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1.0 EXECUTIVE SUMMARY

1.1 PURPOSE

The purpose of this pilot study was to gather data to allow preliminary
evaluation of the feasibility of removing large quantities of organic
bottom sediments (benthos) from selected zones of river systems. However,
it must be emphasized that this project's scope was limited to the engi-
neering aspects of removing and dewatering the sediment material from the
bottom of a shallow embayment. Field measurements and observations con-
ducted to assess the water quality impacts during extraction and de-
watering operations were designed as indicators of conditions during full-

scale operations. The test program keyed upon the following elements:

o Hydraulic Dredge - Ramoval Characteristics
0 Centrifuge Dewatering - Solids Capture Efficiency
o Solids Cake - Constituents and Characteristics

o Centrate - Constituents and Characteristics

1.2 BACKGROUND

During the past 20 years, water quality studies performed throughout the
country and the State of Florida have identified bottom deposits (benthos)
as the most complex element of a water body's composition. In bays,
estuaries, lakes, and to a great extent, in riverine systaems, the benthos
have been shown to have a primary impact upon water quality. Each water
body has its own history of contributing land uses and natural assimila-
tive capacity. A deteriorated water quality can best be documented
through analyzing the benthos.

Previous water quality studies performed throughout Florida demonstrated

the enormous reservoir of nutrients and oxygen demanding substances
trapped in the benthos. To illustrate this process, results from a recent
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Hillsborough Bay (Tampa) assessment (Tampa Bay Water Quality Assessment
(205(3j) Water Quality Study) showed that the bay contains a reservoir of
same 80 million pounds of nitrogen and exhibits a benthic export of only
123,000 pounds per day. Therefore, if all the nitrogen sources (point and
non-point) ceased discharge to the bay, it would take 650 years to

"naturally" consume the reservoir of nitrogen.

The impact of this enormous storage of nutrients is the result of the flux
or exchange between the sediments and the water column. This flux
(release of nutrients to the water column) promotes the growth of all
forms of aquatic vegetation (algae, phyto-plankton, etc.), which, in turn,
through the growth cycle create a self-shading phenomena from top to
bottom. This decreasing light penetration supports super-saturated oxygen
conditions near the water surtace and anoxic conditions at or near the
bottom. In turn, this process enhances the release of nutrients into the
watar column. This phenomenon is generally referred to as the nutrient
flux — movement/transter of constituents from sediment into the water
column. The natural flux is greatly increased during storm events when
the bottom deposits are agitated. This flux has been shown in study after
study, not only in Florida, but all over the country, to be the over-

powering driving force in highly stressed water bodies.

1.3 REMOVAL OF SEDIMENT MATERIAL

The pilot test site was located adjacent to the Ribault River in a boat
ramp basin in T.K. Stokes Park. The mudcat dredge dislodged river sedi-
ment from the basin bottam for deposit in continuously mixed storage
holding tanks. These tanks were continuously mixed through a recircula-
tion purmp system and constant tlow maintained through a "day" tank.

Sediment material contained in the day tank was fed by sludge feed pumps

to the centrifuge for dewatering. A test centrifuge (supplied by Humboldt
Decanter, Inc.) was operated for a period of 2 weeks. The dewatered cake
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was discharged to a durpster for ultimate disposal, while the clear
centrate was returned to the Ribault River through discharge and tlow

through a wetlands area.

1.4 DEWATERING SYSTEM RESULTS

Between October 31, 1988, and November 11, 1988, 43 independent tests were
pertormed using the dewatering equipment. Each of these tests consisted
of a stabilization period, followed by an operational period during which
three independent samples were oollected to analyze system performance.
Each of these samples was collected to characterize sediment material fed
to the centrifuge, dewatered cake obtained from the centrifuge, and
centrate discharged from the centrifuge. A broad spectrum of operating
parameters was evaluated to characterize centrifuge dewatering efficiency
relative to sediment material feed rate, centrifuge gravitational force,
polymer addition, and centrifuge differential. The following results were
obtained relative to solids handling:

o} Total suspended solids capture or recovery can excesd 95 per-
cent with polymer addition; 50 percent without polymer.

o) Total suspended solids in the centrate can be controlled to
below 1.0 percent and possibly 0.5 percent with polymer
addition, 4.5 percent without polymer.

o Total suspended solids in the dewatered cake of 30.0 percent
can be obtainad with polymer addition. With further refine—
ments during startup, a dewatered cake containing 33 percent
total suspended solids with polymer addition shouid be
possible.

o} Total suspended solids in the dewatered cake of 37-38 per-
cent (solids fraction) can be achieved without polymer
addition. Since the total solids retained in the cake is
less (lower solids capture), the percent solids in the cake
is higher than with polymer addition.

o A centrifuge operating in the range between 700-1,000 times
the gravitational forces (Gs) is feasible to accamwplish the
identified solids results.



Primary emphasis of the study was placed upon the capability of a centri-
fuge to dewater the river sediment (solids). A secondary interest was
directed towards the removal/recovery of nitrogen and phosphorus contained
in the river sediment. Analyses were performed for nutrients contained in
the river sediment fed to the centrifuge, the dewatered cakes, and the
centrate. This testing showed that more than 95 percent of total nitro-

gen and total phosphorus in the sediment fed to the centrituge was
captured in the dewatered cake. This result dramatically supports the
hypothesis of the pilot testing program: The dewatering process is very

effective in retaining nutrients in the dewatered sediment.

1.5 SUMMARY

The pilot testing program has proven that river sediments can be effec-
tively dewatered. The retention in the dewatered cake of greater than 95
percent of total nitrogen and total phosphorus verifies the effectiveness
of the dewatering process. These results strongly support this operation
as an effective process for long-term water quality enhancement. With the
results obtained from the pilot test program, a brief test case was ex-
plored to display the potential benefit of conducting this program on the

Miami River.

The U.S. Ammy Corps of Engineers, Jacksonville District, had investigated
the feasibility of removing 521,000 cubic yards of sediment from the Miami
River. - The results of this investigation indicated that approximately
$8,400,000 would be needed to dredge and dispose of this material at an
ocean dumping site. In light of the results from the present pilot
testing program, the material could be removed using dredges and dewatered
at a temporary centrifuge operation established adjacent to the Virginia
Key Wastewater Pollution Control Plant. Through utilizing 300-400 gpm
centrifuges operating at appraximately 500-800 Gs, all the sediment could
be dredged and processed within approximately 9 months. The total cost to
dredge, dewater, and haul dewatered sludge to potential agricultural land,
would be approximately $6,700,000.
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Results obtained fram the dredging/dewatering pilot project are signifi-
cant. The long-term impact upon Florida waters could be dramatic.
Through removing and dewatering these materials, long-term water quality
enhancement could be obtained. Naturally, site-specific investigations
will need to be conducted relative to heavy metals, pesticides, and
related hazardous materials before ultimate disposal sites can be
selected.
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2.0 RIVER SEDIMENT QONDITION

2.1 TINTRODUCTION

The primary purpose of the pilot plant investigation was to detsermine the
feasibility of dewatering river bottom sediment and concentrating the

material utilizing a continuous mechanical dewatering process. The scope
of the project was limited to obtaining practical operational characteris-
tics, while identifying principal impacts resulting from both the sediment

removal and the sediment dewatering processes.

Previous water quality investigations had identified the river/estuarine
sediments to be a principal contributor to poor water column quality.
Particular emphasis had been placed upon the total nitrogen and total
phosphorus contained in these sediments and the resultant impacts caused
by release to the water column. Furthermore, the presence of heavy metals
in the sediments caused by long-term precipitation, are also causes for
concern with respect to water quality. Therefore, the pilot investigation
had to address at least the preliminary total nitrogen, total phosphorus,
and metals removal capabilities associated with the dewatered sediment

material.

2.2 SITE SELECTION

The pilot plant project site had to contain a sufficient.quantity of sedi-
ment, have easy land access to the river, and possess physical features
capable of supporting the pilot test equipment. In order to identify an
appropriate sediment source, the Northeast Florida District Office of the
Florida Department of Envirommental Regulation (FDER) and the Bioenviron-
mental Services Division (Health, Welfare, and Bioenvirommental Depart-
ment, City of Jacksonville) assisted (DM in identifying areas which con-
tained reasonable quantities of river sediment material and that did not
possess chemical constituents representative of heavily polluted

industrial discharges.

2-1



The initial investigations identified two suitable sites along the Trout
River. One site on the Trout River was rejected because the property was
privately owned and access would not be permitted. A second Trout River
site was publicly owned, but land access was impractical. The selected
site, identified on Figure 2-1, is located in northwest Jacksonville along
the Ribault River. This site, the "T.K. Stokes Park," is owned by the
City of Jacksonville, Department of Recreation and Public Affairs. As dis-
played on Figure 2-2, the site contained a partially abandoned set of boat
ramps and an asphalt surface parking area.

Samples were collected in the Ribault River, the boat basin area, and in
the river sediment at the bottom of the boat basin. Preliminary analysis
of the water colum and sediment showed they contained constituents identi-
fied in Table 2-1. A sample of the sediment material was also analyzed
for toxicity using the extraction procedure (EP toxicity). The results of
these analyses identified trace quantities of each constituent in the EP
toxicity test with none above the specified limit.

2.3 TYPICAL SEDIMENT MUCK CHARACTERISTICS

As an adjunct to the pilot study coﬁaucted to quantify operating character-
istics for the dewatering process, Dr. John H. Trefry (Professor of Chemi-
cal Oceanography, Florida Institute of Technology) conducted an on-site in-
vestigation directed toward:

1) Determining concentrations of dissolvad particulate trace
metals in river water, the intake sediment/water mixture,
and the centrate; and

2) Determining concentrations of selected components in the sed-

iment interstitial water.

A brief summary of these results indicates that the material identified at

this location are very typical of organic-rich sediments found in other
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TABLE 2-1

BACKGROUND CONCENTRATIONS
WATER AND SEDIMENT SAMPLES
RIBAULT RIVER SEDIMENT STUDY

EP warer)  waTEr?)
SAMPLE #1 SAMPLE #2 TOXICITY SAMPLE #1 SAMPLE 2
(mg/Kg) (mg/Kg) (mg/1) (mg/1) (mg/1)
Cadmium 0.5 1.1 <0.5
Calcium 14867 9450
Chraomium 90.5 97.0 <0.5
Copper 35.8 61.8
Iron 32415 31190
Lead 66.3 118 <0.5
Magnesium 7046 4638
Nickel 16.5 17.1
Potassium 3523 2911
Selenium <0.6 <0.6 <0.05
Sodium 12692 9355
Zinc 193 251
Arsenic <0.05
Barium <1
Mercury <0.01
Silver <0.5
Total Suspended Solids 15.0 26 280
Total Solids 208,000 150,000 922 1485
Ammonia-N 68.3 85.6 0.107 0.126
TKN 1323 1122 1.34 3.67
N02-N03 0.693 <0.5 0.176 0.172
Total PO, 395.8 13.15 0.473 1.29
1)

Sample
2)

collected 6 inches below water surface.

Sample collected 26 inches below water surface.



portions of Florida in estuarine and freshwater systems. The complete

report is included as Appendix A.

Riverine sediments typically represent the deposition/accumulation of in-
organic and organic matter. As seen on Figure 2~3, the sediment varies
from a deep, dark colored solid phase to a lighter colored material repre-
senting the natural channel bottom. The degree and depth of river sedi-
ment varies with both the accumulation characteristics of the channel and
the hydraulic removal characteristics displayed by the river movement.
Within the boat basin zone, representative sample sediment cores indicated
8 feet of material comprising the typical sediment deposits.

Dr. Trefry collected two core samples for detailed analyses. These evalua-
tions indicated that the sediment averaged approximately 80 percent water
by weight and contained approximately 200,000 mg solids/Kg of sediment.

The organic matter content in the sediment ranged between 15 and 24 per-
cent, typical of muck found in natural estuarine sediments. With respect
to interstitial constituent concentrations found in the sediment, the
values obtained were representative of riverine sedinént. The inter-
stitial water concentrations were all higher than values observed in the

Ribault River samples.
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3.0 DREDGE OPERATION

3.1 INTRODUCTION

In order to simulate full-scale sediment removal operations and potential
qualitative impacts upon the water column quality, a mudcat dredge was
selected to perform the removal and transport of sediment muck. This par-
ticular unit was selected to assure minimum disturbance and minimum
releases of sediment material into the surrounding water column. As indi-
cated on Figure 3-1, the mudcat dredge moves into the sediment layer with
the combined forward thrust of the boom and winch, and dislodges sediment
with a horizontal rotary auger. With the blade surrounding the auger, the
maximum quantity of sediment is retained and mechanically conveysd to the
center of the dredge head. Once the material reaches the center, an in-
duction system hydraulically removes the sediment/river water and conveys
the material through a transfer line. This removal process assures mini-

mum release of sediment material to the surrounding waters.

As displayed on Figure 3-2, the mudcat dredge was located in the boat
basin and hydraulically transported the sediment to storage tanks. The
contents of these tanks were continuously mixed and as the centrifuge de—
watering operation proceeded, a continuous sediment stream was conveyed to
the centrifuge (Figure 3-2). Excess materials remaining after dewatering
operations were returned to the boat basin.

3.2 MUDCAT PERFORMANCE/OPERATION

Since the field evaluation program had to be accomplished within two 5-day
work weeks, the mobilization was completed on Sunday, October 30, 1988.
Initial testing and shake-down operations were initiated on October 31,
1988. The subsequent dredging/dewatering was to be performed in a
sequenced testing procedure. The initial objective was to remove enough
sediment material during the early morning to allow the subsequent recircu-

lation of screening processes to maintain continuous operation of the
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centrifuge dewatering system during the day. Since the mudcat dredge has
a capacity much in excess of the centrifuge dewatering system (dredge
approximately 1500 gpm; centrifuge approximately 20 to 35 gpm), a storage,
recirculation, and day feed tank system was required to sustain a con-
sistent flow of sediment to the dewatering components.

Through moving the Mudcat approximately 8-12 feet horizontally towards the
bulkhead, enough sediment material could be conveyed into the storage tank
to allow the centrifuge dewatering operation to proceed for the entire
morning. Each dredging cycle typically lasted for approximately 10 to 15
minutes. Material transported to the storage tank was first diverted to a
waste tank (Figure 3-2). Through observing this material, the initial
liquid (containing little sediment) was discharged to the waste tank.

When the dredge stream became thicker, the sediment material was diverted
to the other storage tank for use as feed to the dewatering opefation.
When dewatering operations ceased, the contents of these two tanks were
returned to the boat basin area.

In order to maintain the consistency of the sediment material for the de-
watering operation, additional sediments were removed and transported in
the early afternoon to the storage tanks. As each of these operations
(morning and afternoon) were performed, considerable material was being
removed from the boat basin area. Once the Mudcat traversed the length of
the boat basin, a channel had been established in the center of the basin
(Figure 3-3). Therefore, during low tide conditions, additional dredging
became difficult as the sediment/water concentration increased and
hydraulic movement was impaired.

During the second week of operation (November 7 through 11), extreme pre-
caution had to be maintained to conduct dredge movement during the high
tide cycle (morning). Between the morning dredge operation and the early
afternoon operation, the dredge had to be relocated further away from the
dewatering operation and closer to the Ribault River. This movement was
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accomplished easily during the morning and allowed a solution to the

materials conveyance problem.

3.3 WATER QUALITY OBSERVATIONS

Between October 31 and November 7, 1988, samples were collected to
describe the water quality before and during dredge operations. Samples
were collected from a variety of locations to characterize the water qual-
ity, including the east side of the dredge, immediately behind the auger
head, and between the west bulkhead and the turbidity barrier. Due to the
low tide situations, the November 10 and 11 measurements had to be
collected from thepdreldger adjacent to the boat basin entrance on the
Ribault River.

Table 3-1 displays the results of the measurements obtained for tempera-
ture, salinity, pH, conductivity, and DO before, during, and between
dredging operations. Upon reviewing the data, the only significant varia-
tion between observed values was the dissolved oxygen readings. The ex-
treme high and low values indicated for non-dredging and dredging opera-
tions were obtained during the extreme low tide oconditions experienced
during November 10 and 11, 1988. The more meaningful results are the mean
values represented for non-dredging and dredging. These values for
dissolved oxygen were 5.6 and 7.4, respectively. The difference in
readings would imply that the dredging operation creates a disturbance
which does cause entraimment of axygen into the liquid and thus raises the
dissolved oxygen level. Whether this observation would be true with
deeper dredging operations (i.e., more depth of water over sediment) is
unknown.

The in-situ measurements collected for dredging and non-dredging opera-
tions were "favorable" relative to natural occurring conditions. This
particular pilot operation did not show any significant adverse affects or
changes to the estuarine aquatic environment. Further investigations in
other locations may necessitate more detailed monitoring of turbidity,
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PARAMETER

Temperature (°c)
Salinity (parts/1,000)
pH
Conductivity (umhos/cm)
DO (mg/1)

oontrol

dredge

TABLE 3-1

IN-SITU MEASUREMENTS

NON-DREDGE AND DREDGE OPERATION
RIBAULT RIVER SEDIMENT STUDY

BEFORE AND BETWEEN DREDGING DREDGING
NUMBER OF NUMBER OF
OBSERVATIONS RANGE MEDIAN MEAN OBSERVATIONS RANGE MEDIAN MEAN

78 19.0-23.0 21.0 21.0 - 17 19.0-23.0 21.2 21.3
79 5.8-12.0 8.0 8.1 - 33 5.6-10.0 8.0 7.7
15 7.2-7.9 7.6 7.6 5 7.3-7.8 7.5 7.5
85 8500-18200 12000 12203.5 76 8500-15000 10000 11167.0
69 3.8-12.5 5.0 5.8

83 2.2-13.6 5.4 5.6 100 1.4-14.4 6.2 7.4



nutrients, and metals in the water column to verify these preliminary

quantitative results.
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4.0 CENIRIFUGE DEWATERING OPERATION

4.1 INTRODUCTION

The dewatering operation necessary for concentrating sediment material
removed fram a river must be commensurate with full-scale sediment pro-
jects. The dredge operation, storage facilities, feed systems, dewatering
equipment, and ultimate disposal characteristics must be representative of
full-scale applications. 1In this regard, all equipment obtained for the
dewatering operation is typically used in sludge process studies since the
characteristics obtained with the test centrifuge operation can be applied
to the full-scale conditions. Years of experience with centrifuge design
has clearly demonstrated the reliability of test unit geometry and the
scale-up accuracy.

Sediment material removed from the boat basin was placed in storage tanks
to allow continuous feed to the pilot dewatering system. Each process com-
ponent was necessary to allow a uniform and continuous flow of sediment
material to the dewatering system under varying test conditions. Aas the
material was supplied to the centrifuge, dewatered, and residual streams
collected, samples were obtained to represent feed material, dewatered
solids, and remaining liquid (centrate). The operation, sampling pro-
cedure, and analyses techniques are presented.

4.2 DEWATERING TEST EQUIPMENT

As presented on Figure 4-1, the principal test components consisted of:
o Two converted semi-trailer water tight trucks functioning as
storage tanks,

o) Recirculation system containing self-priming pump and
piping,

o} Feed tank "day-~tank" with screen,

o Sludge feed pump with alternative polymer injection points,
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o Humbolt Model S2-1 centrifuge,
(o) Screw conveyor to discharge dewatered cake,
o Polymer make—up system and polymer feed pumps, and

o Centrate discharge line.

The dewatering system operation primarily involved pumping sediment
material fram the "day-tank" through the centrifuge, discharging dewatered
sediment material to a dumpster, and discharging the clean centrate to a
swale/wetlands area. Figure 4-2 represents the specific equipment used to
dewater the sediment material. In order to accomplish each one of these
functions, constant:_ maintenance was required of each process operation.
The recirculation system maintained between the storage tanks and the
"day-tank" presented the most difficulty in providing continuous sediment
material. Due to the heterogeneous nature of the sediment material
removed from the boat basin, large diameter (in excess of 5/8" diameter)
items had to be retained from transfer to the centrifuge. Through place-
ment of a 1/2" maximum opening screen in the "day-tank," the material fed
to the centrifuge was uniform enough to avoid further mechanical problems.
A similar situation would be considered with respect to sludge conveyance
equipment and dewatering system in a full-scale operation.

The material removed from the "day-tank" was continuously fed at the
established uniform rate through the centrifuge by using a sludge feed
purp. This progressive cavity sludge feed pump and associated pipe con-
tained multiple injection points for polymer feed prior to the centrifuge.
Although differing injection points were attempted in this investigation,

a specific location for optimum performance was not defined.

Centrifuge operation was maintained on a continuous basis except when
centrate conveyance tubes clogged during testing when high solids concen-
trations remained in the centrate. As various test conditions were modi-
fied, excess or extreme solids concentrations (greater than 5,000 mg/1)
would occur and decrease the longevity of centrifuge run times. This
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clogging phenomena necessitated the routine dismantling and cleaning of
these centrate tubes. As full-scale operations are considered for centri-
fuge dewatering, the design of the conveyance system for centrate must
assure that high enough velocities can be maintained to avoid this routine

maintenance problem.

The dewatered sediment material was conveyed from the centrifuge to a
dumpster. Figure 4-3 displays the representative "good" dewatered sedi-
ment and the relative clean centrate. As the feed rates and polymer
dosages were varied, the cake would vary in consistency. The conveyor had
to be manned to assure continuous discharge of this dewatered material
into the d\mpster.k | However, with optimum operating characteristics, the
principal oconcern would be directed toward an appropriate angle of repose
for installation of the conveyor system. WNaturally, ultimate disposal
characteristics would need to be confirmed for the dewatered cake.

Improved solids concentrations can normally be obtained through polymer
additions. Representative sediment muck had been transmitted to three
different polymer companies to determine the best polymers for the pilot
test program. Each campany investigated cationic, anionic, and non-ionic
polymers. The results of these investigations indicated that anionic
polymers should be used for the pilot testing. Three different anionic
pdlymers were used during these pilot testings.

In order to validate the technical feasibility of dewatering river sedi-

ments, the pilot tests needed to be operated at a variety of conditions.

During the 2-week testing program, the following ranges of variables were
investigated:

4-3
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Variable Operating Range

Solids Feed Rate: 10.6 - 32.4 gpm
Gravitational Force: 501 - 2617 »'6G
Differential: 2.4 - 9.4 rpm
Polymer Feed: 3.7 - 4.7 gpm
Polymer Concentration: 0.1 - 0.3 percent

By only changing one variable at a time and keeping the others constant,
experimental runs could be completed to identify the affect of that
variable on centrifuge operation. As with any pilot testing program, the
exact range and impact of variables were unknown as the testing procedure
was initiated. As the testing process continued, however, certain

variables that had little impact upon operation were maintained constant.

According to discussions with the Humbolt Decantur, Inc. personnel before
this pilot testing program was planned, each of the identified variables
can be related to a prototype centrifuge. The capability to design a
fill-scale operation around these results has been proven to be valid with
respect to other solids dewatering operations. Naturally, utilizing river
sediment as a feed material to a centrifuge is not a proven application.
However, based upon other site-specific operations in Europe, this is not
a unique application. Each installation or application location would

have to be evaluated prior to full-scale operation to assure success.

4,3 SAMPLING/TESTING PROCEDURES

Because a uniform sediment material feed was maintained in the storage
tanks, recirculation system, and day tank, continuous sampling was not nec-

essary. Therefore, a sampling procedure capable of identifying the



uniformity of feed material, dewatered cake, and centrate quality was
daveloped based on a sequence of standardized run times. The testing

procedure was delineated as follows:

o Sediment Material Samples:

Following 20-30 min