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FOREWORD

This study was conducted as one of the sub-studies to the Leng Range Spoil Study.
This investigation centers on the development of a more effective dredging plant that will
be able to operate at acceptable costs when employed over long haul distance. The over-
all study was conceived and initiated by the former Philadelphia District Engineer, Brig.
General W. W. Watkin, who had been directed to such an effort by the Chief of Engineers.
The Project Manager for the Sub-Study was Mr. Adolph Mohr, P.E. who had assistance
from Mr. Lewis Caccese, P.E.

The “‘Long Range Spoil Disposal Study’’ consists of seven parts which are listed
below. Part I which is “General Data on the Delaware River’’ contains detailed back-
ground data which is pertinent to this report. This report is Part IV of the overall study.

The study is divided as follows:

PART I - GENERAL DATA ON THE DELAWARE RIVER fumishes the information
and data on the Delaware River which is pertinent to the entire study.

PART II - SUB-STUDY 1, SHORT RANGE SOLUTION evaluates the remaining dis-
posal area capacity in terms of its remaining life, and to recommend any further desirable
and acceptable disposal area developments.

PART III - SUB-STUDY 2, NATURE, SOURCE, AND CAUSE OF THE SHOAL de-
velops in depth the basic data as to the nature of the Delaware River shoals, their sources,
and their causes. It is hoped that this knowledge may reveal new concepts for the better
control of shoals.

PART IV - SUB-STUDY 3, DEVELOPMENT OF NEW DREDGING EQUIPMENT
AND TECHNIQUE identifies the best in dredging plan and dredging technique for Dela-
ware River dredging maintenance tasks now and in the future.

PART V - SUB-STUDY 4, PUMPING THROUGH LONG LINES examines the merits
of transporting dredged materials many miles through pipelines.

PART VI - SUB-STUDY S, IN-RIVER TRAINING WORK determines the potential
of training works for control of shoaling. It involves considerable model testing.

PART VII - SUB-STUDY 6, DELLAWARE RIVER ANCHOR AGES considers the effect

of man-made anchorage on shoaling problems and the merits of alternate solutions.
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SUMMARY

This report has looked at the evolution of the existing dredging practice employed
on the Delaware River by the Philadelphia District of the Comps of Engineers. The existing
dredging practice is based on finding disposal areas within about S5 miles of the shoal
areas. The need for modification on the present method is foreseen because the availability
of such disposal areas is disappearing. With the apparent requirement of longhaul distances
the hopper dredge system, presently used, would become very costly. This report suggests
dredging equipment to cope with the future problems. The conclusions drawn in the report
are not to be interpreted as the optimum system However, the scheme that is presented
does represent the best system for long hauls on the Delaware R iver within present knowl-
edge and experience. It is the District’s intention to continue experiments, investigate
new ideas and methods, and improve both existing dredging techniques as well as those of

the future.
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I. INTRODUCTION

BACKGROUND

The Delaware River, and particular-
ly the Philadelphia Port Area, supports a
major port complex, Over 100,000,000 tons
of waterborne commerce move each year
through the Port of Philadelphia. This
commerce relies, in large part, on the
man-made 40 foot channel from the natural
deep water in Delaware Bay to Fairless,
Pa. The U.S. Steel Plant located at Fair-
less, Pa. 1is dependent upon waterborne
ore and is 133 miles upstream of the
point at which the Delaware River joins
the Atlantic Ocean. It is interesting that
the man-made 40 foot channel replaces the
natural controlling depths of 17 feet to
Philadelphia and then 3 feet to Fairless
which existed in the early 19th Century.

Maintenance of the 40 foot deep
channel requires constant dredging. Over
10,000,000 cubic yards of material are
dredged annually outof the Delaware River
and its tributaries to support commerce.
7,000,000 to 8,000,000 are dredged from the
40 foot channel and associated anchorage
and placed ashore each and every year. A
characteristic of the dredging in the Dela-
ware River is that, for the most part, the
shoaling and the subsequent dredging
takes place in repetitive locations and at
reasonably predictable rates.

The most significant shoaling areas
are: Marcus Hook, Pa.; Philadelphia, Pa.;
and New Castle, Delaware. These areas
represent the majority of the dredging re-
quired to maintain the Port of Philadel-
phia. It is apparent that any better ap-
proaches to the dredging and spoil dis-
posal problems in these areas will have
relevance to the dredging work in the en-
tire river.

1

Since the shoaling occurs primarily
at specific locations, disposal areas for
the dredged spoil in these vicinities are
of key importance. The supply of disposal
areas in these crtical areas is severely
limited because of past use of the most
desirable areas and the physical develop-
mentof the remaining areas. Plate 1 shows
the most significant shoaling areas of
the river and the related disposal areas.

REASON FOR THIS STUDY

Since shoaling occurs ac specific
locations the available disposal areas
wi thin the range of economical dredge haul
have been, or are being, consumed. In the
Delaware River, where hopper dredges
pump to overflow only, the limit of economi-
cal hopper dredge haul generally is S to 7
miles. It can be noted that this S to 7 mile
limit exceeds by far the normal capability
of a pipe line dredge. Accepting thac all
disposal areas within a S to 7 mile radius
from the repetitive shoal areas will one
day be consumed, it then follows that the
dredged material must be transported
greater distances to arrive at areas where
disposal area capacity may be developed.
It is evident that the closest location
where a practically limitless potential for
the disposal of dredged material exists is
the low land areas which surround Delaware
Bay and in disposal areas which may be
created in the waters of Delaware Bay it-
self. This indicates that dredged material
may have to be hauled up to 50 miles at
some date in the future.

OF STUDY

The object of this study is to ex-

amine present dredging technology for the E L/
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purpose of selecting, improving, or con-
ceiving better equipment and technique
for maintaining the Delaware River Chan-

nel under the future situation where dredged
material will need to be transported long
distances (25-50 miles).

.

Il. CHANGES IN DREDGING TECHNIQUES

RECENT DREDGING EXPERIENCE

In 1954 the Corps of Engineers be-
came more stringent in dredging techniques.
Since that time there has been a particular-
ly steady increase in the consumption of
disposal areas. It was in 1954 that the
Sump Rehandling system, seen in Fig. 1,
of channel dredging was insticuted. This
system emphasized the positive retention
and disposal ashore of all mrticles which
were picked up in the dredging process.
Hopper dredges unloaded their haul into
the Sump Rehandler which was a vessel
designed to store and pump the mixture
ashore. Similar emphasis to prevent the
loss of fines was placed on contractor
and private dredging operation in the river.
For example, enclosed rehandling basins
became obligatory for rehandling. The
stringent practices were instituted be-
cause the prior dredging practice, which
permitted hopper dredges to pump beyond
overflow, rehandling of dredged material
in open waters and free dumping, were
compounding the maintenance dredging
problem. The fine grained materials which
form the shoals were frequently being re-
turned as a colloidal suspension for sub-
sequent floccing, shoaling and redredging.
In addition, the fine agitated particles
were creating massive clouds of light
weight material which was suspended
along the river bottom as a layer of “fluff".
This material was detrimental and danger~
ous to navigation and frustrating to dredge

B il

or capture because of its fluid nature.
Also, it created deceptive double bottoms
on fathometer rolls.

In March 1963 the Sump Rehandler
system of dredging was supplanted by the
direct pump out hopper dredge. (Fig. 2)
In the latter technique the hopper dredge
obtains its load while pumping only to
overflow. The dredge then transports the
load to an appropriate location where it
pumps its material into a pipe line which
terminates in the disposal area.. By this
method each particle that has been dredged
reaches the disposal area. This technique
is an improvement over the Sump Rehandler
technique in that the intermediate Sump
Rehandler has been eliminated while the
characteristic of retention of all fines and
other ecasily suspended particles is sus-
tained.

The efficacy of a dredging system
which emphasizes the positive retention
and disposal of all dredged particles is
presented in che publication ““The Direct
Pump Out System’’, issued by the Phila-
delphia District of the North Atlantic Di-
vision in March of 1964. Pertinent quota-
tions therefrom are:

BOTTOM DUMPING

““Prior to December 1954, removal
was accomplished by hydraulically dredg-
ing material into hoppers, hauling it to deep

P TP ST, [ ket B R W
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Fig. 1. Sump Rehandling System.

water either adjacent to the channel, or to
the sea, or previously excavated rehandling
basins close to disposal areas and then
dumping the spoil through doors in the bot-
tom of the hoppers. The rehandling basins
were 150 feet long and 500 feet in width
and were excavated to a depth of 35 feet.
From these rehandling basins, a pipeline
dredge pumped the material into the near-

’

by disposal areas.’

“The bottom material comprising
recurring shoals in the lower portion of the
Delaware River is a light silt, about 1266
grams per liter in density, with approximate-
ly 90 per cent by weight of the solid grains
finer than .06 mm in diameter. The reten-
tion of such material in rehandling basins
presented a problem. As much of the finer
material was carried away by river currents
and thus returned to the channel, only the
coarser material was actually removed. The

finer materials so returned, plus those re-
sulting from free dumping. formed shifting
shoals of light material and caused the re-
cording of a layer of “fluff'’’ or “‘double

'

bottom’' by echo sounders. The shifting
shoals were detrimental to navigation and
difficult to remove. It was also noted that,
on the average, there was dredged each
year three times the estimated amount of
shoal material entering the estuary without
a corresponding improvement in the condi-
tion of the channel. The year 1951 may be
used as an example of this type of opera-
tion. A total of 25,600,000 bin yards were
dredged during 1951 by use of hopper
dredges. Of this total, 14,300,000 were free
dumped in the estuary and the balance was
dumped into rehandling basins. Of the
11,300,000 yards dumped for rehandling,
only, 5,900,000 yards (52%) actually were
placed ashore, 5,400,000 yards (48%) were
returned to the estuary as a loss from the
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Fig. 2. Direct Pump Out System

77% of

the total material dredged was permitted

rehandling process. In other words,

to remain in the estuary; 14,300,000 yards
by free dumping and 5,400,000 yards by re-
handling loss.”’

“lt  was obvious that bottom
dumping into rehandling basins was not
effecting a permanent removal of dredged
material. [t must be noted, however, that
the method of rehandling spoil by dump-
ing into open water basins has merit when
the material is heavy and consists of rela-
tively coarse grains that readily settle
after dumping and are not significanty
affected by prevailing currents. Prior to
sump rehandling, 22 Hopper Dredge months
per year together with full time use of
several pipeline dredges were necessary
to handle nearly 25 million yards being
dredged annually. Subsequent to the sys-
only 10 hopper dredge

-

months per year were needed to handle 7.5

tem's initiation,

million vards being dredged annually. Ob-
viously, the Sump Rehandler System, with
its positive retention feature, reduced the
dredging effort onc-half and, at the same

vy

time, produced a better channel
NATURE OF DELAWARE RIVER SHOALING

An understanding of the nature of
the material dredged inthe Delaware River
and the local shoaling process is of value
in conceiving dredging plantsand dredging
techniques. Almost one half of the main-
tenance dredging in the Delaware River
is done at Marcus Hook Range. Detailed
sampling of this shoal was done by Phila-
delphia Districtin 1967. The samples were
analyzed in the South Adantic Division
[.aboratory of the Corps of Engineers.

This testing program revealed that

approximately 10% of the solids in the

shoal were organic when measured by
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weight, The 90% of inert matter remaining
was composed of particles which had a
size where 99% of them passed the 200
mesh screen and approximately 30% were
finer than .001 millimeters in size. The
gradation curve of one of these samples
is shown in Figure 3. These analyses
manifest the nature of the material to be
dredged. The 10% of organic materials con-
tribute more than 10% of the volume of
each shoal because the organics have a
lesser specific gravity than the inert mat-
ter. The settling rates of the organic ma-
terials and of the inert matters, because
of their fineness, are obviously extremely
slow. This fine material is generally read-
ily transported by the moving water until
it arrives at a location where the river has
environmental characteristics of pH, cur-
rent, etc. supporting flocculation which
causes the settling for shoaling. These

cur repetitively at specific locations in
the Delaware River. The bulk of the main-
tenance dredging material encountered
in the Delaware River exhibits the same
characteristics.

In the foregoing lies the explanation
as to why it has been found beneficial to
emphasize positive retention of particles
which are dredged; to avoid agitation
dredging; to limit hopper dredging to over-
flow only; to enclose rehandling basins;
and to insist on enclosed disposal areas
with firm waste weir controls. [t is be-
lieved that the dredging process will, by
agitation, break down the floc or aggre-
gation of particles and will resuspend the
fine particles to renew the cycle of sus-
pension, floccing, and shoaling whenever
particles are permitted to re-enter the

characteristics explain why the shoals oc- waterway.
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Another significant characteristic
of shoaling in the Delaware River is that
there is a null point in the Delaware River
near the lower end of Artificial Island
(about 52 miles above the mouth of the
river, see plate 1). Below this point for
some distance, believed to be at least to
mile 11, bottom flood tide currents pre-
dominate over ebb tde currents. Since
most of matertal in transport is carried
along the bottom, this arca betweern mile
S2 and mile 41 forms an effecuve barrier
to the transport of solids to Delaware Bay
or the Sea Conscquently, agitation of
shoal material results in merely a redis-
tribution  of particles in the waterway
probably depositing 1n a repetitive shoal
arca) and 1s not an effective meihod for
removing  matertal  and  for maintaining
the waterway. The effectiveness of this
natural tlow barrter in elininating the
transport of particles downstream to be-
low Artfictal Island., and the fact that
dredging methods which agitate but do
not  positively capture and dispose ot

dredged material, are significant tactors

Il. CONSIDERATIONS

DELAWARE RIVER MAINTENANCE DREDGING

In view of the foregoing, this study
is designed to produce the best concept
for dredging the shoal materials in the
Delaware River when nearby (S to 10
miles) shore disposal areas are no longer
avatlable and dredged material may have
to be transported 25 to 50 miles prior to
disposal. Obviously, a condition of any
dredging scheme is that pumping beyond
overflow, as 1s frequently done to increase

the quantity of solids in a load, will not

6

in dredging in the Delaware River. This
is substantiated by the Delaware Dredging
history. In the years prior o Sump Re-
handler an average of 3,000,000 cubic
vards of material were being dredged an-
nually  from this barrter area which is
known as Liston Range. Since the Sump
Rehandler, or positive retention has been
in vogue, no shoaling takes place in this
arca and no dredging is required. A more
detatled description of the nature of the
shoal material and the shoaling processes
i1s contained in the report on Sub Study
No. 2 which discusses these matters in
more detatl. The foregoing discussion on
the character and nature of the shoaling
matertal, the shoaling process, and the
dredging  technique 1s 0 establish the
destrability  and need for insisting that
future dredging plant for the Delaware
River be conceived on the basis that first,
no agitation dredging such as pumping
into hoppers bevond overflow will be per-
mitted and. sccond. that material once
dredged shall be disposed of in a positive

manner.

INA CONCEPT FOR

be  permitted. This prohibition exists to
avord the turbidity, pollution, the creation
of new scattered shoals, and the degrada-
tion of the river caused by the fine grained
materials which are pumped overboard in

the overflow.
INI'TTAL. EVALUATION

In approaching this development

the most knowledgeable dredging personnel
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Fig. 4. Endless Chain

in the District were assembled to suggest
and appraise the possibilities of all sug-
gested schemes. The endless chain bucket
as a machine to obtain undiluted shoal
material  was extensively considered.
(Figure 4) Propulsion of an endless chain
bucket over the long (5,000 ft.) shallow
shoals (2-1 feet) which are encountered
in maintenance dredging was the major
consideration. [t was anticipated that the
working buckets would develop a high
horizontal force on the self propelled
dredge making such operation unrealistic.
There was a general concern that pulling
the endless chain dredge on a system of
anchors would be unwieldy since there
would be many movements of anchors as
shallow shoals are to be removed rather
than deep banks to be cut. Other concerns
were that the channel would be blocked
by anchors, and there would be a tendency
for the dredge to get displaced in the cut
by its own digging or by currents, winds,

—

Bucket Dredge.

ctc. The following approaches also were

considered:

1) A scheme whereby the bucket
would bite into the cut and pull itself
along such as exists in trench digging

machines.

(2) Use of walking spuds or some-

thing similar to the tracks on a bull dozer.

(3) Use of spud barges ahead and
aft of the dredge so that the dredge would
move by pulling against the spud barge.

4) Use of a clamshell bucket
dredge.

After  consideration, the above
schemes were largely discarded and the
opinion prevailed that the development of
a self propelled hydraulic dredge de-
signed especially for the Delaware River

g -




problem offered the most promise at the

time. The efficiency of such a dredge,
despite the projected long haul distances,
would be related almost directly to the
density of mixtures to be hauled. It was
recognized that current hopper dredging
techniques when pumping to overflow only
provide mixtures which are about one half
shoal material and one half water. With
this in mind many methods and devices
were considered for improving densitics

of dredged effluent.

Gravity Precipitation - Swdies were made

to determine the efficacy of improving
densities of dredged loads by permitting
materials to settle. It was found for the
fine material s encountered inthe Delaware
River that in some instances the wop 173
of a hopper load of material would clear
up due to settling of solids in an 8-hour
period while in most instances litde if
any  sceelemene  occurred.  Sewtling of
dredged material usually encountered in
maintenance dredging only occurred when
it had a density of about 1060 grams/liter
or less. Efficienty dredged material should
customarily exceed this density. Appendix
A covers the details of this study. It was
concluded that this concept offers no

promise for improving bin densities.

Chemical Precipitation - A series of field

trips to dredges and investigations werc
made by Dow Chemical Co., Rohm and
Haas Company, Drew Chemical Co. and
Rutgers University with a view towards
accelerating the sedimentation of dredged
mixtures by chemical precipitants, floc-
culating agents or ion exchange. The
subject was approached with considerable
enthusiasm by cach of these participants
since they recognized the great benefits

resulting from improvement in dredging

programs which spend millions of dollars
annually. In each instance interested ex-
pert chemists from these chemical firms
were involved. Tests were performed on
samples inthelaboratory and on the dredge
itself. The common conclusion of all the
aforementioned was that the innate density
of the dredged mixture exceeded that den-
sity at which chemical agents or cacalysts
could be ¢ffective. In other words the con-
clusion was that chemical precipitants,
flocculating agents, or ion exchange did
not offer any expectation of success. This
confirms similar investigations performed
by the Philadelphia District in 1958.

Hydroclone - Engincers associated with
hydraulic dredging operations have always
sought a means to separate the solids from
the water in a dredged mixture. Considera-
tion has frequently been given to the capa-
bility of a centrifuge in accomplishing this.
Such considerations have always concluded
that the masses of material handled in a
dredging process (30,000 gallons/per min.
from onc¢ 30" pump) make such a scpara-
tion tmpracticable. The size of equipment
and amount of energy required to attain
the separation of a fine grained suspended
mud from the water-mud mixture becomes

intolerable.

The office of Engineering Research
at Oklahoma State University has done
considerable work with Hydroclone Sepa-
rators. The Hydroclone employs high
acceleration forces to achieve separation
of heterogencous mixtures as happens in
centrifuges. High efficiencies are claimed
for the Hydroclone Separator. In view of
this, correspondence was conducted with
Oklahoma State University to determine
the applicability of the Hydroclone to the
dredging process.

o




Consideration of their information
confirmed that the Hydroclone Separator
did not offer a practical device for separa-
ting solids from water in dredged mixture
aboard a dredge. It was evident that, as
in the centrifuge, the mass of material to
be handled is so great as to make such an
approach impractical.

Consideration of European Methods - Sev-

eral discussions were held with BOS EN
KALIS, and a visit to Europe was made
by Mr. Adolph Mohr of the Philadelphia
District to determine what techniques and
knowledge was existing elsewhere which
might be applicable to our problems. In
general, knowledge was obrained but no
techniques or equipment specifically di-
rected towards a problem similar to the
Delaware River Problem was uncovered.
A more detailed report on the European

visit is contained in Appendix B.

Effect of Submerged Pump and Related

Matters - Hopper Dredges working in the
Delaware River, and Pumping to overflow
only, produce dredged mixtures between
1150 and 1200 grams/liter density. From
work done by Lehigh University and Frank-
lin Institute in their laboratory testing
with a 6'" model pump it was concluded
that densities as high as 1400 grams/liter
should be attainable.The reasons for the
disparity have neverbeen adequately iden-
tified. In the large hopper dredges, work-
ing in mud, a characteristic event is that
the large dredge pump cannot sustain the
continuous pumping of a heavy mixture.
The pump will ‘'choke’ and a raising of
the drags is required to allow more water
to enter. In other instances material just
cannot be pulled from the bottom at “den-
sities'’, which approach the “in situ'’
density. There have been various con-

jectural reasons to explain the limitation
of the modern large and high powered
dredge pump when working in mud. Among
them are cavitation, limited effectiveness
of gas ejectors, excess pump size and
power which overwhelm available mud
supply and therefore demand mixing water,
drag size and configuration, the general
geometry of the assemblage, and the ef-
ficiency of the dragtender. In order to eval-
uate these matters an experimental dredge
(Figure 13) was assembled. Detail s of this
dredge and the testing therewith are con-
tained in Appendix C. This experimental
dredge demonstrated that 1200 gram/liter
mixtures were reliably pumped from the
Delaware River with a submerged 12" pump

mounted on a draghead.

Evaluation of Dredging Schemes - The

most probable schemes by which Delaware
River maintenance dredging might be per-
formed with maceral disposal 25 miles
away were identfied and evaluated. These

schemes are considered to be:

1. Contractor  Operated Bucket
Dredge & Scow

2. Conventional Hopper Dredge
3. Special Delaware River Plant

with separate lLoading, Trans-
porting, and Unloading Plant.

Contractor Operated Bucket Dredge and

Scow - A frequent method of removal and

disposal of material which requires a long
haul is for dredging contractors to load
the material into scows by clamshell or
dipper dredge and to then transport the
material to the disposal location. The
limitations on these operations are:
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I. It is a high cost method. Cur-
rently (1968) the work o remove 200,000
cubic yards from the Schuylkill River and

-

to dispose of 1t 7 miles away costs $1.06
per cubic yard bin measurement. Longer
hauls wiil cost more.

2. There are also significantlosses
in the dumping process, as done by con-
tractors. The dredged matertal is usually
dumped on the river bottom for rehandling
by pumping into a disposal area with a
pipeline dredge. However, the effects of
such losses are related to the location
of the dumping area. This would be an
element of importance in dumping in the
Delaware Bay or Delaware River. It would
be of little consequence in dumping at sca.

3. Reliance on this type of opera-
tion is of concern because of the lack
of competition. All bucket and scow
dredging in the Delaware River is done by
one dredging company without competition.

Convencional Hopper Dredges - Hopper
dredging in the Delaware River pumping

to overflow only with direct pump out
dredges, transports and places the ma-
terta behind banks ashore at a cost of
80.34 per cubic yard of bottom density
material. This was the average cost for
6,245,000 cubic yards in Calendar Year
1968 in which the average one way haul
distance was 3 miles. This was a ypical
year. This cost must be increased by
8.09 per cubic vard for disposal area
maintenance, which includes costs of
banking, real estate, pipe line installa-

tions, €tc.

The above costs are impressively
low for performing dredging work. How-
ever, it can be noted that the key to those
low costs s the ability to maincain dis-
posal areas relatively close to the shoals
so that an average 3 mile one way haul
was achieved. Foresceing that a 3 mile
haul will soon no longer be possible and
a 2Smile one way haul becomes necessary
the $0.34 unit cost per cubic yard will
exceed $1.00 per cubic yard because of
the additional hauling distance.

IV. SPECIAL DELAWARE RIVER PLANT
WITH SEPARATE LOADING, TRANSPORTING,
AND UNLOADING PLANT

This plant is envisioned as incor-
porating all the knowledge gained from the
experimental dredge and would be designed
and sized particularly for Delaware River
maintenance. This scheme is discussed
below in considerable detail since it is
believed to be promising for development
for the Delaware River. Figure 5 is an

artist's concept of the entire operation.

DESCRIPTION

This scheme utilizes one new type
dredge, a fleet of barges pushed by tugs,
one special unloading unit at a distant
disposal arca, and two motor tenders. The
self-propelled dredge would operate in the
dredging arca and pump material from the
shoal into hopper barges along its sides.




The barges would be pushed by tugs to a
disposal area in the Delaware Bay where
they would be hydraulically unloaded and
then returned. This operating cycle con-
sists of dredging, unloading and two haul-
ing phases, or a total of four phases. To
assure maximum continuity of operations,
all components should be sized to result
in 100 percent operating time when the
mean one way hauling distance of 25 miles
anticipated for the future between dredging
area and disposal site exists. Assuming
that a tug-barge team proceeds at a mean
speed of eight statute miles per hour
(seven knots), this di stance would require
a travel time of three hours. This time
interval constitutes the duration of one
phase.

Since this scheme is designed sole-
ly for the Delaware River, there are sim-
plifications which can be of benefit. For
instance, all plant would be designed to a
one compartment standard. There would be
three eight-hour shifts for seven-day oper-
ation. Because it will be limited to river
operations, this dredge would not require
personnel licensed for ocean navigation
and it would not be equipped with quarters
or mess facilities. This plant would be
designed to the same standards as con-
tractor’s plant.

All equipment would be industry or
manufacturer’s standard asfar as possible.
This would include material handling and
jetting water pumps, all dredge piping
(which should be specified by outside
diameter), and tugs required. The design
of the dredge, the unloading unit, and the
barges would be special.

SPECIAL DREDGE

A sketch, outlining the special

12

dredge is shown in Figure 6. This dredge
would be of catamaran design with a pro-
pulsion system similar to that installed
in modern ferries or four vertical shaft
Voith-Schneider propellers or four out-
board motor type (in wells) propellers.
Two dragarms would be installed at the
centerline of the dredge, one pointing
fore, the other aft. The trailing dragarm
would be used for dredging, while the
forward dragarm would be in the raised
position. This arrangement avoids turning
at the end of each cut. The design and
size of the two dredging assemblages
would reflect on the best configuration
found in the testing program described
in Appendix C. Each dragarm is to be
rigid throughout its length with the dredge
pump adjacent to the draghead with the
driving motor at the upper end of the lad-
der. Both dredge pumps would discharge
into a common short piece of vertical pipe
and branch from there to the distribution
pipe on each side of the barge. It is en-
visioned that the sy stem will work without
any valves, by installing a control flap in
the “Y"" connection into the vertical pipe.
The flow into the barges would be con-
trolled by raising or lowering the distribu-
tion pipes. That is, if flow into one barge
is desired, the distribution pipe on the
other side will be raised until its outflow
ceases.

Each dragarm hoist should be e-
quipped with a drag controller. The con-
troller would hold the draghead in the po-
sition in or on the shoal at which best
production is attained.

HOPPER BARGES

The hopper barges would be alike
and have neither power nor an assigned
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crew. They would have one hopper of
trapezpodal cross section without dis-
tribution, bottom dumping or overflow
systems. (The distribution pipes sus-
pended from the dredge are believed to
suffice.) Barges which are standing by
the dredge, would be secured to anchored
buoys to avoid the handling of anchors on
the barges.

UNLOADING UNIT

The unloading unit would consist
of a barge (existing Mooring Buarge =]
could be utilized for this purpose) perma
nently moored in a sheltered arca off the
disposal area. It would be equipped with
a hydraulic hopper unloading factlity. This
facility would consist of a single material
handling pump, plus a standby pump, which
will pump the spoil from the barges through
the unlo ading arm (reaching into the hopper
barges) through submerged and shore pip-
ing into the disposal area. A water jetting
system would be instailed to aid in dis
lodging the material in the honper barges.
It would consist of ajetting pump furnt sh-
ing water to a single jetting nozzle mounted
on the unloading arm. This nozze would
be so installed that its stream could be
directed sideways and fore and att. The
discharge from the jetting pump would
also be used to prime the unloading pump.
The hopper barges would be moored to

| the sheltered side of the larger unloading
barge. Their handling would be facilitated
by a series of dolphins (in line with the
side of the unioading barge) connected
with a walkway and a cable hauling sys-

l tem. The latter would pull the hopper
| barges alongside the unloading barge and
control the advance of the hopper barges
under the unloading arms. Equipment of
’

this type was observed at a Bos en Kalis

installation in Holland. However, one
significantdifference between the proposed
installation and that observed in Holland
would be the absence of a concentrating
hopper on the unloading barge. Because of
the fineness of the material encountered in
Delaware River Maintenance and the rela-
tively short discharge line it is considered
that this hopper is unnecessary and the
material may be pumped directly into the

disposal area.
TUGS

The tugs wouldbest be of the pusher
type. They would pick up the loaded barges
trom the dredge and, ora nearby anchorage,
and deliver them to one side of the unload-
ing barge. Thereafter, they would pick up
empty barges and return them to the dredge
or a nearby anchorage. It 1s believed that
the tug service of hauling the barges can

best be obtained by contract.
TENDERS

The motor tenders would bring per
sonnel to and from the dredge and the un-
loading barge and handle the hopper barges
in the vicinity of these units. These are
envisioned as craft of about 60 feet in

length with several hundred horsepower.
COMPONENT SIZING

The dredge pump size can be arrived
at by assuming 7,000,000 cubic yards of
material which averages 1290 grams/liter
will be removed annually, and that it will
be dredged withan average mixture density
of 1175 grams/liter flowing at 10 feet/sec.
The dredge will operate 7,000 hours per
year. Then, the annual effluent volume =
7,000,000 x (1290 - 1000)/(1175 - 1000) =
11,600,000 cubic yards
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The required dredge pump size becomes

(11,600,000 x 27)/(7,000 x 3,600 x 10) =
1.24 square feet or 16 inches in diameter.

There exists no precise method to
determine the size of the unloading pumps.
They should, however, be larger than the
dredge pumps because:

a. The material in the barges has
settled out, requiring some dilution water
for the heavier part of the load, thus in-
creasing the volume to be handled.

b. The barges haveto be cleaned
with water, thus increasing the volume to

be handled and decreasing the effective
pumping time.

c. Barges have to be shifted one
at a time, thus reducing the effective
pumping time.

d. The material handling pumps
have to be primed with water, thus increas-
ing the volume to be handled and de-
creasing the effective pumping time.

Because of the foregoing, it is be-
lieved advisable to make the unloading
pumps one size larger than the dredge pumps
and size the jetting pump somewhat larger
than che difference in capacity between
the dredge pumps and the unloading pumps.

The size and number of the hopper
barges depends on the quantity dredged
per hour, the hauling time, the largest barge
size the dredge can effectively propel, and
the maximum permissible widthof the barge.
The latter depends on the maximum hopper

15

width and the maximum widchof the dredge-
barge team.

Several combinations of barge num-
bers, sizes and shapes indicate that twelve
identical barges of 2,500 cubic yards capa-
city each, operating in pairs, seems to be
the optimum solution.

With this barge size, it would take
the dredge and the unloading unit three
hours to load and unload a barge pair
respectively. The mean running time was
also assumed with three hours in the fore-
going. If this running time was never ex-
ceeded, only four barge pairs or eight
barges would be required. However, since
running times vary with the loading condi-
tion of the barges, the direction of the cur-
rent and the weather, two more barge pairs
are added to provide a*‘buffer,’’ increasing
the total number of barge pairs to six,
that is twelve barges. This arrangement
would also permit a third hired tug to join
operations when hauling distances appre-
ciably exceed the 25-mile mean distance
between dredging area and disposal site
discussed in the Introduction. Conversely,
one tug and fewer barges would be used
when hauling distances become appreciably
shorter.

It is believed that the barge size es-
tablished in the foregoing is the maximum
the dredge can effectively handle. This
implies that an average barge traveling
speed lower than the eight statute miles
per hour assumed in the foregoing, or a
six or five-day work week would require
more and smaller barges of larger total
capacity. In this case, the dredge would
load two barge pairs for each tug to trans-
port.




EQUIPMENT AND UNIT MATERIAL COST
(Based on 1968 cost levels)

Assume the procurement costs for
the equipment described in the foregoing as
follows: (It is assumed that barging of
loaded tugs will be obtained by contract
arrangement. The cost of this service has
been estimated in consultation with com-
mercial tug operators)

Twelve hopper barges $4,800,000

One Special Dredge 3,500,000

One special Unloading unit

and piping (Assume modified

Mooring Barge MB-1) 500,000

Two motor tenders 400,000
Total Procurement Cost $9,200,000

Based on an economic life of
thirty years for this equipment, the yearly
(straight line) amortization cost is

8 307,000
—rt s

Assume these personnel require-
ments (The factor 1.6 accounts for seven-
day operation and vacation):

Twelve hopper barges

No personnel
One special dredge

1 x 3 shifts x 6 men x 1.6 = 29 men
One special unloading unit

1 x 3 shitts x 3 men x 1.6 = 15 men
Two motor tenders

2 x 3 shifts x 2 men x 1.6 = 20 men
Supervision, administration,

and repair crew 9 men

73 men

Based on an
salary of $8,000, the

average yearly
yearly personnel

cost is $584,000
Fuel Cost $ 100,000
Tug Rental 330 days $ 858,000

(2 tugs x $1300 each)
Assume all other yearly costs
such as repair, maintenance, small tools,

erc. to amount to 500,000

The net total yearly cost is  §2,349,000
Allowing 10 per cent
contingencies 235,000

Total yearlv cost is $2,584,000

Based on a yearly production of
7,000,000 cubic yards of in situ material,
the unit cost with this scheme amounts to
§2,584,000/7,000,000

80.37 per cubic yard without disposal area

cubic yards, or

costs and based on a 25 mile haul.

It is of interest to note, that this
unit cost approximately equals that for
the COMBER rchandling Delaware River
material on an average 3 mile haul. The
new system outlined above would obvious-
lyresultinalesser unit costif permanently
employed on such short hauls. It is as-
sumed that only 8 barges and one rtug
would be required in this case. This
would reduce the unit cost to $0.29 per
cubic yard without disposal area costs.




V. CONCLUSIONS

From examination of all work done
on this Sub-Study through 31 December
1968 the following conclusions are made:

1. If there is any decision in the
near future to produce a new dredging plant
for Delaware River the plant should be of
the nature described inthis report, namely,
the plant should be of the self propelled
hydraulic dredge type; it should have sub-
merged pumps; the digging, transporting,
and unloading units should be separate;
and facilicies for furnishing of subsistence
and quarters will not be required. Such
plant should produce dredging and disposal,
even with 20-25 mile hauls, at a unit price
in the general area of what is done with
present plant for a 3 mile haul.

2. Significant benefits can be
achieved from dredging plant specially de-
signed for the Delaware River. From this
it follows that when requirements exist
for another hopper dredge in the Corps of
Engineers, that it will be advantageous to
make the Comber available for those re-
quirements; and a new special plant be
constructed for maintenance dredging in
the Delaware River. This should provide
benefits of approximately $560,000 per
year in maintenance dredging cost on the
Delaware River; it also will make another
hopper dredge available for work for an
approximate investment of $9,200,000 for
new Delaware River dredging plant, where-
as, the approximate cost of a new hopper

dredge 1s $15,000,000; a saving in invest-
ment of $5,800,000.

3. This investigation has con-

cluded thac the best present conception of
improved plant for Delaware River mainte-
nance work is a sclf-propelled hydraulic
dredge with separate loading, transporting
and unloading units. It is not contended
that this conception can not be improved
upon through further knowledge, exper-
ience, and imagination. For example, the
advantages of loading with an endless
chain bucker, or a clamshell bucket, are
significant. Such machines can best gather
material at its “‘in situ’’ density. The
problem of advancing such machines over
a cut of relatively shallow depth at a suf-
ficient rate to attain required dredging
rates has not been resolved. Although the
studies in connection with this report did
not find a solution to this problem it never-
theless 1s believed such an inquiry should
be continued as the advantages of a self
propelled mechanical dredge for dredging
mud shoals might be significant.
i. A conclusion of this study
was that the limitation on hydraulic dredg-
ing of mud ac "‘in situ’’ density frequently
is the rheological properties of the mud.
The mud will only arrive at the drag ar a
rate which depends on its viscosity. Rec-
ognition of this factor suggests that fur-
ther inquiry into means of affecting the
rheological properties of mud are war-
ranted and should be investigated in the
future.
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APPENDIX A

GRAVITY PRECIPITATION

OF FINE GRAINED
HYDRAULICALLY DREDGED MATERIALS
FROM THE DELAWARE RIVER
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PURPOSE

The purpose of this study was to de-
termine the settling characteristics of the
fine grain ard light weight shoal material
which is dredged in the Delaware River
hydraulically and pumped into the hoppers
of hopper dredges or scows. Such informa-
tion is required to determine whether set-
tling in hoppers is a technique which
will produce significant amount of efflu-
ent reasonably free from fines in a reason-
able amount of time. Such a characteristic
would permit draining of the innocuous
supernatant liquid so that it need not be
hauled to a disposal location.

METHOD OF TESTING

In an effort to determine the rate of
consolidation of dredged material pumped

hydraulically into a hopper bin, a loaded
hopper dredge was allowed to hold the
load for about seven to ten hours while it
lay idle to take on fuel, water, supplies,
etc. These tests began on 2 February 1967
and ended on 26 April 1967 after several
separate loads were sampled.

The tests consisted of sampling of
the hopper load throughout its vertical
each hour thac ic lay idle, and determining
the depth in the hopper at which the den-
sity matched that of the river water. The
rate of consolidation of the hopper load
was determined for the seven to ten-hour
period.

RESULTS OF TESTING

The following table shows the per-
tinent details of the tests:

TABLE
In situ Average Pumping c.y. Slurry

Load Location Density Density of Time to  per pump
No. Dredge of Shoal of Shoal G/L.  Load G/L Load minute

1 GOETHALS  Cherry Is. 1290 1048 18 279

2. COMBER Marcus Hook 1270 1059 12 272

A COMBER Deepwt. Prt. 1300 [110 16 211

4. COMBER New Castle 1300 1123 14 236

5. COMBER New Castle 1300 1104 13 255

6. COMBER Marcus Hook 1270 1134 25 135

The attached Figures 7 chrough 12
show che testing data for each hopper load

tested. Figure 3, Page 5 of the main text,
shows a sample gradation curve of shoal

material.
CONCLUSIONS

Significant amount of free water was
only released in periods up to 8-hours
when the loads in the hoppers consisted
of low densities: that is where the den-

sities were 1060 grams or less. This oc-
curred in loads Nos. 1 & 2. Loads 3, 4.
S & 6 which were better loads did not re-
lease any significant amount of free water
in an 8-hour period.

This testing confirmed results of
similar testing made in 1947 from which
it was concluded that gravitational set-
tling of hydraulically dredged fine grained
material in dredge bins or scows is not
economically feasible.
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Fig. 8. Consolidation of Hopper Load, Marcus Hook.
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Deepwater Point,

9. Consohidation of Hopper Load,

Fig.
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