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CHAPTER 3
LOGQ STI CAL CONSI DERATI ONS

3- 1. General. Wth the huge quantities of dredged material created during
dredgi ng operations, site utilization, econonmc transport handling, and stor-

age pl ans becone critical to the overall life and use of a project. This sec-
tion will discuss procedures for dewatering, transporting, handling and
storage, and cost anal yses of these activities in determ ning beneficial use
of dredged material. It should be remenbered that dewatering is not appli-

cable for sone types of beneficial uses such as wetland and aquatic habit at
devel opnent and aquacul ture. However, dewatering is critical to nesting

i sl ands, upl and habitat devel opnent, nost kinds of recreational use, agricul-
ture, forestry, horticulture, and other types of beneficial uses.

3-2. Dewat eri ng. Dredged material is usually placed hydraulically into con-
fined disposal areas in a slurry state. Although a significant anount of

water is renoved fromit through the overflow weirs of the disposal area, the
confined fine-grained dredged material usually consolidates to a senifluid
consi stency that still contains |arge amounts of water. The vol une occupied
by the liquid portion of the dredged material greatly reduces avail able future
di sposal volunme. The extremely high water content al so may nake the dredged
materi al unsuitable or undesirable for comrercial or beneficial use. Two
dewat eri ng nmethods, fully described and discussed in items 24, 28, 29, 31, 57,
and 84, are generally used. The first nethod is allow ng evaporative forces
to dry fine-grained dredged material into a crust while gradually |owering the
internal water table. This has been the | east expensive and nost wi dely
appl i cabl e dewatering nmethod identified through dredgi ng research. Good sur-
face drai nage, which rapidly renoves precipitation and prevents pondi ng of
surface water, accel erates evaporative drying. Shrinkage forces devel oped
during drying return the material to a nore stable form and | owering of the
internal water table results in further consolidation. The second method of
promoti ng good surface drainage is by constructing drainage trenches in the

di sposal area using heavy equi pment. Use of a Riverine UWility Craft to nake
trenches proved successful on disposal sites with fine-grained material. A
site nmust be dewatered sufficiently to accept heavy equi pnment, which [imts
the second nethod in its application as long as 2 years after a disposal site
has been filled, depending upon the soil characteristics of the dredged mate-
rial. Aless frequently used nethod, rarely applied to disposal sites,

i ncludes installation of underground drainage tiles or sand layers prior to
filling the site.

3-3. Transport, Handling, and Storage. Fundamental features of transport
systens and general guidance for analysis of technical and econonic feasibil-
ity are provided in item 74. They are presented to acquaint planners with the
magni t ude and scope of the transport system and provide some cost-effective
analysis information for five transport nodes: hydraulic pipeline, rail haul
barge nmovenent, truck haul, and belt conveyor nmovement. Hydraulic pipeline
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and truck haul have been the primary transportati on nmethods used for nost

exi sting beneficial use sites. Since the transport of dredged material can be
a mpjor cost itemin determ ning the econonmic feasibility of a project, the
transport system should be evaluated early in the site selection stage, of the
pl anni ng process. Legal, political, sociological, environnental, physical
techni cal, and econom c aspects should be examined in relation to availability
of transport routes, A sequence of five steps nust be foll owed when sel ecting
a transport route:

St ep | nf ormati on Source
1. ldentify available routes Maps, ground reconnai ssance
2. Cassify nature (wet/dry) Beneficial use needs and sources
of dredged materi al of dredged materia
3. Determine annual vol une of Dredged material sources

dredged material and dura-
tion of project

4. Estimte cost of avail able Item 74
transport nodes

5. ldentify and eval uate tech- Item 74
ni cal, environnmental, |egal, Speci fic sources: local, state,
and institutional requirenents and Federal agency regul ations

a. El ements of Transport Systens. Transport systems involve three
maj or operations: |oading, transporting, and unl oadi ng. The | oadi ng and
unl oadi ng activities are situation dependent and are the major cost items for
short distance transport. The hydraulic pipeline is the only node which
requires a unique rehandling activity; all other transport nodes nmay inter-
change | oadi ng and unl oadi ng operations to suit the specific site needs.
Loadi ng, unl oading, and transporting operations can be separated into detail ed
conponents (i.e., backhoes, service roads, rail spurs, cranes, conveyors,
etc.) and each conponent exam ned for capacity, operational schedule and
cycle, and costs of equi pnent and operati on and nmai nt enance.

b. Transport Mbdes.

(1) Hydraulic pipeline. The hydraulic pipeline is the only transport
system recomended for novenent of dredged material in slurry form Assum ng
government construction of the disposal site, contractor operations of the
dredgi ng work, and no easement costs, this system can be econonically conpeti-
tive for distances up to several mles. The conditioning step requires a
rehandl i ng dredge and fluidizing system Control of density and flow to
m ni m ze operational problenms is an essential conditioning process unique to
t he hydraulic pipeline node. Suggested criteria to be used in selecting a
rehandling (or secondary) dredge for operation within a contai nment area
i nclude: unit cost of dredging; ease of transportation; mnimum downti ne;
smal |l size to allow maneuverability in a small basin; capability to dredge in
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shal | ow water to ninimze di ke height; and maxi mumcutter width to reduce the
nunber of passes. Numerous dredges fitting these criteria are on the market.
Sone have additional features, such as cutterheads capable of follow ng
natural contours of the basin bottomw thout danmage to natural or man-nade
seal s, wheel attachnents for the cutterhead to all ow dredging operations in
pl astic or rubber-lined basins, and capability of dredging forward and back-
ward. The fluidizing systemis needed to supply water fromthe cl osest source
to maintain flotation of the dredge. Unloading facilities are unnecessary
since the dredged material slurry is usually punped out of the pipeline into a
contai nnent area. A schematic of rehandling operations for hydraulic pipeline
transport is presented in Figure 3-1. The pipeline to the |and inprovenent
site would include a pneumatic or centrifugal hydraulic punp booster system
and woul d be automated to the maxi mum extent possible.. The following itens
shoul d be taken into consideration in any planning for pipeline transport:

(a) Slurry nmovenent of saline dredged material to a freshwater environ-
ment i s not recommended.

(b) Dewatering requirenments before a beneficial use application may be
a cost burden and may require treatment of decanted water.

(c) Building codes, easement acquisition, utility relocation, climato-
| ogi cal factors, and urban area disruption fromconstruction may be obstacl es.

(d) Confining dikes nmust be provided and could be a significant cost
item

(e) Right-of-way acquisition
(f) Federal, state, and |l ocal regulations and requirenents.

Real estate and right-of-way/A easenents are very site-specific itenms of politi-
cal as well as econonic concern. These itenms can inpact greatly on the cost

of hydraulic pipeline systemand therefore should be given due consideration
in any cost-benefit analysis and in the final cost evaluation. Cost guide-
lines do not take into account expenses due to the uni queness of each
situation.

(2) Rail haul. Rail haul using the unit train concept is technically
feasi bl e and economically conmpetitive with other transport nodes for hauling
dredged material distances of 50 to 300 miles. A wunit train is one reserved
to carry one commpdity (dredged material) fromspecific points on a tightly
regul ated schedule. Facilities are required for rapid | oadi ng and unl oadi ng
to make the unit train concept work and to enable benefits fromreduced rates
on |l arge volumes of bul k novenent. Bottom dunp cars or rotary car dunpers are
needed to neet the rapid | oading and unl oadi ng requirenment. Econom c feasi -
bility demands the utilization of existing railroad tracks; however, the
buil di ng of short internediate spurs may be required to reach disposal areas.
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HYDORAULIC PIPELINE
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REHANDLING DREDGE
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CONTAINMENT AREA
FOR PROCESSING

Figure 3-1. Schematic of rehandling systemfor hydraulic pipeline

Figure 3-2. Tugboat and barge transporting dredged materia
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The followi ng itens should be taken into consideration in any planning for
rail haul transport to a beneficial use site:

(a) Dredged material nust be dry enough to free-fall fromcars.
(b) Scheduling and length of unit trains are often strictly regul ated.
(c) State regulations may require open hopper cars to be covered.

(d) Dual use of hopper cars may require washing of cars between use and
treatment of wash water to prevent contam nant transfer

(3) Barge novenent. Dependi ng upon the volunme of material to be noved,
barge nmovenent can be an economically conpetitive transport node for the nove-
ment of dredged material up to 300 nmiles. Barge haul was used in the Sacra-
mento District to renbve 7 million cubic yards (yd®) of dredged material from
Grand Isle (Figure 3-2). To ensure reasonable costs, a barge unit should con-
sist of familiar and avail abl e equi pment. In addition, |oading and unl oadi ng
noori ng docks capabl e of accommodating the two cargo scows simultaneously mnust
exi st with roadways between the docks and di sposal areas to make barge trans-
port practical. The following items should also be taken into consideration

(a) Thorough information must be obtai ned about the waterway: naviga-
tion depth, allowable speed, |lock size, traffic density and patterns, etc.

(b) Oten, regulations exist concerning cleanup responsibilities with
associ ated fines for spills in inland waters.

(c) dimtic conditions may affect operational schedul es.
(d) A user charge for waterways may becone a reality in the future.

(4) Truck haul. Truck haul of dredged material can be economically
conpetitive for distances up to 50 mles. At greater distances, transport by
truck is labor- and fuel-intensive and not econonically justifiable. The sim
plicity of |oading and unloading requirements and the rel ative abundance of
avai | abl e roadways make truck hauling technically the npst attractive trans-
port node, and it has wide District application (Figure 3-3). Costs anal yses
are based on utilizing 25-ton dunp trucks with 8.5-yd® capacities and assune
that routes exist which are adequately upgraded and mai ntai ned. Econom c
feasibility of truck hauling is based on rates established by negotiation with
trucki ng conpani es and include all associated driver and fuel costs. The
following items should al so be taken into consideration:

(a) State highway and safety regul ati ons cover a variety of elenments
(gross weights of trucks, weight per axle, etc.).

(b) Enmi ssion and noi se standards.
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Figure 3-3. Truck haul utilized by the Chicago District

Figure 3-4. A 36-inch belt conveyer |oading operation
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(c) Local ordinances designating truck routes.

(d) Traffic control of truck operations during winter nonths in
northern climtes.

(e) Weight linmts on bridges and roadways.

(5) Belt conveyor novenent. Belt conveyor systens are enployed on a
l[imted basis to transport relatively dry dredged material for short dis-
tances. They are technically feasible and cost conpetitive. Belt specifica-
tions vary in width (30 to 70 inches), flight Iength (900 to 2,600 feet), and
speed (7 to 90 miles per hour). Systems can be designed to suit project needs
excluding certain terrain difficulties. Because of systemflexibility, belt
conveyors fit neatly into many | oadi ng and unl oadi ng operations. The Califor-
ni a Hi ghway Departnent, under an agreement with the Sacranento District, uses
dozers and conveyors to | oad dredged material onto barges (Figure 3-4). The
following itenms should be taken into consideration in any planning for belt
conveyor transport:

(a) Building codes, easement acquisition, utility relocation, climato-
| ogi cal factors, and urban area disruption for construction nay be obstacles.

(b) Material pileup due to systemfailure.

(c) Malfunctions of sequential belt systens resulting in entire system
st oppage.

C. Loadi ng and Unl oadi ng El ements. Loadi ng and unl oadi ng el enents may
i ncur high costs which can restrict project viability. Item 74 presents
several exanples of |oading and unl oadi ng opti ons and schematics of scenarios
associated with various dry material transport nodes; two exanples are shown
in Figures 3-5 and 3-6. Two other exanples include a pair of backhoe exca-
vators and a series of conveyor belts providing rapid | oading of unit trains,
and a barge haul schenme using backhoes for excavation and |oading directly
into dunp trucks which nake the intermediate haul to the scows. In this EM
cost conparisons are based on the | oading and unl oadi ng conponent scenari os
presented in Item 74. The truck haul |oading el ement conponents are simlar
to the rail |oading conponents which include excavati on backhoes and a series
of belt conveyors. The unl oading systemis sinple back-dunping at the benefi -
cial use site. Placenent nethods are inportant, and are di scussed in Chapter
5 and ot her chapters where critical elevations are needed for beneficial use
applications.

3-4. Cost Anal ysis for Dewatering and Transport.

a. Dewat eri ng Costs. Costs associated with dewatering of dredged con-
tai nment areas are directly related to the degree of trenching effort required
and the type of heavy equi pment necessary to acconplish dewatering. Thus, the
program costs for progressive trenching are highly site-specific depending
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upon di sposal area size, equipnment selected, type of access avail able, and
frequency of trenching operations. A prelimnary trenching programis devel -
oped fromcrust formation estimtes, equi pment operational characteristics
(from Table 3-1), and trenching cycle intervals (from Table 3-2). Total cost
may be estimated from conmputing equi pment operating hours plus factors for
nonproductive activities (30 percent is a good estimate), nobilization/
denobi |l i zati on, and administrative costs.

b. Transport costs. Transport cost can account for 90 percent or nore
of total land inprovenment and beneficial use budget costs. The cost figures
presented in this section are neant to serve as exanples for planning and do
not represent definitive cost estimates. Table 3-3 is included to provide
insight into the cost relationships for various nodes of transport. The table
provides total systemcosts for all five transport nodes. Transport costs are
reported in dollars per cubic yard of dredged material noved. This breakdown
shows that economic feasibility is [imted by distance for npost transport
nodes. This table al so shows the econom es of scale for |arger annual vol unes
of material shipped. Real estate and right-of-way costs for the hydraulic
pi peline systemare not included in the cost-estinmating procedure.
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Table 3-1
Operational Characteristics of Trenching Equi prent
Crust Thickness, Approximate Approximate
in., for Effec- Trenching Rental
tive Operation Maximum Trench  Rate, lin Cost¥*
Equipment Minimum Maximum Depth, in. ft/hour $/hour
RUC 0 12 18 2,000+ 75-100
Low-ground-pressure 4 24 24 2,000+ 35-45
tracked vehicle )
+ rotary trenchers
Small dredge 4 10 30 25 50-75
Amphibious dragline 6 18%*  Crust + 18 40 50-70
Small dragline on 12 18 Crust + 18 30 35-50
double mats
Medium dragline on 12 18 Crust + 18 40 40-50
double mats
Small dragline on 18 2% Crust + 18-24 50 35-45
single mats
Medium dragline on 18 30" crust + 18-24 60 40-50
single mats
Large dragline on 24 36 Crust + 24 80 45-55

single mats

Note: a. Vehicle or mat ground pressure nmust also satisfy critical layer RC
mobility criteria.
b. Low ground-pressure tracked vehicle assumed to pull drag plow with
point set only 1 or 2 in. bel ow existing crust.
c. More exact definitions of dragline equiprment given in text.
* Southeastern United States, 1977.
**  Above this crust thickness, conventional dragline is usually nore
efficient.
+ Between 24- and 30-in, crust thickness, use single mats.
Increase rates 10 lin ft/hour if dragline is working from perineter
di ke.

3-11



EM 1110-2-5026
30 Jun 87

Estimated | nterval

Table 3-2

Bet ween Trenching Cycles for Various Equi pnent

ltens in Fine-Gained Dredged Materi al

Equipment Item

Equipment
Location in
Disposal Area

Initial
Condition of
Disposal Area

Surface

Estimated Trenching
Interval

RUC

RUC

Low-ground-
pressure
tracked vehicle
+ rotary
trencher

Small dredge
Amphibious
dragline

Conventional
dragline

Conventional
dragline

Conventional
dragline

Conventional
dragline

Interior

Interior

Interior

Interior

Interior

Interior

Perimeter

Perimeter

Perimeter

Decant point

Crust

Crust

4 1in.

2 2 in.

> 4 in.

< crust

— 10 in.

Crust

Crust

2 6 in.

> 12 in.

Decant point

2 in.
< b6

Crust

< crust
in.

2 6 in.

Each 2 weeks for first
month, monthly
thereafter

Monthly

Monthly

4 months

4 months

4 months

Monthly for first
3 months, bimonthly
for next 3 months,
4 months thereafter

Bimonthly for first
4 months, 4 months

thereafter

4 months
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Annual
Quant%ty
—yd

500,000

1,000,000

3,000,000

5,000,000

Cost, $[yd3, for Cited Transport System

Quantities,
Transport
Distance
miles Pipeline
10 2.47
20 3.14
100 9.54
250 *
10 1.46
20 1.91
100 6.45
250 *
10 0.79
20 1.12
100 4.10
250 *
10 0.67
20 0.90
100 3.48
250 *

Rail

*

*

7.18
9.32

5.39
7.58

4,21
5.34

4.04
6.06

Barge

2,47
3.14
4,71
7.41
2.92
3.14
4,49
7.18
2.70
2.92
4,49
7.35
2.81
2.92
4.38
7.07

Belt

8.98
15.15

*

*

5.39
13,47

2.25
3.93

1.68
3.14
13.58

4,57
6.61
13.69
*
3.73
4,19
12.91
*
3.17
3.56
12.35
*
3.05
3.42

12,07
*

* | ndicates not conpetitive econonically.
** These costs were taken fromitem 57 and are adjusted to March 1978

dol | ars.
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