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Preface

During 15—16 June 1977, tests were conducted at Okatibbee Lake,

Mississippi, by the Hydraulics Laboratory of the U. S. Army Engineer
Waterways Experiment Station ( WEs ) to evaluate the effectiveness of a

low_ener~~r mixing device in producing sufficient localized mixing to

enhance the quality of low—flow releases from a stratified lake and

fixed low—level outlet works.

The participation by WES during this study was funded by a work

unit , “Methods of Enhancing Water Quality ,” of the Reservoir Water
Quality Research Program sponsored by the Office , Chief of Engineers.

The study reported herein was conducted under the direction of

Messrs. H. B. Simmons, Chief of the Hydraulics Laboratory , and J. L.
Grac e, Jr., Chief of the Structures Division and Reservoir Water Quality
Branch (Physical). Personnel participating in the tests were

Messrs. M. S. Dortch, S. C. Wilhelms, and M. E. Neumann. This report

was prepared by Messrs. Dort.2h and Wilhelms and reviewed by Mr. Grace.

Commander and Director of WES dur ing this study and the prepara-

tion and publication of this report was COL John L. Cannon, CE. Tech-

nical Director was Mr. F. R. Brown.
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~A.~ .i2iui ~T OF RELEA3S;~ FROM A iThATlF~lED JJ.II~OUNDMENT

.31 L O A i ~~i)~~ M IX INU ,  OKATIBBEE LAKE,

Background

1. Releases from the hypolimnion of an impoundment during the

s t ra t ifica t ion  season often result in poor downstream water quality.

During st ra t i f ica t ion, the hypolimnion may be anaerobic or contain a
large biochemical oxygen demand , turbidity , or dissolved metals and
solids compared with the epilimnion. I.lany of the older existing

reservoir outlet works were not constructed with the flexibility of pro—

vidin3 selective withdrawal from various levels of the lake and regula-

tion of downstream water quality. For example , some structures permit

release only from the bottom of the pool when it would be preferable

from a water—quality standpoint to release frum the upper levels of the

tool.

2. n ihere are several methods of enhancing the quality of water

released fron : fixed low—level outlet works . If cold—water releases are

desired , some of the methods may include hypolimnion oxygenation and/or

reaeration through the structure.

3. I t  warrnwater releases are desired during the s trat i f icat ion

season or downstream temperature objectives are not stringent , then

other methods miUht be considered . Such methods could involve artifi-

cial destrat i f ication , structural modifications like “add—on” withdrawal

systems, or localized mixing. Destratification eliminates stratifica—

tion, thus redistributing water—quality constituents throughout the

water column. However , destratifying a large body of water requires a
great amount of energy and eliminates temperature stratification which
may be desirable relative to user interests. Structural add—ons provide

direct withdrawal of epilimnion water, but such modifications can be

costly. Localized mixing enhances low—level releases by forcing

epilimnion water down to the bottom to be mixed and then released with

hypolimnion water. Localized mixing preserves stratification while

14



providing an economically attractive means of improving downstream

release quality. This method provides only a partial enhancement of

release quality , whereas structural add—ons providt~ the maximum enhance-

ment by releasing primarily epilimnion water . Additionally , localized

mixing may not enhance the water quality within the lake.

Project Description

14. Okatibbee Lake is located about 11 1cm north of Meridian ,

Mississippi (Figure 1). Built and operated by the U. 3. Army Engineer
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Figure 1. Location map
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District , Mobile (SAM), Lake Okatibbee is shallow with a maximum depth

of about 10 in. The surface area is approximately 1538 ha at el 10 14.55*

(normal summer pool) and the corresponding storage capacity is about

5.2 x lO~ in
3
. The reservoir outlet works (Plate 1) consist of a fixed

low—level intake structure (invert el 94 . 5) ,  a horseshoe—shaped conduit ,

and a stilling basin .

5. Temperature and chemical stratification develops during the

summer accompanied by oxygen depletion in the hypolimnion. If the

hypolimnion of a lake becomes anaerobic , numerous compounds such as

hydrogen sulfide, ammonia, iron, and manganese may exist in solution

within the hypoliJamion. Releasing this water could create adverse water—

quality conditions downstream.

Purpose and Scop e of Study

6. The SAM desired a reliable and economical means of improving

the quality of water released into Okatibbee Creek during periods of

stratification. Localized mixing is one of the alternatives initially

considered by SAM. This study was conducted to evaluate the effective-

ness of this alternative on the quality of low—flow releases discharged

through the fixed low—level outlet works. U. S. Army Engineer Waterways

Experiment Station (WES) personnel evaluated the effect on release

quality immediately below the Etructure. SAM personnel conducted a

separate study on evaluating the subsequent downstream effect. Results

of the WES effort are reported herein.

Apparatus

7. The concept of the low—energy mechanical pump (Garton pump)

was developed by Dr. James E. Garton** of Oklahoma State University

* All elevations (el) cited herein are in metres referred to mean sea
level.

** J. E. Garton and C. E. Rice , “Low Energy Mechanical Methods of
Reservoir Destratification ,” OWRRI Final Technical Completion Report ,
A—028—OKLA , 19714, Oklahoma State University , Stillwater , Okia.
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( osu ) for the purpose ot ~ destrat i f y ing lakes. The Garton p u n ; ,  fur-

nished and installed by OSU, consisted of a l .83—m—di arn ventilating fan

suspended about 1 in below the surface by a 2—rn—square ra f t . The fan was
driven b:’ a l.l2—kw electric motor at a design speed of 17 rpm. The

pumping rate at this speed was approximately 1.7 m3/sec .
8. The pump was attached to the upstream face of the int4ke

structure immediately over the intake (Figure 2). The fan pumps water

from the surface toward the bottom , resulting in turbulent mixing of

the surface and bottom waters. The excess quantity of mixed water

that is not withdrawn rises to neutral buoyancy and spreads as a
density current. This phenomenon was observed in laboratory flume

tests conducted at WES and is illustrated in Figure 3. It is t~ e mix-

ture of surface and bottom waters within the turbulent mixing zone

that is withdrawn through the low—level outlet and contributes to the

improved quality of the releases.

9. The Garton pump was operated in a prior test at Okatibbee

Lake during August 1976 to demonstrate its effect on the erthance—

ment of releases. SAM and OSU personnel participated in these tests;

the results were published by OSU.~ Unfortunately , during those
test s a strong cold front passed through the area causing natural
destratification . It was difficult to completely evaluate the

success of the pump. The Garton pump was left by OSU for further
testing.

10. Depth, temperature, dissolved oxygen (D.O.), and conductivity

measurements were made in the lake with Hyd,rolab Su~’veyor Model 6D Water

Quality Analyzer . D.O. measurements were also made with a Yellow

springs instrthnent (YSI )  D .0. —Temperature meter . The sensors were

calibrated, with the aside modification of the Winkler titration tech-

nique. Additionally, D.0. readings were periodically checked against —

t i t rat ions of samples. =

* J. H. Carton and H. H. Jarrell, “Demonstration of Water Quality
Enhancement Through the Use of the Garton Pump,” Supplement to Tech-
nical Comp letion Report , C—5228, 1976, Oklahoma State Univers ity,
.3Lillwater , Okla.
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Tests and. Result s

11. ~.at , I~~’— q U a i iU y  data were taken in the reservoir and stilling
L~ uit~ before and after initiation of pumping . Profiles of temperature ,

.3.~~~.,  and conductivity were taken from a boat anchored directly above

the approach channel to the intake structure about 20—30 m upstream ci’

the structure. Profiles observed, before and after initiation of pump—

in~ are presented in Plate 2. The “before ” profiles were collected
on the morning of 15 June 1977. The pump was started at about

1500 hr on 15 June. The “after” profiles were collected on the morning
of 16 June.

12. During the night of 15 June, there was a rainstorm which ma:’

have :utd some influence on the “after ” profiles. Considering the possi—

biiity of measurement error and the occurrence of the storm, the pro-

files are quite similar. The spreading density current, resulting from

the pump—induced mixing , would cause some change within the profiles at

the intermediate depths as suggested by the profiles in Plate 2. The

pump was not intended, to completely mix the lake, so the changes within
the lake should be small with respect to the changes in the release
quality. However , within the immediate mixing zone of the pump, there
should be sharp changes in the quality characteristics. It is not clear

why there was an increase in the conductivity (with the pump on) near

the bottom. Perhaps the downward flow stirred up sediment on the lake

bottom (Plate 2).

13. Release water—quality measurements at the conduit outlet

portal prior to pumping and with the pump operating are presented in

Table 1. Without localized, mixing , water that was void of D.O. was

drawn into the intake and was reaerated within the conduit providing a

measured release D.O. concentration of about 5.9 mg/i (Table 1). The

temperature and conductivity of the release water were representative of

that found in the hypolimnion. Data taken only 15 mm after the pump

was started indicated a definite effect of the localized mixing on

re,Leasc quality . With the pump on, the temperature and D.O. of the re-

lease water were increased b:. 3.6°C and 1.0 mg/i, and the conductivity

9
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was decreased by 20 ‘..uuhu/cm ( Table 1). The discharge rate was held

constant throughout the tests at about 1.14 r:i3/sec r~s determined by a

downstream gage.

jl4. The quality of the release water was improved by causing epi—

limnion water to be withdrawn from the pool, thus dilut in~’ the poorer
quality water withdrawn from the hypolimnion . ‘ic estimate how much eri-

limnion water contributed to the total outflow , the ~oil.~w z ~~ calcol a—

tions were performed. From preservation of continuity , the nc~:u t r ’ t~~~cr.

of a tracer can be determined from the e 1uati .:.

C V  = C V  + c ~~;.  (~
j

0 0  1 1  2:

I C~ conductivity is used as a tracer , the:.

C0 
= conductivity of water rel~ ao -o wit. , the .

V = volume of water released in a t i m e  -.: •
0

C1 
= conductivity of water reieaoeI :i’i~~r to ~~:. -

,

V1 
= volume of hypolimnion water cu,;eI i: t ‘ir~ - ‘r ’ o ,

C2 
= conductivity of epilimnion water ,

V
2 

= volume of epilimnion water releas~ u in a ~ ~~~~~~ m~

From conservation of volume

v = v 1 + v 2 (2)

By substitution of Equation 2 into Equation 1, Equation 1 can be written

as:

V C - C2 0 1 ()
V0 

— C~ — C1

By substituting appropriate conductivity values, the proportion of epi-

limnion water contained in the total release can be estimated . The con—

ductivities of the epilimnion water, C
2 , 

the release water prior to

pumping, C
1 , 

and the release water with pump on , C , were 35, 65, and

50 i,intho/cm, respectively . This indicates that about 50 percent of the

10
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r.
total flow released was epilimnion water. Because conductivity prevails

throughout the depth of the pool, this calculation is not an exact

determination of the dilution but provides an estimate of the minimum

amount of dilution.

Conclusions

15. Localized mixing in the immediate vicinity of the fixed low—

level intake of the Okatibbee outlet works was demonstrated to provide a

significant char.ge in the quality of low—flow releases. Epilirnnion water

of good quality was forced down toward the bottom of the lake by a low—

energy mechanical pump. The surface water was mixed and released with

the poorer quality water of the hy’polimnion. The epilimnion water com-

prised approximately 50 percent of the total release when the pump was

operating. The low—energy mechanical pump is an economical means for

inducing localized mixing of stratified waters.

16. Several design parameters need further investigation for the

purpose of developing design and application guidance. The discharge

rate of the pump with respect to the release rate, the thrust of the

pump, and the depth of penetration of the pump discharge with respect

to the outlet depth should be important factors to consider uuriug the

design of such a system. It is considered that the percent of epilircJon

water dilution could be much higher than 50 percent for a weli-acoigned

system. It is also emphasized that the pump system tested at Okatibbee

Lake may be inadequate for application at other projects; for example,

the pump discharge rate necessary to provide effective enhancement of a

release would be dependent on the release rate. Additionally , the lake

depth would influence the pump design.

11 
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Table 1
Outflow Quality

Temperature Conductivity
• Condition °C D.O., mg// umho/cm

Prior to pumping 23.)4 5.9* 65.0

Pump on after
15 miri 27.0 6.9 145 .0

Pump on after
20 hr 26.7 6.8 50.0

Hote: Measurements made at the conduit outlet portal.
* Water that was void of D .O.  was withdrawn and reaerated within
the conduit .
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