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CHAPTER 3
DREDG NG EQUI PMENT AND TECHNI QUES

3-1.  Purpose. This chapter includes a description of the dredging equip-
nment and techni ques used in dredging activities in the United States and
presents advantages and limtations for each type of dredge. CQuidance is
provided for selection of the best dredging equi pment and techniques for a
proposed dredging project to aid in planning and design.

3-2. Factors Determning Equipnent Selection.

a. The types of equiprment used, by both the Corps and private in-
dustry, and the average annual anount of dredgi ng associated with each type
are shown in Figure 3-1. The dredgi ng nethods enployed by the Corps vary
consi derably throughout the United States. Principal types of dredges in-
clude hydraulic pipeline types (cutterhead, dustpan, plain suction, and
si decaster), hopper dredges, and clanshell dredge. The category of "other"
dredges in Figure 3-1 includes dipper, ladder, and special purpose dredges
However, there are basically only three nechani sns by which dredging is
actually acconplished:

(1) Suction dredging. Renoval of |oose materials by dustpans,
hoppers, hydraulic pipeline plain suction, and sidecasters, usually for
mai nt enance dredging projects.

(2) Mechanical dredging. Rempbval of |oose or hard, conpacted mate-
rials by clanshell, dipper, or |adder dredges, either for maintenance or
new work projects.

(3) A _conbination of suction and nechani cal dredgi ng. Renmoval. of
| oose or hard, conpacted materials by cutterheads, either for maintenance
or new work projects.

h. Selection of dredging equi pment and method used to performthe
dredging will depend on the following factors:

(1) Physical characteristics of material to be dredged.
(2) Quantities of material to be dredged.

(3) Dredging depth.

(4) Distance to disposal area.

(5) Physical environnent of and between the dredging and di sposal

(6) Contamination |evel of sedinents.

(7) Method of disposal.
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(8) Production required
(9) Type of dredges avail able.
3-3. Hopper Dredges.
a. Ceneral. Hopper dredges are self-propelled seagoing ships of from

180 to 550 ft in length, with the nolded hulls and |ines of ocean vessels
(fig. 3-2). They are equipped with propul sion machinery, sedinment con-
tainers (hoppers), dredge punps, and other special equipnent required to
performtheir essential function of removing nmaterial froma channel bottom
or ocean bed. Hopper dredges have propul sion power adequate for required
free-running speed and dredging against strong currents and excellent maneu-
verability for safe and effective work in rough, open seas. Dredged nate-
rial is raised by dredge punps through dragarns connected to drags in
contact with the channel bottom and discharged into hoppers built in the
vessel . Hopper dredges are classified according to hopper capacity: |arge-
cl ass dredges have hopper capacities of 6000 cu yd or greater, mediumclass
hopper dredges have hopper capacities of 2000 to 6000 cu yd, and small -

cl ass hopper dredges have hopper capacities of fromless than 2000 to

500 cu yd. During dredging operations, hopper dredges travel at a ground
speed of from2 to 3 nph and can dredge in depths from about 10 to over

80 ft. They are equipped with twin propellers and twin rudders to provide
the required maneuverability. Table 3-1 gives avail able specifications for
all vessels in the Corps hopper dredge fleet.

b. Description of Operation.

(1) GCeneral. Operation of a seagoing hopper dredge involves greater
effort than that required for an ordinary ocean cargo vessel, because not
only the needs of navigation of a self-propelled vessel but also the needs
associated with its dredging purposes nust be satisfied. Dredging is ac-
conplished by progressive traverses over the area to be dredged. Hopper
dredges are equi pped with large centrifugal punps simlar to those enpl oyed
by other hydraulic dredges. Suction pipes (dragarms) are hinged on each
side of the vessel with the intake (drag) extending downward toward the

stern of the vessel. The drag is noved along the channel bottom as the
vessel moves forward at speeds up to 3 nph. The dredged material is sucked
up the pipe and deposited and stored in the hoppers of the vessel. Once

fully |oaded, hopper dredges move to the disposal site to unload before re-
suming dredging. Unloading is acconplished either by opening doors in the
bottons of the hoppers and allowing the dredged material to sink to the
open-wat er di sposal site or by punmping the dredged material to upland dis-
posal sites. Because of the linmitations on open-water disposal, nost
hopper dredges have direct punpout capability for disposal in upland con-
fined sites. Before there were environnmental restrictions, hopper dredges
were operated with the primary objective of obtaining the maxi num econonic
load; i.e., removing the maxi mum quantity of naterial from the channe
prismin the shortest punping time during a day's operation.

(2) Hopper dredging is acconplished by three methods: (a) punping
past overflow, (b) agitation dredging, and (c) pumping to overflow  The
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Figure 3-2. Self-propelled seagoing hopper dredge.
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use of these methods is controlled to varying degrees by environnenta
legislation and the water quality certification permts required by the
various states in which dredging is being acconplished. The environnenta
effects of these methods nust 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 econonmic | oading may be achi eved by punping
past overflow.  Wen contanmi nated sedinments are to be dredged and adverse
environmental effects have been identified, punping past overflow is not
recormended.  In such cases, other types of dredges may be more suitable
for renoving the contaminated sedinments from the channel prism |f hopper
dredges are not allowed to punp past overflow in sedinents that have good
settling properties, the cost of dredging increases. The settling proper-
ties of silt and clay sediments may be such that only a nminiml |oad in-
crease would be achieved by pumping past overflow. Econonic |oading, i.e.
the punping time required for maxi mum production of the hopper dredge
shoul d be deternmined for each project. These determinations, along with
environmental considerations, should be used to establish the operation
procedures for the hopper dredge

(3) Agitation dredging. Agitation dredging is a process which inten-
tionally discharges overboard large quantities of fine-grained dredged ma-
terial by punping past overflow, under the assunption that a major portion
of the sediments passing through the weir overflow will be transported and
pernmanent |y deposited outside the channel prismby tidal, river, or littora
currents.  Agitation dredging shoul d be used only when the sediments dredged
have poor settling properties, when there are currents in the surrounding
water to carry the sedinents fromthe channel prism and when the risk to
environmental resources is low  Favorable conditions may exist at a par-
ticular project only at certain times of the day, such as at ebb tides, or
only at such periods when the streanflow is high. To use agitation dredg-
ing effectively requires extensive studies of the project conditions and
definitive environmental assessnents of the effects. Agitation dredging
shoul d not be performed while operating in slack water or when prevailing
currents permt redeposit of substantial quantities of the dredged materia
in the project area or in any other area where future excavation may be
required. Refer to para 3-12 for nore information on this topic.

(4) Refer to ER 1125-2-312 for instructions for hopper dredge
operati ons.

c. Application. Hopper dredges are used mainly for maintenance dredg-
ing in exposed harbors and shipping channels where traffic and operating
conditions rule out the use of stationary dredges. The materials excavated
by hopper dredges cover a w de range of types, but the hopper dredge is nost
effective in the renoval of material which forns shoals after the initia
dredging is conpleted. While specifically designed drags are avail able for
use in raking and breaking up hard naterials, hopper dredges are nost effi-
cient in excavating |oose, unconsolidated materials. At times, hopper
dredges must operate under hazardous conditions caused by fog, rough seas,
and heavy traffic encountered in congested harbors.

d.  Advantages. Because of the hopper dredge’s design and nmethod of
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operation, the self-propelled seagoing hopper dredge has the follow ng ad-
vant ages over other types of dredges for nmany types of projects

(1) It is the only type of dredge that can work effectively, safely,
and econonmically in rough, open water.

(2) It can nove quickly and econonmically to the dredging project
under its own power.

(3) Its operation does not interfere with or obstruct traffic.

(4) Its nethod of operation produces usabl e channel inprovenent al nost
as soon as work begins. A hopper dredge usually traverses the entire length
of the problem shoal, excavating a shallow cut during each passage and in-
creasing channel depth as work progresses.

(5) The hopper dredge nay be the nobst economical type of dredge to
use where disposal areas are not available within econom ¢ punping dis-
tances of the hydraulic pipeline dredge

e. Limtations. The hopper dredge is a seagoing self-propelled vesse
designed for specific dredging projects. The following limtations are as-
sociated with this dredge

(1) Its deep draft precludes use in shallow waters, including barge
channel s.

(2) It cannot dredge continuously. The normal operation involves
| oadi ng, transporting material to the dunp site, unloading, and returning
to the dredging site.

(3) The hopper dredge excavates with |ess precision than other types
of dredges.

(4) Its econonmc load is reduced when dredgi ng contam nated sedi nents
since punping past overflow is generally prohibited under these conditions

and | owdensity material nust be transported to and punped into upland dis-
posal areas.

(5) It has difficulty dredging side banks of hardpacked sand.

(6) The hopper dredge cannot dredge effectively around piers and
other structures.

(7) Consolidated clay material cannot be economically dredged with
t he hopper dredge

3-4.  Cutterhead Dredges.

a. General. The hydraulic pipeline cutterhead suction dredge is the
nost commonly used dredgi ng vessel and is generally the nost efficient and
versatile (fig. 3-3). It performs the major portion of the dredging

3-7



EM 1110-2-5025
25 Mar 83

N\

NN

b\l ——

e |

ﬁ "A" FRAME
DI SCHARGE LINE

L L AR | V
\v4 =

SPUD
LADDER —

v TR CUTTERHEAD

Figure 3-3. Hydraulic pipeline cutterhead dredge.
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workload in the United States. Because it is equipped with a rotating
cutter apparatus surrounding the intake end of the suction pipe, it can ef-
ficiently dig and punp all types of alluvial naterials and conpacted de-
posits, such as clay and hardpan. This dredge has the capability of punp-
ing dredged material long distances to upland disposal areas. Slurries of
10 to 20 percent solids (by dry weight) are typical, depending upon the

mat eri al being dredged, dredging depth, horsepower of dredge punps, and
punping distance to disposal area. |If no other data are available, a pipe-
line discharge concentration of 13 percent by dry weight (145 ppt) should
be used for design purposes. Pipeline discharge velocity, under routine
wor ki ng conditions, ranges from 15-20 ft/sec. Table 3-2 presents theo-
retical pipeline discharge rates as functions of pipeline discharge veloci-
ties for dredges ranging in sizes from8 to 30 in.

Table 3-2. Suction Dredge Pipeline Discharge Rates,?

cu ft/sec
D schar ge
Vel ocity Di scharge Pipe D aneter
ft/sec a in. 18 in. 24 in. 30 in.
10 3.5 17.7 31.4 49.1
15 5.2 26.5 47.1 73.6
20 7.0 35.3 62.8 98.1
25 8.7 44.2 78.5 122.7

%Di scharge rate = pipeline area x discharge velocity.

Production rate is defined as the number of cubic yards of in situ sedi-
ments dredged during a given period and is usually expressed in cu yd/hr.
Production rates of dredges vary according to the factors |isted above and
other operational factors that are not necessarily consistent between
dredges of the sane size and type. For exanmple, a 16-in. dredge should pro-
duce between 240 and 875 cu yd of dredged material per hour, and a 24-in.
dredge should produce between 515 and 1615 cu yd per hour. The range for
typical cutterhead production as a function of dredge size is shown in fig-
ure 3-4. This figure illustrates the wide range of production for dredges
of the same size. The designer can refer to figure 3-5, which shows the
rel ationshi ps anong solids output, dredge size, and pipeline |ength for
various dredging depths, as a prelimnary selection guide for the size of
dredge required for a given project. This is only a rough guide, and ac-
curate calculations based not only on the type of nmterial to be dredged
but on the power avail able and ot her considerations should be conpl eted be-
fore a final engineering reconmendation can be made. The designer should
refer to the data available from ENG Form 4267, "Report of Operations--
Pipeline, Dipper, or Bucket Dredges," for use in estimating production
rates, effective working time, etc. These data on past dredging projects
are available in the Construction-Cperation Divisions of the Districts.
Speci fications and di nensions for several cutterhead dredges ranging in
pipe dianeter from6 to 30 in. are presented in table 3-3.
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Figure 3-4. Typical cutterhead dredge production according to
dredge si ze.
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h. Description of Operation. The cutterhead dredge is generally
equi pped with two stern spuds used to hold the dredge in working position
and to advance the dredge into the cut or excavating area. During opera-
tion, the cutterhead dredge swings from side to side alternately using the
port and starboard spuds as a pivot, as shown in figure 3-6. Cables at-
tached to anchors on each side of the dredge control lateral novenent. For-
ward novenent is achieved by |owering the starboard spud after the port
swing is made and then raising the port spud. The dredge is then swng
back to the starboard side of the cut centerline. The port spud is |owered
and the starboard spud lifted to advance the dredge. The excavated nate-
rial may be disposed of in open water or in confined disposal areas |ocated
upland or in the water. In the case of open-water disposal, only a float-
ing discharge pipeline, made up of sections of pipe nmounted on pontoons and
held in place by anchors, is required. Additional sections of shore pipe-
line are required when upland disposal is used. In addition, the excavated
materials may be placed in hopper barges for disposal in open water or in
confined areas that are renpte from the dredging area. In cutterhead dredg-
ing, the pipeline transport distances usually range up to about 3 niles.
For commercial land reclamation or fill operations, transport distances are
generally longer, with pipeline |lengths reaching as far as 15 mles, for
which the use of nultiple booster punps is necessary.

/
wpP) O A Q(DOWH)
SPLIJDS

Figure 3-6. Operation of a cutterhead dredge (viewed
from above).
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c. Application. Although the cutterhead dredge was devel oped to
| oosen up densely packed deposits and eventually cut through soft rock, it
can excavate a wide range of materials including clay, silt, sand, and
gravel. The cutterhead, however, is not needed in nmmintenance dredging of
most materials consisting of clay, silt, and fine sand because in these na-
terials, rotation of the cutterhead produces a turbidity cloud and in-
creases the potential for adverse environmental impacts. Common practice
is to use the cutterhead whether it is needed or not. \Wen the cutterhead
is removed, cutterhead dredges become in effect plain suction dredges. The
cutterhead dredge is suitable for maintaining harbors, canals, and outlet
channel s where wave heights are not excessive. A cutterhead dredge de-
signed to operate in calmwater will not operate offshore in waves over
2-3 ft in height; the cutterhead will be forced into the sedinent by wave
action creating excessive shock loads on the ladder. However, a cutterhead
dredge designed to operate offshore can operate in waves up to about 6 ft

d. Advantages. The cutterhead dredge is the nost widely used dredge
in the United States because of the follow ng advantages:

(1) Cutterhead dredges are used on new work and mai ntenance projects
and are capable of excavating nost types of material and punmping it through
pipelines for long distances to upland disposal sites.

(2) The cutterhead operates on an al nbost continuous dredging cycle,
resulting in maxi num econony and efficiency.

(3) The larger and nore powerful machines are able to dredge rocklike
formations such as coral and the softer types of basalt and |inmestone wth-
out blasting.

e. Limtations. The linmtations on cutterhead dredges are as follows:

(1) The cutterhead dredges available in the United States have
limted capability for working in open-water areas w thout endangering per-
sonnel and equi pnent. The dredging |adder on which the cutterhead and suc-
tion pipe are nounted is rigidly attached to the dredge; this causes opera-
tional problems in areas with high waves.

(2) The conventional cutterhead dredges are not self-propelled. They
require the nobilization of large towboats in order to nove between dredg-
ing locations.

(3) The cutterhead dredge has problens renoving nedi um and coarse
sand in naintaining open channels in rivers with rapid currents. It is dif-
ficult to hold the dredge in position when working upstream against the
river currents since the working spud often slips due to scouring effects.
Wien the dredge works downstream the material that is |oosened by the cut-
terhead is not pulled into the suction intake of the cutterhead. This
causes a sandroll, or berm of sandy material to form ahead of the dredge.

(4) The pipeline fromthe cutterhead dredge can cause navigation
problens in snmall, busy waterways and harbors.
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3-5. Dust pan Dredge.

a. CGeneral. The dustpan dredge is a hydraulic suction dredge that
uses a widely flared dredgi ng head al ong which are munted pressure water
jets (fig. 3-7). The jets loosen and agitate the sediments which are then
captured in the dustpan head as the dredge itself is wi nched forward into
the excavation. This type of dredge was devel oped by the Corps of Engi-
neers to maintain navigation channels in uncontrolled rivers with bedl oads
consisting primarily of sand and gravel. The first dustpan dredge was de-
vel oped to naintain navigation on the Mssissippi River during |ow river
stages. A dredge was needed that could operate in shallow water and be
| arge enough to excavate the navigation channel in a reasonably short tine.
The dustpan dredge operates with a |ow head, high-capacity centrifugal punp
since the material has to be raised only a few feet above the water surface
and punped a short distance. The dredged material is nornally discharged
into open water adjacent to the navigation channel through a pipeline
usually only 800 to 1000 ft |ong.

h. Description of QOperation. The dustpan dredge maintains navigation
channel s by making a series of parallel cuts through the shoal areas unti
the authorized widths and depths are achieved. Typical operation pro-
cedures for the dustpan dredge are as follows:

(1) The dredge noves to a point about 500 ft upstream of the upper
limt of the dredging area and the hauling anchors are set. Two anchors
are used, as shown in Figure 3-8. The hauling winch cables attached to the
anchors are crossed to provide better maneuverability and control of the
vessel while operating in the channel prism

(2) The dredge is then noved downstream to the desired |ocation. The
suction head is lowered to the required depth, dredge punp and water jet
punps are turned on, and the dredging conmences. The dredge is noved for-
ward by the hauling cables. The rate of novenent depends on the nmaterials
bei ng dredged, depth of dredging, currents, and wind. In shallow cuts, the
advance may be as rapid as 800 ft/hr.

(3) When the upstreamend of the cut is reached, the suction head is
rai sed and the dredge is noved back downstreamto make a parallel cut. This
operation is repeated until the desired dredging wi dths and depths are
achi eved.

(4) The suction head nmay have to be lowered or raised if obstacles
such as boul ders, logs, or tree stunps are encountered. Experience with
dust pan dredges indicates that the best results are obtai ned when the
hei ght of the cut face does not exceed 6 ft in depth.

(5) The dr edge is noved outside the channel to let waterborne traffic
pass through the area sinply by raising the suction head and sl acking off
on one of the hauling w nch cables. The propelling engines can be used to
assi st in maneuvering the dredge clear of the channel. The vessel is held
in position by lowering the suction head or by |owering a spud.
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Figure 3-7. Dustpan dredge.
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c. Application. The pipeline systemand the rigid |adder used with
the dustpan dredge make it effective only in rivers or sheltered waters; it
cannot be used in estuaries or bays where significant wave action occurs.
Because it has no cutterhead to |oosen hard, conpact materials, the dustpan
dredge is nostly suited for high-volume, |oose-naterial dredging. Dustpan
dredges are used to nmaintain the navigation channel of the uncontrolled
open reaches of the Mssissippi, Mssouri, and Chio Rivers. Dustpan dredg-
ing is principally a |owstage season operation. River channels are sur-
veyed before the end of the high-stage season to deternine the |ocation and
depths at the river crossings and sandbar fornmations, and dustpan dredging
operations are planned accordingly. The existing fleet of Corps dustpan
dredges is described briefly in table 3-4.

Table 3-4. Corps Dustpan Dredges.

Name Di strict Location Di scharge Diameter, in. Age, years
M tchel | Kansas City 34 47
Bur gess Menphi s 32 47
Cckerson Menphi s 32 49
Potter St. Louis 32 49
Jadwi n Vi cksburg 32 47

These dredges are high-volune dredges capabl e of excavating a navigation
channel through river sedinment in a short time. During FY 71, the dredge
Jadwi n excavated over 6,200,000 cu yd, with an average production rate of
approxi mately 3600 cu yd/hr. Detailed operations data for all the dustpan
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dredges are reported on ENG Form 4267, "Report of Operations--Pipeline,
Di pper, or Bucket Dredges." Refer to table 3-3 for specifications for a
typi cal dustpan dredge

d. Advantages. The dustpan dredge is self-propelled, which enables it
to nove rapidly over long distances to work at |ocations where energencies
occur. The attendant plant and pipeline are designed for quick assenbly so
that work can be started a few hours after arrival at the work site. The
dust pan dredge can nove rapidly out of the channel to allowtraffic to pass
and can resume work immediately. The high production rate and design of
the dustpan dredge make it possible to rapidly renove sandbar formations
and deposits from river crossings so that navigation channels can be nain-
tained with a mnimm of interruption to waterborne traffic

e. Limtations. The dustpan dredge was designed for a specific pur-
pose, and for this reason there are certain limtations to its use in other
dredging environments. It can dredge only | oose materials such as sands
and gravels and only in rivers or sheltered waters where little wave action
may be expected. The dustpan dredge is not particularly well suited for
transporting dredged material |ong distances to upland disposal sites; punp-
ing distances are limted to about 1000 ft wthout the use of booster punps.

3-6. Sidecasting Dredges.

a. Ceneral. The sidecasting type of dredge (fig. 3-9) is a shallow
draft seagoing vessel, especially designed to renove material fromthe bar
channel s of snall coastal inlets. The hull design is simlar to that of a
hopper dredge; however, sidecasting dredges do not usually have hopper bins
Instead of collecting the material in hoppers onboard the vessel, the side-
casting dredge punps the dredged material directly overboard through an ele-
vated discharge boom thus, its shallow draft is unchanged as it constructs
or maintains a channel. The discharge pipeline is suspended over the side
of the hull by structural means and may be supported by either a crane or a
truss-and-count erwei ght design. The dredging operations are controlled by
steering the vessel on predetermned ranges through the project alignment.
The vessel is self-sustaining and can performwork in renpte |ocations with
a mninmm of delay and service requirenments. The projects to which the
sidecasters are assigned for the nost part are at unstabilized, small in-
lets which serve the fishing and snall-boat industries. Dangerous and unpre-
dictable conditions prevail in these shallowinlets making it difficult for
conventional plant to operate except under rare ideal circunstances.

h. Description of Qperation. The sidecasting dredge picks up the bot-
tommaterial through two dragarns and punps it through a discharge pipe sup-
ported by a discharge boom During the dredging process, the vessel travels
along the entire length of the shoal ed area casting material away from and
beyond the channel prism Dredged material may be carried away fromthe
channel section by littoral and tidal currents. The construction of a
deepened section through the inlet usually results in some natural scouring
and deepening of the channel section, since currents noving through the
prismtend to concentrate the scouring action in a smaller active zone. A
typi cal sequence of events in a sidecasting operation is as foll ows:
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Figure 3-9. Sidecasting dredge.
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(1) The dredge noves to the work site.
(2) The dragarns are |owered to the desired depth.

(3) The punps are started to take the material fromthe channel bot-
tomand punp it through the discharge boomas the dredge noves al ong a des-
ignated line in the channel prism

(4) |If adequate depths are not available across the bar during | ow
tide levels, dredging nust be started during higher tide |levels. Under
these conditions, the cuts are confined to a narrow channel width to
quickly attain the flotation depth necessary for dredging to be continued
during the low tidal periods.

(5) The dredge continues to nove back and forth across the bar unti
the channel dinensions are restored

(6) The discharge can be placed on either side of the dredge by rotat-
ing the discharge boom from one side of the hull to the other.

c. Application. The Corps of Engineers devel oped the shall owdraft
sidecasting dredge for use in places too shallow for hopper dredges and too
rough for pipeline dredges. The types of materials that can be excavated
with the sidecasting dredge are the sane as for the hopper dredges
(para 3-3c). -

d. Advantages. The sidecasting type of dredge, being self-propelled,
can rapidly nmove fromone project |location to another on short notice and
can imediately go to work once at the site. Therefore, a sidecasting
dredge can maintain a nunber of projects |ocated great distances from each
other along the coastline

e. Linmtations. The sidecasting dredge needs flotation depths before
it can begin to work because it dredges while noving over the shoal ed area.
Cccasionally, a sidecaster will need to alter its schedule to work during
higher tide levels periods only, due to insufficient depths in the shoal ed
area. Mdst areas on the seacoast experience a tidal fluctuation sufficient
to allow even the shall owest shoaled inlets to be reconstructed by a side-
casting type of dredge. A shallowdraft sidecasting dredge cannot nove
| arge volunes of material conpared to a hopper dredge, and sonme of the ma-
terial renoved can return to the channel prismdue to the effects of tida
and littoral currents. The sidecasting dredge has only open-water disposa
capability; therefore, it cannot be used for dredgi ng contani nated
sedi ment s

3-7. Dipper Dredges.

a. General. The dipper dredge is basically a barge-nmunted power
shovel . It is equipped with a power-driven |adder structure and operated
froma barge-type hull. A schematic draw ng and photograph of the dipper

dredge are shown in figure 3-10. A bucket is firmy attached to the |adder
structure and is forcibly thrust into the material to be removed. To
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increase digging power, the dredge barge is moored on powered spuds that
transfer the weight of the forward section of the dredge to the bottom

Di pper dredges nornally have a bucket capacity of 8 to 12 cu yd and a work-
ing depth of up to 50 ft. There is a great variability in production rates,
but 30 to 60 cycles per hour is routinely achieved

b. Description of Operation. The dipper type of dredge is not self-
propel l ed but can nove itself during the dredging process by manipul ation
of the spuds and the dipper arm A typical sequence of operation is as
follows :

(1) The dipper dredge, scow barges, and attendant plant are noved to
the work site

(2) The dredge is nmoved to the point where work is to start; part of
the weight is placed on the forward spuds to provide stability.

(3) A scow barge is brought alongside and noored into place by
wi nches and cables on the dipper dredge.

(4) The dredge begins digging and placing the material into the
moor ed bar ge.

(5) Wen all the naterial within reach of the bucket is renoved, the
dredge is noved forward by lifting the forward spuds and maneuvering with
the bucket and stern spud.

(6) The | oaded barges are towed to the disposal area and enptied by
bottom dunping if an open-water disposal area is used, or they are unl oaded
by nechanical or hydraulic equipnent if diked disposal is required.

(7) These procedures are repeated until the dredging operation is
conpl et ed

c. Application. The best use of the dipper dredge is for excavating
hard, conpacted materials, rock, or other solid materials after blasting.
Al though it can be used to renpve npost bottom sediments, the violent action
of this type of equipnment may cause considerabl e sedi nent disturbance and
resuspensi on during naintenance digging of fine-grained material. I n addi -
tion, a significant loss of the fine-grained material will occur fromthe
bucket during the hoisting process. The dipper dredge is nobst effective
around bridges, docks, wharves, pipelines, piers, or breakwater structures
because it does not require nmuch area to maneuver; there is little danger
of dammagi ng the structures since the dredging process can be controlled ac-
curately. No provision is made for dredged material containment or trans-
port, SO the dipper dredge nust work al ongside the disposal area or be ac-
conmpani ed by disposal barges during the dredgi ng operation.

d. Advantages. The dipper dredge is a rugged machine that can renpve

bottom materials consisting of clay, hardpacked sand, glacial till, stone
or blasted rock material. The power that can be applied directly to the

cutting edge of the bucket nmakes this type of dredge ideal for the renova
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of hard and conpact materials. It can also be used for renoving old piers,
breakwat ers, foundations, pilings, roots, stunps, and other obstructions.
The dredge requires | ess roomto maneuver in the work area than nost ot her
types of dredges; the excavation is precisely controlled so that there is
little danger of removing naterial from the foundation of docks and piers
when dredging is required near these structures. Dipper dredges are fre-
quently used when disposal areas are beyond the punping distance of pipe-
line dredges, due to the fact that scow barges can transport material over
long distances to the disposal area sites. The dipper type of dredge can

be used effectively in refloating a grounded vessel. Because it can op-
erate with little area for maneuvering, it can dig a shoal out from under
and around a grounded vessel. The dipper dredge type of operation limts

the volune of excess water in the barges as they are l|oaded. Dipper-
dredged material can be placed in the shallow waters of erodi ng beaches to
assist in beach nourishnent.

e. Limtations. It is difficult to retain soft, senisuspended fine-
grained materials in the buckets of dipper dredges. Scowtype barges are
required to nove the material to a disposal area, and the production is
relatively |ow when conpared to the production of cutterhead and dustpan
dredges. The di pper dredge is not recommended for use in dredgi ng con-
tam nated sedinments.

3-8. Bucket Dredges.

a. GCeneral. The bucket type of dredge is so named because it utilizes
a bucket to excavate the material to be dredged (fig. 3-11). Different
types of buckets can fulfill various types of dredging requirenents. The
buckets used include the clanshell, orangepeel, and dragline types and can
be quickly changed to suit the operational requirenents. The vessel can be
positioned and noved within a |imted area using only anchors; however, in
nost cases anchors and spuds are used to position and nove bucket dredges.
The material excavated is placed in scows or hopper barges that are towed
to the disposal areas. Bucket dredges range in capacity from 1 to 12 cu yd.
The crane is mounted on a flat-bottomed barge, on fixed-shore installations,
or on a crawer nmunt. Twenty to thirty cycles per hour is typical, but
| arge variations exist in production rates because of the variability in
depths and materials being excavated. The effective working depth is
limted to about 100 ft.

b. Description of Operation. The bucket type of dredge is not self-
propell ed but can nove itself over a limted area during the dredgi ng pro-
cess by the manipulation of spuds and anchors. A typical sequence of opera-
tion is as follows:

(1) The bucket dredge, scows or hopper barges, and attendant plant
are noved to the work site by a tug.

(2) The dredge is positioned at the location where work is to start
and the anchors and spuds lowered into place.
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(3) A scow or hopper barge is brought al ongside and secured to the
bucket dredge hull

(4) The dredge begins the digging operation by dropping the bucket in
an open position from a point above the sedinent. The bucket falls through
the water and penetrates into the bottom naterial. The sides or jaws of
t he bucket are then closed through the use of wire cables operated fromthe
crane. As the sides of the bucket close, material is sheared fromthe bot-
tom and contained in the bucket conpartnent. The bucket is raised above
the water surface and swung to a point over the hopper barge. The naterial
is then released into the hopper barge by opening the sides of the bucket.

(5) As material is renmoved fromthe bottom of the waterway to the de-
sired depth at a given location, the dredge is nmoved to the next nearby |o-
cation by using anchors. |f the next dredging area is a significant dis-
tance away, the bucket dredge nmust be noved by a tug

(6) The | oaded barges are towed to the disposal area by a tug and
enptied by bottomdunping if an open water disposal area is used. |f a
di ked disposal area is used, the material nust be unl oaded using nechnica
or hydraulic equipnent.

(7) These procedures are repeated until the dredging operation is
conpl et ed.

c. Application. Bucket dredges may be used to excavate nost types of
materials except for the npbst cohesive consolidated sedinents and solid
rock. Bucket dredges usually excavate a heaped bucket of material, but dur-
ing hoisting turbul ence washes away part of the load. Once the bucket
clears the water surface, additional |osses may occur through rapid drain-
age of entrapped water and slunping of the material heaped above the rim
Loss of material is also influenced by the fit and condition of the bucket,
the hoisting speed, and the properties of the sedinent. Even under idea
conditions, substantial |osses of |oose and fine sedinents will usually
occur. Because of this, special buckets nust be used if the bucket dredge
is to be considered for use in dredging contam nated sedinents. To mnimze
the turbidity generated by a clanmshell operation, watertight buckets have
been developed (fig. 3-12). The edges seal when the bucket is closed and
the top is covered to mnimze |loss of dredged material. Available sizes
range from2.6 to 26 cu yd. These buckets are best adapted for nmintenance
dredging of fine-grained material. A direct conparison of 1.3 cu-yd typi-
cal clanshell and watertight clanshell operations indicates that watertight
buckets generate 30 to 70 percent less turbidity in the water colum than
typical buckets. This reduction is probably due primarily to the fact that
| eakage of dredged material fromwatertight buckets is reduced by approxi-
mately 35 percent. The bucket dredge is effective while working near
bri dges, docks, wharves, pipelines, piers, or breakwater structures because
it does not require nmuch area to maneuver; there is little danger of dam
aging the structures because the dredgi ng process can be controlled
accurately.
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Figure 3-12. Open and closed positions of the watertight bucket.

d. Advantages. The bucket dredge has the same advantages cited for
the dipper dredge, except that its capabilities in blasted rock and conpact
materials are somewhat less. The density of material excavated is about
the same as the inplace density of the bottom material. Therefore, the
volume of excess water is minimal, which increases the efficiency of opera-
tion in the transportation of material fromthe dredging area to the dis-
posal area.

e. Limtations. The linitations of the bucket type of dredge are the
sane as those described for the dipper dredge (para 3-7e).

3-9.  Special -Purpose Dredge

a. Ceneral. The Corps of Engineers Dredge CURRI TUCK (fig. 3-13), as-
signed to the Wlnington District, is an exanple of a special-purpose type
of dredge. Designed to work the same projects as sidecasting dredges, the
CURRI TUCK has the additional ability to conpletely renmove material fromthe
inlet conplex and transport it to downdrift eroded beaches. It is a self-
propelled split hull type of vessel, equipped with a self-leveling deck-
house located at the stern, where all controls and nachinery are housed.
The vessel is hinged above the main deck so that the hull can open from bow
to stern by nmeans of hydraulic cylinders located in conpartments forward
and aft of the hopper section. The CURRI TUCK has one hopper with a capacity
of 315 cu yd. The hopper section is clearly visible to the operators in
the pilot house, naking production monitoring an easy task.

h. Description of Operation. The CURRI TUCK operates in nuch the same
way as a hopper dredge. The operator steers the vessel through the shoal
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Figure 3-13. Corps special-purpose dredge.
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areas of the channel. The dredge punps, located in the conpartnents on
each side of the hull, punmp material through trailing dragarns into the

hopper section. Wen an econonmic load is obtained, the dragarns are lifted
fromthe bottom of the waterway and the dredge proceeds to the disposal
area. A mmjor difference between the operation of the CURRI TUCK and that
of a conventional hopper dredge is in the nethod of disposal; the CURRI TUCK
is designed to transport and deposit the dredged naterial close to the surf
zone area.

c. Application. The CURRI TUCK provides a sand-bypassing capability
in addition to inproving the condition of navigation channels. The
CURRI TUCK excavates material from navigation channels, transports it to
downdrift eroded beaches, and releases it where it is needed to provide
beach nourishnment, rather than wasting it offshore. After the material has
been deposited in the near-shore coastal areas, the dredge backs away and
returns to the navigation channel.

d. Advantages. The CURRITUCK is an effective dredging tool for use
in shallowdraft inlets. Al of the dredged material is placed in the lit-
toral zone. The CURRI TUCK can al so be used to suppl enent sidecasting
dredges and to transport dredged nmaterials frominlet channels to the near-
shore areas of eroded beaches.

e. Limtations. The production rate of the CURRITUCK is limted by
its small hopper capacity. Therefore, it is not effective on major naviga-
tion channels. In addition, when the flotation depths are miniml it is
necessary to use a sidecasting dredge to provide access into the project.

3-10.  Summary of Dredge Operating Characteristics. The inportant operat-
ing characteristics of each dredge presented in the preceding sections are
summarized in table 3-5. In some cases, a w de range of values is given to
account for the various sizes of plants within each class. In other in-
stances, the information provides a qualitative judgerment (high, |ow,
average) of each dredge type's performance in a given area. Table 3-5
shoul d be hel pful in making quick assessments of the suitability of a given
dredge type in a known physical setting.

3-11. Locations of Dredges in the United States. Figure 3-14 shows the
distribution of dredging capability for the Corps and industry in the United
States by region. Congress has determned (Public Law 95-269) that the
Corps will operate a dredging fleet adequate to neet energency and nati onal
defense requirements at home and abroad. This fleet will be maintained to
technol ogically nodern and efficient standards and will be kept in a fully
operational status. The status of the United States dredging fleet as de-
termined in the Corps of Engineers’ National Dredging Study is conprehen-
sively summarized in a paper of the same title (item6). A detailed inven-
tory of all dredges in the United States is published annually in Wrld
Dredging and Marine Construction (item 10). The designer can consult this
source for information on the specific types of dredges avail-able in the
proposed project area.
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3-12. Agitation Dredging Techniques.
a. Ceneral. Agitation dredging is the process of renoving bottom
material froma selected area by using equipnent to raise it in the water
colum and allowing currents to carry it fromthe project area. In the

nost detailed study available on agitation dredging techniques, R chardson
(item 7) evaluated past agitation dredging projects and presented guide-
lines and recommendations for using agitation dredging. Two distinct
phases are involved in agitation dredging: (1) suspension of bottom sedi-
ments by some type of equipnent, and (2) transport of the suspended nate-
rial by currents. The main purpose of the equipnent is to raise bottom
material in the water colum. Natural currents are usually involved in
transporting the material fromthe dredging site, although the natura
currents may be augnented with currents generated by the agitation equip-
ment. Agitation dredging is acconplished by methods such as hopper dredge
agitation, prop-wash, vertical mixers or air bubblers, rakes or drag

beams, and water jets. Based on the work done by Richardson (item7), only
hopper dredge, prop-wash, and rake or beamdragging agitation justify nore
detailed discussion in this EM

h. Objectives. The main objective of agitation dredging is the re-
moval of bottom material from a selected area. If the material is
suspended but redeposits shortly in the same area, only agitation (not
agitation dredging) has been acconplished. The decision to use agitation
dredging should be based primarily on the following factors:

(1) Technical feasibility. The equipment to generate the required
| evel of agitation must be available, and the agitated material nust be
carried away from the project area by currents.

(2) Economic feasibility. Agitation dredging nust be deternmined the
nost cost-effective method for achieving the desired results; it should not
affect the costs of other dredging projects downstream by increasing
dredgi ng vol unes.

(3) Environnental feasibility. Agitation dredging should not cause
unacceptabl e environmental inpacts.

c. Hopper Dredge Agitation.

(1) Ceneral. Refer to para 3-3a for a general description of hopper
dr edges. In agitation dredging, hopper capacity is of secondary inportance
compared with punmping rates, mobility, and overflow provisions.

(2) Description of operation. The general operation of a hopper

dredge is discussed in para 3-3b. In hopper dredge agitation, the conven-
tional dredge-haul -dunp operating node is nodified by increasing the
dredging node and reducing the haul -dunp node. It has been reported that

hopper dredge agitation can allow a project to be maintained with a dredge
which is relatively small conpared with the size dredge required for a
conventional dredge-haul -dunp operation. Hopper dredge agitation is of
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two types: (a) intentional agitation produced by hopper overflow, and

(b) auxiliary agitation caused by dragheads and propeller wash. Since the
latter is present in all hopper dredge operations and since it is difficult
to quantify separately from hopper overflow, both types are neasured to-
gether when reporting hopper dredge agitation effectiveness.

(3) Application. Agitation hopper dredging can performthe same
mai nt enance functions as conventional hopper dredging if the follow ng con-

ditions are satisfied: (a) sedinents are fine-grained and |oosely consoli-
dated, (b) currents are adequate to renove the agitated sedinents fromthe
project area, and (c) no unacceptable environnmental inpact results from
the agitation dredging.

(4) Advantages. Because currents, not equipnent, transport nost of
the sedinment fromthe project area during agitation hopper dredging, the
foll owing advantages are realized: (a) hopper dredge agitation costs can
be several tines |less per cubic yard than hopper dredge hauling costs and
(b) smaller hopper dredges can be used to maintain certain projects.

(5) Limtations. Hopper dredge agitation should be applied only to
specific dredging sites and not used as a general nethod to naintain |arge
areas. The following limtations nmust be noted when considering this
dredging technique for use at a site: (a) hopper dredge agitation cannot
be used in environmentally sensitive areas where unacceptabl e environmenta
i mpacts may occur and (b) sediments and current conditions nmust be suitable
for agitation dredging.

d. Prop-Wash Agitation

(1) CGeneral. Prop-wash agitation dredging is performed by vessels
especially designed or nodified to direct propeller-generated currents into
the bottom shoal naterial. The agitated naterial is suspended in the water

colum and carried away by a conbi nation of natural currents and prop-wash
currents.  Unintentional prop-wash agitation dredging often occurs while
vessel s nove through waterways. This type of sediment resuspension is un-
controlled and is often considered undesirable.

(2) Description of operation. The prop-wash vessel performs best
when work begins at the upstream side of a shoal and proceeds downstream
with the prop-wash-generated current directed downstream The vessel is
anchored in position, and prop-wash-generated currents are directed into
the shoal material for several minutes. The vessel is then repositioned
and the process in repeated

(3) Application. Prop-wash agitation dredgi ng has been successfully
used in coastal harbors, river nmouths, river channels, and estuaries. I't
is a nethod intended for use in |oose sands and in maintenance dredged
material consisting of unconpacted clay and silt. Cementing, cohesion, or
conpaction of the bottom sedi ment can nake prop-wash agitation dredgi ng
difficult to perform \Waves may cause anchoring problems with the agita-
tion vessel. Optinum water depths for prop-wash agitation dredging in sand
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are between two and three times the agitation vessel's draft. Based on
studies by Richardson (item 7), the average performance of vessels spe-
cially designed for prop-wash agitation range from 200 to 300 cu yd/hr in
sand and are a little higher for fine-grained material

(4) _Advant ages. The mmjor advantages of prop-wash agitation dredging
are related to economcs. In sone areas, prop-wash agitation dredging has
been found to cost 40 to 90 percent less per cubic yard dredged than con-
ventional dredgi ng nethods

(5) Limtations. The limtations on prop-wash agitation dredging are
as follows: (a) prop-wash agitation seens best suited for areas with [lit-
tle or no wave action, (b) prop-wash agitation should be applied in water
depths less than four tines the agitation vessel's draft, and (c) the sedi-
ments nmust be |oose sands, silt, or clay.

e. Rakes and Drag Beans. Rakes, drag beams, and simlar devices work
by being pulled over the bottom (usually by a vessel), nechanically | oosen-
ing the bottom material, and raising it into the water colum to be carried
away by natural currents. Since rakes and drag beans do not produce cur-
rents of their own and since they do not resuspend naterial as much as
| oosen it, these devices nust be used in conjunction with currents strong
enough to transport the |oosened material away fromthe shoaling site; in
addition, the vessel towing one of these devices nay provide some resuspen-
sion and transport by its propwash. A wide range of dredging rates have
been reported for agitation dredging by rakes and beans. Little value
woul d be obtained by reporting these rates because they are highly de-
pendent upon site conditions; however, it has been reported that the cost
of agitation dredging by rakes and beans can be | ess than 10 percent of the
cost for conventional dredging. Data show a definite correlation between
draggi ng speed and dredging rate. The advantages and linmitations for rake
and drag beans are simlar to those reported for other agitation dredging
t echni ques.

f.  Environmental Considerations. The environnental considerations
discussed in Chapter 4 also apply to all agitation dredging techniques.
The properties of sedinments affect the fate of contami nants, and the short-
and | ong-term physical and chemical conditions of the sedinents at the agi-
tation dredging site influence the environnental consequences of contam
inants. These factors should be considered in evaluating the environnenta
risk of a proposed agitation dredging technique.

3-13.  Advances in Dredging Technol ogy. Advanced dredging technologies are
generally directed toward one or nore of the followi ng areas of inprovenent:
greater depth capability; greater precision, accuracy, and control over the
dredgi ng process; higher production efficiency; and decreased environnenta
harm  Followi ng are brief descriptions of the nmajor recent innovations in
production dredging

a. Ladder-mounted submerged punps for higher production.
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bh. Inproved designs of dredging heads to minimze material
resuspensi on.

¢c. Use of spud barges aft of the dredge to extend hull length and in-
crease dredge swing. This wll increase production efficiency of cutter-
head dredges.

d. Longer |adders, connected further aft on the dredge hull to in-
crease depth and permt greater control.

e. Tandem punp systens for greater production efficiency and
reliability.

f. Better hull designs equipped with liquid stabilizing systens
(rmotion conpensators) to allow use in heavier seas.

g. Inproved production instrunentation to monitor flow rates, densi-
ties, cunulative production, etc.

h.  Inproved navigation, positioning, and bottom profiling instrunen-
tation. The state of the art includes advanced |aser, electronic, and
acoustical systens.

i. Closed-bucket nodifications to reduce loss of fines and liquid
from bucket dredges.

j. Depth and swing indicators for nechanical dredges.

k. Use of silt curtains during dredging and open-water disposal to
restrict turbidity plumes and, in the case of contamnated materials, limt
the added dispersion due to dredging.

3-14.  Environnental Considerations. The adverse environmental effects nor-
mal |y associated with dredging operations are increases in turbidity, resus-
pension of contam nated sedinents, and decreases in dissolved oxygen. Se-

| ection and operation of the type of dredge plant as well as the type of
sedi ment being dredged affect the degree of adverse inpacts during dredging.
I nvestigations which have been conducted by VES under the DWVRP have studied
the environmental effects caused by dredging and disposal operations. The
results of these studies have been published as WES Technical Reports.

Qui dance on the environmental aspects of dredging and disposal is presented
in Chapter 4.
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