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ISSUE: The navigation mission of the Corps
of Engineers entails maintenance dredging of
about 40,000 km of navigable channels at an
annual cost of about $400 million. Deficiencies
in the dredging program have been documented
by the Cops field operating Division and Dis-
trict offices. Implementation of Dredging Re-
search Program (DRP) to meet demands of
changing conditions related to dredging activi-
ties, and the generation of significant technol-
ogy that will be adopted by all dredging inter-
ests, are means to reduce the cost of dredging
the Nation’s waterways and harbors and save:
taxpayer dollars.

RESEARCH: Investigations conducted under
DRP Technical Report Area 3, “Dredge Plant
Equipment and Systems Processes,” developed
new technologies and enhanced existing dredge
systems to achieve economic load during
dredging operations. Improvements included
more effective eductors and a single-point
mooring system for direct pumpout of hopper
dredges onto beaches. Technology for dredge
production and process monitoring was im-
proved, and designs for hopper-dredge dragheads
were modified to increase production.

SUMMARY: Research conducted under
DRP Technical Area 3 improved the following
equipment, systems, or processes: (a) eductors
with more efficient sand-bypassing features
and water-injection dredging to fluidize shoals
and permit transport by density of natural cur-
rents; (b) dredging equipment for nearshore/
onshore placement, including a direct pumpout
capability for hopper dredges; (c) technology
for monitoring and increasing dredge payloads
for fine-grain sediments, including an auto-
mated load monitoring system and an electrical
resistivity method; and (d) draghead desigin
enhancements for more efficient production,
including water jets and blades to loosen
compacted sediments.

AVAILABILITY OF REPORT: The report
is available through the Interlibrary Loan
Service from the U.S. Army Engineer Water-
ways Experiment Station (WES) Library, tele-
phone (601) 634-2355. National Technical In-
formation Service (NTIS) report numbers

may be requested from WES Librarians. To
purchase a copy of the report, call NTIS at

(703) 487-4780.
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This report summarizes research conducted by U.S. Army Engineer
Waterways Experiment Station (WES) Dredging Research Program (DRP)
Technical Area 3, “Dredge Plant Equipment and Systems Processes.” The
DRP was sponsored by Headquarters, U.S. Amrmy Corps of Engineers
(HQUSACE). Technical Monitor for Technical Area 3 was Mr. Gerald

Greener, HQUSACE. Chief Technical Monitor for the DRP was Mr. Robert H.
Campbell (retired), HQUSACE.

T‘nis summary report was compiled by Dr Lyndell Z Hales C‘oastai Engi-
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and Evaluation Branch (CSEB), Engineering Development Division (E
Mr. Peter J. Neilans, Coastal Processes Branch (CPB), Research Division
(RD); Mr. Timothy L. Welp, Prototype Measurement and Analysis Branch
(PMAB), EDD; Mr. Darryl D. Bishop, CSEB; and Mr. Gregory L. Williams,
CSEB. Additional supervision was provided by Ms. Joan Pope, Chief, CSEB;
Mr. Bruce A. Ebersole, Chief, CPB; Mr. William L. Preslan, Chief, PMAB;
Mr. Thomas W. Richardson, Chief, EDD; Mr. H. Lee Butler, Chief, RD;

Mr. Charles C. Calhoun, Jr., Assistant Director, CERC; and Dr. James R.

Houston, Director, CERC.

DV
t

Hydraulics Laboratory (HL)--Mr. Stephen H. Scott, Principal Investigator,
Estuarine Engineering Branch (EEB), Estuaries Division (ED); Mr. Glynn E.
Banks, Principal Investigator, EEB; Mr. Noble J. Brogdon (retired), Estuarine
Simulations Branch (ESB); Mr. John A. Ashley, Locks and Conduits Branch
(LCB), Hydraulic Structures Division (HSD); Ms. Angela Scott, EEB;

Mr. Charles Holmes (retired), ESB; Mr. Walter Pankow, Estuarine Processes
Branch (EPB), ED; Mr. Thad C. Pratt, EPB; and Mr. Jeffrey D. Jorgeson,
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Conversion Factors, Non-Si to
Sl Units of Measurement

Non-SI units of measurement used in this report can be converted to SI
(metric) units as follows:

Multiply By To Obtain
cubic feet 0.02831685 cubic meters
cubic yards 0.7645549 cubic meters
fest 0.3048 meters
gallons per minute 63.094578 cubic centimeters per second
horsepower (550 foot-pounds | 745.6999 watts )
(force) per second) -
inches 2.54 centimeters
kips 454.0 Kiiograms
knots (international) 0.514444 meters per second
miles (US nautical) 1.852 kilometers
mites {(US statiite) 1.808347 Kilometers
miles per hour 0.4470 meters per second
pounds (force) 4.448222 newtons
pounds {force) per square 6.894757 kilopascals
inch
tons (force) $08.0 kilograms

yards 0.9144 meters
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This report summarizes research conducted under the Dredging Research
Program (DRP) at the U.S. Army Engineer Waterways Experiment Station
(WES). Under DRP Technical Area 3, “Dredge Plant Equipment and Systems
Processes,” new technologies were developed and existing dredge systems
were enhanced to achieve economic load during hopper-dredging activities.
Improvements include design and field verification of a debris-resistant eductor
for sand bypassing at tidal iniets, the conceptual and recommended design of a

single-point mooring system for direct pumpout of hopper dredges onto the
beach, better technologies for hopper-dredge production and process monitor-
imea and Aacion mAadifAatinmoe tn hanmeae Aesdans Asacshands ¢4 fevneanoa
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“Improved Eductors for Sand Bypassing” developed a debris-resistant DRP
eductor (jet pump) and conducted comparison field tests with this new eductor,
an existing eductor design presently in use at Indian River Inlet, DE, and two
different designs of submersible pumps. The design of a fluidizer system for

injection dredging demonstration was conducted to determine the effectiveness
of this method of fluidizing shoaled sediments and allowing density or natural
currents to transport the material to deeper water regions.

Under “Dredging Equipment for Nearshore/Onshore Placement,” a direct
pumpout (DPO) mooring system was designed so hopper dredges can respond
to national emergencies (such as hurricanes) with the ability to quickly place
sand on the beach as needed. Significant amounts of material dredged by the
Corps could also be used for beneficial purposes such as wetland development
if less-expensive means were available to deliver the material to an appropriate
site. The DPO is transportable by truck, rail, or barge to the assembly site.
Logistics requirements for transportation, deployment, and retrieval were
developed.

L1 . At o Tt o TN A Y O T Y .
1CCIOI0OEY 10T MIONIOTINE dnd HICICdsing Dreuge rdyiodds 10r rie-urdain

Cadimanrta? aralicntad AIFL.cawn hordean e Tamac amAd tmmnlie;mad wlatas ¢4~ Acoiod e
DCUHLITIIL  CVAIUdICU ULLTUdCIS, ITYUTULYCIUILICS, dllu HICLECU pialCd U dddIdL M
nhtainines tha annen~ mwin land Af o hanmnmar Aeadaoa hy inecrancing fina_grain oad:
UULa.ul.llls ulC TLLILIVILIIL 1udau UL a llUl)l}Cl UICUEL DY 1lvitaddillg 11U pialll dCUl-
ment load in the hopper. Economic load is the load in a hopper dredge that
corresponds to the minimum unit dredging cost, and is achieved by often very
inefficient overflowing techniques. An automated load monitoring system



Wheeler for determining the actual vertical density profile in the hopper.

(ALMS) was developed to determine the average density in a dredge hopper
by measuring the level of dredged material in the hopper and the dredge draft.
An electrical resistivity method was developed and installed aboard the dredge

ifications to hopper-dredge
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The U.S. /
dredging o rauon performed in vi
mission entaxls mamtenance and i mnrovement of about 40,000 km o
channels serving about 400 ports, including 130 of the Nation’s 150 larzest
cities. Dredging is a significant method for achieving the Corps’ navigation
mission. The Corps dredges an average annual 230 million cu m of sedimen-
tary material at an annual cost of about $400 million. The Corps also supports

the U.S. Navy’s maintenance and new-work dredging program (McNair 1989).
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Background
Genesis of the Dredging Research Program

Significant changes occurred in the conduct of U.S. dredging operations and
the coordination of such dredging with environmental protection agencies as a
result of the National Env1ronmental Policy Act of 1969. Subsequent Federal

legislation authorized a study of the ability of private contractors to perform
the Nation’s required navigation dredging activities. That study determined

that, from national emergency considerations, only a minimal Federal dredge
fleet was necessary, and the bulk of hopper-dredge activities shifted from the
once large Corps fleet to private sector contract hopper dredges (Hales 1995).

A long period in which the Corps’ dredging activities consisted almost
totally of maintaining existing waterways and harbors changed with passage of
the Water Resources Development Act of 1986. This legislation authorized
major deepening and widening of existing navigation projects to accommodate
modern Navy and merchant vessels. Future changes in dredging are not
expected to be any less dramatic than those which occurred in recent years.
The Corps will continue to be chailenged in pursuing optimal means of per-
com‘l’“ ng i 'ts dredging activities. Implementation of an applied research and

p nt program to meet demands of changing conditions reiated to
dg ing activities and the generauon of significant technology that will
Opt ed by all dredging in are means of reducing the cost of dredging
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Research program

The concept of the Dredging Research Program (DRP) emerged from lead-
ership of Corps of Engineers Headquarters (Navigation and Dredging Division
and Directorate of Research and Development (CERD)) in the mid-1980s
(McNair 1988). It was realized early in the program development that research
should be directed toward addressing documented deficiencies identified by the
primary Corps users, namely the field operating Division and District offices.
Problems identified by the field offices were formulated into specific applied
research work tasks describing objectives, research methodologies, user prod-
ucts, and time/cost schedules. CERD delegated primary responsibility for
developing the DRP to the U.S. Army Engineer Waterways Experiment Station
(WES). The 7-year, $35-million DRP, initiated in FY88, achieved all major
milestones, goals, and objectives scheduled in the program-planning process.

A major DRP objective was the development of equipment, instrumenta-
tion, software, and operational monitoring and management procedures to
reduce the cost of dredging the Nation’s waterways and harbors to a minimum
consistent with Corps mission requirements and environmental responsibility.
The DRP consisted of five technical areas in which many distinct products
were generated and annual and one-time direct and indirect benefits are
quantifiable.

a. Technical Area 1: Analysis of Dredged Materials Disposed in Open
Water.

b. Technical Area 2: Material Properties Related to Navigation and
Dredging.

c. Technical Area 3: Dredge Plant Equipment and Systems Processes.

d. Technical Area 4: Vessel Positioning, Survey Controls, and Dredge
Monitoring Systems.

e. Technical Area 5: Management of Dredging Projects.

Technical Area 3

Objectives of Technical Area 3, "Dredge Plant Equipment and Systems
Processes," included (a) improvement of debris resistance of eductors (jet
pumps) for sand bypassing and evaluation of the concept of water-injection
dredging, (b) conceptual design of a single-point direct pumpout facility for
Corps hopper dredges, (c) improved technologies for hopper-dredge production
and process monitoring, and development of methods to increase hopper-
dredge payloads, and (d) design of modifications to hopper-dredge dragheads
to increase production. Solutions were developed for deficiencies existing in
four major areas of concem pertaining to physical enhancements to dredge-
plant equipment for improving systems processes:

Chapter 1 Introduction



Chapter 1
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b. Dredgine equinment for nearshore/onshore placement

Dredging equipment for nearshore/onshore placement.

L)

Technology for monitoring and increasing dredge payloads for fine-
grain sediments. ’

d. Improved draghead design.
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bvnassine, and (d) investigations of water-iniection dredoine (WID) as a con-

ypassing, and (d) mnvestigations oI water-injection dreaging (wib) as a con

cept for fluidizing sediments for transport by density currents away from the
dredging site, at applicable locations.

Chapter 3 provides conceptual and recommended designs for a single-point
mooring system for direct pumpout (DPO) of Corps hopper dredges (including
the buoy, swivel, floating and underbuoy hoses, and mooring hardware) and
transportation and installation procedures.

Chapter 4 discusses (a) practices and problems associated with economic
loading and overflow of dredge hoppers and scows, (b) results of laboratory
testing of methods to increase hopper dredge payloads, including diffusers,
hydrocyclones, and inclined plates, and (c) results of laboratory and field
investigations of technologies for hopper dredge production and process moni-
toring, such as the automated load monitoring system (ALMS) for determining
average density in a dredge hopper and electrical resistivity methods for
directly determining actual density in the vertical direction in a dredge hopper.

Chapter 5 describes laboratory studies to determine the effectiveness of
water jets, blades, and uniform siot modifications to a hopper dredge draghead

ot A Ao 3 PR, SR |

for increasing dredging production when operating in compacted sediments.
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Eductors and Submersible Pumps
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Improved Eductors for Sand Bypassing

Chapter 2



Chapter 2

Fluidizers are perforated pipes through which water is pumped under pres-
sure and released through orifices, causing the overlying sand to liquify
a_m_i ﬂow down mil elopes toward the eductor or pump. This is method of

is trapoed To complement the eductor research, the DRP also investigated
fluidizer hydraulics to expand the area of eductor influence.

Eductors

Eductors are hydraulic pumps with no moving parts. They operate by
using a supply (motive) water pump to provide high pressure flow at the educ-
tor nozzle. As the jet contacts the surrounding fluid, momentum is exchanged
in the mixer as the jet slows while it accelerates the surrounding fluid, entrain-
ing additional fluid into the jet. As the surrounding fluid is entrained by the

~1 o

jet, it puils in additional fiuid from outside the eductor. Placing an operatmg
i
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allnw nanaratinn with annmnriate hvudranliec conditinne (Clangenar ot a1 10040\
QUIUYY UpAIGLIVEL WiEME QPUIVYIIGIV 1L yUIaULLV VULIUIUVID \vlaudiivi v al. 1777,

1991, this plant bypassed over 200, 000 cu vd and successfullv Derformed its
mission. The eductor used at the IRI bypass plant was designed and manufac-
tured by Genflow America and had nozzle, mixer, and diffuser dimensions
nearly identical to the refined DRP eductor. As such, it provided an excellent
baseline for evaluating improvements made in the DRP eductor shown in Fig-
ure 2. An application of the IRI-type eductor at Nerang River entrance, Aus-
tralia (Clausner 1989), has operated with considerable success, except for
periods of debris clogging. The IRI installation is far simpler than the Nerang
application.

One advantage of eductors over conventional centrifugal pumps is that they
are essentially immune from blockages in the discharge line. A brief explana-
tion is that as the discharge line starts to ciog, the pressure against which the

EduCtOT iS Ol'kll'lg lI]CI’CaSCS lﬂ.! erUCCS Iﬂc amounti OI mamenm [ne CGUC[OI'
is entraining, thus reducing the potential for cicggmg the pipe. This is true
Avrar withacm tha adismtnae 10 ssand 1 o lholiad d Al ntinem 22t sthh A AamteiGoanl
CTVYLil WIICIL UIC CUUCLUIL 15 UdDCU 1d ll)’U [19] L,UlllUllldllUll WIill 4 LCIIL uugcu
pump.

1 A table of factors for converting non-SI units of measurement to SI units is presented on

page x.
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Figure 1.  Schematic of IRI eductor
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sticks and logs, that could form a filter laver above the eductor. This tanele of

H 53y WAL LULIU AV G 1l 14y s QUUYL WL VU ULV, L1US waigiv Ui
sticks both reduced performance and made retrieval of the eductor difficult at
the Nerang bypass plant.

£~ J O r

The standard method of handling debris at a plant with fixed eductors (i.e.,
eductors that are not readily removed) is to backflush, blocking the discharge

Chapter 2 Improved Eductors for Sand Bypassing
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/4 ,;W " ability to operate effectively
/él Y. >/ ~NOZZLE in areas with debris is
Ny ¥ important and was the driv-
ing force behind the DRP
oesrs &4 /7, FLUIDIZING s fovel
GRATE \M\ JET eductor development.
T
P Ta DD ad
& The DRP eductor was
5 designed to reduce the
fmmmnmt AL Al on d Aol
1Impaci 01 deorns and acpioy-
v amt menlhlacoa o mareas b
Figure 2. Schematic of DRP eductor T pIODILITS. - A T
of mechanical and hydraulic
devices were considered to solve the problems. The final configuration
PIUUIUAAAO. 411V 1 vuuusunauuu
celected wacg decioned to have the hact comhinatinn of dehric recictanca sace
DWAWWEWAE VY WD Uvuléllvu U AT W WV VUWOl VWWAMMIVAUMIAKHVLAL Vi UVULIO AVvJ0AlIVLYy VOV
of installation, and simplicity of desien and oneration
of installation, and simplicity of design and operation.
The DRP eductor was developed under contract to Genflo America
Included in the contract were conceptual design, detailed design, construction

of the design features of the DRP eductor include:

a. A smooth cylindrical outer shape to prevent debris (logs and sticks)
from jamming in the eductor framework and making retrieval difficult.

b. A series of fluidizing nozzles around the perimeter of the tip to fluidize
the sand for removal and to allow heavy debris to sink below the
eductor.

c. A grate over the entrance to prevent debris from entering the suction
chamber.

d. A ring jet to reduce pullout forces.

Submersibie pumps

[ < memt et L~ o o el nllo Alem ) b aimrtianl e
Submersible centrifugal pumps are typically single-stage vertical pumps
Tele AT b Al mbm tlent s Fans At 1) e (Tigiea 2) i cirac
wiul UlbL“drgf: UIdlCICId dlat Tdlge 1TV 4 WU 12 L A\TNgUIt o). FUllp JILLS
ara noiialls: lhacaad A Aicahnesa lima Ainmatare Cuihmarcihla miymne diffar
alt ududily 0dSCU UL UILHAIEC-1IIC UldHICICIS.  DUULLILIDIVIC pPuilips uiiiel
fram ~nnuvantinnal Aradgec in that tha enhmercihle muimn ic nlaced directly
11Ul LUIIYCHIUONal UICUEDS 11 didl UIC SUUHLICIDIVIL pUlllp 15 platiu duitvud
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| & ] ' = power requirements for most
l )’l P{ l of the submersible pumps
/0 LN used in dredging applications
i L= N/ . ST AT
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L—— -_J* mrouacn =
T ), range. The pumps range
Sp—F— from a few feet up to 8 ft in
f--—_l . .
\’/’ S, \ height and weigh from under
7 500 1b to over 4 tons. They
e an— *— AGITATOR can be deployed from vari-
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end of a crane or the boom
Figure 3. Submersibie pump with jetting ring  of a backhoe. Obviously,
the smaller and lighter the
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A primary advantage of submersible pumps over eductors is that they do
not require a clean water source. In coastal inlet sand-bypassing operations,
eductors are often combined with booster pumps to optimize production and
efficiency and to allow the discharge to be pumped from one to several
thousands of feet downdrift. Often the supply pump and booster pump are
placed in a common pump house adjacent to the inlet that is used as the clean
water source. Submersible pumps typically used for bypassing operations
often have higher discharge pressures than eductors and therefore may not

require booster pumps, depending on the distance the material must be
pumped.

Some of the major areas of concern for submersible pumps are the life of
the pump seals and overall reliability of the mechanical components, motor,
and other parts, with much of the concern due to the abrasive nature of the
material being pumped. Manufacturers recommend checking the pump impel-
lers for wear every 80 hr of operation.

A AlanAduamtama ~F aile ameilla miimamc (o thhint slaacs $a TN _

One disadvantage of submersible pumps is that they iend to dig verticai-
~lAan MThic Armarntisneg rhinsnntamaotin nnem s 4 morts il ne sasn PR —
sided holes. This operating characieristic can be a particular problem in

Chapter 2 Improved Eductors for Sand Bypassing



o]
=]
3
T ¢
2
8
<
a
w
£
-
5.
5
o
3
w
7]
]
—
=
o

o
hole, which can bury and choke the

unlike an eductor, where the water supplied under pressure provides sufficient
energy and dilution water to the eductor. Clean fine sand is the optimum
material that submersible pumps-can transport.

Controlled field tests of eductors and submersible pumps

The objectives of these controlled field tests were to determine the produc-
tion rate of the DR? eductor, the IRI eductor, and two commercially available
submersible pumps*® under conditions simiiar to those in a coastal environ-
ment. Tests were conducted in ciean sand and in a series of different debris

7

combinations similar to those expected on open-ocean coasts (Clausner, Welp,

and Bishop 1992; Clausner et al. 1994).

Meocd Vonndlne MMants sirama AnnmAdisntad at CtnmAdned Menral ~rvrmnrmer’o Hevme
A 051 IUCALIVIL. 105 WUIT LULIUULICU dl oldllidall Jlavil LUllipally > Liivil,
T A gand nit whara cite prharantamiotine wware vary cimilar ta ~Annctal hunmnocing
LA, 8ana pit wincre Siie CnaraCiensiucs were very Simuar t0 Co4siar 0ypassing
Incatinne Tha cqite ancnmnacced an araa annravimataly 200 ft by ASN £t with
wveauuvinr. 4 11v Ol \rll\fUlllPﬂOD\«U ail aiva aPPIUI\IIIIaL\-‘y LUV AL UJ TTJU 1L wiudl
clean sand (mean diameter 0.3 mm, less than 5 percent fines) in excess of
25 ft thick., The test site lavout was essentiallv the same for both the eductor
. e 1ayoutl was essenlially (he same 10r bolh (e CuClor
and s ersible pump test
and submersibie pump 1esis,

Test conditions. Based on past experience with eductors, several different
combinations of debris were selected. Logs and sticks are often found in
coastal areas, as are stones both from naturally occurring materials and core
stones washed out or left over from jetty construction. Garbage and ice bags
(plastic products) are commonly found, as are more sturdy but still flexible
items such as swim fins, rubber tires, etc. Aluminum beverage cans also are
commonly found in the coastal zone. Finally, kelp is common along Pacific
coastal areas. The following combinations of materials were selected for

testing:
a. Clean sand, mean diameter of 0.3 mm and less than 5 percent fines.

b. Sixteen cubic feet of cut wood that varied in length from | to 3 ft and
in diameter from 1 to 6 in. Prior to the tests, the wood pieces were
soaked in water, which produced a negative buoyancy and allowed
them to sink to the bottom of the crater during the test.

c. Sixteen cubic feet of stone riprap ranging in size from 2 to 18 in. with
a mean diameter of 7 in.

p Qivic; sarage hag . cige A ~lactin limame faaightad th cand) and 1&
[4] OIXLY EdTDdEC-Dd4E->ILCU piaStit LTS \WCIENILU Will dalid) alld 1o
Unnsriens Fine? Fohmratad fram 2/4Ain A_nlv roanuvasvnr halt st intn Q. hy
SW Il 111 14UIICalCU 11Ul O/%=1il., S-pPly LUIIVU yUL ULiL LUl 1w 7= U
24-in. rectangular pieces

1 Ha&H Pump Company, Model PF50x8 (8-in. discharge) and Toyo. Inc.. Model DP-150B.
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have had an impact on production.

Eductor tests. The DRP and IRI eductors had very similar performance in
clean sand, about 400 cu yd/hr. Production was relatively constant throughout
each 30-min test period for all tests of both eductors in clean sand. These
relatively constant production rates are due to the fact that eductors are self-
metering. As they pick up more material, their ability to pick up additional
material is reduced, and the reverse is true as they pick up less material. The
eductors consistently pumped slurries of 35 to 42 percent solids by weight in
clean sand.

was considerably better in stone (296 versus 239 cu yd/hr) and slightly better
at bypassing garbage bags and swim fins (249 versus 217 cu yd/hr). The IRI
eductor was superior in wood (379 versus 316 cu yd/hr). In the iests with
debris, production rates at the beginning of the tests were nearly the same as in
clean sand. As the test progressed, debris would accumulate around the educ-
tor at the bottom of the crater and cause a reduction in percent solids to below
30 percent, thus reducing production rates. Production dropped from rates of
300 to 400 cu yd/hr to rates of only about 100 to 200 cu yd/hr at the end of

Submersible pump tests. Of the two submersible pumps, the Toyo pump
had consistently higher production in clean sand and all types of debris, while
the H&H pump had the lowest production of any unit (i.e., eductor or pump)
tested. It should be noted that the H&H pump had only an 8-in.-diam dis-
charge pipe while the eductors and Toyo pump had 10-in.-diam discharge
pipes. Had a 10-in.-discharge coupling that attaches directly to the pump
housing been available for the H&H pump, an increase in production rate of
up to 15 percent was conceivable. This could have potentially raised produc-
tion rates for the H&H pump to 292, 112, and 247 cu yd/hr in sand, stone, and
garbage bags and swim fins, respectively. The H&H pump could produce
slurries with 60 percent solids for short periods of time, but generally averaged
around 30 percent solids in clean sand. The ability to capture very high per-

YYo vy

cent solids made the H&H pump more prone to plugging of the discharge line
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production, reducing it to 285 and 380 cu yd/hr, respectively. The Toyo
pump’s external agitator, combined with an inlet shroud, apparently assists in
metering solids into the pump more effectively than the H&H combination and
thus contributes to its better performance and reduced risk of line plugging.

Conclusions from controlled field tests. In clean sand, performance of the
DRP eductor and the IRI eductor are about the same. Performance in debris is
a function of the type of debris. The grate and fluidizers on the DRP eductor
allow better production in stone and garbage bags/swim fin debris than the IRI
eductor; however, the DRP eductor grate is more prone to clogging with wood
than the IRI eductor. The IRI eductor is more susceptible to stones entering
into the suction chamber, thus reducing performance. For fixed plants where
h ar in a particular debris type can be
ion of iniake, graie, and fluidizer.
siderably lowered as debris
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It was very susceptible to both rocks and wood. A rock guard, relatively
easily fabricated (and also available from the manufacturer), could help solve
these problems, though possibly reducing performance somewhat. The Toyo
pump performed the best overall and was only bettered by the IRI eductor
when pumping wood debris.

The H&H pump, as tested, was not well-suited to the type

Submersible pumps have been used successfully around locks (Neilans et
al. 1993). These applications have been relatively small, aperiodic jobs remov-
ing fine sand with considerable amounts of silt where initial cost and the low
number and simplicity of components have been of prime importance. Sub-
mersible pumps are not recommended by Clausner et al. (1994) in coastal sand
bypassing applications. The high amount of operator adjustments required to

aintain high solids contents and the potential for line plugging when dredg-
ing medium and coarser sand makes them less desirable than eductors.

Cperational field tests of eductors

Field tests comparing production of the DRP eductor and the IRI eductor
were conducted at the existing IRI eductor location at the Indian River Inlet,
DE, sand-bypassing plant. The IRI site is not ideally suited to fully test the
design features of the DRP eductor. The IRI bypassing plant is neither fixed
(the condition for which the DRP eductor was designed) nor does it have a

r "
features including compatible hydraulics (pressure, flow rate, pipeline diame-
ters), adaptable deploying crane, and existing instrumentation. Both eductors
were tested and data collected on several different parameters. These data
were then used to calculate hourly production rates that were used for compari-
son between the two eductors. Operational field tests to compare the DRP

significant debris problem. However, the IRI site had a number

improved Eductors for Sand Bypassing
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eductor and the IRI eductor are detailed in Williams and Clausner (1994) and
Williams, Clausner, and Neilans (1994).

The operational field tests were intended to test the DRP eductor in actual
working conditions and compare its performance with that of the existing IRI
eductor over an extended period of time. Because the DRP eductor was spe-
cifically designed to operate in high debris conditions, two fundamental design
differences (fluidizer arrangement and an inlet grate) existed that had the
potential to affect production performance. Another objective of the tests was
to determine the deployment capabilities of the DRP eductor. The IRI bypass
plant operates with a crawler crane that strategically places the eductor in
locations most desirable for bypassing. The DRP design was intended to be
deployed from a fixed location, most likely from a pier, similar to the bypass
plant at the Nerang River entrance.

Test location. The operational field tests were conducted at Indian River
Inlet, DE, located on the Atlantic coast approximately 10 miles north of Ocean
City, MD. The shallow meandering inlet at the site was improved in the late
1930s to provide a more reliable conduit of fresh water for the bay. Soon
after construction, the 500-ft-wide twin-jettied inlet began to show the classic
updrift accretion and downdrift erosion pattern associated with a net sediment

(078 no soh t h ha,
transport in one direction. Since then, periodic beach nourishment has been

required to protect the highway bridge approach on the north side of the inlet.

It was concluded that a fixed sand bypass plant was the most economical
means of protecting the bridge. The final design selected consists of an educ-
tor employed from a crawler crane along a 500-ft-long stretch of the beach just
south of the south jetty. Slurry discharge from the eductor flows to a booster
pump and is then pumped across the highway bridge to the north side of the
inlet. Typical discharge pipeline length from booster pump to discharge point
is 1,500 ft.

Test conditions. Several parameters were measured during the eductor
tests to be used in examining eductor performance: (a) time, (b) slurry veloc-
ity (feet per second), (c) percent solids (by weight) of slurry, (d) production
rate (cubic yards per hour), (e) specific gravity of slurry, (f) motive-pressure
(pounds per square inch), (g) pressure at booster pump intake (pounds per
square inch), (h) booster pressure (pounds per square inch), (i) supply suction
(pounds per square inch), and (j) accumulated production (yards).

Raw data were collected continuously with 30-sec averages reported. These
30-sec averages were used to calculate both 1- and 5-min averages of all
parameters. Each parameter was examined to provide insight into the relation
between eductor performance, system components, pressures, and material
properties. The most direct way to compare eductor performance is to study
the respective DRP and IRI production rates. Average daily production rates
were caiculated by summing the accumuiated voiume (cubic yards) of material
bypassed during each test run and dividing by the duration (hours) of pumping

Chapter 2 Improved Eductors for Sand Bypassing



Conclusions from operational field tests. The DRP eductor performed
slightly better than the IRI eductor by about 11 percent without considering
othe facmrs Tl'us increased production is probably most dlrectlv related to

effectwel_y entrained sand for entry to the pump and to the suction chamber
geometry.

A qualitative factor not included in the production analysis is the ease with
which each eductor setup could be maneuvered. Bypass plant staff were more
familiar using the crane to manipulate the IRI eductor system as opposed to
the larger, heavier, and more awkward DRP eductor/deployment truss/roller
combination. It is probable that a slight additional increase in production may
have been realized for a more easily maneuvered DRP eductor. For permanent
use at a bypass plant like Indian River Inlet, the present DRP eductor could be
made easier to handie by making some modifications. These would include
removing the deployment truSS/rouer combination and modifying the upper end

ALl . WNTTYYY D P vy I_ s
of the DRP eductor to accept pply and discharge pipes by adding a
curved steel pipe section smilar to that used on the IRI eductor

1 o 1 nf tha MDD adunrtnr Aacian wae fAr 1o
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ative of an area with significant debris, so the true effectiveness of the DRP
eductor in high debris areas was not determined during these tests.

research on fluidization of sand ai tidal inlets and harbor mouths has Deen
v A astal ae ..-A .-..AA,._ [ AU S L. S T U U £ _
1GEMaKen to use IIUIUlLduUl 10T HIAURCHAIICC U1 li‘lVlng1 € WdlCIrwdys did 10r
nga in cand houmacoing (Mancnas 100T1\ Tha Aac:oee .\L:Ans:..- €ne o iAo
UdL HI dallu UypadOUIE (Lldaudlil 17740). 110 UOSIEI DDjCLLIVE 1UI 4 HIUlUlZd-
tion system is primarily to create a trench of a given cross section and length
0 ohtain a trancrh ~Aamnlata nidizatinn mncet ha arhiavad Thsa tuwn hacin
AV UuUKdlil a4 uiviivig, \,Ullll.ll\.alb AiUlUILAQLIVIL I11UDL ULV aviuvYyeu 111V LYWU vaosiu
parts of the design are a hydraulic aspect to attain full fluidization and a geo-
metric element to obtain a desired trench geometry. Basic research has helped
define these two crucial aspect

Use of fluidizers to augment sand bypassing

The best use of a fluidizer pipe in sand bypassing is to increase the fluid-
ized zone of a fixed bypassing system. The quantity of sediment that a fixed
system can bypass is limited by the sand supplied by littoral transport. In
particular, an eductor creates a crater of fairly limited extent, and an operator
must wait until the crater refills with sand supplied by littoral processes before

——
w
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pumping again. A fluidizer pipe, used in conjunction witl

pump, can creaie a long trench (typically 100 to 400 fi) that traps sand across
a portion of the littoral zone, supplying additional slurry to the pump crater
(Figure 4)
v
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Figure 4.  Fiuidizer pipe used in conjunction with a fixed siurry pump; hatched
area indicates fluidized zone

The basic components required for the fluidizer system include:

a. One or more fluidizer pipes sloping toward the jet pump crater.
b. Water supply pipelines to each fluidizer pipe to carry clear water.
c. Pumps to provide clear water to the fluidizer pipes.

d. Intake facility to ensure that pumps carry clear water to the fluidizer to
avoid clogging of holes.

e. Supply pump for the jet pump.

Supply pipeline for the jet pump.

™

g. Discharge pipeline from the jet pump.

Chapter 2 Improved Eductors for Sand Bypassing



h. Booster pump and discharge pipeline to deliver slurry to some distant
discharge point.

Use of fluidizers for channel maintenance

The trench created by removing slurry from the fluidized region above a
fluidizer pipe can be used to stabilize and maintain a navigable channel. If the
pipe is placed sufficiently deep or if two or more pipes are placed parallel to
each other, the trench dimensions that can be achieved may satisfy the naviga-
tion requirements of small shallow-draft vessels.

Once fluidized, slurry in the fluidized region must be removed for the
trench to form. For channel formation and maintenance, the slurry may be
removed by either of the following two mechanisms:

a. Pumping the slurry out of the trench and placing it on a downdrift
beach, as in bypassing.

b. Gravity flow of the slurry to carry the sediment out of the trench, either
in the seaward or landward direction; a strong ebb current will assist in
sediment flowing in a seaward direction.

For channel maintenance, the fluidizer pipe (or parallel pipes) is extended
along the center line of the navigation channel. The configuration for a chan-
nel maintenance system can take on various forms depending on the slurry
removal mechanism.

Fluldizer design procedure

The detailed procedure for designing a fluidizer system has been given by
Weisman, Lennon, and Clausner (in preparation), including a family of design
curves for choosing the appropriate flow rate based on the relative depth of
burial of the pipe with respect to pipe diameter, and relative particle size with
respect to trench dimensions. All experiments and field experience thus far
have been limited to fine to medium sand. There is no experience with either
finer or coarser material. If the fine material is noncohesive, fluidization
should work. However, if some cohesive materials are present, there may be
difficulty in achieving full fluidization and trench formation (i.e., the side
slopes may not slump). Clearly, it takes much larger flow rates to fluidize
medium sand compared to fine sand. There may be a practical limitation to
sediment size such that the flow rate requirements to achieve full fluidization
become uneconomically large.

Limitations also may exist due to pipe slope. If the fluidizer pipe is placed
on a 1-percent slope to provide for flow of the slurry to a jet pump, then the
downstream end of the pipe may require extremely deep burial if the pipe is

Chapter 2 Improved Eductors for Sand Bypassing

15



16

long. A 1,000-ft-long pipe would require 10 ft deeper burial at the end. This
may have significant implications where clay or rock layers underlie sands.

The design of any coastal study, including design of fluidization systems,
should begin with an office phase followed in most cases by a field investiga-
tion. The office phase should review existing data and begin the design pro-
cess. Parameters that can be estimated without a field program should be
approximated, and a 1- to 3-year field investigation should be conducted if
reliable wave data are unavailable. Field data should be reviewed, final para-
meter values selected, and the design implemented. At the conclusion of the
data-acquisition phase, information should include:

a. Estimates of direction and volume of littoral drift.

b. Available information on the sediment type, size, layer thickness, and
areal distribution.

c. Historical records of morphology and shoreline location.

d. A historical survey. This may help identify the geomorphology of the
site, providing insight into the nature and nonhomogeneity of the mate-
rials encountered.

e. Information on coastal structures and their impact.
/. Seasonal variations in littoral transport rates.

g. Waves, currents, and tides.

Frequency of operation

Although the frequency of operation criteria can be estimated, it will actu-
ally be determined during operation, being triggered by accumulated depth of
sediment in the trench. The duration of operation will be determined by how
long it takes to achieve the design elevation of the bottom of the fluidized
trench. This will probably be constrained by how fast the jet pump can
remove the slurry for sand-bypassing operations; hence, the two systems
should be sized/designed together. It is likely that the fluidizer pipe will oper-
ate more intermittently than the jet pump. Recent experience with the fluidizer
pipes in the Oceanside, CA, bypass system indicates that regular (periodic)
operation (once every few weeks) is needed to reduce clogging. Designers
should anticipate clogging and provide for measures to clear clogged fluidizer

pipes.

Chapter 2 Improved Eductors for Sand Bypassing
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WID is a dredging concept new to the United States where shoal sediment
is fluidized, causing it to flow by density or riverine currents to deeper areas
where it does not affect navigation. WID is based on a simple concept:
vessel-mounted pumps inject water directly into the sediment voids through
low-pressure jets mounted on a long horizontal pipe. This fluidizes the sedi-
ment, creating a gravity-driven density current that can flow down very miid

water where it

WID demonstration

Objectives and site locations. The DRP’s mission of investigating new
dredging technologies led to the first prototype field demonstration of WID in
the United States. Conducted at two sites on the upper Mississippi River
where crossings and point bar shoals had developed, the demonstration was a
combined effort that involved WES, the Corp’s St. Paul and Rock Island
Districts, and two contractors (Gulf Coast Trailing (GCT) and HAM Holland
and Dredging International of Belgium).

-k
~
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The WID demonstration was conducted to meet several objectives. The
primary objective was to verify the accuracy of the contractors’ predictions on
production rate, transport distance and direction, and suspended-sediment dis-
tribution in the water column. The secondary objective was to determine if the
technology worked in conditions found on the upper Mississippi River
(moderate currents, medium-sized sand substrates, and two types of shoal
typically found there--crossings and point bars). A third goal was to introduce
the technology in an area with strong environmental concems so that those

concemns would be addressed during the demonstration.

Many of the concems from the resource agencies were based on the fact
that the WID process was new to the United States, and the agencies were not
satisfied with the limited data available on suspended-sediment levels and
sediment transport distances. The monitoring pian was designed to provide

daia to address those concerns aboui sedimeni movement omo sensitive monog-
2nnt mmmlmaan s tevom nlbmnn nelantnd Lo b YXITUTNY A e b a __ PRI . By
1cdl ICE1Ul 1IKC LWO SILICO dCICCICU 101 UIC Vil UCIIVI 'lrd Il d"U CIlVll"Ull'
mantnal mAanitAaring wiare nt T Aderar Tairmbhien An tha Adianianisaen: fesmee luads ..AA..
1CIHal 1IVILL llls Cie L LAUWCL1 LAUIIUIVU VULl UK 1V lbblbblppl l\ YCI LUCLWCLCL]
AMinnacnta and Wicrnancin and at Caviannna Aan tha AMicoiccinnm: Divar hatuinan
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Illinois and Iowa. Characteristics of the two sites are given in Table 1
Water-injection dredge. GCT designed and constructed a water-injection
dredge for these demonstrations consisting of components already owned by

GCT. Tﬁe dredg that was constructed, the BT-208, is not self-

-~ b shdandiadd D

BT-208 requires a 700-hp (minimum) pushboat for propulsion. An operating
crew of three is needed--dredging supervisor, winch operator, and mechanic.
The pushboat requires a crew of two. Dredge characteristics are presented in
Table 2. The WID barge can dredge in water depths from 7 to 42 ft. Dredg-
ing is done in both directions, with the injection head in direct contact with
the bottom.

Advantages of WID over other more conventional methods of dredging
include lower cost for mobilization/demobilization, quicker response time for
project start-up, potentially lower operating cost, potentially higher production

Table 1
WID Demonstration Site Characteristics
Lower Zumbro Savanna (lllinois/

Faatiira AMinneaantalllicannain) Lawural
" TSV ‘-llllllml- WISWWIION l, lv".l |
River mile 744.2 539.2 l
Type of dredge cut Crossing Point bar I
Bottom material Sand (Dg, = 0.3 mm) ‘Sand (Dgy = 0.4 mm) ||
Dredge cut dimensions 750 ft by 150 ft 700 ft by 200 ft
Dredging depg‘h/rlnhlm 11 #1cpP? 11 #t LOP?
Average thickness of material removed | 1.5 R 21t
! Lower Control Pool elevation = 659.8 ft.

| © Low Operating Pooi eievation = 583.0 ft.
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Table 2
Water-Injection Dredge Characteristics

Component Description

Barge hull 87 ft long, 28 ft wide, 3-ft draft

Diuimn nnwar Oatamillar N202 78N hn

FUlip pUTvel WaIDI PiiAl WOoTU, [ Vv Iip

Pump Goulds 30- by 24- by 32-in., 30,000 gpm at 18 to 20 psi

Pump intake 4-ft-square opening in bottom of dredge hull, covered with grate,
4-in.-square openings

Water-injection head 36 ft wide, 36-in. diameter (20 3.5-in.-diam jets)

Drantileinn MNAQ nitehbhaat Tiram 700 hn haie osrow V.6 Arnbs

Tivpuiovil VW PUdIiVval Ly vii, 1VVTLHIY, LTWHT-OLIoOW, /7 1L Uidil

Chapter 2

t s safe
with respect to reduced chance of damage to docks, pipelines, and quay walls,
(o]

discharge pipelines, spuds, swing wires, etc.

Monitoring program

Nearly all measurements taken as part of the monitoring program were
obtained using a short-range microwave system for navigation and positioning.
Therefore, at least 90 percent of the measurements had position accuracy better
than +5 ft. Bathymetry was the primary monitoring tool and was used to
determine production rates, assess the ability of WID to clear the dredge cut,
and determine where the fluidized sediments were transported.

Water samples were collected and analyzed for total suspended solids to

the amount of sediments in the water column above background levels
om the WID process. Samples were coliecied a variety of distances
ranging from a 3 200 ft. Th

o (Enl
d BB
Er. g
0o ©
23
5\

L R

e sampies were gener-

|

=
(¢]

=
S
S
£
=
i
)

ally collected 1 to 2 ft above the bottom and 1 to below the water surface.
During more intense monitoring episodes, water samples were collected from
three or four depths spaced throughout the water column simultaneously from
three vessels on a cross-river transect

Results

A summary of the WID demonstration performance is presented in Table 3.

SULLILEIAdE ¥ 1 11

Production rate varies depending on a number of factors. In sand, multiple
S

T = o
passes over the same area are needed to initiate the density current. The

—
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Table 3
Summary of WID Performance
Parameter Lower Zumbro Savanna
Dredging date - 27-29 Jul 92 5.7 Aug 92
Total dredging tme 18.25 hr 21.85 hr
Volume removed (in cut) 2,500 cu yd 5,500 cu yd
Volume removed (outside or below cut) 2,500 cu yd 1,500 cu yd
Average production rate (in cut) 130 cu yd/hr 250 cu yd/hr
Average production rate (all material moved) | 275 cu yd/hr 340 cu yd/hr
Average fuel consumption
Pushboat overall 23 galhr 23 galhr
Pushboat during operations 29 gal/hr 29 galhr
Dredge 40 galhr 40 galhr
dredge is most effective when the water-injection pipe is constantly in contact
with the bottom. Therefore, high spots on the bottom must be removed prior
to getting good production
Contractor-predicted production rates and sediment transport distances and
directions were reasonably close to actual values. In general, the actual values

were lower than predicted as the result of differences between urvevs_used for
estimating production and actual site bathymetry at the time of the operation
(Clausner, Welp, and Sardinis, in preparation).

The contractor predicted about 250 cu yd/hr at Lower Zumbro and achieved
an average in the cut of about 125 cu yd/hr and 250 cu yd/hr overall. Con-
tractor predictions were based on bathymetry taken months prior to the opera-
tion and did not show an area of material just downstream of the cut that had
to be removed to access the deeper area downstream. Also, unknown to the
contractor before arriving onsite, the Mile 744.2 daymarker restricted access to
deeper water.

based on hm ited bathymetry and gram size data. Actual production rates of
250 cu yd/r in the cut and 350 cu yd/hr overall were measured. The inability
to work at an angle to the currenis reduced production; also, some of the
Savanna material may have been coarser than 0.4 mm. A plaieau at the 12- to
13-ft depth may have also been a contributing factor to the lower production
rate.

Transport distance and directions agreed very well with contractor predic-
tions, with the vast majority of the material staying within 200 to 400 ft of the
limit of dredging.

Chapter 2 Improved Eductors for Sand Bypassing
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Conclusions regarding WID
This demonstration of a patented WID technique new to the United States
successfully met planned objectives. WID appears to have potential at other

sites. Application in sand with diameters greater than 0.2 mm will be very
site-specific, requiring nearby déeper water and a smooth downslope gradient.
WID is not generally suitable for crossing shoals where sand- sxzed matenal
above 0.2 mm has to be moved more than a few hundred feet. The propulsion
and steering influences on the dredge’s ability to work at an angle to the cur-
rent need to be considered. Also, the draft of the WID vessel or barge/
pushboat combination needs to be considered when working in shallow areas.
The lack of pipelines and swing wires greatly increases mobility of a WID
vessel and reduces to0 a minimum the disruption of normal navigation traffic.
Based on the contractor’s experience, WID provides much higher production
rates in fine sand and silt. (In other tests in Louisiana, production rates of
over 1,500 cu yd/hr in sand with D5 of 0.18 mm or less were achieved.)

WID in areas where in-water disposal is not nommally prac-

ﬁced will require additional considerations. For exampie, the amount of mate-
rial now removed by dredging and placed upland in a given reach of the upper
Mississippi River is generally a very small fraction of the material transported
by the river. However, keeping the material in the system with WID masj
change surrounding areas and impact future dredging requirements over the
long term. Some level of periodic monitoring may be needed to assess such
situations.

Improved Eductors for Sand Bypassing
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At the beginning of the DRP, the Corps of Engineers did not have the
capability for direct pumpout (DPO) of hopper dredges in open water. The
Corps desired this capability to be able to respond to national emergencies
(such as hurricanes) where the ability to quickly place sand on the beach is
needed. Significant amounts of material dredged by the Corps could be used
beneficially if easier and less expensive means were available to deliver the

r exampie, ciean sand couid be
ig beaches or fine-grained materials could be used to nourish
-~ 129 on 2

[ T DU B B T

Equipment used to perform DPO of hopper dredges was not designed for
this purpose; existing equipment was adapted to meet the specific need. With
increasing opportunities for beneficial uses of dredged material, the Corps

desired a commercially available mooring system able to provide open-ocean
DPO for the U.S. hopper dredge fleet. The DRP contracted with SOFEC, Inc.,
to develop a detailed preliminary design of a single-point mooring system for
DPO of hopper dredges (including the buoy, swivel, floating and underbuoy
hoses, and mooring hardware) and to conceive the transportation and installa-
tion procedure.

DPO is a method of removing dredged material from hopper dredges,
where the dredge moors to an anchored floating structure, buoy, or multiple
buoy berths. An underwater pipeline extends from the DPO facility (assumed
to be a buoy for the remainder of this section) to shore. A hose is connected
1 Chapter 3 was extracted from Clausner (1992a) and SOFEC, Inc. (1592a,b).
Chapter 3 Dredging Equipment for Nearshore/Onshore Placement



mixes the dredged material with w to form a slurry and pumps the slumry
from its discharge manifold through the floating hose to the anchored floating
DPO buoy and on through the underwater pipeline toward shore (Clausner
1992a)
Design Criteria

The mooring system design was based on three Corps hopper dredges, the
Wheeler, Essayons, and McFarland. Design loads and system analysis were
based on the displacement and draft of the largest of these vessels, the hopper
dredge Wheeler. Because the Wheeler is one of the largest hopper dredges in
the United States, the mooring system design is applicable to most of the
U.S. hopper-dredge fleet. The Wheeler is 408 ft long and has a 78-ft beam
and a 29.5-ft draft. The Naval Facilities Engineering Command calculated the
mooring loads for a single-point mooring generated by the Wheeler under a
variety of wind, current, and wave conditions (Chisholm 1990). The maxi-

mum design mooring load was determined to be 100 kips.

Operational weather conditions were chosen to fit the maximum operating
environment for the dredge. The mooring was designed for the operational
and survival conditions of Table 4. The system was designed for operation in
a water depth of 30 to 45 ft; however, operation is possible in water depths up
to 75 ft with a slight reduction in capabilities. The distance of the mooring
system from shore is limited by the hopper-dredge pumping capacity. The
shallow slopes along parts of the east and gulf coasts will often require the
dredge to operate in water depths very close to its maximum draft of approxi-

mately 30 ft.

-
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Design Environmental Conditions’
Parameter Operational Survival
Significant wave height, ft 6 10
Wind veiocity, knots 30 30
Current velocity, knots 2 2

Dirsctions of the environmental forces were chosen to be consistent with nearshore condi-
tions; current paraliel to the shoreline and wind and waves perpendicular to the shorsline.

The following operational criteria were also required for the mooring
design:

Chapter 3 Dredging Equipment for Nearshore/Onshore Placement
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b. Rapid assembly.

c. Installation with a minimum of crane support and diver assistance.

d. Recoverable and reusable.

Mooring
A catenary anchor leg mooring (CALM) concept was selected because of
its ability to be transported in truck-size packages and assembled quickly.

D
TANSDOICUd pacs
the

Also, the CALM system proved to be th
cate. The system is anchored by four anchor chains that are arranged 90 deg
apart. Each anchor chain is an approximately 600-ft-long, 2-in.-diam oil rig
quality stud link, with an anchor suitable for sand and clay connected to the
end. Anchors may either be 10,000-1b Navy Navmoor or 6,000-1b Bruce Inter-
national anchors. The oval-shaped CALM buoy is 24 ft in diameter and has a
28-ft-diam skirt that extends beyond the buoy. A tumtable mounts on top of
the buoy. The mooring hawser and floating discharge hose connect to the
tumtable.

4aC SE€!
least costly of alternatives to fabri-

The CALM system provides a very compliant mooring that is the most
adaptabie to water depth changes of any of the altemnatives studied. The
system can be designed to be disassembled for truck transport and then
reassembied at the side of a pier Instaiiation and retrieval of the system can
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OC accomplisnca w 7ith the assisiance of chain- ﬂan(ulng boats. A minimai
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buoy hoses
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Description

The DPO mooring buoy (Figure 6) is a capsule-shaped buoy that is 28 ft
long by 11 ft 6 in. wide by 7 ft 6 in. deep. Although not the conventional
shape for a mooring buoy, the snape was chosen to facilitate towing the buoy
and placex‘ﬂent on flatbed trucks. The ouoy can be disassembiled into four

..... .11 N nNning HE QPN arA ,‘A___.. PORTE PN
SW

components: buoy hul, fluid piping, fluid swivel, and mooring table.

Tha hun oo ntinn far tha flind nining v

108 OUlY nuu STIVES &S Uil 10UNGaU0n 107 uiC LUlG PDIpIng UiTy 1rom
tha dradas antarc the hunv thrmnoh a flanating hnee connected ta the flnid
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nining inct ahave the water at the outer edoe of the buov.  Pining ic decioned
piping just above ne wallr at e Quicr ¢dge Or e duly. Iiping 1s designed
to contain a2 minimum amount of bends to reduce areas of hieh abrasion
10 contain a mmmum amount o1 o¢nds 10 reducec arcas Or nigin aodrasion.
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Figure 6. DPO mooring buoy

Slurry travels through the piping to a fluid swivel. Slurry leaves the buoy
through an underbuoy hose that is connected to the fluid swivel and leads to a
submerged steel pipeline that carries the slurry to the discharge area on shore.

The fluid swivel is an in-line swivel currently used by the dredging indus-
I

ir—y. t contains bronze bushings that reduce the need for seals or the need for
extensive maintenance that rolier bearings would require. The lower end of

the f' uid swivel contains a quick-reiease flange to assist in connecting the

Chapter 3 Dredging Equipment for Nearshore/Onshore Placement
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Near the fluid piping/floating hose connection, a mooring pad eyc provides
for connection of a mooring hawser. The hawser transfers the mooring forces

from the dredge to the buoy.

The buoy is designed for a 28-in. pipeline. As a general rule, dredges with
discharge pipe diameter within +2 in. of the shore-discharge pipeline can effi-
ciently use the shore-discharge pipeline. Thus, this DPO buoy design is suit-
able for use with dredges having discharge pipe diameters ranging from 26 to
30 in. This range of diameters covers most of the U.S. dredge fleet with DPO
capability.

The buoy rotates about a shaft that runs through the center well of the
buoy. The center shaft contains two permanently lubricated bronze bushings
located at the top and bottom of the center well of the buoy. A 48-in.-diam
flange is located at the bottom of the center shaft. This flange provides the
mechanical connection between the buoy and the mooring table.

The mooring table extends below the buoy and provides locations for con-
necting the mooring chains to the buoy. The mooring table also provides a
bell fairing to reduce chafing of the underbuoy hose. Floating and underbuoy
hoses for this mooring system are standard commercially available hoses cur-
rently used in the dredging industry. Figure 7 shows the installed mooring
system during the DPO process.

Transportation

The DPO CALM system can be transported by truck, rail, or barge to the
assembly location. Figure 8 shows the buoy packaged for transport by truck.

L
28" UNDER BUOY HOSE
s :28' SUBMARINE PIPELINE

== = 10 SHORE
——— o —

AN R
\\/_ CHOR LEG

MOORING HAWSER DIA. mcuoa CHAIN
(APPROX. 600 FT.)
WATER DEPTH VARIES-
suoy 30 - 45 FT.

MOORING ANCHOR

Figure 7.
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DPO system general arrangement
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Figure 8. DPO mooring buoy truck-transpontation configuration
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Assembly

The DPO CALM system is assembled by attaching the mooring platform to
the 48-in.-diam flange located at the bottom of the buoy (Figure 9). The fluid
swivel is then attached to the buoy top deck, followed by the attachment of the
piping to the fluid swivel and to the buoy deck at the outer edge of the buoy.
The buoy is then lifted into the water by a shore-based crane. For short tows,
the floating hose can be attached to the piping before towing.

Assembly requires 300 ft of dock space adjacent to a 250- by 300-ft staging
area. Minimum crane lifting capacity required for assembly and launch is
60,000 1b at 20 ft. The buoy can be assembled and installed onsite in 1 week.
Additional dock space, a second crane, and appropriate personnel can reduce
the total time for assembly and installation by 1 or 2 days.

Imadalladlam
niostanidtuivil
Ninero tha hiiny ic accamhlad a tnw thig ic cnnnected tn the tawing nad avec
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the buoy to be towed at greater speeds and provides a more stable tow than a
conventional cylindrical buoy. While the buoy is under tow to the installation
location, an anchor-handling tug is used to install the four mooring chains and
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Figure 9. DPO mooring buoy assembly
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the mooring anchors. The crew of the tug will tension the chains to set the
anchors before buoy arrival. Chains will be laid close to the pipeline/
[P Pl Myl | S o an a4 PRy W

underbuoy hose connection. Pickup buoys will be attached to each mooring

leg

As the chains are being installed, the pipeline will be assembled on the
shore, floated into position, and lowered to the seafloor. Any pipeline stabili-
zation required will be undertaken while the buoy chains are being attached.
When the buoy arrives at the installation location, the chains are attached to
the mooring platform and tensioned until the proper chain catenary is achieved

The underbuoy hoses are then pulled through the guide on the mooring
platform and connected to the lower end of the fluid swivel. If the floating
hoses were not installed at the shore, the connection is made between the
floating hoses and the buoy piping. The hawser is connected to the mooring
pad eye to complete the system installation. More details pertaining to the
DPO buoy system are presented in SOFEC, Inc. (1992a).

Logistical Requirements for DPO Buoy System

Information pertaining to DPO system time and resource analysis require-
ments for transporting the system to the site, assembly, installation, and

retrieval was developed by SOFEC, Inc. (1992b).

Transportation requirements

Transportation analysis of the DPO CALM system was based on the use of
over-the-road trucks. This method of transport provides the most extensive
coverage of the geographical areas of the Nation. The system was not ana-
lyzed specifically for rail or barge transport on the premise that truck transport
dictates a more stringent weight criterion and cube requirement.

To minimize overall system life cycle cost, it is assumed that the system

will be primarily working on station or held in storage at a staging yard. The
trucks
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most commonly available in the freight forwarding industry and referred to as

a “40 ft float.” The specification description of the “40 ft float™ trailer is a
40-ft-long, maximum 56-in.-high, fixed bed platform style, two-axle, kingpin
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trailer with a gross capacity of 40 tons and an actual usable payload capacity
of approximaiely 25 tons.

Vehicle requirements, both number and type, for transport of the DPO
CALM system are controlled by the following factors: total component weight
and weight distribution per vehicle; total component cube per vehicle with
specific limitations on overall height and width; and contingency planning
constraints. The first two items are self-explanatory; however, contingency

limitation at the assembly staging area, limited rental fleet availability in a
particular geographic area, or overall system transport costs.

The following scenario presents an example of a contingency planning
constraint. Assume for a specific deployment that the DPO CALM system
was configured and shipped using the minimum transportation cost (i.e., mini-
mum number of rental trucks) as the primary constraint. Enroute to the stag-
ing area, the truck carrying the majority of the load-handling equipment and
assembly tools has mechanical problems and is delayed. At the staging area,
deployment of the system is halted with the concurrent cost of an idle crew,
crane, and loaded rental trucks. Per the example, it is recommended by

SOFEC, Inc. (1992b) that the trucks be loaded, as much as possibie, with com-
enlad milhnannnealnl ~a— PSRV E. SR ey, [ S | §3

plete subassemblies and supporting material-handling and assembly equipmeni.
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Te meet highway height restrictions, the buoy hull will require a low-boy
style trailer. Low-boy trailers with sufficient length and capacity are not nor-

a. Alternative 1. A low-boy style trailer can be purchased as part of the
contract and dedicated to the transport of the buoy hull.

b. Alternative 2. Conversely, the design of the buoy could incorporate
attachment rails for a tandem-axle assembly and a fifth-wheel kingpost
assembly, with the additional purchase of the tandem-axle assembly.

A cost-benefit analysis and life-cycle analysis should be conducted to indicate
the optimum solution for transport of the buoy hull.

The shipping configuration, listed in the desired order of arrival at the
assembly/deployment staging area and encompassing shipping segregation of
CALM components into complete subsystems and requisite support equipment,
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is presented in Tabie 5.

Of the seven trucks, only Trucks 4 and 5 will require a permit for transport.
Each vehicle will require a wide-load permit. All vehicles are within maxi-
mum weight limits. A typical industry procedure in shipping heavy freight on
trucks is for the truck supplier to supply the tie-down chains or nylon straps,
normmally per the customer’s preference, upon request by the customer. The
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Table 5
DPO CALM Shipping Configuration

Truck Load

Weight, kips

Height/Width, ft

1 Three underbuoy hoses (35 ft)
Hose-handling frame

Two leg-chain slings

Three nylon slings

Buoy piping assembly

Four shots of anchor chain

Hose hardware, air compressor
Assembly tools, impact wrenches
Standard tool kit, two spar buoys

45

14/8

Two marine anchors with pins
Seven shots of anchor chain
Two half shots of anchor chain
One short shot of anchor chain
Anchor chain connecting links
Four anchor pendant buoys
Assembly tools, hammers, pliers

Come-aiongs

n
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3 Two marine anchors with pins
Seven shots of anchor chain
Two half-shots of anchor chain
One short shot of anchor chain
Anchor chain connecting links
Four anchor pendant buoys
Assembly tools, hammers, pliers
Come-alongs

46

10/8

4-part heavy-iift slin Moty
Towing bridle, two buoy stands
Mocoring table, buoy-lift frame

Air compressor, assembly tools
Impact wrenches, standard tool kit
Buoy rigging and blocks

Anchor tensioner with rigging
Four half-shots of anchor chain

Two short shots of anchor chain

N

£
o

5 Buoy hull

44

1212

6 Four floating hoses (35 ft)
Three shots of anchor chain
Hose hardware

35

12/8

7 Three floating hoses (35 ft)
Three shots of anchor chain
Chain stopper assemblies
Hose hardware

35

12/8

truck tractors, drivers, and, depending on trucking company or distance of
shipment, assistant drivers, are provided by freight forwarding companies.
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Staging area. The DPO CALM assembly and marine deployment staging
area shall be located along a dock or similar structure that can support the use
of heavy equipment and has a channel with a minimum depth of 12 ft for
marine deployment and tow of the CALM buoy. The staging area should
encompass an obstacle-free well-drained flat area capable of supporting heavy
trucks. Approximate dimensions of the staging area would be not less than
250 ft by 300 ft. A 300-ft frontage on the water is desired.

Staging-area equipment. A mobiie rental crane or a fixed crane with
sufficient capacity and boom length is required onsite during buoy and
mponent unioading, assembly, deployment, recovery, disassembly, and ioad-
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The primary constraint at the staging area is material-handling capacity.
Therefore, the addition of another lesser capacity cherry-picker type crane with
an additional rigging and assembly crew would accelerate offload and assem-
bly. SOFEC, Inc. (1992b) recommends that the minimum staging-area water-
access frontage be increased to 400 ft. The staging-area jobs include
offloading the trucks, assembling the four major components (i.e., four anchor
leg assemblies, the buoy assembly, the underbuoy hose assembly, and the
floating hose assembly), and loading them for marine shipment. Primary time
constraint at the marine site is the installation of the anchor legs. To benefit
from a gain in time at the staging area, a second anchor-handling vessel is
employed to emplace the second opposing anchor leg system in a staged sche-
ule with the first anchor-handling vessel. Estimated time saved is 1 to

The recovery operation is essentially the reverse of the deployment
operation. More time will be required to carry out the recovery operation due
to the time required to accomplish the following functions:

a. Perform maintenance on the system components, tools, and equipment

b. Account for components, tools, etc., and replace lost items.

c¢. Bundle the numerous shots of anchor chain.

Chapter 3 Dredging Equipment for Nearshore/Onshore Placement



Table 6

DPO CALM Assembly and Marine Deployment Event Summary

Description Resource Time
Day 1
Unload buoy piping, air compressor, tools, marker buoy, Staging-area S hr
underbuoy hose, and hose hardware. Assembie *Crew + crane
underbuoy hose for tow.
Tow underbuoy hose to marine site. Tow vessel Travel
Connect underbuoy hose to end of pipeline, mark, and Tow vessel + pipeline | 1 hr
drop. constructors
Transfer two complete anchor leg assemblies with marking | Crane + staging-area | 6 hr
buoys to anchor-handiing vessel and pre-position remain- crew + anchor-
ing anchor components at staging area site. handling vessel
Assemble shots of anchor chain into anchor leg Anchor-handiing 2hr
assemblies. vessel
bay 2
Transfer chain-tensioner assembly to anchor-handling Staging-area 10.5 hr
vessel. Unload anchor chain to staging-area site. Set up Crew + crane
mooring table and buoy stands for buoy assembly.
Unload air compressor, tools, slings, marking buoys, tow-
ing bridle, and hardware. Erect buoy on mooring table,
make up joint and launch buoy. Unioad remaining anchor
chain. Assemble remaining anchors. Unioad seven
fioating hose sections and mooring hawser assembly.
Anchor-handiing vessel sails to marine site. Anchor-handling Travel
vessel
Install two opposing anchor legs. Anchor-handling 6 hr
vessel
Day 3
Load two anchor-leg assemblies onto the anchor-handling Staging-area 4 hr
vessel and assembie the anchor legs. Crew + Crane +
Anchor-handiing
vessel
Anchor-handling vessel sails to marine site. Anchor-handiing Trave!
vessel
Install two opposing anchor legs. Anchor-handiing 6 hr
vessel
Complete assembly of the buoy components on the float- Staging-area 4 hr
ing buoy. Test and confirm the function of the safety, Crew + crane + buoy
navigation, and rigging equipment on the buoy. crew
(Continued)
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Table 6 (Concluded)

Description Resource Time
Day 4
Tow buoy to marine site. Tow vessel + buoy Travel
crew
Install buoy at marine site. Tow vessel + buoy 8 hr
crew
Assemble floating hose string for tow. Consolidate equip- Staging-area 8 hr
ment in the staging area for inventory and storage/ Crew + crane
transport.
Day 5
Tow fioating hose string to marine site. Tow vessel + buoy Travel
crew
install floating hose string. install underbuoy hose string. Tow vessel + buoy S5hr
Trim buoy. Adjust chain angles as required. Deploy crew
mooring hawser. Ensure proper operation of buoy equip-
ment. Recover and stow marker buoys and installation
equipment.
Complete staging area clean up and equipment Staging-area 4 hr
accountability/storage. Crew + crane

Days 6 and 7

Contingency days for equipment failure/delay, extensive travel imes to the marine site, or
weather delay.

d. Remove the individual hose sections from the water.

e. Sort the system components, tools, equipment, and shipping
frames/blocking into the shipping configuration.

f. Load the trucks.
Marine recovery is accomplished in the following sequence:
a. Recover the floating hose ring.

b. Release the underbuoy hose and four anchor chain legs. Tow the buoy
to the dock.

¢. Recover the underbuoy hose string.
d. Recover the four marine anchors and anchor chain legs.

Anticipated time for marine recovery is 5 days.

Chapter 3 Dredging Equipment for Nearshore/Onshore Placement



Dock/staging-area activity will include removal of the system from the
water, disassembly, inventory, maintenance/replacement, packing, and prepara-
tion for shipment. Anticipated elapsed time for dock/staging-area activity is
7 to 10 days. The loading of the system onto trucks for transport is anti-
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cipated to require 4 days, assummg the use of one crane. Crew complement
for the recovery operation is equivalent to the assembly and instaliation
operation

In the event of an emergency such as extremely severe weather, the DPO
CALM system can be released for expedient towing to hm‘c. for c_lma qcm_ly

recovered from the support vessel, and each leg of the dual leg towmg bracket
is attached to its respective buoy-towing bracket. The support vessel utilizes
the towing bridle as its primary mooring line during the remainder of the
buoy-recovery operation. Total estimated elapsed time is 0.25 hr.

The buoy handrail system is deployed as desired. The winch air-supply
hose is rigged from the support vessel to the onboard buoy winch. The chain-
tensioning blocks are transferred to the buoy and rigged. A pelican hook is
attached to the hook block. Four short choker slings and four anchor pendant
buoys with shackles are transferred to the buoy. Total estimated elapsed time
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is 0.50 hr.
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Total estimated elapsed time is 0.25 hr.

The mooring hawser assembly is pulled, hand over hand, onto the buoy hull
deck and secured. Alternatively, the mooring hawser assembly could be
released from the buoy and secured on the support vessel. Total estimated
elapsed time is 0.25 hr.

The support vessel will maneuver the buoy hull into position over each
individual chain-support assembly to align the chain-tensioning tackle for chain
release. The support vessel captain should plan his method of maneuver to
arrange to have the up-current chain leg be the last chain to be released. The
first chain-support assembly is selected and the support vessel holds the buoy
on station.
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The chain legs will be released in tum. The sequence of events is as
follows:

a. The diver locates the short sling at a chain link slightly above the chain
stopper and attaches the pelican hook.

b. The buoy crew raises the anchor chain to gain access to the chain-
stopper halves and removes the chain-stopper halves to the support
vessel.

c. The diver threads the anchor pendant buoy up through the chain-
support assembly and attaches it to the end link of the anchor chain.
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assemblv. and the nrocess is repeated until all four anchor chains are
moly, ang e proCess 1s repeale uniil all our anchor chains are
marked and released

Total estimated elapsed time to release all four anchor chains is 1 hr.

The buoy crew secures the chain-tensioning rigging, the winch air hose, and
the buoy handrails. Estimated elapsed time is 0.50 hr.

The buoy is ready for tow to shore. Total estimated elapsed time onsite is
2.75 hr. The buoy crew consists of four personnel, one of whom is the diver.
The support vessel crew is as required by the vessel, but a minimum of three
personnel will always be necessary.
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4 Technology for Monitoring
and Increasing Dredge
Payloads for Fine-Grain
Sediments’

Dredge hoppers and scows are commonly filled past the point of overflow
to increase the load. Some Corps Districts routinely allow overflow to
increase the load, while others do not because of actual or perceived environ-
mental and/or economic reasons. Overflow with hopper dredges is beneficial
when sand is the predominant material because the settling velocity is high
enough for the sand to rapidly settle in the hopper during the short filling time.
Overflowing when dredging silt and clay with conventional equipment and
procedures is questionable because the sediment particle sizes are smaller and
settling velocities are lower, which tend to cause the solids to stay in

suspension longer and be discharged back overboard without settling in the
hopper.

The cost efficiency of a hopper dredge is typically judged by its ability to
move dredged sediment from the project area to the disposal area with a mini-
mum of pumping and traveling time. The ideal hopper load for accomplishing
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Economic Loading and Overflow of Dredge

Hoppers and Scows

Environmental considerations of overflow may be related to aesthetics,
potentiai effects of water-column turbidity, potential effects of deposition of
solids, or potential effects of sediment-associated contaminants. These actual
Or peI rceived environmenial effecis have ofien resulied in criticism of LOI’pS

Aaen A 2 - ~ee P Sy ~ ~ara e - S PR SIS R
aircugu uplliauvi OrI It bulCLlUl Il UVCILIUW I 1 SOLIC l SLANCES, uic nU
nunerflaa?®? maliniac ~AF vvm cbnta ramilatmaer acdAanaian maciilt tem clamifAanme
UvVLLiv PULILICS UL < alc i uiatuiy a IUICD IC0OULL 1 D1l dlil

o
=
o
a
[=A=t

03
©
[=*
(4

=R

Operations Involving overflow

Hopper dredging. The function of a hopper dredge is to dredge material
hydraulically from the bottom of navigation channels. At the beginning of the
dredging cycle, the hopper may be partially filled with residual water.
Dredging is conducted with the vessel underway at a speed of 1 to 3 knots
with the dragheads in contact with the bottom. Bottom sediments are
entrained with the ambient water, lifted hydraulically by the dredge pumps,
and discharged into the hoppers. Once the solids-water mixture (slurry) fills

pper the soua paruc1es commue IO settle in the nopper wmle me excess
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cally removed and placed in the SCOWS, wnth lmle entrammem of water during
the dredging cycle as compared with hydraulic dredging. Scows will be par-
tially filled with residual water at the beginning of the filling cycle; therefore,
the residual water is displaced as the scow is filled. If filling is continued past
the point at which the scow is full, the overflow is spilled over the sides of the
scow. The overflow consists of a mixture of residual water, entrained water,

and solids.
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Relatively little technical information is available on the loading and over-
flow of scows. Although several investigators have documented sediment

Chapter 4 Technology for Monitoring/Increasing Dredge Payloads



resuspension due to clamshell operations, it is difficult to isolate the resuspen-
sion due to overflow and that due to the excavating action of the bucket.

Existing Corps guidance

Guidance in Engineer Manual 1110-2-5025 (U.S. Army Corps of Engineers
(USACE) 1983) on economic loading and overflow of hopper dredges is:

The use of (overflow) methods is controlled to varying degrees
by environmental legislation and the water quality certification
permits required by the various states in which dredging is being

H Th 1 affaprt f th thnadc
accomplished. The environmental effects of these methods must

be assessed on a project-by-project basis. If the material being
dredged is clean sand, the percentage of solids in the overflow

will be small and economic loading may be achieved by pump-
mc nast overflow. When contaminated sediments are to be

PoaSt VSR AU VY ASwaAR wrasilaaisialivee Ovumiiviiig v W U

dredged and adverse environmental effects have been identified,
pumping past overflow is not recommended. In such cases,
other types of dredges may be more suitable for removing the
contaminated sediments from the channel prism. If hopper
dredges are not allowed to pump past overflow in sediments that
have good settling properties, the cost of dredging increases.
The settling properties of silt and clay sediments may be such
that only a minimal load increase would be achieved by pump-
ing past overflow. Economic loading (i.e., the pumping time
required for maximum production of the hopper dredge) should
be determined for each project. These determinations, along
with environmental considerations, should be used to establish
the operation procedures for the hopper dredge.

This guidance is basic in nature. However, there exists no detailed guidance
on how to balance the potential economic benefits and potential environmental
effects in reaching decisions related to overflow.

Economic load test for hopper dredges

Instructions for hopper-dredge operations are described by USACE (1953).
Economic load tests are required at the beginning of dredging operations
unless conditions in the area prevent the use of overflow procedures. These
tests are used to determine the most economical operating cycle to use.

The economic load is the hopper load that is dredged and hauled in a single
dredging cycle and yields the maximum rate of material removed from the
project area at a minimum cost. For this test, the hopper load is measured

periodically during loading using either the yardage meter or sounding and

sampling techniques. The pumping, turning, and average or estimated disposal
times are recorded and summed to obtain the total cycle time. The amount

w
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(cubic yards) of retained material per minute of total cycle time is computed
from the load and total cycle time measurements. Next, the amount of
retained material per increment of pumping is computed. The equivalence of
these two values is the point of economic load. Therefore, the economic load
is usually not the maximum Ioad but depends upon a number of factors, one of
which is the distance to the disposal site.
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e to reach that point. Loading curves were generated for the two loc
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as shown in Figures 10 and 11. The Mare Island Strait curve shows that
loading curve maximum and the cost per cubic yard minimum occurred
approximately 2 min after overflow began. For the Richmond Inner Harbor,
overflow was required for 18 min to reach economic load. Different shoal
configurations, sediments, and salinity were cited as reasons for the difference
in time to reach the economic load. The minimum cost per cubic yard varied

by a factor of 3 between these two sites.
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Environmental effects of overflow

Concerns raised by resource agencies regarding overflow include potential
adverse effects due to increased water-column turbidity/suspended solids con-

centrations, reductions in dissoived oxygen (DO) leveis, and/or reiease of parti-
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operations would generally be less severe than for open-water dredged material
disposal but may be greater than for resuspension due to dredging.

Contaminants. The potential for contaminant release in overflow has been
evaluated only on a limited basis. During open-water disposal of dredged
material, most contaminants normally present in the sediments remain strongly
associated with particles. The finer particles in the range of particle sizes
dredged would normally be associated with the overflow. Such fine particles
have a greater affinity for adsorbed contaminants. In fine sediments DO
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Figure 10. Economic load curve for Mare Island Strait
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As an altemnative to overflowing a hopper to increase bin load, the objective
of an investigation by Scott, Pankow, and Pratt (1992) was to evaluate the
effectiveness of selected devices and techniques for increasing the fine-grained
sediment payload in dredge hoppers. Devices that attach to the end of the
discharge pipe or are installed within the hopper bin were evaluated based on
their effectiveness in separating the solids fraction of an inflowing slurry and
the feasibility of prototype application.

Three types of devices were tested in a scale-model hopper constructed at
WES. The first class of devices tested were flow diffusers that attach to the
end of the discharge pipe. This device reduces the turbulence of flow into the
hopper, creating an environment conducive to particle settling. The second
class of devices tested, hydrocyclones and a solids separator, impart centrifugal
forces to the inflowing slurry to separate the solids fraction. The third type of

device tested was an inclined plate configuration in the hopper. The inclined

nl:maq create a dengitv orndlpnt within the slurrv that increases the settling rate
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of solids from the suspension.

Test materials

The model-hopper tests were conducted with both silt and clay slurries.
The clay was a commercial kaolinite with a mean particle size of about
2 microns. The silt material was a naturally occurring sediment that was
passed through a 200-mesh sieve to remove the sands. The naturally occurring
clay fraction of the silt material was essentially removed by suspending the
material in water and draining off the suspended clays. Particle-size analysis
was performed on the silt using standard pipette and electronic particle-sizing
methods. The median particle size range was 12 to 17 microns, indicating a
fine to medium silt. The characteristic settling velocity was determined to
be 0.020 cm/sec at a bulk wet sediment density of both 1.045 and 1.090 gm/
cu cm. These two densities were used in the tests.

Diffuser tests

The initial laboratory tests were designed to determine the influence of the
method of slurry discharge into the model hopper on the retention rate of fine
sediments. These tests investigated the use of diffusers connected to the slurry
discharge pipe. A diffuser is a device designed to evenly distribute the feed
slurry into the hopper thus reducing the turbulence within the hopper and

cemiaran e e PO ~la an

creatmg a qmescent flow environment conducive io pdruuc settling. The tests
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were designed so that the hopper was allowed to overflow for a specific period

of time while the total hopper load was monitored.

A varmaty nf Aiffivcar dAagcione wara tactad with tha twwn banlinita ~lay miv

A Yaricly O1 Giifuser aGesigns werc 1iesied wiul ui€ iwo KaGinie Cidy mix-
tnrac for varnne inflaw ratac intn the hannar Kanlinite rlav wag nngead ac tha
LUILVY 1VLI YALIVUD 1111V YY l:-ll-\/o EMILU Wi llU}l}l\zl AZAVULIIIIL uxu] YWAaAd Uovu do uiv
tect medinm hecance it renrecented the finect cediment cize found in nrotatvne
MWL AAAWVILMLLL UVvvAUOV I ‘\I}IIVO\IIIL\-\J iV MMV OL OVUILILIVIAL Dl AU MRKNG 13 PIULUIJHV
dredoe honners and. therefore. the most difficult to settle out of suspension
arcdge NOppers angd, nereiore, e most CHIIcit 10 SCUC Qut O SUSpCNSIOIn.
Radial, vertical, and horizontal designs of diffusers were tested

The test results indicated very little or no economic load gain from the use
of any of these devices for the two kaolinite clay mixtures tested. These diffu-
sers offered no distinct advantage over conventional methods of placing slurry
into hopper dredges; therefore, no further diffuser laboratory tests were
conducted.

Hydrocyclone tests
A second class of devices for attachment to the discharge pipe was investi-

gated. These devices were designed to concentrate the slurry solids before
they are introduced into the hopper. They are commonly referred to as centri-

liquid separation due to centrifugal forces imparted to the siurry. The slurry is
introduced tangentially into the top portion of the conical device at a given
flaw, mata Tha anninal ahnema AF tha dacing fmnamte o unmtay mentine ta sl o
11IUW 1atv. 110 Lullldl ditape Ul uic Uovile ipdits 4 VONCX mouon 1o uic
slurry, creating significant centrifugal forces on the slurry that tend to concen-
trate the cnlid narticlac naar the walle Af tha davirae whara thay mnva Adnwmn_
MO MV OVAIU paliiViVo HIval UiV WAl Ul Ulv UL ViILL, Wikl Lllb] HIVYLC UUWIL
ward and are eventually discharged at the bottom orifice as a thickened sludge
The clarified effluent is discharged as overflow through the top of the device
Test results indicated that the hydrocyclone device was not successful in
increasing the solids load in the hopper when used with a kaolinite clay sus-

pension. Although literature suggests that hydrocyclones can efficiently sepa-
rate particles within the 10- to 30-micron size range (fine to medium silts), the
hardware requirements and subsequent required alterations to a working hopper
dredge were not economically justifiable. Therefore, laboratory tests of the
hydrocyclone centrifugal separator were not conducted with a silt slurry, and
testing of the centrifugal separator was discontinued.

Inclined plate tests

Chapter 4 Technoiogy for Monitoring/increasing Dredge Payloads
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vertical axis. A good qualitative description of the enhanced settl
pensions between inclined plates was given by Zahavi and Rubin
They conducted tests with a clay suspension (particle density 2.71
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gm/cu cm)

between inclined plates. Dye was injected into the suspension between the
plates, and the enhanced settling phenomenon was observed. Immediately

after the well-mixed suspension was placed between the plates, a

clear water

layer appeared under the downward-facing plate. Dye injections showed that

clarified liquid moved out of the suspension into this layer under
flowed along the plate up to the surface.

the plate and

Model tests. Tests were conducted with a laboratory model hopper bin
using up to 24 inclined plates. The spacing between six plates was 10 cm
and was 2.54 cm between 24 piates (Figure 12). Overflow tests were con-
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Test results. Figure 13 illustrates the results of the silt slurr
tests. Tests were conducted at slurry densities of 1
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Figure 12. Side views of plate configurations in model hopper bin for increased payload

inclined plate slurry tests
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Figure 13. Overflow density increased payload inclined plate slurry tests, feed
density = 1.045 gm/cu cm

n e taTary e 17
to determine the effect of concentration on plate performance. Figure 13
shows the density of the overflow at equilibrium as a function of hopper fill
rate for both the baseline conditions of no plates in the hopper and conditions

Figure 13 clearly shows that the plates are effective in Iowcri..g the over-
flow density, thus increasing the solids retained in the h pper. This figure
indicates that the efficiency of the plates increases with hopper fill rates g.catc.r
than 0.25 cm/sec, becoming constant at about 0.50 cm/sec. Thxs efficien
defined by the change in density that occurs between the curves represent ng

conditions of no plates and 12 or 24 plates in the hopper. }

‘<

It was found that, for a feed density of 1.045-gm/cu cm, the 24-plate
arrangement with 2.54-cm plate spacings resulted in 50 percent more feed
solids retained than for the case of no plates in the hopper. The 12-plate
arrangement with 5.08-cm plate spacings resulted in about 25 percent more
feed solids retained. This percentage increase was constant for hopper fill
rates of about 0.50 to 1.0 cm/sec. With an increase in feed density to
1.09 gm/cu cm, the 24-piate arrangement resuited in about a 30-percent

a

increase in feed solids retained in the hopper. This percemage increase was
S

f\tr\‘Al\nn

about 0.50 io 0.80 cm/sec.
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Conclusions. The inclined plates in the model hopper occupied only a
small portion of the available volume, but added substantial weight to the
hopper. For a practical application, it would be necessary to fabricate the
plates out of low-density plastics or composite materials such as graphite-
epoxy that possess the material strength and abrasion resistance to survive in a
dredge hopper environment.

By increasing the solids content of the slurry by a factor of two, the percent
of feed solids retained in the hopper was reduced from 50 to 30 percent.
Because of this decrease in plate efficiency with increasing concentration, the
inclined plate concept with this configuration may be viable only for low-

alecs 1

~ £

nsity slurries (< 1.1 gm/cu cm).

y applications in which solids are to
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In some cases, environmental regulations prohibit the
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confined disposal sites. Weight-efficient inclined plate desi
clarify a continuous discharge from these sites. Specialty barge
designed and fabricated with inclined plate configurations for limited specialty

dredging applications in which maximum solids loading is critical.

Various methods exist for estimating hopper-dredge payloads, each with
their own uncertainties. The load in the hopper can be estimated by measuring
the depth of settled solids in the hopper and then manually sampling the solids
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Objectives

The objectives of research by Scott et al. (1995) were to design, test, and
implement hopper-dredge monitoring systems for accomplishing the following:
(a) reliably calculate hopper-dredge production based on both average and
direct methods of hopper density measurement; (b) acquire hopper-dredge
process data for real-time dredge monitoring capability; (c) provide an auto-
mated system that produces production reports and graphic output with a mini-
mum of user input, and (d) develop a method for determining the uncertainty
of production calculations from data from the monitoring system.

To meet these objectives, two monitoring systems were developed: (a) a

monitoring sysiem based on the average measurement of hopper density deter-
mined from the bin measure approach for ascertaining hopper load, known as

the automated load monitoring system (ALMS), and (b) a system for directly

measuring slurry density in dredge hoppers based on the concept of electrical

resistivity of sediments, known as the electrical resistivity method.

The ALMS method for determining average density in a dredge hopper is
accomplished by measuring two dredge parameters: (a) the level of dredged
material in the hopper, and (b) the draft of the dredge (Scott 1992b, 1994).
The two instrumentation systems measure real-time hopper volume with two
acoustic sensors and dredge displacement with two pressure transducers in the
air bubbler lines. Hopper volume is determined by measuring the depth of the
sturry in the hopper. With the dredge ullage table, which relates hopper depth
to hopper volume, the depth of material in the hopper can be converted to
volume. The draft of the hopper dredge is directly related to the weight of the
dredge plus loaded water and sediment. The draft can be related to vessel
displacement with a draft/displacement table typically available from the ship-
yard. The total weight of material in the hopper is equal to the weight of bin
water in the hopper before the load is taken plus the slurry load added. This
total weight divided by the volume that the material occupies in the hopper is
the average density of the maierial in the hopper.

AY RAQ nmamraéline A flazi~ha Anmintimag tha otanme im am AT RAQ .0
ALMDS Operation. A [iowchari depicling ihe steps in an ALMS operation

M M v N M H M DA 1 ha

can be considered as having six distinct milestone points. At Point 1, the
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dredge has completed a dump, closed the doors, and is returning to the project
site. During this time, the computer is checking two conditions every 2 sec.
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and final dredge displacement. At Point 5, the production calculations are
performed. At Point 6, a production report is generated, stored in a data file,
and printed. When the doors close after the dump, the loop at Point 1 begins
again. ALMS updates the computer screen every 2 sec with data output from

each sensor.

Testing and evaluation. The ALMS was successfully tested during the
week of August 1993 onboard the Corps’ hopper dredge Wheeler at Matagorda
Bay, TX, east of Corpus Christi (reported by Scott (1994)). Seven hopper
loads were recorded during the testing and evaluation period. Figure 14 is a
display of the hopper volume and dredge displacement for a typical load.
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The load starts when the density in the pipe begins to increase above 1.05 gm/
cu cm and ends when the hopper-door relay is tripped. The accuracy of the
system was determined by performing water tests with seawater of known
density.

Summary. ALMS uses four instrumented systems to provide data on
initial and final dredge-load conditions and produces a real-time production
report as each load is compieted, based on average density in the hopper bin.
This system represents a significant advancement in hopper-ioad monitoring
t produces an accuraie, repeatable measurement of bin water

for manual measurement or pumping
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consuming manual calculation of produ

can be verified through the water-test process.

Electrical resistivity method

Electrical resistivity techniques are commonly used in geophysical explora-
tions. Basically, geophysical electrical resistivity studies involve the measure-
ment of potentials, currents, or electromagnetic fields that are introduced into
the earth. Properties of subsurface materials can be determined by the varia-
tion in these measurements due to change in the electrical conductivity through
the materials. The electrical resistivity of most soil mineral constituents is so

high that most electrical current flow through a soil mass will be through the
soil pore water. For this reason, the bulk resistivity of a soil sampie wili
depend mainly on the amount and resistivity of the water contained in the
sample, although clay exhibits some surface conduction effects and often dis-
plays a bulk resistivity different than other minerals.

Density measurements using the resistivity principle involve introducing a
current source through electrodes into a medium and measuring the potential
across electrodes within the vicinity of current flow. Resistivity is defined as a

function of input current, measured potential, and electrode configuration. For
the resistivity probe developed by Scott (1992a), an array consisting of evenly
spaced electrodes placed in a line are used. Four of the electrodes are utilized
at any one time. Current is introduced into the two outer electrodes of the
four being used at that time, and the potential is measured between the two
inner electrodes.

Laboratory resistivity studies. To evaluate the application of the resistiv-
ity principle for use with dredged materials, a laboratory-scale resistivity test
cell was constructed. This probe consisted of 24 electrodes spaced 1 in. apart,
imbedded in polycarbonate plastic. The electrodes consisted of stainless steel
screw heads. Each electrode was wired to a connecting cable interfaced with a

Chapter 4 Technology for Monitoring/Increasing Dredge Payloads
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The purpose of the laboratory tests was to determine whether the vertical
density profile of suspended and settled sediments could be accurately deter-
mined using electrical resistivity m-asurements. To support the laboratory
resistivity probe tests, a calibration probe and related instrumentation were also
developed.

Calibration tests with a variety of sediment types (sand, silt, and clay) in
homogeneous and mixed sediment suspensions resulted in a series of empiri-
cally based calibration curves describing sediment density as a function of
formation factor. The formation factor (Scott 1992a) is defined by the bulk
resistivity measurement divided by the resistivity of the water in the slurry.
The formation factor normalizes the resistivity-density relationship to any
environmental water resistivities encountered (fresh or saline water). The

ne L2011

1aoora[()ry prooe was filled with various sediment mixtures, and densny pro-
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files were measured using the appropriate calibration curves.

based on these findings.

Prototype resistivity probe. Based on design parameters determined from
the laboratory studies, a prototype resistivity probe was designed and
constructed. The probe was designed for installation in the hopper of the
dredge Wheeler operated by the U.S. Army Engineer District, New Orleans.
The probe was designed to profile the entire depth of the hopper, requiring a
40-ft probe length. Forty electrodes spaced at 1-ft intervals were required.
The electrodes consisted of stainiess steel hose clamps. The probe body was
onsiructed of 10 1n01v1aua1 4 segments of U 75-in. dlam plasnc plpe All
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installed in the hopper of the dredge Wheele s :
(Figure 15). The probe was moumed on steel mourmng brackets ttached to
structural members in the hopper. The cable was run to accompanying instru-
mentation located in a remote arca away from the hopper.

Field tests of the prototype probe were conducted when the dredge was
operating at the mouth of the Mississippi River in the Head of Passes area.
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A.nalvs, of sediment sam-
ples taken at this location
indicate a composition of
approximately 59 percent
coarse materials by weight
(> 63 microns) and 41 per-
cent of fine materials by

weight (< 63 microns).

Density profiles in the
Wheeler nopper measurea
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time during the dredging
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cvcle. fr the noint of
CyClE, Itom the poun o1
overflowing the weirs to

arrival at the disposal site.
The vertical axis represents
the depth in the hopper, with
42 ft being the top of the
overflow weirs. The lower
end of the probe was
attached at the bottom of the
hopper approximately 8 ft
Figure 15. Electrical resistivity probe installed above the hopper doors.

on hopper dredge Wheeler The graph indicates that the
maierial consolidated as a
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munction Of ime 1n the nopper, even nougn a auvcly nign conceniraiion o1
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the electrical resistivity probe was within 5 percent of that measured by the
nuclear density gauge on the production meter

Dhases of the dredgmg cycle. Durmg overflow operanons the densnty proﬁle
can be monitored in the hopper at any time with the system. This would
inform the operator of the level of the material in the hopper, density of the
overflow, and the rate of consolidation of solids in the hopper during overflow.
For hopper dredges with adjustable weirs, the system could be used to inform
the operator of the depth to which the weirs could be lowered, based on the
stratification of density in the hopper, for increasing the solids load in the
hopper (Scott 1992a, Scott et al. 1995).

Chapter 4 Technology for Monitoring/increasing Dredge Payloads
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sands require special techniques and equipment. Dragheads presently used on
Corps dredges do not maintain an optimum production in varying bed material
types at various depths. The objectives of research by Brogdon, Banks, and
Ashley (1994) and Banks and Alexander (in preparation) were to develop more
effective draghead designs for use in navigation channels consisting of com-
pacted fine sands. Two different evaluations were conducted: (a) water jets
with blades as a draghead enhancement device, and (b) a draghead fitted with
uniform slots to enhance hydraulic efficiency to induce more material entrain-

ment into the draghead.
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aria atechece verv clncelv the general characterictice fram a tynical
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dredoino area cuch ag Arancac Pace. TX The D.- size of the tect material wac
Greagng arca suchh as Aransas rass, 1A. 1n€ Dy, S1Z€ O € IESt malenal was
0.075 mm (fine sand).

Model draghead

The full-scale sectional model of a prototype draghead was used to alleviate
similitude problems associated with scaling, especially those concerned with
blade/bed material interactions and scaling of bed material particles. The
sectional model of the draghead was 30 in. wide and 29 in. long, with one slot.

Test bed preparation

g, o A A e H ~ad e £ . ~ A ~L 1 N O h p YO
1ne bCa matériali was piaced in e nume (o 4 acpum or 1.U 1. rreparauon
AP L Ll it g dmcdlan s S ol d ammanl abamas
OI UIc 110D U ICSUIE 1HIVUIVEU dCVCIdL SICPS.
a2 Tha matarial wac cnverad with a thin lavar nf watar and a conerata
“. 211V 111Aatviial YAy vWwWiYLILVU YFiuL 4 Wil la,\tl Vi vywdAivi, diliu a4 vuvuuviviv
vibrator wag nulled throush the sand bed to remove tranned air and to
10T H pulce mnrougn ine sand oed 0 remoeve trapped amr ang o

b. A concrete-smoothing device was used to smooth and increase compac-
tion of the bed.

c. Final grade was achieved with a specially designed leveling grader.

Following final grading of the bed, cone penetrometer readings were taken at
several locations in the bed test section to ensure compaction approximated
prototype materials commonly found in Aransas Pass. All tests were con-
ducted with the model draghead traveling at a speed of 1.0 mph, which corre-
sponds to a slowly operating hopper dredge (Figure 17).

Test resuits

D

(=9

. o ilta aea veacantad e
L a uitd dic pICbC 1ICu Uy
Rrnaoadnn Ranlbo and Achlay F1QQA) in tarmo nf vnliimo Af matarial ramauvad
uxuguuu, Dalind, allu noiuv \177‘I’] 111 LCILI1D Ul YULULLIL ULl 1idlviidal ivinituyou
fraom the tect cartinn durino naceaoce af the dAraohead Tect reenlte chnaw that
AdWial UIv LVOL OvvLIVIL uuxuné yucou&v Vi Wi uluexu.«uu A VOl 1VOULLY J1Ivyy uaQan
water iete with no hlades (kniveg) can sionificantlv increage dredoino nroduc-
ater jets with no blades (knives) can significantly increase dredging produc
tion when the dredge is operating at slow speeds. The addition of knives
placed in front of water jets operating at different pressures further increases
the efficiency of the dredging process, as shown in Table 7

It is anticipated that blades would tend to increase production at high travel
speeds, since blades are sediment-displacement devices. Water jet erosion
benefits would tend to increase as travel speed decreases, since the jetting
forces would have a longer time to attack individual particles.
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Figure 17. Test facility for evaluating effects of water jets and blades to enhance draghead

production

ahla 7
I NI 5
Model Tests of Water Jets and Blades to Enhance Draghead
Production

Volume Removed, cu ft
Water Jot Size, | Operating
Test No. In., ID Pressure, psi Without knife With knife
B2A/B2B No jet 0 10 16
B2C/B3C 0.75 40 1.8 2.3
B2D/B3D 0.75 70 34 24
B2E/B5A 1.00 20 i4 2.1
B2F/B5C 1.00 40 1.6 25
]

A combination of tests were conducted with 0.75- and 1.0-in.-diam water
jets. It was determined that the 1.0-in.-diam water jet at a pressure of 20 psi
requires less than one-third the power required for the 0.75-in.-diam water jet
operating at a pressure of 70 psi. Even though larger volumes are removed by
the 70-psi pressure with the 0.75-in.-diam water jet than the 1.0-in.-diam water
jet operating at 20 psi, the larger jet operating at the lower pressure is a more

[$)]
»
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Chapter 5

energy-efficient design. These two test conditions used approximately the
same flow rates.

From a prototype viewpoint, replaceable jet nozzle blocks that can be
machined to either 0.75-in. or 1.8-in. sizes would be the ideal configuration.
Prototype pump configurations should be sized based on the number and sizes
of jet used and be capable of providing a minimum of 20 psi at the jet outlet.
This should provide adequate power for most compacted sediments. Consider-
ing that a prototype dredge cannot always reduce dredging speed in compacted
sediments, blades should provide a readily installed compromise design for fast

0

DU [ D PP

or slow dredging speeds.

The objective of the research by Banks and Alexander (in preparation) was
to determine the feasibility of using a uniform placement of inflow slots
around the perimeter of a uniquely shaped draghead to enhance production
capabilities. Experimental tests were conducted in the same laboratory facili-

-y -

ties at WES where the water jets and biades had previously been evaluated.

23 3 L e o o o Coab ot O 1. PPN [ IS EUG N B 1 : E o
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The evaluation of the effectiveness of the inflow slots was determined by
comparison of the production provided by an unmodified scaled model of a
Califomia-style draghead, with the same style draghead enhanced by the addi-
tion of uniform slots (uniform-slot draghead) to provide better hydraulic
entrance conditions and reduced energy head loss at the draghead. The drag-
head models were both 1-to-6 model-to-prototype size, and all tests were con-
ducted with a clear-water pumping rate of 760 gpm. Comparison data for
ascertaining which of the two model dragheads performed best consisted of
determining the volume of bed material removed by the two different drag-
heads under identical test conditions in the laboratory facility. The volume of
bed material removed by each of the dragheads tested was calculated from
cross-section profiles surveyed after each test was completed.

Average results were obtained for 10 identical test runs each (average of
30 cross-section profiles) for the California-style draghead in the horizontal
position (CALF), the California-style draghead in the 15-deg down position
(CALD), the uniform-slot draghead in the horizontal position (USDF), and the
uniform-slot draghead in the 15-deg down position (USDD).

Improved Draghead Design
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2.144 cu ft of bed material from the test section and had an average maximum

depth of influence of 0.136 ft. This draghead condition resulted in about

wa
Uniform-slot draghead. The USDF draghead tests removed an average of

13 percent more bed material being removed when compared to the base

CALF test results. The USDD draghead tests removed an average of

2.525 cu ft of bed material, about a 33-percent improvement over the base

CALF. The maximum depth of influence was 0.163 ft.

improved Draghead Design
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ribed in this report pertained to the improvement of debris
(jet pumps) for sand bypassing and evaluation of the
tion dredging, the conceptual design of a single-point
for Corps hopper dredges, improved technologies for
roduction and process monitoring, and design modifications to
ragheads to increase production.

One goal of the research program was to design an eductor that would
maintain good performance in various types of debris. Submersibie pumps
appeared to offer several positive features that made them potentially attractive
as eductor alternatives in special locations. Fluidizers are buried perforated
pipes through which water is pumped and released from orifices, causing the
overlying sand to liquify and flow toward the eductors

Eductors are hydraulic pumps with no moving parts. They operate by
using a supply (motive) water pump to provide high pressure flow at the educ-
tor nozzle. As the jet contracts the surrounding fluid, momentum is exchanged
in the mixer as the jet slows while it accelerates the surrounding fluid, entrain-
ing additional fluid into the jet. As the surrounding fluid is entrained by the
jet, it pulls in additional fluid from outside the eductor.

Submersible centrifugal pumps are typically single-stage vertical pumps
with discharge diameters that range from 4 to 12 in. Submersible pumps differ
from conventional dredges in that the submersible pump is placed directly in
the material to be removed. Obviously, the smaller and lighter the submersible
pump, the greater the number of deployment options. Submersible pumps
(depending on the deployment method) can be easily maneuvered into areas of
limited access. A primary advantage of submersible pumps over eductors is
that they do not require a ciean-water source.
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Field tests of eductors and submersible pumps

The objective of these controlled field tests was to determine the compara-

tivoe nrndnsrtinn rata nf tha NRP adnrntnar the TRT adnctnr and twn commoer.
Ve ProGuUlulii Fal Of uil o CGUCWI, UiC anu CUulwi, aiiG (wU LUt

cially available submersible pumps (H&H Pump Company, Model PF50x8,
and Toyo, Inc., Model DP-150B) under conditions similar to those in a coastal
environment. Tests were conducted in clean sand and in a series of different
debris combinations similar to those mmemeﬂ on open-ocean coasts.,

In clean sand, performance of the DRP eductor and the IRI eductor was

about the same. Performance in debris was a function of the type of debris.
The grate and fluidizers on the DRP eductor allowed better production in stone
and garbage bags/swim fin debris than the IRI eductor; however, the DRP
eductor grate was more prone to clogging with wood than the IRI eductor.
The H&H pump as tested was not well-suited to the types of debris tested. It
was very susceptible to both rocks and wood. The Toyo pump performed the
best overall and was only bettered by the IRI eductor when pumping in wood
debris.

Field tests comparing production of the DRP eductor and the IRI eductor
also were conducted at the existing IRI eductor location at Indian River Inlet,
DE, sand-bypassing plant. The DRP eductor performed slightly better than the
IRI eductor by about 11 percent without considering other factors.

Fluldizers

Fluidization is a process in which fluid is injected into a granular medium
(typically sand), causing the grains to lift and separaie. The design objective
for a fluidization system is primarily to create a trench of a given cross section
and length. The detailed procedure for designing a fluidizer system has been
given by Weisman, Lennon, and Clausner (in preparation), including a family

nf dacion rmirvac far chnncing the annranriate flay, rata hacad An tha ralatis
vi uualsu CUIYLO 1Vd DII\J\JBIIIB uiv ﬂWIUPllalb .II.UW lalv vasLu Uil Uiv lcxauVC

depth of burial of the pipe with respect to pipe diameter and on the relative
particle size with respect to trench dimensions.

Water-Injection Dredging

WID is a concept new to the United States where shoal sediment is fluid-
ized, causing it to flow by density or riverine currents to deeper areas where it
does not affect navigation. WID is based on a simple concept: vessel-
mounted pumps inject water directly into the sediment voids through low-
pressure jets mounted on a long horizontal pipe. This fluidizes the sediment,
creating a gravity-driven density current that can flow down very mild slopes.
The density current transports shoal material to deeper water where it can
settle without impeding navigation or will be carried farther away by stronger
natural currents.

Chapter 6 Synopsis



The DRP’s mission of investigating new dredging technologies led success-
Ffi 1l tn tha firet nratntune fiald Aamanctratinn Af WITN in the IInited Qtatac
pyesey iV MV 11100 HIULUL y\— 1IGAU UVIIIVIIDUIAQLIVIL VUl VY LAY 111 UIV ULV Jlailvo
nnlication in sand oreater than 0.2-mm diam will be verv site-specific. requir-
Application in sand greater than 0.2-mm di am will be very site-specific, requi
ing nearby deeper water and a smooth downslope gradient. The lack of pipe-
lines and swing wires greatly increases mobility of a WID vessel and reduces

disruption of normal navigation traffic to a minimum. Routine use of WID in
areas where in-water disposal is not normally practiced will require additional
considerations.

Dredging Equipment for Nearshore/Onshore
Diaramant
riavecliiiciiin

The Corps desired the capability for DPO of hopper dredges in open water
to be able to respond to national emergencies (such as hurricanes) where the
ability to quickly place sand on the beach is needed. Significant amounts of
material dredged by the Corps could also be used beneficially if easier and less
expensive means were available to deliver the dredged material to a site where
it could be used.
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Design criteria

Design loads and system analysis were based on the displacement and draft
of the largest of the Corps hopper dredges, the Wheeler. The maximum design
mooring load was determined to be 100 kips. The system was designed for
operation in a water depth of 30 to 45 ft; however, operation is possible in
water depths up to 75 ft with a slight reduction in capabilities.

The CALM system was selected because of the ability to transport the
components in truck-size packages and reassemble quickly. Also, it proved to
be the least costly of alternatives to fabricate. The system is anchored by four
anchor chains that are arranged 90 deg apart.

DPO buoy system

The DPO buoy is a capsule-shaped buoy that is 28 ft long by 11 f1 6 in.
wide by 7 ft 6 in. deep. Although not the conventional shape of a mooring



(o]

N

latbed trucks. The buoy can be disassembied into four components: buoy

and mooring table. The buoy hull serves as the

i tn th
The CAI.M system can be transported by truck raﬂ’ or barge 1o the assem-
b2

Dredge hoppers and scows are commonly filled past the point of overflow
to increase the load. Some Corps Districts routinely allow overflow to
increase the load, while others do not because of actual or perceived environ-
mental and/or economic reasons.

Economic ioading and overfiow of dredge hoppers and scows

S fem oo ____%. 3

10 the minimum unit dredging cost. Economic Ioad is dependent on

the material dredged, equipment used, distance to disposal site, and other site-

0es not necessarily correspond to the maxi-

that can be obtained. The economic load is
r of factors

-

sediment payload in dredge hoppers.

Diffuser tests. A variety of diffuser designs were tested with the two
kaolinite clay mixtures for various inflow rates into the hopper. Kaolinite clay
was used as the test medium because it represented the finest sediment size
found in prototype dredge hoppers and, therefore, the most difficult to settle
out of suspension. Test results indicated very little or no economic load gain
from the use of these devices for the two kaolinite clay mixtures tested.

Hydrocyclone tests. These devices were designed to concentrate the slurry
solids before they are introduced into the hopper. Test results indicated that

Chapter 6 Synopsis



the hydrocyclone device was not successful in increasing the solids load in the

hopper when used with a kaolinite clay suspension. Hardware requirements
nd subseauent required alterations to a workineg honner dredee were not eco-

and subsequent required alterations to a working hopper dredge were not eco

Inclined plate tests. Tests were reported by Scott, Pankow, and Pratt
(1992) that investigated the effect of inclined baffle plates in a model hopper
bin on the loading of fine-grained sediments. The inclined plates in the model
hopper occupied only a small portion of the available volume, but added sub-
stantial weight to the hopper. For a practical application, it would be neces-
sary to fabricate the plates out of low-density plastics or composite materials
such as graphite-epoxy that possess the material strength and abrasion resis-
tance to survive in a dredge-hopper environment.

Technologies for Hopper-Dredge Production and
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Automated load monitoring system

The ALMS method for determining average density in a dredge hopper is
accomplished by measuring two dredge parameters: (a) the level of dredged
material in the hopper, and (b) the draft of the dredge (Scott 1992b, 1994).
The two instrumentation systems measure real-time hopper volume with two
acoustic sensors and dredge displacement with two pressure transducers in the
air bubbler lines. With the dredge ullage table, which relates hopper depth to
hopper volume, the depth of material in the hopper can be converted to vol-
ume. The draft can be related to vessel displacement with a draft/displacement
table typically available from the shipyard. The total weight of material in the
hopper is equal to the weight of bin water in the hopper before the load is
taken plus the slurry load added. This total weight divided by the volume that
the material occupies in the hopper is the average density of the material in the
hopper.
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the resistivity probe developed by Scott (1992a), an array consisting of evenly
spaced electrodes placed in a line is used. Four of the electrodes are utilized
at any one time. Current is introduced into the two outer electrodes of the
four being used at that time, and the potential is measured between the two
inner electrodes. The electrical resistivity probe was installed and successfully
demonstrated for field use onboard the hopper dredge Wheeler.

Improved Draghead Design

)
2
-

Dragheads presently used on hopper dredges do not in an optimum
production in varying bed material types at various depths. The objectives of
research by Brogdon, Banks, and Ashley (1994) were to develop more effec-
tive draghead designs for use in navigation channels consisting of compacted
fine sands. Two different evaluations were conducted: (a) water jets with
blades as a draghead enhancement device, and (b) a draghead fitted with uni-

ement device, and (b) a draghead \ i
form slots to enhance hydraulic efficiency to induce more material entrainment
into the draghead.

Water jets and blades design

Laboratory tests to evaluate the effectiveness of water jets and blades to
increase hopper-dredge production were conducted at WES in a flume 60 ft
long, 10 ft wide, and 4 ft deep, with one section of a prototype-size model of
the California-style draghead used on the hopper dredge Wheeler. The full-
scale sectional model of a prototype draghead was used to alleviate similitude
problems associated with scaling, especially those concerned with blade/bed
material interactions and scaling of bed material particles. The sectional model
of the draghead was 30 in. wide and 29 in. long, with one slot.

Test bed preparation. Gradation of the bed material tested closely
matched the general characteristics of a typical dredging area. The Ds, size of
the test material was 0.075 mm (fine sand). The bed material was placed in
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The objective of research by Banks and Alexander (in preparation) was to
determine the feasibility of using a uniform placement of inflow slots around
the perimeter of a California-style draghead to enhance dredge production.

Test program. Effectiveness of the inflow slots was evaluated by compari-
son of the production provided by an unmodified 1-to-6 model-to-prototype
scaled model of a California-style draghead with the same style draghead
enhanced by the addition of uniform slots (Uniform-Slot draghead) to provide
better hydraulic entrance conditions and reduced energy head loss at the drag-
head. Comparison data for ascertaining which of the two model dragheads
performed best consisted of determining the volume of bed material removed
by the two different dragheads under identical test conditions in the laboratory
facility.

Test resuits. Average results were obtained from 10 identical test runs
each (average of 30 cross-section profiles) for the California-style draghead in
the horizontal position (CALF), the California-style draghead in the 15-deg

draghead in the horizontal positon
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draghead tests removed an average of 2.144 cu ft of bed material from the test

2. qq

Iniform-Slot d-ag_head in the horizontal position removed abou
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ed about
13 percent more bed material than the unmodified California-style draghead in
the horizontal position. The Uniform-Slot draghead in the 15-deg down posi-
tion removed about 33 percent more bed material than the unmodified

California-style draghead in the horizontal position.
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