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detailed bottom profiles were made in the canal between the east lock gates 
and the Withlacoochee ~ackwater to locate any channels in the bed that could 
collect and transport the denser salt water toward the Backwater; none were 
located. 

Before the gates were opened for the first test, conductance near the 
bottom in the canal outside the gates was 9,750 micromhos. Near the time of 
a high tide, the west gates were opened for approximately 2 hours, and the 
conductance of water stabilized at about 8,500 micromhos near the bottom of 
the lock chamber and 375 micromhos at the surface. The west gates were then 
closed and the chamber filled. When full, conductance near the bottom of the 
chamber decreased to about 3,000 micromhos. The east gates were opened and 
left open while the movement of salt water out of the lock chamber was moni
tored. Numerous water samples were collected both east and west of the by
pass entrance and at the entrance for about 4 hours after the east gates were 
opened. The samples were field tested for conductance. No increase in con
ductance from the fresh-water level of 235 micromhos was detected in the 
water anywhere east of the bypass-channel entrance. At station QGE 217, con
ductance of the water reached a peak of 1,300 micromhos after th~ east gates 
had been open about 2 1/2 hours. In the canal opposite the byp.:tss entrance, 
conductance of water ranged from 235 to 1,130 micromhos. The conductance of 
water in the river at station QCE 220 increased 25 micromhos Etbout 5 hours 
after the east gates were opened; the rise lasted about 7 hours. 

The next day, a similar test was made except that the lock was ope-
rated normally, as if a barge were being locked through to the Backwater. 
The conductance of water near the bottom outside the west gates before open
ing was 7,300 micromhos. The west gates were open only 10 minutes, then 
shut. Before refilling the chamber, conductance of water near the bottom of 
the chamber was 3,250 micromhos. After the chamber was filled, conductance 
near its bottom decreased to 510 micromhos. The east gates were then opened 
for 8 minutes. Again, the canal area between the east gates and the With
lacoochee Backwater was sampled extensively. No rise in conductance was 
noted in the water within the canal anywhere east of the bypass channel en
trance. At station QCE 217, the conductance of the water reached a maximum 
of 300 micromhos about 1 1/2 hours after the east gates were shut. At sta
tion QCE 220, the conductance did not increase after this test. 

The conductance of water in the canal below the west gates was not as 
high when these tests were made as at other times earlier in the investiga
tion. At station QCE 217, just west of the bypass-channel entrance, hoivever, 
the condnc tance increase to 1, 300 micromhos during the first test tva s the 
highest until July 1971, when the lockmaster began locking large ma~ses of 
water hyacinths from the Backwater to the lower part of the canal. The 
operation necessitated leaving both the east and west gates open t~r several 
hours at a time to allow wind to move the hyacinths into the lock chamber at 
the upper level and out at the lower level. Hyacinth masses were locked 
several times each week from July through October 1971. At times, the con
ductance of water at station QCE 217 was greater than 3,000 micromhos (the 
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upper limit of the particular sensing element) . The most pronounced in
creases in conductance of water at station QCE 220 in the river also occurred 
during the hyacinth lockages, and correlation was good between conductance 
peaks at stations QCE 217 and the peaks at QCE 220 . Occasionally during this 
4-month period, salt water moving down the bypass channel was detected at 
station W4A. Si~ to ten hours after the water at station QCE 220 increased 
in conductance, the water at station W4A increased 10 to 30 micromhos in con
ductance for short ~eriods wf time. These increases at station W4A were not 
related to tidal flow. 

To verify the conclusion drawn from the tests in April, that no salt 
water moves east of the bypass-channel entrance, conductance was monitored 
continqpusly east of the bypass-channel entrance near the bottom of the canal 
about 50 feet out from the north bank (station QCE 217A on fig. 1) for seve
ral weeks during the period of hyacinth lockages. \ihen the conductance of 
the water at QCE 217 increased to less than about 2,000 micromhos as a result 
of lockage, the. conductance of water in the canal at QCE 217A was unaffected. 
When the conductance of the water at QCE 217 increased to more than about 
2,000 micromhos as a result of lockage, the conductance of water in the canal 
at station QCE 217A increased, usually from 5 to 20 micromhos, several hours 
later. These slight increases at QCE 217A, east of the bypass entrance, 
occurred less abruptly, lasted longer, and subsided slower than the larger 
increases west of the bypass entrance. 

The evidence from this and previous tests indicate that the salinity 
of the salt water locked to the upper pool area is relatively low. For exam
ple, a conductance of 3,000 micromhos in the river-canal complex corresponds 
to a chloride content of about 840 mg/1. In general, water must have a 
chloride content of at least 1,000 mg/1 to be considered saline by the U. S. 
Geological Survey. The bypass channel seems to be effective in flushing 
locked-up salt water from the upper pool area. 

DISCHARGE REQUIREMENT FOR REMOVAL 
OF SEDIMENT FROM ROCKS ALONG THE BANKS 

OF THE LOWER WITHLACOOCHEE RIVER 

Outcrops of limestone that form the banks of the lower Withlacoochee 
River are coated with a layer of sediment from a fraction of an inch to seve
ral inches thick. The layer consists mainly of fine sand and small particles 
of decayed organic n~tter. According to zeveral residents of the ared, 
shoreline rocks exposed at low water and those visible along the banks tr.· 
several feet below the surface appeared c.lean and free of sediment hdore tl:e 
canal complex was built. They feel that when Inglis Dam was the di8c.harge 
control, the occasional discharges of several thousand cubic feet per s econd 
of water scoured the accumulated sediment off the rocks. They conclude that, 
since these periodic high discharges no longer can occur with the bypass 
channel controlling the flow, the shoreline rocks will continue to be coated 
with sediment. 

The river and near-shore rocks were ins~ected regularly during the in
vestigation. Although the rocks were cover,'d with sediment, no suspended 
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load was evident in the river except in early fall 1970, when the bypass 
channel was being dredged, Probably some of the sediment coating the river's 
banks was deposited within a short time during upstream construction opera
tions, and additional sedimentation is not likely as long as the river re
n~ins free of sediment. 

The question still arises, however, as to what minimum discharge 
we · ld be required to remove sediment from these rocks. For several reasons, 
·,-.:..cc·<.:ities associated with a given discharge and capable oF removing sedi
m:::ut may occur in one part of the river, while in another part the same dis
charge would not produce velocities sufficient to remove sediment. As the 
river is tidal below the bypass, velocities vary with location and time, al
though the discharge in the bypass may be constant. Varying stages cause 
some sediment-covered rocks to be inundated at high tides and exposed at low 
Lides . Irregularities in channel geometry produce local velocity variations. 
Also the variation in size, shape, arrangement, and surface roughness of the 
individual rocks; which together form ~he river banks, cause changes an~ 
differences in velocity. 

A theoretical approach was taken to arrive at an estimate of discharge 
sufficient to scour sedi ment from shoreline rocks. The method involved de
terming critical mean velocities in verticals, where critical mean velocity 
:.s the mean velocity in a vertical at which particle movement begins. Cri
tical mean velocities in verticals were compared to measured mean velocities 
~~ verticals at a representative channel section, and the results related to 
a critical discharge. A brief explanation of the method and results are dis
cussed. 

Velocities in the river are highest when tidal flow is downstream. Ve
locities are assumed to decrease as channel cross section increases. There
fore, a theoretical minimum discharge sufficient to remove all sediment from 
near-shore rocks in all sections of the river is one that, during downstream 
tidal flows, would produce critical mean velocities in verticals over near
shore sediment-covered rocks in the largest sections of the river. As large 
a section as could be located in the vicinity of the Crackertown stage recor
der was chosen for measurement, not on or near a curve, and where the banks 
are covered with sediment. In this section a series of five discharge mea
surements was made between a HHW and a LLW. Emphasis was placed on obtaining 
mean velocities in verticals of less than 6 feet during the discharge mea
surements. 

Theoretical critical mean velocities in verticals were determined by 
assuming that Shields' equation describing the velocity profile in turbulent 
flow applies (Raudkivi, 1967). This equation expresses velocity as a func
tion of depth, bed surface roughness, and shear velocity. Shear velocity is 
a function of average bed shear stress, which is the average horizontal forre 
exerted by a flowing fluid on one unit area of the channel bed (in this in·· 
stance, one unit area of sediment-covered rocks). Using Shields' entrain
ment function (Henderson, 1966), a critical value of average bed shear 
stress, that is the average be-: shear stress when there is beg~.r.ning of par
ticle movement, was calculateJ, based on the unit weight and grain size of 
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Withlacoochee River sediment samples. A corresponding critical shear ve
locity was calculated. With the critical shear velocity and estimates of 
the height of bed-surface-roughness projections in the areas of interest, a 
series of critical mean velocities in verticals to total depths of 1 to 6 
feet were computed, as shown in Table 2. 

Critical mean velocities in verticals were then compared with mea-
sured mean velocities in verticals for corresponding depths below 6 feet. 
Of the 18 measured mean velocities in verticals less than 6 feet deep de
termined during the five discharge measurements, 16 were less than corres
ponding critical meru1 velocities in these verticals. The average of the 18 
measured mean velocities, 0.44 fps (feet per second), needed to be increased 
by a factor of 1.64 to equal the average of the 18 critical mean velocities, 
0.72 fps. In the worst instance, the measured mean velocity, 0.16 fps, need
ed to be increased by a factor of 4.56 to equal the corresponding critical 
velocity, 0.73 fps. 

To ~ncrease the mean velocity in a vertical along the shallow edges of 
the river, the mean velocities in verticals across the entire section must be 
increased. Just how much mean velocities near the center of the river at a . 
particular section and time must be increased to produce a desired increase 
in near-shore mPan velocities depends on such factors as the geometry of the 
section, the tide height at the section at the given time, and the slope of 
the water surface at the section at the given time. When the five discharge 
measurements were made between a HHW and LLW, mean velocities across the sec
tion were expected to increase with each measurement as the tide dropped and 
the effect of the downstream tidal flow advanced upstream, thus providing an 
indication of how velocities near the center of the watercourse change rela
tive to velocities near the edges . Although the tide dropped 2.5 feet be
tween the first and the last discharge measurements, mean velocities changed 
very little and not enough to reveal any trends when plotted against the 
width of the water surface at the measuring section. The five discharge mea
surements were 1,520, 1,570, 1,440, 1,440, and 1,490 cfs, respectively. 

To obtain an estimate of critical discharge, the assumption was made, 
arbitrarily, that, if the shallow-water mean velocities in verticals over se
diment-covered rocks are increased by a certain factor, that factor also 
should be applied to measured mean velocities in verticals throughout the 
section. The largest factor necessary to bring a measured shallow-water mean 
velocity in a vertical up to the corresponding critical mean velocity in a 
vertical was 4.56. Both the mean velocities in verticals and corresponding 
depths across the section from the five discharge measurements were averaged 
and the resulting velocities increased by ·a factor of 4.56. Based on these 
data, 6,800 cfs was calculated to be the minimum discharge sufficient to re
move accumulated sediment from all but the shallowest of submerged rocks. 
However, a discharge of 6,800 cfs, depending on tidal and wind conditions, 
probably would raise the river stage sso high that all sediment-covered rocks 
would be under several feet of wwater. 
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Table 2.--Critical mean velocities in verticals of specified 
depth. 

Depth Critical mean velocity 
ft fps 

1 0. <;g 

2 0.67 

3 0.72 

4 0.75 

5 0.77 

6 0.79 
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Table 2 shows that critical mean velocities in verticals of varying 
depth do not vary greatly. In contrast, measurements indicate that actual 
mean velocities in verticals drop significantly with decreasing depth. Con
sequently. critical mean velocities are less likely to be attained as the 
depth decreases. 

The critical discharge of 6.88800 cfs determined by this analysis is sub
ject to large errors. but it probably represents the order of magnitude of 
the discharge required to remove the sediment. A more reliable estimate 
might be determined experimentally by releases of water into the reach of the 
river below Inglis Dam, where similar conditions exist. The discharge capa
city of Inglis Dam is considerably larger than the capacity of the bypass 
channel. 
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