percent-
age of the total transfer required to completely mix the two layers.
This percentage is a mixing coefficient that is defined for every layer.
Data input includes values of the mixing coefficient at the top and at
the bottom of the lake. An exponential fit between the two extreme
values is used to determine the appropriate coefficient at each layer.

15. The outflow component of the model incorporates the selective-
withdrawal techniques developed by Bohan and Grucv.h Transcendental
equations defining the zero velocity limits of the withdrawal zone are
solved with a half-interval search method. With knowledge of the with-
drawal limits, the velocity profile due to outflow can be determined.
The flow from each layer is then the product of the velocity in the
layer, the width of the layer, and the thickness of the layer. A flow-
weighted average is applied to water-quality profiles to determine the
value of the release content of each parameter for each time step.

16. The lake regulation algorithms have been developed to realis-
tically simulate the field operation of a selective-withdrawal system.
The selective-withdrawal system is assumed to be configured with an
arbitrary number of selective~withdrawal intakes located in each of two
wet wells with a separate floodgate. Maximum flows and minimum flows
from each intake and from the floodgate must be specified. Also, the
maximum flow for the selective-withdrawal system is specified. The
algorithms attempt to numerically withdraw water at or near the objec-
tive temperature. Withdrawal will be from either one intake level, two
adjacent intake levels, and/or the flood control intake depending upon
the objective temperature, the temperature profile, the intake capaci-

ties, and the amount of flow to be released.

11
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PART III: DEVELOPMENT AND ACQUISITION OF DATA

Selection of Study Years

17. For the selection of study years, statistical analyses of
mean monthly streamflow and mean monthly dry bulb temperature were con-
ducted for the period of record 1948-1968 (Plate 1). Study years were
limited to this period due to lack of adequate meteorological data prior
to 1948 and lack of streamflow records after 1968. Only records from
March through October were considered in the selection of study years.
Experience has shown that this is the period in which density strati-
fication in the lake is affected by hydrology and meteorology. Fmphasis
was given to the characteristics of the spring months due to the partic-
ular importance of these months in fish reproductive cycles.

18. Combinations of above average, average, and below average
hydrologic and meteorologic conditions were considered in the selection
of study years. The five years discussed below were selected for the
analysis of temperature at Tallahala Creek Lake.

a. 1954 - Below normal runoff occurred throughout the year.
Air temperatures were above normal in February, April,
and June through September. This condition would tend to
allow stratification to form early in the year and remain
well into the fall.

I

1957 - Very low flows occurred in the beginning of the

year and were accompanied by above normal air tempera-

tures. The summer period had below normal runoff with

average air temperatures; above normal runoff occurred

from September through December. Stratification would

tend to form early in the year and then decay early due
to the high flows in the fall.

1958 = The runoff was normal throughout the year, and the
air temperatures were below normal from January through
March and normal from April through November.

|0
.

d. 1961 - Well above normal runoff occurred from February
through April and in December with nearly normal flows
for the remainder of the year. Air temperatures were
below normal in January and from April through October.
The high spring flows would inhibit the formation of
stratification, and the low air temperatures during the




summer would result in lower than normal water tempera-
tures near the surface.

e. 1964 - March, April, and December had above normal runoff.
The remainder of the year had nearly normal flows. The
monthly air temperatures were nearly normal with the ex-
ception of April (above normal) and February and October
(below normal). The high flows in March and April would
tend to inhibit the formation of strong stratification,
while conditions throughout the remainder of the year
were nearly normal.

Data Requirements

Meteorology

19. Meteorological data from the Meridian, Mississippi, Weather
Station were used for this study. The weather station is located
40 miles north of the damsite. The required data consist of dry bulb
temperature, dew point temperature, wind speed, and cloud cover. These
data were obtained from the National Climatic Center in Asheville, North
Carolina. Fight observations were furnished for each day. Daily aver-
age values were computed and used to determine equilibrium temperatures,
surface heat exchange coefficients, and daily average net solar radi-
ation quantities for the period of record.
Hydrology

20. Mean daily inflow and outflow quantities are shown in Plate 2.
Hydrologic routings were conducted by the U. S. Army Engineer District,
‘obile (SAM), to determine these flows.

Lake geometry

2l. The area-volume curve is shown in Plate 3. This curve and
other data describing the location and design of the intake structure
were furnished by SAM.

Stream temperature

22. Stream temperature records for the five study years were not
available. Some stream temperatures were measured between February and
August 1965 at Laurel, Mississippi, approximately 10 miles below the dam-
site. These temperatures were reported in the Pascagoula River Compre-

6
hensive Basin Study. These data were used in the development of a

i




regression equation relating equilibrium temperature, streamflow, and

observed stream temperature. The following regression model was used.

b Mottt TR " TR T (%)
where

0 = mean daily stream temperature, °F

t = Julian day

Q = mean daily streamflow, cfs

E = mean daily equilibrium temperature, °F
and a , B are regression coefficients as follows:

a = 19.475

B, = -0.0020
B, = 0.13595
B, = 0.123h
el

B, = 0.4095

This equation has a correlation coefficient of 0.985 and a standard error

of 2.21°F. The mean daily lake inflow temperatures (Plate 4) for the
five study years were predicted using this equation.

Objective temperature

23. A least-squares analysis was used to fit a harmonic curve to
the predicted stream temperatures for the five study years. The curve
represents the average natural stream temperature variation to be ex-

pected during a year. The following regression model was used:

0, = A sin (Bt + C) + D e

A
~—

The coefficient B is a unit conversion from days to radians. The co-
efficients A, C , and D were determined by solution of Equation 5

with the Newton-Raphson technique and were computed to be the following:

A = =13.83k
B=1.721 x 10~°
C = 1.333

D = 65.u4k

1h

O




Equation 5 was used to define the downstream temperature objective.

24. The entire record of predicted downstream temperatures was
scanned for the maximum stream temperature to be expected for each day
of the year. These 365 maximum temperatures were then fit to the same
regression model as indicated in Equation 5. A similar sine curve was
determined for the minimum temperatures to be expected each day of the
year over the period of record. The coefficients for these curves are

as follows:

Coefficient Maximum Minimum
A -11.94 -15.66
B 1.721 x 1072 1.721 x 1077
c 1.325 1.325
D 70.63 60.25

These curves of maximum and minimum predicted downstream temperatures
give an indication of the variation of natural stream temperatures from

the single harmonic curve that is used as an objective temperature.

Model Calibration

25. As has been discussed previously, the WESTEX model requires
the determination of coefficients of surface heat exchange distribution
and internal mixing. For Tallahala Creek Lake these coefficients were
determined by conducting simulations with Tallahala hydrologic and mete~
orologic data. Coefficients were adjusted and simulation was repeated
until the predicted temperature profiles corresponded in shape and range
to those observed in nearby Okatibee Lake. Okatibee Lake is located
Just north of Meridian, Mississippi. It is similar in size, depth, and
flow magnitudes to Tallahala Creek Lake. Profiles of temperature and
D.0. in Okatibee Lake were obtained from SAM (Plate 5). Isotherms pre-
dicted for Tallahala Creek Lake (Plate 8) compare favorably with Okatibee

data. The following coefficients were determined from the analysis:

B = 0.6

A =0.2




B = percentage of incoming shortwave radiation absorbed in the

; surface layer
A = absorption coefficient, ey
a, = mixing coefficient at surface
a, = mixing coefficient at bottom

2

Since data did not exist to accurately determine the amount of entrain-

ment induced by Tallahala Creek Lake inflows, simulations were conducted

assuming no entrainment and entrainment of a volume equal to the volume
of inflow. The simulations indicated that the effect of entrainment on
the predicted thermal profiles and predicted release temperatures were
negligible, and no entrainment by inflow was assumed for all subsequent
simulations.

26. As mentioned previously, two inlets in the proposed intake
structure will discharge into the sides of the wet wells. A previous
physical hydraulic model studyT on the outlet works for New Hope Res-
ervoir (now designated B. Everett Jordan Reservoir) conducted at WES
had indicated that side inlets could have different selective~withdrawal

characteristics compared with inlets on the front face of the intake

structure. For the same discharge conditions, the inlets located on the

upstream face of the New Hope intake structure were approximately twice
as effective in withdrawing water from abcve the density interface as
were those located on the sides. For the Tallahala intake structure it
was thought that the two proposed side inlets would not have different
selective-withdrawal characteristics from front facing inlets. The New
Hope intake structure was recessed back into the earth-fill dam such
that the fill caused shallow depths at the side inlets. Also, the local
topography at New Hope caused restricted access of flow to the side in-
lets in the structure. The combination of these two effects was be-
lieved to be responsible for the different selective-withdrawal charac-

teristics of the side inlets. The intake structure at Tallahala Creek

16




Lake extends farther into the reservoir, and site conditions are not re-
strictive compared with the New Hope structure. In addition, there is a
significant difference in the discharges to be released through the
Tallahala and New Hope structures. Discharges tested in the New Hope
study ranged from 300 to 2700 ecfs whereas the selective-withdrawal
capacity of the Tallahala structure is 175 cfs. Therefore, for this
study, the selective-withdrawal technique in the WESTEX model was as-

sumed to apply equally to side or front facing inlets.

17




PART IV: SIMULATIONS

2T. Four configurations were used in the analysis of the location
and operation of the selective-withdrawal intakes. Three of the config-
urations have selective-withdrawal capabilities. The fourth configura-
tion allows floodgate releases only.

28. The capacity of the selective-withdrawal system was estab-
lished such that the system would be large enough to pass most flows.
Outflow requirements larger than the selective-withdrawal capacity must
be satisfied by operation of the floodgates. Plate 6 shows an outflow-
exceedance curve that was determined from a statistical analysis of
daily outflow requirements from April to September for all of the study
years. The exceedance curve shows that for possible selective-withdrawal
capacities above about 130 cfs, even a large increase in capacity will
not significantly increase the percentage of flows which can be con-
trolled selectively. For Tallahala simulations, the selective-withdrawal
system capacity was established by SAM to be 170 cfs. This capacity al-
lows selective control of 85 percent of the flows for the study years.

m

Thus, operation of the floodgate is required for 15 percent of the re-
lease flows from April to September for the study years.

29. The selective-withdrawal system was simulated as being con-
figured with two wet wells each containing two intakes. While it is
hydraulically possible to release flow through two intakes of the same
wet well, this practice is not recommended for it may result in unequal
flow distribution from the two intakes and ineffective blending as well
as induce unstable hydraulic flow conditions. If blending of flows is
required to meet a temperature objective, the model will use one intake
location from each wet well.

30. The first intake configuration (type I) considered consisted
of two wet wells and a floodgate. Each wet well contained selective-
withdrawal intakes with center lines at el 298.0 and 289.0. FEach intake
had a capacity of 85 cfs. The flood-release conduit was a 10-ft-diam
circular conduit with invert at el 272.0. Operation of this system al-

lowed simultaneous releases from the floodgate and selective-withdrawal

18




intakes. Blending of floodgate releases with selective-withdrawal re-
leases was used to achieve a downstream temperature objective during
times when cold water was needed. This blending of floodgate releases
might be accomplished through the use of a low-level outlet within the
floodgate.

31. The second configuration (type II) considered was proposed

3). It consisted of two wet wells and a floodgate.

by SAM (see paragraph
Fach wet well had selective-withdrawal intakes with center lines at

el 298.0 and 289.0. Each intake had a capacity of 85 cfs and a minimum
controllable flow of 2 cfs. The flood-release conduit was a 10-ft-diam
circular conduit with invert at el 272.0. Operation of this system per-
mitted floodgate release only when the required outflow was greater than
the capacity of the selective-withdrawal system.

32. The third configuration (type III) considered consisted of
two wet wells and a floodgate. One wet well contained selective-
withdrawal intakes with center lines at el 298.0 and 286.0 and the other
wet well contained intakes with center lines at el 304.0 and 292.0.

Each intake had a capacity of 85 cfs and a minimum controllable flow of

o]

2 cfs. The flood-release conduit was a 10-ft-diam circular conduit with
invert at el 272.0. Operation of this system permitted blending of
selective-withdrawal and floodgate releases. The primary advantage of
type III over type II was to allow withdrawal of warm water from a
higher pool elevation during the period in which warm water was required
for the downstream temperature objective. Also, as with type I, more
control was allowed for release of cold water due to the availability
of blending floodgate releases with selective-withdrawal releases.

33. The fourth configuration (type IV) considered consisted of a
floodgate only. The flood-release conduit is a 10-ft-diam circular con-
duit with invert at el 272.0. Operation of this system required flood-

gate releases for all outflows. The purpose of considering all releases

to be through the floodgate was to assess the effect on downstream re-
lease temperatures if no selective-withdrawal facilities are provided. f

It is assumed that this approximates a worst-case operation condition




since the presence of selective-withdrawal facilities allows control for
warmer releases. é

34. Simulations were conducted for intake configurations types
I-IV for all five study years. Plate 7 shows computed release temper-

atures and the required daily intake hydrographs for all simulations.

The predicted structure of temperature within the lake during each of

the five study years is shown in Plate 8. The isotherm plots reflect
results from simulations with a type II intake configuration. Simula-

tions with types I and III intake configurations yielded similar iso-

therm plots.

35. Additional simulations were conducted with a simple operation
plan. The description and results of these simulations are given in
Appendix B. These simulations indicated that a simple operation plan

could meet temperature objectives.
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PART V: DISCUSSION

36. An attempt was made in this study to satisfy an objective
temperature band based on the maximum and minimum natural stream temper-
atures for the five study years. In general, the release temperatures
fell within the objective band for intake configurations with selective-
withdrawal capability (types I-III). No appreciable differences exist
between the results for the five study years.

37. Results of simulations of the intake configuration without
selective-withdrawal capability (type IV) yielded computed release tem~
peratures that were cooler than natural stream temperature during the
spring months. This is the period during which cooler than natural
stream temperatures could adversely affect fish spawning.

38. For results of the simulations with selective-withdrawal
capability (types I-III), computed release temperatures from mid-August
through mid-October are above the objective temperature band. Analysis
of increased selective-withdrawal capacity (type II, 300 cfs) and low-
level withdrawal capabilities (represented by floodgate blending in the
types I and III configurations) yielded no significant improvement in
the results. The failure of the project to meet the objective band in
certain instances was a result of either insufficient available storage
of desired temperature water or floodgate operations necessitated by
very large outflows.

39. The results of the simulations show minor differences between
the intake configurations containing selective-withdrawal capabilities
(types I-III). It appears that the type II configuration would be ad-
vantageous since it would be simpler to operate. It is recommended that
the type II configuration be used and operated in accordance with the
simple operation plan (Appendix B). It is expected that the proposed
outlet works will provide sufficient reaeration to achieve acceptable
levels of D.0. (5 mg/¢ minimum) in the releases regardless of the D.O.
content of the flow entering the outlet works and plan of operation

(Appendix A).

21

i\

(A AP ALt S




=

16,

11.

REFERENCES

Clay, H. M., Jr., and Fruh, E. G., "Selective Withdrawal at Lake
Livingston," Progress report to the Federal Water Quality Adminis-
tration and Office of Water Resources Research, Nov 1970, The Uni-
versity of Texas at Austin, Austin, Tex.

Edinger, J. E. and Geyer, J. C., "Heat Exchange in the Environment,"
Publication No. 65-902, Jun 1965, Edison Electric Institute, New
York, N. Y.

Dake, J. M. K. and Harleman, D. R. F., "An Analytical and Experi-
mental Investigation of Thermal Stratification in Lakes and Ponds,"
Technical Report No. 99, Sep 1966, Massachusetts Institute of
Technology, Hydrodynamics Laboratory, Cambridge, Mass.

Bohan, J. P. and Grace, J. L., Jr., "Selective Withdrawal from
Man-Made Lakes; Hydraulic Laboratory Investigation," Technical
Report H-T3~U4, Mar 1973, U. S. Army Engineer Waterways Experiment
Station, CE, Vicksburg, Miss.

Edinger, J. E., Duttweiler, D. W., and Geyer, J. C., "The Response
of Water Temperature to Meteorological Conditions," Water Resources
Research, Vol L, No. 5, Oct 1968, pp 1137-1143.

U. S. Army Engineer District, Mobile, "Pascagoula River Comprehen-
sive Basin Study," 29 Feb 1968, Mobile, Ala.

Melsheimer, E. S. and Oswalt, N. R., "Outlet Works for New Hope
Reservoir, Cape Fear River Basin, North Carolina; Hydraulic Model
Investigation," Technical Report H-69-1k, Oct 1969, U. S. Army
Engineer Waterways Experiment Station, CE, Vicksburg, Miss.

Bella, D. A., "Dissolved Oxygen Variations in Stratified Lakes,"
Journal, Sanitary Engineering Division, American Society of Civil
Engineers, Vol 96, No. SA5, Paper No. 7628, Oct 1970, pp 1129-11L6.

Carroll, W. E. and Fruh, E. G., "Hypolimnetic Dissolved Oxygen
Simulation Model; Limnological Investigations of Texas Impound-
ments for Water Quality Management Purposes," Final Report

EHE 72-6 (CRWR 87), Feb 1972, University of Texas, Austin, Tex.

Fontane, D. G. and Bohan, J. P., "Richard B. Russell Lake Water
Quality Investigation; Hydraulic Laboratory Investigation,"
Technical Report H-Th-1k, Dec 1974, U. S. Army Engineer Waterways
Experiment Station, CE, Vicksburg, Miss.

Grantham, Billy J., "Preimpoundment Study, Tallahala Creek Reser-
voir, Mississippi," Apr 1975, University of Southern Mississippi,
Hattiesburg, Miss.




12, U. 8. Army Corps of Engineers Information Exchange Bulletin, Fngd -
neerineg and Scientific Research at WES, Vol 0=77=1, Jdan 1977, U. 5.
Army Enginecer Waterways Experiment Station, CI, Vickaburg, Miss.

13. U. 8. Army Engineer District, Mobile, "I'allahala Creck Lake Supple-
mental Water Quality Evaluations,'" 18 Oct 1976, Mobile, Ala,

1. Oswalt, N. R., "Outlet Works Stilling Basin for Tallahala Dam,
Tallahala Creek Mississippi; Hydraulice Model Investigation," Tech-

nical Report H-735=5, Apr 1973, U. S. Army Engineer Waterways Jx-
periment Station, CE, Vicksburg, Miss,




S3ANLVAI4WIL AlV
ATTHLNOW NV3IW ANV 44ONNY
40 S3AdND SSYW

" O = =¥

| e Lo 0
el
£rs
o o @B T . o3 B X E a v D G
2 338 2 & &3 323 2 3 8 R & ¢ €
A2 2 % & F 2 I 3 3 oo = A2 oSS F S

SIUNLVHYIANIL HIV ATHLNOW NV3IN

| ¥an
| Nou
| AON

340NNy S3AYND SSVIN

Nyl
Ll
834

Ev61

S\ e

QRIOIFE 0 GO $0S FWY3,

SEV3IA AQNLS ¥

3OVH3AV IHL WOHi
NOILVIAZQ QHVONVLS 3NO $Q330x3

aN3937
bRt el e e o
5 a8 = g e 8 28 2 a
gRae s E Sl e L
e = +a3%¢
GHOIFY JO QOIIF 05 FHWHINY. i
; Ao
1 NLVYIINIL YV lac
| ATHINOW NYIW V._ de
gh! : *5
lan = e
Lo 08
{ee
0 i
e Jsg
R 388 2¢&c¢Ee 2 22 2
o < - o o - =z - » Ed @

ovel

) wer

ve
JSONNY SO NOILY TNV

82
2€

PLATE 1 (SHEET 1 OF 7)

INOW MY N

LIINNINHYS S3I603

IMOUYHIANIL By

S IHINI
44ONNY 40 NOILY 1WA D5




SHV3IA AONLS ¥

IOVH3AY 3HL WOH4
NOILVIA3Q QuVvONVLIS 3NO SO33Dx3

aN3937
S3HNLVHIdANTL "IV ATTHLNOW NV3IN

RZ g s 2scc 2 iEIas R g 42¢ceg3 33 as RE84% 2z PE S ShE SR S

RS R EERE EEE R 62 SN §e8S 2333 % b 283 &8 FsE T 328 R e SIRESEEZIZE R
- 2e
GE03Y SO TORI3d ¥05 vy >
=] e
b FENLVSTINTL 1Y 8¢

| ATHINGOW NI
] bidd
cod ‘2
e |

B — 08
SCE)

LYE! 9¥61 SY6E! et
-1

44O0NNY 40 S3AYND SSVN

D R O B B & a AP X M oo - R T TR R e S 5 ¥ O % B L L = B 2 W &
M © 0 M & €E € P ®» ™ m B ™o 6w e e e D 3 B mD m O o mE e = D 3 B n &
m” € = T O r T 4« ® » © = pP € - P & F T <+ »® ® D =Z LI il I N A

113 S¥E1 4 40 NOLLYIIWNIN "wel

¢

LIAMNINHY 4 S 338030
FHOLYNIGNTL MY LI ENOW NY AN

v

S

S IHONI
4JONNY 40 NOILY

PLATE 1 (SHEET 2 OF 7)




SEV3A AONLS ¥

JOVH3AY 3HL WOH4
NOILVIA3Q QYVvONVLS 3NO SQO33Dx3

NERER]

S3VNLVH3IdNIL HIV ATHLINOW NV3W

o z =3 v = < < =z E3 z - [ = z =3 v o < < 2 o 2 - - o z o o D o (= - | D =z - o o z =3 o D - o z E3 x ) <
M & e 8 e B3 %S mD m © O m & € € ®» » 3 m B m e & m €& € € P % P s B & o /N m €E € € H S B m» 3B
~ - ad - o -~ =z - Ed £l @ z - < - ° o ~ z - o x @ z Ll < - Al o 5 z - £l Ed @ z - < - ° o - z - o = @ z
€
]
- G¥023Y S0 QOl3d 407 Fovury [T
FELvHEIINIL &IV
ATHINOW N7~ = 95
L | “wg
2L
|
08
|
168
1561 0se!t 6¥61 |
6 ‘96
o = =3 o k- [ ~ = k-3 = - L = (-] o " o . [N x k- = - - o z =3 o - < [ = E-d = - -~ o z o o D < o = D = - -
R2235F532333 % LS - T 52255 F5 2333 3 Se2S 55882383 ¢%
QHOIFY O CON3d ¥OF FoWHINY ol
8
* 21
St
02
SSONNY 4O NOILY INANIIY
"2
82
1861 0S61 CLINS

SION

$HONNYE 4O NO LY

LIAMNANMY S S 3380 3

IOLYB AN L B Lk

AT

AN

Wh oY

PLATE 1 (SHEET 3 OF 7)




S¥v3Is AONIS ¥

FOVHIAY 3IHL WOH 4
NOILVIA3Q QdVONVIS 3NO SO330x3

aN3937
S3YNLVYH3dNIL dIV ATTHLNOW NV3NW
=3 z - o » o = 2 » x - o z =3 w ES [ o = kY = - 3 o z =3 v 3 < - x o x - (=4 z = w T x z a2 -
~ o o ~ < c < o ° 3 fad b ™ =) [l - < < c o h) E ™ b [ad < " Lo < < < S v o ~ T ~ ~ ~ c = < T * > ~ kS
A ERESEEE S LR f22I S§FSs 2338302 A2 s5FFsgs X3¢ 2 MEESEZEEER ST &
- — —_——l =
THOIF 0 QOH3d &OF 0723 Iy £
N :
— f e —m » 2By OF
o L e P et £
== =  Ere s Ts
| G 3
,. . { ] - e 2L ww
by Al o sieet ¥
kgt cmmm
e o
5561 » 561 £S61 2561 | ol
‘36
440NNY 30 S3A4ND SSVW
2385855833833  EEERRRRE RN RE8%grs2333s

JSONNY SO NOILYTWNIIY

e

ING .

w~
Sm
B0 NOLY VT IOY

QYO23Y SO GOr3d ¥01 IoW¥3NY HoN
e

440N

SS61 L AN ESB!

PLATE 1 (SHEET 4 OF 7)




1'.-]\ y — y ¥ T —— b i — A———— ——— —

=
S
Sevis LS 8 w
IOVEINY IHL NOu: -
NOILYASO QawONYLS 3NC SO33073 w
w
? -
GN3937 5
-
w
S3UNLVE3IINIL YIV 3OVH3AVY ATHLNOW M
- e - - & . & - . |
r2Aa8SEE2 Ak EELES SRS D N 32582332 R8232+::%13823% o
PR, — ————2% 3
Lt 050034 40 00fe3d #05 FrEy o 3
r— f— = of : : AR BT
o — | e et e — - - »2
T l | ot L FANUYEINIL Y L =g
| = — I =1 s =1 Fowd3ny ATHLNON *f el s
| | — — .
== ,‘ T = - i3
I.J.ll[]l ey R _IJEL g™ s 23
.- ]
%% =
[ H »use! $Lst! 3581 =
54
330NNY 40 S3A4ND SSVIN
A3 323823133 RiIzZ33:5Y320: s 38 5Es33181¢% AEEE TR SRR N R 5
a T
SSONE  #O NOULYTWNNOW s
* 3
@ |m
e w52
- w2 ~g
G023 40 O0n3d 405 F0753/Y =
»z m




10
AON
i
s
e
we
(L0

AN

SEvI, MONlT ¥

IOVE3INY 3HL NOzZ:
NOILVIAIQ CUYONY.IS 3NOC SO33073

aN3oa
S38N1LVHE3IANI3L dIV ATTHLNOW NVY3NW

REZa2EEg2322s
- P T I N T W= W 850 S B e 2
o el 0239 #0 O03d SO FOveiny | .

s e — —— ————
: ey P | Felilvs3am3l a1y e W
- i — e by ™ mitnom - | DT L
3 — ] - e i ve

- ——

N - Koy —— SN [ o
S o S o — e
ke

9 736 %50 0%
38

440NNY 40 S3AYND SSVYN
it 2§252:53383% AEREEREEEEE N EEEE SRR

SION SO WOLLY WWIIDDY
s =t
GHOI38 40 OOli3d ¥054 I3 w2
“2
w2z
ose!
‘2

INOA NI

LN T S IO R

IO LN TN L Y

N
CHONTH KO NOLY T

PLATE 1 (SHEET 6 OF 7)




S3YNLVE3IIN3L div ATHLNOW NVY3N

L ER s S

FNEIY -l WOzz

WOALYASC UEYINYIS IO SO33053

aNzoN

R3ssgsgi¥day 2IRSErsisii sifiszryisEiy RIZSEIreliii
2e
e GHOIF S0 QIS SO FIE2/7 by
——— o | i FOLTEIHGL 2T 33
= > P I|\ — .Lvlnf:r — AT LI ....\u\.‘ | S
i1 I R = Sl £ e 0 OEEEY 1 s bs
) = -y - —_— |  — 2L
e - vér.ll.lf Tt TJIIAI».I\ %
= %
Lot ad 5981 L

440NNY 30 S3AdND SSVYN
¥E22885R8 %2233 fszsgts22iz A s s EE S o> e s EsEEERS Sk

L%

GHIIF #O Qod3d S0 FHE3M

F TN

SISO WOULTTWINOY %2

wose,

LN I G I B0

Wi

)
ARNO KD RN e Y

LNOIORY

COLY MR L WY

w

PLATE 1 (SHEET 7 OF 7)




TALLAMALA LAKE INFLOW

‘mrtlmmmvmnmuroctnovuc

§ 1954
3
"
S St ]
-
-
- 2

i
3 ]
-
-
t 3
2} )
-3
&
o

[ 50 100 150 200 250 300 365

JULIAN DAY
TALLAMALA LAKE OUTFLON

A JAN FEB MAR APR MAY JUN JUL AUC SEP OCT NOV OEC

8 1954
o
~
-
o 3 -
'Y}
G—
&
.l

z -
3
-
-
b1
=1 9
g [
-
£ ol

0 50 100 150 200 250 300 365

JULIAN DAY

INFLOW AND QUTFLOW
HYDROGRAPHS

PLATE 2 (SHEET 1 OF 5)




‘N'(INNMVMMM“P“'NVMC

TALLANALA LAKE INFLON

@
L4

NEAN DAILY FLOW RATE CFS/1000
- ~
= 4

‘NFSDMQIMYMMM“PNY”VMC

1987
4
4
80 100 160 200 250 300 368
JULIAN DAY
TALLAKALA LAKE OUTFLON

"3

NEAN DAILY FLOM RATE CF8/1000
o
aERy

o -
——
e

1987

INFLOW AND OUTFLOW
HYDROGRAPHS

PLATE 2 (SHEET 2 OF 5)




|
TALLANALA LAKE INFLOM

‘mrummmvmumuruv NOV DEC
§ 1959
3
5t 1
»
: -

2 P
&
-
= 1t 4
-3
g
£o

0 S0 100 150 200 250 300 365

JULIAN DAY
TRLLANALR LAKE OUTFLON

p JAN FEB MAR APR MAY JUN JUL RUG SEP OCT NOV DEC
§ 1958
3
il o 4
4
-3
2 ]
&
)
2 4
-3
&
¥ ol

0 S0 100 150 200 250 300 365
JULIAN DAY
INFLOW AND OUTFLOW
HYDROGRAPHS
PLATE 2 (SHEET 3 OF 5)
1
| SRT———




TALLAHALA LAKE INFLOMW

JAN FEB MAR APR MAY JUN JUL RUG SEP OCT NOV DEC

12
8 1961
o
5 |
5 9 3
w
-
b=
6-
x 1
- |
“w
5
e :
o
z
o
} = 0 lll'YIIl‘lllIIlllll‘!II‘II‘IIII'II|l'llllllmTI]‘TITI"I‘I'T“II'VI‘
0 SO 100 150 200 250 300 365
JULIAN DAY
TALLANALR LAKE OUTFLOW

JAN FEB MAR APR MAY JUN JUL RUG SEP OCT NOV DEC

1 +— ——

e 1961
o
N
-
w o gf ]
("}
-
x
[ 4
= 6 ~ -
o
-
w
>
= 3IF 4
[+ 4
o
z
-
b =4 0 A A RAARAARARAARAARARAAARAAR AR AR AR RRERRARAS
0 S0 100 150 200 250 300 36S
JULIAN DAY

INFLOW AND OUTFLOW
HYDROGRAPHS

PLATE 2 (SHEET 4 OF 5)




TALLAHALA LAKE INFLOW {

JAN FEB MAR APR MAY JUN JUuL RAUG SEP OCT NOV DEC
12 et

S 1964
(=]
~N
(T2}
S 9r -
w
—
a
ac
= 6+ -
(=]
-
W
D
:‘- 3t N
1 4
o
Zz
[ 9
w PV
F =l o o a R R R AR AR AR AR R AR R AR RS ARRR AR SRR RS SRS AN RRRRRRRRRRRER:

0 50 100 150 200 250 300 365

JULIAN DRY
TALLAHALA LRKE QUTFLOK

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV OEC
12

S 1964

o

*

w

S 9° o

w

—

a

a

= s b -

o

-4

W

>

= 3¢ J

[« 4

o

z

W]

p = 0 AR AAAARAARARARGARARRARRARRER RSN RRAERE)
0 S0 100 150 200 250 300 365

JULIAN DAY

INFLOW AND OUTFLOW
HYDROGRAPHS

PLATE 2 (SHEET 5 OF 5)




AREA, THOUSANDS OF ACRES

8 6 4 2 0
320 T T T
EL 317.5 TOP OF FLOOD CONTROL POOL /
310 — Al
EL 306.5 TOP OF
CONSERVATION POOL
a
2 300
'—
w
z
o
}—
<
o
T 290
w
280
| o
270 i | | A | I |
0 40 80 120 160

VOLUME, THOUSANDS OF ACRE-FT

Y AREA - VOLUME CURVE -

’ s

PLATE 3




JAN FEB MAR HPR MAY  JUN  JUL QUG SEP 0CT NOV DEC
" 40 0 . . . . . 0 . . . . -
) 1954
;l; as
'
W
g
w ¢ *
Wi .
N se B ,fk‘.‘}é\
o st
)
& 20 . o ».' N
. o
% % ., ®
1% : Bt ¥
w b ” ‘\v,,‘
o 5
Al . ‘q .
I 10", * ¢
:l’ f
|: .|
3
W
I O S AR AR AR AR RA AR AR AR AR R AR AR R AR R R AR AR RARARRARARARRARRRRRRARRRRARE!
0 S0 100 150 200 250 00 369
JUL THN DAY
JAN FEB MHK APR MAY  JUN  JUL RUG SEEP 00T NOV DEC
w0 40 . . . . g . . . . . -4
) 19%7
T
)
L
Yo
ur
Wi +
“s -
o, 2 N S K
Wi . .
o S0 4 Q\ : .
&\ u%"'..,n \
CEp Roa P Tl
uvl‘*“"’\. ’
" > H *
2 “,1? L
I b
“ .
Wi LY .
0
:
wi
L R R AR R RA R AR AR R AR R AR RN AR R RN R R R AR RN RRRERRRRRRRRRRRRRS
0 0 100 150 LS00 JH0 00 L] )
JULIRAN DAY
MN FEY MR APR MAY  JUN UL RUG SEP OCT NOV DEC
, 40 . . . . . - . . . . ey
1958
I8 1
0
a
5 20
) 10
»
. 10
[ ]
"
¥ s
»
O T T T T T T T T T T T T T T
\] 50 100 150 200 250 300 ies
JULIAN DAY
COMPUTED INFLOW TEMPERATURES
WITH HARMONIC CURVE FIT
FOR STUDY YEARS

PLATE 4 (SHEET 1 OF 2)




DEGREES CELSIUS

TEMPERRTURE ,

DEGREES CELSIUS

TENPERATURE,

40
35

30

— - n N
w o wn o w
PR T T T T T T TT I YT I T T T I I I Ty

o

JAN FEB MAR APR MAY JUN JUL RAUG SEP OCT NOV DEC

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1961

S0 100 150 200 250 300 365
JULIAN DAY

S0 100 150 200 250 300 365
JULIAN DAY

PLATE 4 (SHEET 2 OF 2)




2 AUG 1969 30 APR 1970
DISSOLVED OXYGEN (MG/L 1 01SSOLVED OXYGEN (MG/L)
0 5 10 1S 20 0 S 1
35 v T -y s T '0 ITS 2
30 30[ 1
= o5t 1 = 25} 4
b e
= =
e ] o
= 20} 5 20} 1
@ ]
w -
> o
@15} @ 15} ]
- -
8 &
¥ 10 1 ¥ 10 9
S5¢ g (38 o
0 T T i o+ \ T .
0 10 20 30 40 c 10 20 30 40
TEMPERRTURE (DEG-C) TEMPERATURE (DEG-C1
1 JuL 1970 15 JuL 1970
0ISSOLVED OXYGEN (NG/C i DISSOLYED OXYGEN ING/L)
S 10 15 20 0 S 10 15 20
350 4 — T 35 e T T 1
30 1 1
s 2s . = 4
- -
5 3
= 20 4 & 1
2 2
- -
S S
215 J ] 4
3 3
¥ 10 1 ¥ 1
s 1 s}t 1
04 S ————— [\} v Ay . s
0 10 20 30 40 0 10 20 30 4«
TEMPERATURE (DEG-C) TENPERRTURE (DEG-C
LEGEND
TEMP OBSERVED OKATIBEE LAKE
—lty TEMPERATURES AND
DISSOLVED OXYGEN PROFILES

PLATE 5 (SHEET 1 OF 2)




HEIGHT ABOVE BOTTOM (FT)

HEIGHT ABOVE BOTTOM (FT)

2 SEP 1970
DISSOLVED OXVGEN (MG/L)

s 10 15 20
35 —r - v
4
4
s¢ E
0 v - —
0 10 20 30 a0
TEMPERATURE (DEG-C)
7 Ay 1971
DISSOLVED OXYGEN (MG/L)
0 s 10 15 20
s T T -
0] o 1
25t 1
20} 1
1sf 1
1w}t 1
st 1
0 T T —
0 10 20 30 4
TENPERATURE (DEG-C)
LEGEND
——— TEMP
- D O

HEIGHT ABOVE BOTTOM (FT)

MEIGHT ABOVE BOTTOM (FT)

6 oct 1970
0ISSOLYED OXYGEN (MG/L )
a S 10 15 20
s T T T
0 1
s} 4
201 R
Isp
10} 4
S F 4
o —Te < Y
0 10 20 30 40
TENPERRTURE (DEG-C)
30 JUN 1971
OISSOLYED OXYGEN (NMG/L?
o 5 10 15 20
35 T T Y
30 .
25| ]
20 r 4
1Sf :
10} 1
S| 4
0 T T A
0 10 20 30 40

TENPERATURE (DEG-C)

PLATE 5 (SHEET 2 OF 2)




1000
900 —
800 | et - - ]
700 POREORR | ¢ -— — — - -
R e e o ey s i 4 —
6
5
S
=
3 500 — — —— SO, S——————————
400 b— —t
300 —_— il it
200 P e iy
SS—
100
(<] 10 20 30 40 50 60
% OF TIME OUTFLOW |S EQUALED OR EXCEEDED
TALLAHALA LAKE
OUTFLOW EXCEEDANCE
CURVE
15 APR - 30 SEP

PLATE 6




COMPUTED RELEASE TEMPERATURE 1954
JAN FEB MAR APR MAY JUN JUL AUG SEF OCT WNOY QEC

COMPUTED RELERSE TENPERATURE 1954
JAN FEB MAR APR MAY JUN JUL AUO SEP OCT NOV DEC

£, £
E <
] ]
30 h
9 9
[} o
§ 20 'é‘
- -
3 E
<10 s
s .
i i
] ]
0 hrrrerer NAAAAAANARAAANMA AR AR AR AR At a At aanaaa et aataniat sy, O T T T T T T T T T T T T T T T T T T TR T T T YT T TV T T YT YT Y YT Y YT
0 S0 100 150 200 250 300 365 0 S0 100 150 200 250 300 365
JUL IAN DAY JULIAN DAY
I o
COMPUTED RELEASE TERPERATURE 1984 TALLANALR LAKE
N VE6 WA AR, AT S K. AUG. SEP OCT. NOW. OEC COMPUTED RELERSE TEMPERATURE 1964
JAN FEB MAR APR NMAY JUN JUL AUD SEP OCT wOY DEC
i oAy .
-~
o - - -S4 i
A <0 . A i
-
S ! "
uVJ ------- u...l‘:‘.._.'. ...............
- %}
3 S
o o
S &
- © 20} .
§ g :
- k-3 3
2
5 E 10 )
2 $ >
- -
Lo -
0 brrererr v v g v TITTTTTTTYTTTTTTYTYTYTYY "
0 S0 100 150 200 250 300 365 00 30 60 90 120 1S0 180 210 240 270 300 330 360
JULIAN DAY JULIAN DRY
m v
[ INTAKE TYPE 1 \d
| INTARE Lol 088 L p .
SEL ‘"'"‘P,f",‘,”‘},, VFS B e s EJO e
PORT HEIGHTS <17, 2-26 |14, 20, 26,32 | FLOODGATE ONLY
l_.OVW-LEvfiL OL{_T_EET 3 YES )
PLATE 7 (SHEET 1 OF 5)
L SR === A VS S———




COMPUTED RELEASE TEWPERATURE 1987 COMPUTED RELERSE TENPERATURE 1987
JAN FEB MAR APR MAT JUN JUL RUG SEP OCT wOY DEC JAN FED MAR APR MAY JUN JUL AUC SEP OCT MOV DEC
: :
5 =
s ?
3 3
o o
g ¥
=
H g
2 2
- -
- 3
s i
= =
(] S — rrrerrrrr . ! v v
o SO 100 150 200 250 300 365 ° SO 100 150 200 250 300 365
JULIAN DAY JULIAN DAY
I I
oney ASE T \ TALLAMALA  LAKE
:" .'."_::‘;:' J‘:'"” ':: - ':" e COMPUTED RELEASE TENPERATURE 1987
-~ - JAN FED MAR APR MAY JUN JUL AUO SEP OCT OV DEC
e, M
] 3 Y in
[ '
= i "
?
$ -
e e
¥ 5
2 2
| e
£ §
& R R i % 0 3 60 90 120 160 180 210 240 270 300 330 %80
JULIAN DAY JUL1AN DAY
m v
INTAKE TYPE I T N B
SEL WITHDRAWAL |  YES YES YES NO
PORT MEIGHTS 2-17. 2-26|2-17. 2-28]14,20, 26,32 | FLOODGATE ONLY
LOW LEVEL OUTLET |  YES No | ves YES
|
|
PLATE 7 (SHEET 2 OF 5) E
!
!




COMPUTED RELERSE TEWPERATURE 1958
JAN FEB MAR APR MAY JUN JUL RUG SEP OCT NOY DEC

0 hrrrrrrrrrrrr e T
0 S0 100 150 200 250 300 38S
JULIAN DAY
I
COMPUTED RELEASE TENWPERATURE 1950
JAN FEB MAR APR MAY JUN JUL AUG SEP OC! NOY DEC
1
L]
i,
=
?
L]
%0
9
o
82
-
s
=
S0
e
13
&
0 TITTTTTTTTTTrTTTYYTYYY TITTTTTTTTTTTTTTTTTTTTRTTTTYTYTYTYTYTYT
0 s0 100 150 200 250 300 S
JULIAN DAY
m

L AL 1Y

TERPERATURE (DEG-C I

PR mioNT

TERPERATURE (DEC-C)

1958

PORT MHEIGHTS

[INTAKE TYPE | 1 | m
SEL__ENITKE_R’A_WA)L YES YES

JAN FEB NAR APR MAY JUN JUL AUO SEP OCT wOY DEC

CONPUTED RELEASE TERPERATURE 1980

S0 100 150 200 250 300 s
JUL1AN DAY

TALLANALR LAKE
COMPUTED RELERSE TEWPERATURE 1968

JAN FEB MAR APR MAY JUN JUL AUO SEP OCY wOY DEC

2-17; 2-26|2-17, 2-28/14, 20, 26,32 | FLOODGATE ON

30 60 90 120 150 180 210 240 270 300 330 360

JULIAN DAY
~
m N 44
YES NO

e
[Low ever outier [ ves |

NO

i

Y
e ] oves

PLATE 7 (SHEET 3 OF 5)




CONPUTED RELEASE TEMPERATURE 1961
JAN FES MAR APR MAT JUN JUL RUG SEP OCT NOY DEC

JAn FED MAR APR MAT JUN JUL AUG SEP OCT WOV DEC

3
L
%
S 5
o o
8 20} ]
-
¥ 5
L H
- -
13 13
= -
0 .
0 s0 100 150 200 250 300 s
JUL | AN DAY
I
COMPUTED RELEASE TENPERRTURE 1961

LOW LEVEL OUTLET YES

NTAKE TYPE I
!(!.WWIYHDVRAWAL YES |
PORT HEIGHTS 2-17, 2-26

¢l
'] i
£, v
S ]
' .
%
& 3
82 8
¥ H
S0 g
Y ] ¢
- & -
Y - .
] S0 100 150 200 %0 300 A1 13
JUL 1AN DAY
m

1961

14
YES

NO

COMPUTED RELEASE TEMPERATURE 1961
JAN FED MAR APR MAY JUN JUL AUO SEP OCT mOY DEC
N~ > ]
: |
]
O e o, S SRS | | §
"
o} l
10
[\] y T v v
0 S0 100 180 200 250 300 36S
JUL (AN DAY
o
TALLANALA LARE
COMPUTED RELERSE TEMPERATURE 1981
JAN FEB MAR APR MAY JUN JUL AUD SEP OCT WOV DEC
”n
\
¥

0 3 80 90 120 150 180 210 240 270 300 33 36O
JULIAN DAY

"4

| m A%

YES NO

} i
‘F..v_g-aeF,ao, 20,32 | FLOODGATE ONLY

YES YES

PLATE 7 (SHEET 4 OF 5)




CONPUTED RELEASE TEMPERATURE 1984
JAN FED MAR APR MAY JUN JUL AUO SEP OCT MOV DEC

COMPUTED RELEASE TEMPERATURE 1964
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT WOV DEC

L AL LN

3 3
S o
8 -]
-
£ §
2 3
H -
- -
t $
- -
- -
[} 0 100 150 200 280 300 %S
JUL IAN DAY
a
COMPUTED RELEASE TENWPERATURE 1964 TALLANALA LAKE
COMPUTED RELERSE TEMPERATURE 1964

JAN FED MAR APR MAY JUM JUL AUO SEP OCT NOV DEC
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOY DEC

ol ”n
£ In
5 £ 1.
N i, v
3 o T ! -]
%
5 -
3 o
LR g
g g
-
S0 z
] $
= o
0
[ ] oﬂ 30 80 90 )20 150 180 210 240 270 300 330 360
JULIAN DAY
"4
INTAKE TYPE i 1 m -
I ] ISR Tt
SEL WITHDRAWAL YES YES YES NO
LS e b
PORT HEIGHTS 2-17; 2-26|2-17, 2-26[14, 20, 26,32 FLOODGATE ONLY
LOW LEVEL OUTLET YES NO | VES [ - VES

PLATE 7 (SHEET 5 OF 5)




= xy»,v;,u«\‘.‘ { \ ‘ | [ I 4
§2 | | \\\\\\ N ke :
\\ \ NG 182022 ] 2a!l 111 | b

12_ 1418 ~ Jr2ela g0 o ‘

810 2o [[feofte] |4
\ \\\\“\, PHL T o i

N s B NGNS vl L TR ) |3

o) 10¢ 150 v |4

brrrrreerrerry
) 3

Co 250 300 36¢

a0+

= DAY \:, T T ‘h,
A ST

8\ NNs20N\24 26 ,
LA u"Qn

24 l20/ T ! \ \ 26 (/22 18 14

3w \ 20 2224 \/ ] [

\IJ 1] S ® \/,!u,‘,
raa

20+

,'J!J

|
i
| +
:vr-rv"whwjnvrm aRasasnsassastasy
5

e )
) 300 365 © 10 2 0 365 '
AN QRY {
12
|
JAN FEB MAR APR MAY JUN JUL RUC SEP OCT NOV DEC
b f~-1.4. ]
N
4
il N o
AT AT
A\ \ | IR |
- AN v Wit
\ \ \ || \‘; kit
\ 242018 | |
) \\ze 2826 fzaw( 14 12
(U]
I

e 22 24 ! |
20 gy 1

A ity

| [/ /

J /
R B e e «
50 36¢

200 250 300

LIAN DAY

ISOTHERMS

PLATE 8




APPENDIX A: DISSOLVED OXYGEN

1. The dissolved oxygen (D.0.) content of the reservoir can be
defined as the sources minus the sinks. The sources of D.0. in impound-
ments include photosynthesis in the euphotic zone, atmospheric reaera-
tion, and reservoir inflows. D.0O. sinks include respiration of plants
and animals, oxygen demand of reservoir inflows, benthic and detritus
oxygen demands, and D.0O. in reservoir outflows.
2. Observations of actual D.0. profiles in various lakes by (3
Bella,8* Carroll and Fruh,9 and Fontane and Bohanlo indicate that a por-
tion of the lake below the surface can experience temperature-dependent
saturated D.O. conditions. For depths below this saturation zone, the
net effect of all D.O. sources and sinks can be represented mathemati- f
cally by a total D.O. depletion term. ]
3. The WESTEX model contains a simple method for routing D.O.
based on the work of Bella,8 Carroll and Fruh,9 and Fontane and Bohan.lo
D.0. is routed in a manner similar to that used for temperature. The
processes simulated in the model are advection, surface saturation,
internal dispersion, and oxygen depletion. The D.0O. routing portion of
the WESTEX model is used to evaluete the relative effects of structural
design and project operation on the D.O. budget of the lake. The re-
sults should not be interpreted as predictions of absolute day-to-day
D.0. concentrations. As indicated by Bella,8 the resultant D.O. pre-
dictions do not account for short~term D.0. variations (for example, due
to an algal bloom), but rather reflect the progressive D.O. changes that

occur with depth over the entire stratification period. }

Advection and Internal Dispersion

4, The D.0. content of the inflow and the outflow is evaluated and

used to adjust profiles within the lake. An internal mixing mechanism,

* Raised numerals refer to similarly numbered items in the References |8
at the end of the main text. i




based on an analogy of the thermal diffusion process, is applied to the
D.0. profile. This internal mixing mechanism simulates the movement of

D.0. from the upper to the lower layers of the lake.

Oxygen Depletion

5. Total oxygen depletion rates are determined by plotting D.O.
versus time for a given elevation. This depletion rate is a function of
all the processes, hydrodynamic and oxygen-consuming, that occur in the
reservoir. The WESTEX model accounts for the hydrodynamic processes;
therefore, the value of the depletion rate used in the WESTEX model is
selected to represent only the oxygen-consuming processes. The de-
pletion rate used in the model is selected such that the D.0O. profiles
produced by the model will yield total depletion rates which are
reasonable in terms of observed data on similar reservoirs.

6. Within the WESTEX model, the depletion rate for D.0., a con-
stant value throughout the entire simulation period, is applied each

daily time step to every layer below the surface saturation gzone.

Surface Saturation

T. As indicated previously, observed D.0O. profile data have shown
the existence of a surface saturation zone. Many factors influence the
characteristics of this zone. Considerable analysis of many lake pro-
files is needed for a general determination of saturation zone thickness
and percentage of D.0. saturation within this zone. The values used for
a given project study should be based on observed data from similar

lakes.

Dissolved Oxygen Data

8. Data on the D.0. content of flow in Tallahala Creek were avail-
able from the preimpoundment studyll of the project. Based on these

data, two regression equations were developed to predict the D.O.
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content of the inflow to Tallahala Creek Lake:

e = 2. + . U &
.04 Plow 88 + 1.14 D.O gat Tor T > 7°C
and
D.O. = 0.9 <0 =
D.0.: Flow 0.90 x D.O ik for I < =0
where
D'O'inflow = inflow D.0. content, mg/% ;
T = stream temperature, °C |8
D.O.rat = temperature-dependent saturated D.0. content, mg/%

The saturated D.0. content was computed by

= 1
‘sat ~ 0.0677 + 0.00208T

D.0O

Daily values of the computed D.O. content of the inflow are shown in
Plate Al for each of the five study years. The net D.O. contributed by
inflow is the inflowing D.0O. content decreased by an amount which repre-
sents D.O. depletion due to the travel time within the lake required for
the inflow current to reach the dam. The travel time for an inflow cur-
rent to reach the dam was not known for Tallahala Creek Lake. For these
simulations, the depletion of D.0O. due to travel time was neglected and
it was assumed that the net D.0O. contributed by inflow was equal to the
computed inflow D.0O. content.

9. Observed thermal and D.0O. profile data were available for four
Mississippi lakes: Okatibee Lake (1969-71), Enid Lake (1971-72), Sardis
Lake (1968-T1), and Grenada Lake (1970-72). Analysis of these profile
data yielded a range of values for total depletion rates, surface satura-

tion percentages, and depths to which saturation extends.

Dissolved Oxygen Simulations

10. Simulations were conducted to evaluate D.0. conditions within
and downstream of "'allahala Creek Lake. The intake configuration used

was the type II, as discussed previously. Five D.0. conditions were

A3




simulated using different depletion rates, surface saturation percent-
ages, and depths to which saturation extends. The values used represent
the range of values determined from the observed data on the Mississippi
lakes. The input values used are shown in Table Al. Plate A2 shows

D.0. content of flow entering the intake structure for each of the five
study years for all five D.0O. conditions. Plate A3 shows D.0O. profiles
within Tallahala Creek Lake for each of the five study years for all

five D.0. conditions. Analysis of the predicted D.0. profiles (Plate A3)
yvields total depletion rates (0.05-0.12) which are within the range of
the observed data on the existing Mississippi lakes.

11. The mathematical model computes a value for the D.0O. content
of the withdrawal as it enters the outlet structure. It is known that
reaeration can occur as the result of flow discharging under the regulat-
ing gate and through the conduit and stilling basin. Reaeration data
from four northern Mississippi impoundments (Enid, Sardis, Grenada, and
Arkabutla Lakes) were readily available and were used to develop general
information regarding D.0O. uptake. Plate Al shows the percentage change
in D.O. saturation through the outlet works and stilling basin as a func-
tion of the initial percentage of D.0O. saturation of the flow withdrawn
from these reservoirs. Plates A5 and A6 show schematic representations
of the outlet works at the four northern Mississippi impoundments.

Plate AT shows a schematic representation of the Tallahala Creek Lake
outlet works. Since the outlet works and stilling basins at these
northern Mississippi impoundments are different from the outlet works
and stilling basin of the proposed Tallahala Creek Lake, the data from
Plate Al should not be interpreted as a prediction of reaeration for
Tallahala Creek Lake. Rather these data are intended to show that the
D.0. content of reservoir outflow can be substantially increased as the
flow passes through the outlet works and stilling basin, unless the flow
was initially almost fully saturated. Recent prototype tests at Beltz-
ville Dam in Ponnsyqunial? yielded similar results, that is, consider-
able increases in release D.0. content, and additionally showed that the
predominance of reaeration occurred in the outlet conduit immediately

downstream of the water-quality control gate. Calculations performed by

Al




SAM13 for the Tallahala Creek Lake outlet works also indicated that re-

aeration of flow passing the outlet works would be substantial. Finally,
although many variables affect the reaeration potential of the flow, re-
aeration is associated primarily wiili flow turbulence. Turbulence is
characteristic in a hydraulic jump. A previous hydraulic model investi-
gationlh conducted at WES indicated that a hydraulic jump will be pres-—
ent in the Tallahala Creek Lake stilling basin for flows greater than
150 cfs, and for lesser flows thec nydraulic jump will occur within the
outlet conduit. Additionally, the regulating gate will induce turbu-~
lence in the flow downstream of the gate, even for very low flows.

Based on the above considerations, it is expected that the flow passing
through the Tallahala Creek Lake outlet works will sufficiently reaerate
to provide acceptable levels of D.0. (5 mg/? minimum) in the release im-
mediately downstream of the structure, regardless of the D.O. content of

the flow entering the outlet works.
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Table Al
Surface
Depletion Saturation Saturation

Condition Rate percent Depth

1 0.05 100 1°C*

2 0.12 100 slile

3 0.12 100 St

L QL2 80 5 %

> 0.20 100 1 %
*

1°C is the depth at which the temperature is 1°C less than the sur-

face temperature.
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APPENDIX B: EFFECTS OF A SIMPLE OPERATION PLAN

1. The original simulations of Tallahala Creek Lake were conducted
by allowing the model to select the appropriate ports during every time
step in order to best me<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>