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VICKSBURG, MISSISSIPPI 39180

IN REPLY REFER TO: ILQYY ’ 31 December 1976

SUBJECT: Transmittal of Contract Report D-76-10

TO: All Report Recipients

1. The contract report transmitted herewith represents the results

of a study of a dredged material dewatering concept evaluated as part

of Task 5A (Dredged Material Densification) of the Corps of Engineers'
Dredged Material Research Program (DMRP). This task, included as part
of the Disposal Operations Project of the DMRP, is concerned with devel-
oping and/or testing promising techniques for dewatering or densifying
(i.e., reducing the volume of) dredged material using mechanical, bio-
logical, and/or chemical techniques prior to, durlng, and after place-
ment in containment areas.

2. Rapidly escalating requirements for land for the confinement of
dredged material, often in the midst of urbanized areas where land values
are high, have dictated that significant priority within the DMRP be
given to research aimed at extending the life expectancies of existing
or proposed containment facilities. While increased life expectancies
can be achieved to some extent by improved site design and operation and
to a greater extent by removing dredged material for use elsewhere, the
attractive approach being considered under Task 5A is to densify the in-
place dredged material. Densification of the material would not only
increase site capacity but also would result in an area more attractive
for various subsequent uses because of improved engineering properties
of the material.

3. The concept considered in this study is that of increasing the rate
of water removal from fine-grained dredged material by forced aeration.
The concept was one of several recommended for further investigation by
experts attending the first Task 5A Planning Seminar. Other concepts
.considered included progressive trenching, gravity and vacuum-assisted
subdrains, electro—-osmosis, vegetation, mechanical mixing, and vacuum
wellpoints. ,The purpose of this study, conducted by Environmental
Engineering Consultants, Inc., Stillwater, Oklahoma, was to examine
analytically and experimentally in the laboratory the potential feasi~
bility of hastening the drying rate of dredged material by forcing air
from the bottom of the material to the surface.
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4. Laboratory experiments were conducted on fine-grained dredged material
obtained from a saltwater and a freshwater environment. Tests of dredged
material at various initial moisture contents from 200 to'slightly over
300 percent were conducted in columns that were 4 in. in diameter and
were either 3 or 6 ft high. It was shown that bubbling of diffused air
into the slurry increased the rate of water loss. Statistical analysis

of these data led to an empirical equation for predicting moisture content
for the two materials from the initial moisture content, depth, and unit
airflow rate. The equation provided reasonable predictions for results
obtained in a laboratory-scale slurry pit. Potential aeration systems

and costs were also investigated.

5. The results of this study indicated that aeration of fine-grained
dredged material slurries can form a useful portion of an overall site~
management strategy. Aeration should not be applied to all disposal
areas nor should it be applied over an entire area. The aeration devices
are envisioned as items of movable equipment that can be stationed at
particular areas containing the highest fraction of fine-grained material.
Also, aeration is most applicable for moisture contents that range from
approximately 250 to 125 percent. Surface drainage can better be employed
at moisture contents greater than 250 percent, and piping or chimneys
would develop at moisture contents below about 125 percent. For an
initial slurry depth of 4 to 6 ft, the cost of the system per cubic
yard of space created would approach $4.00.

6. Major field studies of the other dewatering techniques listed in
paragraph 3 are under way in Mobile, Alabama. Aeration was not included
as part of the field study since it was felt that the use of the tech-
nique, although feasible, would be limited by its cost and small area of
applicability.

JOHN L. CANNON
Colonel, Corps of Engineers
Commander and Director
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SUMMARY

- The expected increased use of confined dewatering sites for
dredged material as well as the increasing costs of land for such
sites indicate that ways and means should be sought to create addi-
tional volume and extend thé/usefu1 life of the site. Thus it is
important to examine ways of hastening the drying prbcess. One
way which has been suggested is by aerating the dredged slurry in the
disposal site.

The goal of this study was to determine if there was some basis
of potential feasibility for aeration dewatering of dredged material.
A search of the literature revealed little information of direct
applicability to the aeration of fine-grained dredged matefia] at the
mois%ure contents encountered in disposal sites. However, the search
of Titerature over the widest possible range of interest indicated
that the Qenera] drying behavior of this material should be consistent
with current kinetic concepts for drying of other materials.

Laboratory experiments were designed to test, in as critical a
manner as possible, the effect of aeration on the drying process.
Drying rates were determined for various airflow rates, depth of
submergence of aerators, and initial moisture contents for dredged
material from two sites. It was found that all three factors
exerted some effect on the time required for drying. Statistical
analysis of the experimental data led to the following equation

for approximating the moisture content:



1]

Percent Moisture = 10.9 - 5t - 0.043 Q, + M; + 6.8 H;

t = Time, days
Qu = Unit airflow rate, cm3/min/z
'Mi = Initial moisture ébntent, percent
H. = Initial slurry depth, ft

It is not known whether the equation applies to materials other
than thosé tested. |

The prediCtivé value of this formula was checked by using it to
estimate theApercent moisture in a 1aborat0ry-séa1e slurry pit; The
closeness of the‘predicfed and observed values 1ént confidence in
making cost estimates for field app]ication of the aeraiion/process.
The costs per unit volume of slurry are rather high and aeration |
wod]d be considered only Where 1and costs and availability warrant
its Qse. | | | |

Conéiderétions were given td design of‘equipment and operational
modes for the pfoceés. Existing proprietary aeration equipment did |
not lend itself to this'operatidn'a]thbugh it mfght be‘possible fbr'
manufacturers to modify existing aeration devices. For the purpose
of making cost analyses, 50- x 50-ft modular grids which cbuid be
clustered or used individually were designed. These modules can be
moved about Qhere needed at a diépoéa] site. Aerafion was'concluded g
to be aﬁ'expediént which was be§t applied to "troubTe spofs" fn a
dredged material disposal site; thus séhi-portabfé equipment was ,

envisioned.



PREFACE

The work described in this report was performed under Contract No.
DACW39-75-C-0123 and Modification No. DACW39-75-C-0123-P001, "A Labora-
tory Study of Aeration as a Feasible Technique for Dewatering of Fine-
Grained Dredged Material," between the U. S. Army Engineer Waterways
Experiment Station (WES), Vicksburg, Mississippi, and Environmental
Engineering Consultants, Inc., Stillwater, Oklahoma.

The report consists of critical evaluation of the literature,
results of laboratory experimentations, use of laboratory data in
formulating a prediction equation for rate of drying, preliminary
cost estimates, and recommendations for fie]d demonstrations and
design criteria studies. Samples of dredged material taken from sites
in Mobile and Toledo were obtained joint1y by the contractor and the
contract manager. The contractor is particularly grateful to Mr.}
Michael R. Palermo for his invaluable help and cooperation throughout
the investigative period.

A. F. Gaudy, Jr., was designated by Environmental Engineering
Consultants, Inc., as Engineer in Charge of the investigation. The
contract was managed by Mr. Palermo of the Environmental Engineering
Division of the Environmental Effects Labdratory (EEL), WES, under the
supervision of Mr. Charles C. Calhoun, Jr., Manager, Disposal Opera-

tions Project, and Dr. J. Harrison, Chief, EEL. Dr. T. A. Haliburton,



WES, was a consultant to the project. The Directors of WES during the
study and preparation of the report were COL G.H. Hilt, CE, and COL J.L.

Cannon, CE. Technical Director was Mr. F. R. Brown.
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LABORATORY STUDY OF AERATION AS A
FEASIBLE TECHNIQUE FOR DEWATERING
FINE-GRAINED DREDGED MATERIAL

INTRODUCTION

1. There are hundreds of U. S. Army Corps of Engineers dredging
projects which employ confined disposal.df dredged material. It is
expected that the use of confined disposé] sites will incréase
because of the increased amount of dredging in deve]oped areas,
harbors, etc., and because of possibie contamination problems
associated with open-water disposal. ’Thé féét that sites are dif-
ficult to find and extremely costly suggests that every effort should
be made to extend the life of existing sites for future dfedged material
disposal operations. | -

2. Effective use of existing disposa]bsites indicates that
consideration be given to two major factors. First it is necessary to
seek ways and means to hasten dewatering so that the dredged material
can be densified in place to reduce its volume and perhaps later trans-
ported to another site for ultimate disposal or use. Secondly, con-
sideration must be given £o possible water contamination control
problems during the dewatering process and during any subsequent re-
excavation and use of the dried dredged material.

3. The present investigation is concerned primarily with the
first aspect, i.e., hastening the dewatering process. Many possibili-
ties have been suggested, one of the most promising being desiccation

or evaporation. One of the methods suggested for hastening the
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evaporation process has been forced aeration of the fine-grained
dredged material slurry within the containment area. Increased drying
could result from mass transfer of moisture to the rising air bubbles;
whereupon, after reaching the surface, the moisture is exposed to
natural evaporative forces in the atmosphere. The rising air bubbles
also provide agitation of the slurry and might be expected to hinder
formation of evaporation-retarding crusts on the surface.

4. The aim of the study was to conduct laboratory experiments
which would provide resuTt; from which tentative conclusions could be
made regarding the techno]ogiﬁa] potential for air densification of
dredged material. If the process appeared to be potentially feasible,

techniques for employing it in the field were to be considered.
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LITERATURE REVIEW

5. The general topics of aeration, drying, and desiccation con-
cern many applied areas, for example, chemical engineering, agronomy,
soils engineering, environmental engineering, etc. Literature in
these fields over the past décadé,and a half were examined for infor-
mation applicable to aeration of fine-grained dredged material. Over
two dozen sources of abstracts of information were consulted as well |
as scientific journals and various reports of the U. S. Army Engineer

Waterways Experiment Station (WES).

Soil Drying Concepts

6. The rate of drying for moisture-laden solids is generally
held to take place in two distinct phases when drying occurs under
essentially constant conditions. Above a "critical moisture confent“
the drying‘rate is constant ahd below that moisture content the rate
of drying decreases with decreasing moisture content. It is generally
held that during the period of constant rate drying, the surface of
the solid grains in contact with air are wholly wetted; the evapora-.
tion rate is thus independent of the solids and is the same or nearly
so as the rate of evaporation from a free liquid surface. As long as
the surface is wetted, drying is independent of the mechanism of
moisture movement to the surface. In this stage the rate of drying
may be expected to. be controlled by such factors as air temperature,

humidity, and air velocity.
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7. While the water is supplied to the air-liquid surface.as fast
as evaporation can take place from the surface, the drying rate will
remain constant. When a moisture content is reached at which this is
no longer true, the critical moisture content has been attained and
the rate of drying may decrease (sometimes linearly, but not in all
cases). This period of the drying cycle is. termed the falling rate.
It is understood that as the drying rate continues to decrease, a
second falling rate stage may ensue. In brief the drying solid mass
may go through a series of rate-controlling events. A1l such events-
appear to be concerned with mechanisms of moisture transport from
within the mass to the water-air surface. Generally a second falling
stage may signal a condition wherein the surface is totally dry.and -
the moisture from within the drying mass now passes through a mat or
mulch of dried material. Some material may undergo shrinkage. The
actual surfaces exposed to air may be altered; a hardened layer or
crust which seriously retards moisture flow may develop and the
material may warp or crack, thus creating a new set of drying

.y 1
conditions.

S]udge Dry1ng Stud1es

8. In the water po]]ut1on contro] f1e1d various 1nvest1gators
have studied dry1ng of s]udge in sha]]ow open beds. Coack]ey and |
AHos2 have preéented drying resdlts for raw, primany digested, and
secondary d1gested sludge which indicate that these s]udges behave
in genera] accord w1th the pr1nc1p1es out]1ned above

9. Neb1kerv conducted controlled field stud1es on a number of

13



types of wastewater treatment plant sludges. ATl samp1és were held
in aluminum containers 40 cm in diameter. . Containers of three depths
were employed, 18, 28, and 48 cm, and these were filled to 10, 20, and
40 cm, respectively. Nebiker found that the drying rate for digested
sludge could be classified into constantland falling rate periods.
The drying rafe in the conétant rate phase was approximateiy five
percent greater than from a water surface in a container which held no
sludge (i.e., the evaporation ratio, e* = 105%). Results varied in
that in some cases there was no dependence of evaporation on filling
depth, solids content, or sludge type. In some tests there appeared
to be a dependence on the type of sludge and on the solids content.
After attainment of the critical moisture content, the falling rate-
period of drying began and was concluded to be a function of evapora-
tion potential of the air and the weight of solids. It is emphasized
that in these studies there was evidence for gassing of the sample
which caused some flotation of solids; this in turn aided in crack"
formation. In brief, because of the unique nature of these solids,
it is difficult to extract information pertinent to the behavior of
dredged fines. However, it is significant to note that the general.
sequence of events of constant drying rate, attainment of critical
moisture content; followed by a falling rate period was observed.

10. Quon>and Wardu repgrted that there Was a re]ationship}
between drying rate and depth; during fhe fa]ling rate period, drying
rate decreased with greater depth of sludge. Harper and Mar5 have

studied the drying of mixtures of sand and digested sludges. They

*For convenience, symbols and unusual abbreviations are listed and
defined in the notation (Appendix A).
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“were interested in predicting moisture content of sand-sludge mixtures
being used as fill material. As with the studies cited previously,
the work‘hés Timited value for the present concern but their finding
that sand grain size and depth of material did not significantly
affect the drying rate in the falling rate period is of interest.

11. Bh’ght6 has investigated the use of air wells for in situ
aeration of tailings. It was cdnc]uded that the flow of air through
a unit area of soil fo]]erd,Fick's law. It would appear that such
findings would not be helpful in the present study because of the
amount of fines in dredged material. However, if a forced air gfid
were submerged in dredged material, it might be expected that at some
moisture content bubbling would cease and there would be a free stand-
ing column or chimney of rising air, i.e., the equivalent of a well
through which the forced air qou]d‘carry moisture to the horizontal
surface. |

12. It is known that, if left undisturbed, the surface of the
- drying mass of dredged material forms a crust and often a pattern of
shrinkage cracks. Adams et a1.7 studied evaporative water loss from
the walls of a simulated soil shrinkage crack. The walls were lined
with porous ceramic plates connected to a water supply. The simulated
crack was installed in the floor of a 1abora£ory wind tunnel in a
controlled environment room;‘ The'tob of the crack was level with the
floor and at right ahgTes to the wind stream. Both crack width
(10, 30, 50, and 70 mm) and depth (30, 45, and 60 cm) were varied as
was wind velocity (0, 2.2, 4.5, 6.7, and 8.9 m sec’l). Evaporation

rate increased with increasing wind velocity, crack width,and crack

15



depth. Wind velocity had the greatest effect on evaporatibn followed
by depth and width of the crack. It was concluded that air movement
circulafed énd replaced the air within the shrinkage crack and was the
major factor affecting eVaporatidh. Visual observation of'smoke |
circulation indicated that turbu]ent aik movement occurred within the
crack. From these findings one might surmise that air chimheys could
enhance evaporatibﬁ of dredéed material even after a moisture content

was attained which prec]uded buBb]e formation.

Aeration Studies

13. Evaporative drying by use of diffused air has been investi-
gated for the Department of the Navy by Harding-Lawson Associatesé’9

14. Preliminary study of aeration of a slurry of dredged material
(1-m graduated cylinder) indicated that the moisture content was re-
duced from 230 percent to approximately 50 percent in 8 hours. Also,
pTastic tubing (0.005-in. diameter holes on 1-in. centers) was used to .
conduct air through a shallow (3-in.) depth of slurry. Air was bubbled
for three days and the moisture content was reduced from 200 percent
to 150 percent moisture? It is not known what flow rates were employed
to aerate the samples. _

15. In continuing studies, laboratory tests were conducted in
plastic-lined boxes 36-in. long, 18-in. wide, and either 24-in. or 12-
in. deep. Aeration and raking (deep and shallow) were .investigated
as a means of enhancing drying rates. In the controls which received
no raking or aeration, a crust formed on the surface and greatly
impeded drying. - For water contents of approximate]y 150 percent and

200 percent, free water came to thevsurche,between periods of surface

16



stirring. However, in ;he undisturbed‘control no water came to

the surface once the crust had formed even though the overall moistgre ,
content of the control sample was higher'than that of the other samples.
It was observed that mixing of ahy kind enhanced the drying rate over
the rate of the control, and it was concluded that the reason for this
was the prevention of a crust from forming at the surface. Deep mix-
ing was more effective than shallow or surface mixing especially

during the latter part of any given test, i.e., when the moisture
content was considerably lower than the initial moisture content.

When material near the surface approached a moisture content between

80 percent to 100 percent, it tended to "ball up" and became difficult
to-mix even though the moisture content below the top layer was higher
than 80 percent to 100 percent. Harding-Lawson Associates concluded
that bubbling air through the slurry under the conditions of their

test did not seem to affect the drying rate. Also they observed that
at a moisture content of approximately 150 percent,air tunnels or
chimneys were formed in the sTurry and bubble formation ceased. The
~investigation was carried to the field where experiments were conducted
on the effects of full-depth mixing, surface mixing, and a combination
of fhese types of mixing. Studies on the effect of diffused aeration

were not carried to the fier.

16. The final report by Harding-Lawson Associates9 indicated
that both airflow rate and depth of submergence would exert effects on
the efficiency of evaporation due to aeration. Other studies conducted
to gain insight into site geometry recommended deep singly baffled

10
basins rather than shallow basins. Also, it was known that many of

17



the U. S. Army Engineer dredged material disposal sites contained
slurries of considerable depth. Thus the conclusions of Harding-Lawson
Associates were not necessarily applicable to the conditions at

dredged material disposal sites.

18



LABORATORY INVESTIGATIONS

17. Fine-grained dredged material from two sites was examined
in this study. Dredged material from the Upper Polecat Bay disposal
area (Mobile, Mobile District CE) was selected as representative of
dredged fines from salty or brackish waters and dredged material from
the 01d Island disposal site (Toledo Harbor, Detroit District CE)
was selected as representative of that from freshwater disposal sites.
The material from Mobile was chosen for more detailed study largely
because it contained a considerable amount of organic matter and
because a large amount of engineering and environmental data was
already available on this material. Thus, these laboratory studies
could add to the information being collected at the Mobile site. Also,
if the results of the preséht study indicated possibilities for suc-
cessful application of aeration to dredged materials, the Mobile site

would be the logical one for larger scale studies.

Experimental Apparatus

18. Since the primary scientific aim of the study was to assess
the effectiveness of diffused aeration in enhancing the rate of drying
of dredged material, it was decided to conduct the study in such a
way as to minimize the effect of the surface area of the container.
For this reason most of the experiments were conducted in apparatus

which provided a "confined column" of aerating slurry (Figure 1).
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The columns were made of 1-ft. sections of 4-in. diameter Plexiglas
tubing. Porous diffusers were installed as aerators. The tubes were
set up in banks of five; two such banks were employed during the
studies in order to run concurrent experiments. Four airflow rates
were employed, 1,000, 2,000, 3,000, and 4000 cm>/min,and a control was
run at zero airflow rate. These airflow rates covered a sufficient
range to enable assessment of effect of airflow rate for the formulation
of a prediction equation.

19. After the .confined column studies an experiment was run in
an aeration chamber apparatus (Figure 2) consisting of three movable
aeration tees evenly spaced along the length of the chamber and af
right angles to the long side. Such an apparatus provides a‘large
volume of slurry in relation to the rising air bubble column. It was
felt that the drying rate data obtained,as well as the observations
which could be made on the amount of spreading of the rising air column,
could provide Qéeful insights for design of possible further studies
. in the field should the work in the confined columns provide infor-

mation that aeration was helpful in increasing the drying rate.

Experimental Protocol

20. Material shipped from the field sites was made up to the
desired moisture concentration in the laboratory. In these experiments
initial moisture content was varied from slightly above 300 percent
(dry-weight basis)'to s1lightly under 200 percent. Field experience

vhad indicated that the fine-grained material could contain approximately
}this much water after decantation of surface water immediately follow-

ing disposal operations. Since both the Mobile and Toledo dredged
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materials were obtained at a moisture content of approximately 100
percent, it was necessary to dilute the samples prior to each experi-
ment.

The Mobile dredged material was diluted with synthetic seawater
of the following composition:11

24.5 g/

{]

Sodium Chloride NaCl

i

Magnesium Chloride MgC]2 5.2 g/

Sodium Sulfate . Na,S0, = 4.1 ¢/g
Calcium Chloride CaC]2 = 1.2 g/%
Potassium Chloride KC1 = 0.7 g/2

(]

Sodium Bicarbonate NaHCO3 0.2 g/ 2

The Toledo dredged material was brought to the desired initial‘mojsture
content with tap water.

21. Dredged fines of the desired moisture content were placed in
the confined columns to a depth of 2.5 ft in the 3-ft columns and
5.5 ft. in the 6-ft. columns and aerated with compressed air. Air
"pressure was regulated at 30 psi and the airflow rates of 1,000, 2,000,
3,000, and 4,000 cm3/min refer to airflow at standard conditions of
teméerature and pressure. Samples were withdrawn at 24- or 48-houf
intervals for variods analyses. All experiments were run at a tempera-
ture of 220C + 20. Unless otherwise indicated, all analyses were per-
formed in accordance with the standard methods for the examination of
water and wastewater.12 Moisture content was measured as the ratio of
the weight of water and the dry weight of the solids. Volatile content
of the dry solids was also measured on many samples.

22. It was known that the dredged material contained organic
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matter. If the material contained some microorganisms, aeration could
provide ideal conditions for metabolism of the organic matter thus re-
ducing possible contamination problems due to biochemical oxygen demand
(BOD). Thus, in some experiments both biochemical and chemical oxygen
demands (BOD and COD) were run on whole éamp]es and on filtrate or cen-
trifugate from which suspended solids were removed; i.e., soluble BOD
and COD were measured. Organic nitrogen, ammonia nitrogen, nitrate
nitrogen, and nitrite nitrogen analyses were made. An attempt was made

- to estimate the viable microorganism count using nutrient agar plates.

Results

Confined column experiments

23. In all, five experiments were conducted in the confined
columns to study the effects of airflow rate, initial moisture content,
and depth of submergence on drying rate. Experiments 1 through 4 were
conducted on the material collected from the Mobile site and experiment

5 was conducted on the Toledo dredged material.

Experiment No. 1: effect of airflow rate

24. The results of the first experiment, aeration at the'four
rates with an initial slurry depth of 2.5 ft, are shown in Figure 3.
A control (unaerated) column was also included,but at the relatively
high»initia] moisture content (320 percent), a supernatantblayer
developed and it was extremely difficult to measure the overall
moisture content of the quiescent control. The data obtaiﬁed on . the
control were rather erratic; however, there was an indication.that

the loss of moisture was somewhat less than that observed for the
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column which was aerated at 1,000 cm3/m1n. The results bf this experi-
ment leave no doubt that diffused air enhanced dhying‘and that the
drying rate increased with an increase in airflow rate. In the 1,000
and 2,000 cm3/min columns, the airflow fate was increased to 4,000
cm3/min (see note on Figure 3), and there was an increase in rate of
drying. The drying rate in these columns roughly bara]]e]éd that
obtained in the columns aerated at 3,000 and 4,000 cm3/min.

- 25. In the columns aerated at 3,000 and 4,000 cm3/min, it is seen
that the overall course of moisture loss appeared to follow two linear
fates, with the second rate being greater than the first. It is re-
called that drying generally occurs first at a constant rate and then
at a f&]]ing or decreasing rate. Thus, at first glance the results
seem to be at odds witﬁ'practica] drying concepts. However, since
the volume of aerating slurry decreased due to drying and removal of
sample, the airflow rate per unit volume of aerating material increased
as the experiment progressed;k this 1ncreqsed unit airflow rate in-
creased the drying rate. In the field, sampling volume woq1d have a
negligible effect on the volume of aerating slurry, but the evapora-
tive loss Wou]d be expected to have the effect of increasing the‘unit
airflow rate if the total airflow rate was held constant as it was in
these experiments. Thus the increasing trend can be expected to occur
in the field under forced diffused air, but the efféct would be of

lower magnitude and would in all probability not be observable.

Experiment No. 2: effect of initial moisture content

26. This experiment was conducted at an initial depth of slurry

of 2.5 ft, but two initial moisture contents were employed (220 and
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295 percent). An unaerated control was set up for one of the systems
at 220 perceht initial moisture content; since there was 1ittle or no
supernatant at this moisture content, credible data could be obtained
for the control. The results are shown in Figure 4 where it can be
seen that the difference of approximately 100 percent water content
did exert an effect on the drying rate. The system with the higher
water content experienced a slightly higher constant rate of evapora-
tion (compare data at both initial moisture contents for systems
aerated at 4,0007cm3/min).

27. In this experiment bubble formation ceased at a water content
of approximate]y 150 percent. It is interesting to note that even
after cessation of bubble formation, the moisture content was reduced
at a greafer rate in the second drying rate phase. As in experiment
1, the increase in drying rate (second slope) is attributable primarily
to the increasing unit airflow rate aS.this experiment progressed. It
seems apparent that the small chimney of rising air was sufficient to
influence the rate of drying in the 4-in. diameter column of dredged
fines. Time limitations for the experimentation did not permit investi-
gation of the extent and useful radius of influence for such a chimney |
of air, but it would appear from these results that the radius of

influence would extend beyond two inches.

ExperimentANe. 3: effect of gfeater depth'ef smeergence

28. It was important to determine the effect that a greater depth
‘of submergence would have on the rate of drying. Accordingly an experi-
ment was set up in which 6-ft columns were employed. Slurry of an
initial water content of 275 percent was added to the aeration columns
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to a depth of 5.5 feet and aerated at the four rates. Another
column used as a control was not aerated. As with the two previous
experiments, Mobile dredged material was investigated. Again it is
seen (Figure 5) that diffused aeration significantly enhanced the
rate of moisture loss compared to a(non—aerated control. Also it is
seen that increasing airflow rate effected an increase in ‘drying
rate. Also comparison of thé results shown in Figure 5 with those
of F{gures 3 and 4 1ndicafes that increasing the depth of slurry
decreases the rafe of moisture Toss due to forced aeration in the

confined column.

Experiment No. 4: effect of variable depth

29. From the previous experiment it was apparent that at
constant initial depth, airflow rate (as well as initial unit airflow
rate) affected the rate of drying. It was of interest to determine
the relative effects when airflow rate was constant and depth was
varied. It was decided to vary the depth as follows: 2.5, 2.0, 1.5,
and 1.0 ft. The 2.5-ft depth of slurry was aerated at 4,000 cm3/min,
or a unit airflow rate of 740 cm3/min/2. Aeration at other depths was
adjusted to yield the same unit airflow rate. .The results are shown
in Figure 6. It %s seen that w{th constant intensity of aeration

there appears to: be a decrease in drying rate with increasing depth.

Experiment No. 5: effect of freshwater slurry
30. An experiment was undertaken to determine if there were any
significant differences in the drying rates betweén the méterials

collected at the saltwater and freshwater sites. An experiment was
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conducted at the four aeration rates in the 3-ft. confiﬁed columns;
the initial moisture content was approximately 200 percent. The
results are shown in Figure 7. It is apparent that diffused aeration
enhanced the drying rate; also there was not any apparent increased

drying rate as airflow was increased from 2,000 to 4,000 cm3/min.

Summary

31. Table 1 summarizes the results of the five experiments shown
in Figures 3 through 7. The drying rates expressed in percent per day
are those calculated as the initial slopes of the curves shown in the
figures. The increase in drying rate with increasing éirf]ow rate fs
| clearly seen. The results also indicate that within the range bf
moisture contents studied, the higher the initial mbisture content the
greater will be the drying rate. Moisture contents higher than 320
~percent were not considered of significant interest in this investi-
gation since above this moisture content, moisture is reduced easily
by surface drainage. With regard to the effect of the initial‘moiéture
content, attention is called to systems aerated at 4,000 cm3/m1h in
experiment 1 and 2. Here it is seen that initial moisture contents of
320, 295, and 220 percent corresponded to drying rates of 7.5, 4.4, and
3.3 percent per day. In Table 1 (experiment 4) are summarized the
results of an experiment in which the initial unit airflow rates (i.e.,
the airflow rates pef']iter,of s]uffy) were held ¢ohstant and the
depths were varied‘(éee'Figure:G).' The general trend of the results
indicates a decrease in drying rate at 1ﬁcreasing depth. It is inter-
esting to note that comparison of the 2.5-ft depth in experiment 4

with the 4,000 cm3/min result in experiment 2 (both experiments were
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Table 1

Results of Experiments on Factors Affecting

the Rate of Drying

Experi- Factor Sample Initial Initial Airflow Approximate
ment Varied Source Slurry Moisture Rate Drying Rate
No. Deg%h % ~cm3/m1n %/day
1 Airflow Mobile, 2.5 320 0 -
: Rate " brackish 2.5 320 1,000 2.0
2.5 320 2,000 5.0
2.5 320 3,000 . 7.5
2.5 320 4,000 7.5
2 Initial Mobile, 2.5 220 0 1.0
Moisture, brackish 2.5 220 3,000 3.3
“Airflow 2.5 220 4,000 3.3
Rate 2.5 295 1,000 1.3
2.5 295 4,000 4.4
3 Submergence Mobile, 5.5 275 0 -
Depth brackish - 5.5 275 1,000 0.8
5.5 275 2,000 1.5
5.5 275 3,000 2.1
5.5 275 4,000 2.4
4 Initial Mobile, 1.0 201 741 8.0
Depth brackish 1.5 197 741 4.5
: 1.5 216 0 -
2.0 228 741 5.0
2.5 228 741 2.9
5 Site Toledo, 2.5 203 0 -
freshwater 2.5 204 1,000 1.7
2.5 206 2,000 3.8
2.5 201 - 3,000 3.9
2.5 208 4,000 4.0
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accomplished at approximately the same unit airflow rate, slurry
depth, and initial moisture content)'provides a fairly good check on
the reproducibility of the drying rate data (i.e., compare 2.9 percent
vs 3.3 percent).

32. The results of the first four experiments on Mobile dredged
material leave 1ittle doubt that aeration rate does.significant1y
enhance the‘rate of moisture loss. It also appears that the initial
moistdre content and the depth‘play important rb]es in determining the
drying rate.

33. Table 1 also summarizes the results of the confined column
- studies using the Toledo dredged material (experiment 5). The main
purpose in running this eXperiment was tb determine if there were any
significant differences in the drying rates between the material
collected at the saltwater and freshwater sites. Comparisoh of the
results shown for experiment 5 with those under comparable conditions
in experimehté 1, 2, and 4 (Table 1) indfcates that the Toledo material
may dry at a slightly faster rate than the Mobile dredged material.
| However, there was nothing to indicate that there were any gross differ-

ences in drying behavior of the two materials.

Laboratory-scale slurry pit experiment

34. Figure 8 shows the results of an experiment conducted in the
]aboratory-sca]e slurry pit which was shown in Figure 2. The initial
volume of slurry was 120 23 the 1nitia1 depth 1.4 ft;rand the initial
moisture content was 2651percent. Three aeration tees, each fitted with
s{x diffusers, were evenly spacedvalong the 1ehgth of the tank and sub-

merged 1n<the sTurry 3 in. above the tank bottom. Airflow rate for
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each of the 3 tees was 4,000 cm3/min; thus the total airflow rate
in the tank was 12,000 cm3/min.

35. During this experiment samples were taken at three depths
and two horizontal locations along the length of the tank. With
regard to -horizontal sampling, samples were extracted near the aera-
tion tees and midway between them. However, using this procedure
the overall moisture loss for the entire volume of slurry could not
really be assessed becausé of the classification of moisture content
which occurred early in the experiment; the moisture cbntent was
high at the surface and decreased with dépth. Thus in order to esti-
mate overall moisture content the contents were stirred at various
times during the run.

.36, Classification of moisture content may be expectéd to occur
in field application and would appear to be ideal since the rate of
drying was observed in the previous experiments to increase at higher
moisture content. In the field the surface of the slurry pond can be
expected to add significantly to the surface available for evaporation.

37. Figure 8 shows the moisture contents at various residence
times in the pit. Samples were taken immediate}y after gently stir-
ring the contents of the pit in order to obtain a credible figure for
average moisture content. Beginning on day 38 the contents were
stirred daily and the only parameter of interest was the average
moisture content. This experiment was set up, initially, in order
'to determine the patterns of aeration when the aerating slurry was not
held in a cdnfined‘column and the major interest was in the classi- |

fication of moisture contents.- Therefore, there is a paucity of data -
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on overall drying rate during the first 30 days of the experiment.
Assuming an apprbximate]y Tinear rate between days 0, 17, and 30,

the drying rate is slightly greater than 4 percent. The data between
days 35 and 50 leave little doubt that the drying rate was linear.
The drying rate during this period was approximately 1.8 percent per
day.

38. The initial volume of aerating dredged material was 120 g
and unit airflow rate was 100 cm3/min/z. The initial drying rate
i.e., during the first 30 days, was roughly the same as the drying .
rate (4.5 percent) per day obtained in experiment 4 at the 1.5-ft
slurry depth and 740 cm3/min/z unit airflow rate (Table 1) even
though there was a sevenfold difference in unit airflow rate. This
result tends to indicate that those obtained in the confined columns
represent a somewhat conservative estimate of the results which might
be expected in the field at comparable airflow rates. It also seems
that one might be able to effect comparable drying rates in the field
at less expenditure of diffused air than employed in the confined
column studies. A possible reason for drying rate results in the pit
being comparable with those in the confined columns, despite less
forced aeration per liter of aerating slurry in the laboratory slurry
pit, is the larger surface érea of the pit.

39. During this experiment it was noted that there was con-
siderable vertical classification of moisture content. The moisture
content at the top was approximately three times greater than at the
bottom of the slurry. Also it was noticed that the sphere of in-

~ fluence of the rising bubble column was approximately 3 to 5 in. in
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width. It was apparent from the vertical distribution of moisture
content as well as from visual observations that the unit airflow
rate of 100 cm3/min/2 was not enough to cause mixing of the solid
particles but was enough to bring water to the surface. Thus aera-
tion wifh fixed aerators could be expected to classify rather than
mix the contents of a dredged material disposal site. It is reasoned
that such c1assification is advantageous in that it increases the
moisture content near the'surface of the pit thus enhancing evapora-
tion. It was also noted that aeration caused non-mixed portions

of the slurry where clear supernatant stood on the surface. It '
would thus appear that aeration might, in addition to its help in |

hastening evaporation, enhance the draining process as well.

Moisture Content Prediction Equation

40. Data from the confined column experiments in which Mobile’
dredged material was examined (Figures 3, 4, 5, and 6) were employed
in making statistical analyses to determine a prediction equation for
moisture content. In making these analyses, the variables taken as
governing ones, i.é., aeration rate, initial moisture content, and
initial depth of slurry, were those ‘examined in the four experiments.

41. The initial analysis was concerned with the comparisoh of
four possible models with respect to their ability to fit the observed
data of the first experiment (Figure 3) for the constant rate period,
i.e., the initial drying rate. It should be noted that the models
used wére convenient linear models and are not necessarily based
on theoretical considerations. The four models considered were as
follows: |

-39



+ b(Time)

il
2}

(1) % MoistUre

1l
o1}

(2) % Moisture + b(Time) + c(Time)2

a+ b(Time)

]

(3)' Tog(Moisture)
a + b(Time) + c(Time)2

1]
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A1l judgment as to adequacy of the fit of a model which is not based
on a theoretical equation can only be of a subjective nature aided by
various statistics. The statistics used in each case were the R
statistic, the mean square’error after each model had been fitted, the
t-test for significance of each of the parameters a, b, and ¢ which
were estimated, and an examination of the residuals obtained after’
fitting each of the models.

42. Based on these analyses, model (1) was deemedladequate for
the first 12 - 14 days of data. This model was also found to be'
adequate in further expefiments conducted on the Mobile dredged
material involving 6-ft columns of material, dffferent.initial mois-
ture conditions, and various aeration rates.

43. Basedkoh these mode]s,‘obséryations:on‘the changes in the
parameters a aqd b with changes in aeration rate, initial moisture, _
and depth of dredged material in the column, led to the final overall
model. As in the initia] study, severa] mode]s_were tried and the
model selected was the one deemed best in 1light of the R2 statistic,
mean square error, t-tests for the vqriab]es ip‘it, and the examina- :
tion of tpg,residua]s gfter it had been fitted.

44. A1l computations were made on the Oklahoma State University
iBM 360/65_Computer:using the multiple Tinear regression rOupine (PROC,..
REGR) supplied in the Statistical Analysis System. The data were bg§t7;
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represented by the following equation:

Percent M = 10.9 - 5t - 0.008 Q + M, + 6.8 H;
t= Time, days
Q = Airflow rate, cm3/min
M; = Initial moisture content, percent
H. = Initial slurry depth, ft

For Q in terms of unit airflow rate, cm3/min/£, the equation is as

follows:
~ Percent M = 10.9 - 5t - 0.043Q + M + 6.8 H,
| t= ffme, days 7
Q, - Unit airflow rate, cm*/min/2
M, = Initial moisture cbntent, percent
H =‘Ihitia] slurry depth, ft

i

(1)

It is not known whether these equations would apply to materials other

than those herein tested.

45. Applying the above equation to the conditions in the rectan-
gular tank in Figure 8, (Q = 100 cmS/min/g, Ho = 1.4 ft., M. = 265
percent), the calculated moisture content at 15 days is 207 percent.
Thfs compares favprab]y to the observed va]ue of.190 percent.

46. Another example is obtained by applying the equation over
the first 10 days 6f the second linear rate shown in Figure 8. At

this time the initial conditions were Mi = 160 percent, Hi = 0.9 feet,

Qu = 160 cm3/m1n/z; The calculated moisture content was 120 percent,

which compares rather favorably with the observed value of approxi-
-mate]y‘135 percent shown in Figure 8. |

47. Although the equation predicted moisture content
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satisfactorily, the agreement between calculated and observed values
in these examples is in no way a guarantee of the general utility of
the equation. It does, however, lend some credence to its use in

making estimates of cost and in designing large-scale field studies.

Change in Water Qua]ity During Aeration

48. The Mobile dredged material was known to contain significant
amounts of organic mdteria]s, and the containment and drainagé of such
material could possibly cause water contamination problems. Evapora-
tion of water would cause much of the organic materié] to remain in the
disposal site. This would cut down on surface water contamination
during the consolidation process. However, there is a growing need
to conserve space in dredged matehia1.disposa1 sites and the dried
material if excavated and relocated éou]d be a source of organic con-
taminants. These cbnsiderations engendered an interest in perfbrming’
some investigations on changes in organic material content during
aeration. |

49 . It is well knownvthat aerobic biological treatment of organié
waste hastens aerobic decay and so alleviates water contamination -
problems. Whether aeration could reduce the oxidizable organic
material in dredged material dépends updn many factors. These are
essentia]1y"the same ones cdnéidered in making‘treatability studfes

for organic wastes. They include such characteristics as pH, presence

of a nitrogen source, presence of a microbial population capable of
metabolizing the organic matter, the naturé and concentration of the
organic material, etc. However, bio]ogica1 treatment aspects Were not
within the scope of this investigation.
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50. ‘The dredged material from Mobile was characterized by multi-

ple -determination of COD and BOD. on filtrates from a membrane filter

5
of 0.45u pore size and on unfiltered samples. The former analysis
provided a measurement of soluble COD and BOD, i.e., CODS and BODSS.

The latter yielded estimates of total COD and BOD., i.e., CODt and

5

BOD Multiple analyses were also run for volatile solids, organic

5t°
nitrogen, ammonia nitrogen, nitrite and nitrate nitrogen, pH, and

viable aerobic bacteria. The range of values for these parameters

found for the Mobile dredged material is given in Table 2.

51. It isrseen from Table 2 that the Mobile dredged material con-
tained a rather large fraction of organic matter which was readily
available to microorganisms. The data indicate the nitrogen éource for
‘microbial growth was in re1at19e ba]ance with carbon source. Generally
the ratio of BOD5 to a?ai]ab]e nitrogen source recommended for bio-
logical freatment is approximately 20:1. The BODS:N ratio present fn_
the Mobile material may be estimated as follows. The dredged materiq]
at 200 percent moisture is approximately one-third So]ids; i.e.,
approximate1y 300,000 ppm. TheBOD5 derives from the volatile portion
which at 10 percent volatiles (see Table 2) is éstimated at 30,000 ppm.
Using the 2 percent value for nitrogen concentration, the onganic
nitrogen. is approximately 600 ppm.‘ Generally about half of the
d}ganic nitrogen concentration can be‘consideréd available to satisfy
the nitrogen requirement for microbial growth. A1l of the NH3 may be
considered avai]ab]e. Thus the available nitrogen was in the range of

300 to 400 ppm. Comparing this value with the BOD., concentration

5t
indicates that there was a favorable BOD5:N ratio. Thus biological
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Table 2

General Water Quality Characteristics of the

Mobile, Alabama, Dredged Material

at + 200% Moisture -

Test Units v Range of Values
co,  mys 97,000 -120,000
coD | mg/», 63,000 - 96,000
BOD mg/ 1 7,400 - 8,300
BODg, mg/4 6,200 - 6,400
Volatile Solids % of total solids 10 - 12
Organic Nitrogen o '% of volatile solids 1.3 - 2.0
Ammonia Nitrogen, NH3-N mg/z 76 - 88
Nitrite Nitrogen, NO,-N mg/s -
Nitrate Nitrogen, NO,-N mg/ % . -
pH | | 6.9-- 7.0
Total Viable Bacteria Count* cells/ml | ;5 X 105

*0n Nutrient agar and aerobical]y\incubéted
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removal of BOD would probably not be hampered by the nitrogen content.
52. The data a]so_indipate that the initja] pH would be favor-
able. In addition, the fact that a reasonably high viable cell count
existed provides an;indication that any‘possible toxic materié]s
which may be present»éré of 1nsﬁfficient concentration to prevent
growth. ‘ | ' |
53, In Figures 9_and.10 the course of removal of CODt and BOD5t
are shown forﬁfhe différent ratés'of aération in the confined column
with initial slurry depth of 5.5 ft. The COD and BOD values are in
smass units, mif1igrams,°since concentration values, milligram/liter,
are affected byvevapofation takin§_p]aceain the column. Thus_é true
evaluation of organic removals is obpa%ned using mass units. Although
there is sqhe scatter to the data, it 1$‘obV1ous that aeration enhanced
remova1 offoxiﬁizable ofganic material contained in the dredged
material. Results such as‘thesé provide some aésurance,thatxaeration
can, in additidn to enhancing drying‘rate, a]so provide a considerable
- degree. of biological treatment thereby reducing préb]ems of excavation

and relocation of the dried material if such is desired,
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~ CONSIDERATION OF FIELD IMPLEMENTATION

54. It wés aﬁparent from the results that aeration of the
dredged materiai did enhance the drying rate. It was thus deemed im-
portant to conSidgf ways‘and:means which mightAbé‘employéd to “implement
the aeration of dredged material at field sites. In this section of
the report, the fo]iowing considerations are discussed:
(1) Tyﬁeéibfiprbprietary aération equiphent'ayai1ablé
-(2) Custbm—madé'équipment which could be employed

'(3) Use of the prediction equation in estimating drying
‘ time and costs per unit volume of dredged slurry

Types of Probrietary Aeration Equipment Available

55. There are two basic;methbds of aeration:
(1)/ mechanicqf agitation of the material so as to promote
-solution 6f air from'the atmosphere
(2) introdiction of compressed air into the material with

‘submerged porous diffusers-or air nozzles

RS

Mechanical aerators

56. Mechan1ca1 aerators function by pumping the material to be
aerated through the aerat1on device and discharging it into the atmos-
phere in a h1gh-ve10c1ty spray pattern., This type of aeration is very

popular in wastewater treatment. However, it is important to remember

E K N
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that the wastewaters for which the equ1pment is des1gned have very h1gh-
water contents (approx1mate1y 3,000 percent or more) After 1nvest1ga-
t1on of the various propr1etary dev1ces, it was conc]uded that th1s
type of aerat1on equ1pment would not be practical for mater1als w1th a

water content of 300 percent or less.

Diffused aerators

57. The diffusers commonly used in aeration systems caﬁ be sub-
classified as either small bubble or large bubble diffusers. Small
bubble diffusers are generally tubes or plates constructed of aluminum
oxide or silicon oxide grains bound together with a ceramic matrix to
form a porous mass. With these diffusers, it is essential that the air
supplied be clean and free of dust particles that might clog the pores.:
Nonceramic porous diffusers are also available. These are corrugated
stainless steel cylinders with numerous, re1&tive1y large, multiple
outlets in the valleys of the Corrugations. fhe outsides of the tubes
are wrapped wtth a twisted‘p1astic cofd which proQides about the seme
bubble size as obtaihed from 40-permeability ceramic tﬁbes.

58. Several types of coarse-bubb]e‘diffusers are available. These
include the Spatjer, the Def]ectofuser; the Disfuser; end diffhser'
hose. A1l these diffusers produce 1argerhbubb1es than the porous type
of diffuser. Thds, they’have‘a slightly 1owet oxygen—transfer efficiency.
However, they offer the advantage of lower cost, 1e$s maintenaﬁee, and

less clogging from dirty air.

Blowers

59. There are two types of blowers in common use, centrifugal
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and rotary positive-displacement blowers. Centrifugal blowers are
almost always used wheré the unit éapacity is qua] to, or gréatér than,
15,000 ft3/min of air. Examples of companies mdnufacturing these
blowers arevElliot, Ingersoll Rand, Allis-Chalmers, Roots-Connersvi]]e,
and De LaVal. |

60. Centrifugal blowers have a héad-capac{ty curve simi]af to
that of a centrifugal pump. The operating point is determined, as for
a centrifugal pump, by the intersection of the head-capacity curve and
the system curve. In selecting a blower, it must be remembered that
thé pressuré developed and the weight flow of air will vary with the
inlet conditions. Therefore, blowers must be selected to have adequate
papacity“on hot summer days and must be provided with a motor of

adequate horsepower for the coldest winter weather.

Custom-made Equipment Which Could Be Employed

61. Affer examinafion of the variqus types of aeration equipmenf
available, it was concluded that due to the high solids content of
dredged material slurry, a diffused airvsystem wou]d be the only type
which might be feasibly employed at a field site. Examination of the
rising air columns both in the confined column and the laboratory slurry
pit studies indicated»that small bubb]es rgpid]y éoajesced in the slurry.
»This_observatiqn together withﬁthe enhanced c]dgging oﬁportunitiés due |
kto the véhy finefgrainéd materja] jn the slurry Ted to the conc]Uéjon
that production of finé bubb]es; wﬁich is a usual aim with most types
of proprietary air diffusion equipment, would nof offer any particﬁ]ar
advantage in aeration of dredged material. On the contrary it might
evén reduce the effective drying rate or otherwise require -excessively
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high airvpressures in order to retard clogging. Thus it was concluded
that 1/2-in.-diameter pipe air outlets would most probably suffice.

62. The spacing of the aeration devices presents a problem since
the sphere of drying influence of the rising air column could not be
estimated with any high degree of confidence. However, it was concluded
to be considerably greater than the approximately 2 ft used in the
laboratory slurry pit. For purposes of preliminary practical design,

a spacing of 5 ft seemed reasonable.

k63. It was felt that as much of the system as possible should be
reuseable; also that it wou]d be ideal if the aeration system equipment
could be somewhat portable in order to employ it on trouble areas at |
éxisting sites. That is to say, the design cbncepts were not restricted
to planning for new sites. An arrangement which appears to hold some
promise is the 50- x 50-ft angle iron grid_shoWn in Figure 11. Air
hoées or pipes are suspended frbm the grid and buoyancy is provided by
'55-ga1. drums. with-such devices aeration can be applied in modular
fashion at various Tlocations at a site where fines collect and aeration
could be beneficial. It is not envisioned that entire dredged material
sites be aerated. Such a procedure would not seem needed or desirable.
The most troublesome spots in regard to drying would appear to be those
containing the highest percentage of fines, i.e., those areas most remote

from the dredged material outlet pipe.
Use of the Moisture Content Prediction Equation .
in Estimating Drying Time and Cost per
Unit Volume of Dredged Slurry

64. The costs associated with dewatering dredged material
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by aeration devices such as the ohe shown in Figure 11 were determined
for a unit area of one acre. In making the cost analysis, initial
moisture content was assumed to be 250 percent and the final moisture
“content 125 pe}cent.

65, The prediction equation developed from the laboratory studies
was used as the means for calculating the days required for achieving

-a moisture éontent of 125 percent. The prediction equation is repeated

below:
Percent M = 10.9 - 5t - 0.043 Qu+ M, + 6.8 H; (2)
\ t = Time, days
Qu = Unit airflow rate, cm3/min/z
Mi = Initial mbisture content, percent
H. = Initial slurry depth, ft

The required aeration time for various unit airflow rates and depths are
shown in Table 3.
66. The total airflow rates required for aerating one acre are

shown in Table 4. These were calculated in the fo]]owing manner:

£t3/min £t2

L 3, .\ |
Total airflow rate (ft /m1n)’~ 0.1 ft3 x 43,560 acre depth
67. The costs associated with dewatering one acre of fine-grained

dredged material include the capital costs of the aeration grid and
the air compressor plus the operating costs for power and labor. The

capital .cost for the 50- x 50-ft aeration grid would be:

7,000 1b steel @ $0.25 per 1b = $1,750

Cost of air lines, hoses, etc. = 3,250

Fabrication cost = 1,250
~Total S  $6,250 -
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Table 3

Required Aeration Time*

Unit Airflow Rate Slurry Depth Number of Days
ft

and/min/y  Ft3/min/ftS

(8]
~nN
nN

100 0.1

OCOOCOOOUIN
N
~

' —
OO PNNHOO OO PN OO

300 0.3

(8]
N
—

—

500 0.5

OOOOOOU‘I(N’_I OOOOOOUIN
-
(Yol

700 0.7

COO0OOOOUIN
o

) [

N ~

= ) —
QOO PPN OO COONAPRNROO

*From initial moisture content of 250% to final moisture content of 125%
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Table 4

Required Total Airflow Rates for Aerating One Acre

at Standard Conditions

Unit Airflow Rate Slurry Depth "~ Total Airflow Rate

' 3, .
e’ /min/ % ££3/min/ £t ft ft°/min

100 0.1

o

1,000
2,000
4,000
- 9,000
18,000
26,000
35,000
44,000

—

3,000
7,000
13,000
26,000
53,000
79,000
105,000
130,000

(S

300 0.3

—

5,000
11,000
22,000
44,000
87,000

131,000
175,000
218,000

500 0.5

A —
QOO OO OO OO oAM= OO QOO LN OO

o

700 0.7 8,000
15,000
30,000
61.000

122,000

183,000

245,000

305,000

.

—
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Sixteen of these grids wou]d be required for’aerating one acre and the
cost would be 16 x $6,250 = $100,000.

68. The capita1 cost of the air compressors would be approximately
$20 per ft3/min capacity. This cost figure was determined by contacting
several manufacturers of air compressors. There appeérs to be no econ-
omy due to scale factor.

69. The power costs would be a function of the horsepower of the
compressors and the number of aeration days required to lower the mois-
ture content from 250 percent to 125 percent..

_ 70. ‘The required brake horsepower was calculated using the

following equation:

*bhp = BT Fﬁﬂ 1 (3)
where: w = weight flow of air, 1b/sec
3, . 1 -z 1bs
ft /min X ==———— x 0.075 —%
[. | 60 sec/min ft3 }
R = Gas constant (53.5)
- T = Absolute inlet temperature, R
P1 = Absolute inlet pressure, psia

' P2 = Absolute outlet presure, psia
n = A constant equal to 0.283 for air
E = Efficiency (use 70 percent) |

71.. The brake horsepower Was calculated for standard conditions;
therefore, P2 = 14.7 psia, P1 =.14.7 + 15 = 29.7 psia, and T= 460 + 68 =
528°R.. The required brake horsépower for various unit airflow rates

“and depths of dredged material is shown in Table 5.
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Table 5

Required Brake Horsepower

Unit Airflow Rate Slurry Depth Brake Horsepower

cm3/min/z ft3/m1'n/ft3 ft

70
140
280
630

1,200
1,800
2,500
3,100

210
490
900
1,800
- 3,600
5,500
7,300
9,100

o

100 0.1

o0 P~ANHOO

oy
COCOOOUIN COOOOOUIN

300 , 0.3

o1

ot

500 - 0.5

(S)]

350
770
1,500
3,100
6,100
9,200
12,200
15,300

=t

700 0.7 560
1,100
2,100
4,300
8.600

13,000

17,100

21,400

OO PN OO OO PPN OO OO PN OO
. e e e e o e e e e s « e e e e e e e

OODOOOU‘I@ QOOOOOoUIMN

[y
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72. An example calculation of the capital and operating costs is
given below:
Unit airflow rate = 0.1 ft>/min/ft>
Depth of drédged materfa] = 6.0 ft
The total airflow rate for dewatering one acre (from

Table 4) = 26,000 ft3/min

Cost of Compressor = $20 x 26,000 = $520,000
Aeration grid = 100,000
Total Capital Costs | $620,000

73. The capital costs are amortized using an interest rate of
6-1/8 percent and a useful 1ife of 20 years with no salvage value at
the end of the 20 years. Thus the amortized cost would be:

0.0003747 x Capital Cost x days of operation, i.e.,
0.0003747 x 620,000 x 30 = $6,900

74. The power costs were ca]cu]ated as follows:

. kw
Power Costs = hp x hours of operation x 0.7457 EE-X $0'01/kw—hr

1800 x 30 x 24 x 0.7457 x 0.01 = $9,700

75. The labor costs were based upon an 8-hour working day at $10
per hour. Thus the labor costs would be: 8 x 30 x $10 = $2,400.

76. The total cost for dewatering one acre of dredged material
six feet deep from an initial moisture content of 250 percent to a
final moisture content of 125 percent would be:

Amortized capital costs = $6,900

Power Costs = 9,700
Labor Costs = 2,400
Total Costs $19,000
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77. The cost per acre-ft would be $3,200. The dewatering costs
versus dewatering time for various unit airflow rates are shown in
Figure 12. Figure 13 shows a grid arrangement which also considers the
depth of dredged material to be dewatered.

78. Table 6 shows the unit costs per cubic yard of space created
- for various unit airflow rates. In determining the space occupied by
the dredged material a specific gravity o% 2.1 was used. This va]ue‘
was determined experjmenté11y and is representative of values generally
reported for dredged materials. The cost per cubic yard of space
created was calculated as follows: |

Total cost of drying '
Original Volume - Final Volume

Cost per yd3 space created =









Table 6

Unit Costs per yd3 Space Created

Unit Air- Slurry Initial Final Volume Cost per
f%ow Rate3 Depth Vo]uge Vo]uge Creaged yd3 Space
ft“/min/ft ft. yd yd yd Created, §

0.1 0.25 403 199 204 14.70
0.50 807 398 409 8.80 -

1.0 1,613 795 - 818 5.50

2.0 3,227 1,591 1,636 4.52

4.0 6,453 3,181 3,272 3.85

6.0 9,680 4,772 4,908 3.87

- 8.0 12,907 6,363 6,544 4.17

10.0 16,133 7,954 8,179 4.41

0.3 0.25 403 199 204 18.14

0.50 807 398 409 14.43

1.0 1,613 795 818 10.02

2.0 3,227 1,591 1,636 8.86

4.0 6,453 3,181 3,272 9.23

6.0 9,680 4,772 4,908 9.66

8.0 12,907 6,363 6,544 10.47

10.0 16,133 7,954 8,179 11.31

0.5 0.25 403 199 204 20.10

0.50 807 398 409 15.40

1.0 1,613 795 818 13.45

2.0 3,227 1,591 1,636 12.84

4.0 6,453 3,181 3,272 : 13.63

6.0 9,680 4,772 4,908 15.12

8.0 12,907 6,363 6,544 16.00

10.0 16,133 7,954 8,179 17.56

0.7 0.25 403 199 204 23.04

0.50 807 398 409 17.60

1.0 1,613 795 818 15.77

2.0 3,227 1,591 1,636 16.44

4.0 6,453 3,181 3,272 17.30

6.0 9,680 4,772 4,908 . 19.44

8.0 12,907 6,363 6,544 21.44

10.0 16,133 7,954 8,179 22.85
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RECOMMENDATIONS

79. It is recommended that aeration be tried at a field site.
Because aeration is rathef expensive and because demonstration does not
~depend upon full-scale tryout, it is recommended that aeration grids
of the size 20 x 20 ft be constructed for use in field tests (see
Figure 14).  Also it is emphasfzed that the present study was designed
to examine the‘feas%bility of the process; the results indicate it is
potentially feasible. There is need now to obtain design data for use
in making final decisions regarding methodologies for site dewaterihg
and in making design and operational recommendations to Corps of
Engineer Districts. Thus it would be best to make field tests with
smaller, more flexible equipment. Some suggestions for a field testing
program are 6ut1ined below.

80. The Upper Polecat Bay disposal site in the Mobile District
seems an ideal location for field tests. Considerable data have already |,
been collected at‘this site. In addition, it is fairly close to Vicks-
burg, which facilitates monitoring the work by WES personnel. Three
experimental s]urry pits could be constructed'within the disposal
site. These could be used to examine drying rates at various initial
moisture contents and with several diffuser grid spacings. Drying rates
at various depths of slurry could also be examined. In this way much

field test data suitable for purposes of demonstration as well as
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obtaining design criteria could be amassed in a relatively short time.
The time required to conduct each experiment would be approximately one
month (Mi = 250%, Mf = 125%). Table 7 shows aeration requirements for
experiments at various depths of dredged material using the 20 x 20 ft.
aeration grid. Table 8 provides a guide to estimating costs for running
such field tests. Thi§ table is based on use of 0.1 ft3/min/ft3~(100
cm3/min/2) and initial and final moisture contents of 250 and 125 per-
cent. Not considered in this estimate are costs for constructing and
maintaining the slurry pits and cost of sampling and making chemical
analyses, etc. In all probability sufficient design criteria could be

obtained by operating the slurry pits for a period of six months or less.
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Table 7

Aeration Requirements of 20- x 20-ft Unit*

Aeration Time Total Airflow Brake

Slurry Depth
ft. Days ft3/min Horsepower
4 27 160 11
6 300 240 | Y
8

33 320 | 23

* Requirements
conditions:

based on use of aeration grid under the following
unit airflow rate = 0.1 ft3/m1'n/ft3 (100 cm3/m1n7£)
initial moisture - = 250% o

final moisture = 125%
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’Tab1e 8

Cost Estimate for Field Testing Program

Using the 20- x 20-ft Aeration Grid*

Slurry Depth Capital Costs, $ Operating Costs,$
ft. Compressor Aeration Grid Power** Labor’

4 3,200 1,000 50 2,000

6 4,800 1,000 90 2,400

8 6,400 1,000 140 2,600

* .
Estimate based on use of aeration grid with unit airflow rate of

0.1 ft3/min/ft3 (100 em3/min/e).
*%

Power Costs = hp x hours of operation at 0.7457
TLabor @ 8 hours per day, $10 per hour.
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CONCLUSIONS

81. It is apparent from the results of the study that diffused
aeration of fine-grained dredged material slurries can hasten moisture
loss. It is also seen from the cost analysis that use of aeration in
the field will entail significant expense. The optimal depth of slurry
is seen to be (Table 7) in the range of 4 to 6 feet at a unit airflow
rate of 0.1 ft3/min/ft3. At these depths the cost is slightly under

$4 pef yd3

of space created. Although this cost seems rather high,
aeration dewatering and subsequent additional volume gained at the site
may be an economically feasible alternative to purchase or lease of
new land.

82. Through the conduct of this investigation,it is concluded
that aeration can form.a useful portion of an overall dredge site manage-
ment strategy. Aeration should not be applied to all dredged material
disposal sites nor should it be applied over an entire disposal area.
For this reason the cost anélysis was made assuming the use of a custom-
made portable grid. The aeration devices are envisioned as items of
movable equipment which can be stationed at particular areas containing
the highest fraction of fine-grained material. Also, aeration is most
applicable in that range of moisture content from approximately 250 to
125 percent. Surface draining can be better employed at moisture
contents greater than 250 percent and air piping or chimneys develop
at moisture contents of approximately 125 percent. Also at the lower

moisture content, the material behaves more 1like soil than slurry and

is more amenable to working by conventional earthmoving equipment.
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APPENDIX A : NOTATION

BOD5 Biochemical oxygen demand exerted in the standard 5-day
period of incubation.

BOD5$ Five-day BOD due to soluble organic materials in the sample

BOD5t Five-day BOD due to total organic (soluble and particulate)
materials in the samples.

COoD Chemical oxygen demand

CODs Soluble COD

CODt Total COD

E ~ Efficiency .

e Evaporation ratio

Hi Initial slurry depth, ft

Mf Final moisture content, percent

Mi Initial moisture content, percent

n A constant used in equation 3. n = 0.283 for air

P1 ‘ Absolute inlet pressure, psia

P2 Absolute outlet pressure, psia

Q Airflow rate, cm3/min

Qu Unit airflow rate, cm3/min/1

R Gas constant (53.5)

T Absolute inlet temperature, R

t Time, days

W

Weight flow of air
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