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This technical note summarizes the design procedure given by Weisman
and Lennon (in preparation) for fluidizer systems to be used in channel
maintenance and sand bypassing. Weisman and Lennon (1992) provides
similar, but less up-to-date information. The main emphasis of this techni-
cal note is on design of the fluidizer pipe itself with suggestions concern-

Fluidization is a process in which fluid is injected into a granular me-
dium (typically sand) causing the grains to lift and separate. Historically,
pplications of fluidization have been in chemical and sanitary engineering
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hydraulic aspect to attain full fluidization and a geometric element to

tain a desired trench geometry. Basic research over the past decade has
helped define these two crucial aspects.

- For additional information, contact Mr. James E. Clausner, (601) 634-
2009, or the manager of the Dredging Research Program, Mr. E. Clark
McNair, Jr., (601) 634-2070.

US Army Engineer Waterways Experiment Station
3909 Halls Ferry Road, Vicksburg, MS 39180-6199
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Fluidization Phenomena

For bypassing applications, water is pumped into a perforated pipe bur-
ied beneath the sand. Initially water is pumped into the pipe and exits
from the perforations at a low flow rate that does not disrupt the fixed
bed (Figure 1a). For the relatively small sand sizes normally found near
tidal inlets (mean diameter 0.5 mm or less), the velocity through the sand
will be low enough that Darcy type (laminar) flow will occur up to initia-
tion of fluidization (Lennon, Chang, and Weisman 1990). As the flow rate
is increased, isolated pockets of disrupted sand migrate upward (Figure
1b). Initiation of fluidization occurs when a spout or boil occurs aiong
this weakened path from the pipe to the sand surrace nowever the
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whole region along the pipe is fluidized (Figure 1c). This region is rather
narrow and confined by berms at the sand surface

Once the region above the pipe is completely fluidized, the slurry can
be easﬂv remov ved by pumping or gravity flow. As slur ry is remc ved, the

The berms and sides of the fluidized region slump inward (Flgure 1d)
until an equilibrium is reached in two areas of the trench cross-section. In
the region close to the pipe, a scour hole forms (Figure le). In the area
farther up the sides away from the pipe, the sand lies at the submerged
angle of repose of the material.

Use of Fluidizers to Augment Sand Bypassing

The best use of a fluidizer pipe in sand bypassing is to increase the flui-
dized zone of a fixed bypassmg system. The quantlty of sediment that a
fixed system can bypass is limited by the sand supplied by littoral trans-
port. In particular, a jet pump or submersible pump creates a crater of
- fairly limited extent and an operator must wait until the crater refills with
sand supplied by littoral processes before pumping once again. A fluid-
izer pipe, used in conjunction with a fixed slurry pump, can create a long
(typicaily 100-ft to 400-ft) trench that traps sand across a portion of the lit-
toral zone supplying additional slurry to the pump crater (Figure 2).
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® Water supply pipelines to each fluidizer pipe to carry clear water
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Figure 1. Five stages of fluidization; hatched area indicates the fluidization zone
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® Intake facility to ensure that pum

3 I s carry clear water to the fluidizer
pipes to avoid clogging of holes.

g

® Supply pump for the jet pump (Richardson and McNair 1981)

® Supply pipeline for the jet pump (Richardson and McNair 1981)

® Discharge pipeline from the jet pump (Richardson and McNair 1981)

® Booster pump and discharge pipeline to deliver slurry to some distant
discharge point (Richardson and McNair 1981)

The siting and layout considerations for use of a -.Lid.i._-er pipe in sand

bypassmg are sumlar to those dlscussed bv Rlchard
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Use of Fluidizers for Channel Maintenance

The trench created by removing slurry from the fluidized region above
a fluidizer p1pe can be used to stabilize and maintain a navigable channel
If the pipe is placed uffic1e ,lv deep or if two or ' more pipes are placed

nav1gat10n 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 the following two mechanisms:

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

e Gravity flow of the slurry rry the sediment out of the trench, per-
haps in the seaward and landward directions; a strong ebb current will
assist in sediment flowing in a seaward direction.

For channel maintenance, the fluidizer pipe (or parallel pipes) extends
along the centerline of the navigation channel (Figure 3). The configura-
- tion for a channel maintenance system can take on various forms depend—
ing on the slurry removal mechanism. Figure 3 shows a system in which
fluidized sand is removed by a submersible pump and delivered to a
downdrift beach. The components of this system are similar to the compo-
nents required for bypassing. For a system that relies on gravity flow or
ebb current for slurry removal, only the components associated with the
fluidization pipe are required.

Site Assessment Studies

Design of a fluidizer system for either channel m er bypass-
ing requires an understandmg of the coastal processe At least
one year of data collection is ‘needed to appreciate he seasona vanahon,
associated with coastal phenomena and three years of data collection are
desirable. Many good references on conducting coastal studies are avail-
able, such as the Shore Protection Manual (SPM 1984) and the Engineer
Manuals “Sand Bypassing” (Headquarters, U.S. Army Corps of Engineers
1991) and “Coastal Littoral Transport” (Headquarters, U.S. Army Corps of
Engineers 1992). The coastal processes of particular importance for a fluid
izer system design, either for channel maintenance or bypassing, are listed
below:
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® Sediment characteristics. Several sediment characteristics are required
for fluidizer design. These include:

;]



—JET PUMP OR

MERSIBLE PUMP

/ sus

RR

SLUR
FLOW
[=——g-

|
=
Q
= 1.
g
S<
D
g \_ =

ON BEACH—" \

DISCHARGE

\.

Specific gravity.

7

<

i

-

Presence of cohesive materials.

Presence of debris.

-

s »

reuy . .

Because sand in the fluidized region will be removed, in addition to studying

¢« 2

~

r

mined for refluidization once the trench has filled in. If dredging has already

the in situ sand, the material that is expected to fill the trench must be deter-

sand that has infili

*11 1

1

3

e dredged area wil be

infilled th

1

21

1
al.

ateri
te
d
od

unaisturpea In
. sts
’
C

caen A e L 1 ___

) @ o
58 8%
& 803 O
i el = hw o
g+ a3 d
SQ w & g
.ﬁe...u....nw.i

)
=

i\
Q

|

d Callender (1987).

an

\O



° Morphology A detailed survey of nearshore or inlet bathymetry 1S re-
quired. Also, core samples must be obtained to assess depth and areal
extent of sand and to determine whether debris or fine materials are
present. -

® Waves, currents, and tides. A general understanding of these parame-
ters at the site is required for the proper layout of system components.
For the channel maintenance de31gn problem the tidal hvdrauhcs of the
inlet or harbor mouth are requlred espec1ally if the slurry removal
mechanism must rely on tidal currents.

The design of a fluidizer system also requires information about other
site-specific items, such as:

® Nearby structures (jetties, walls) and topographic features.
@ Description of possible receiving areas for bypassed sediment and

Location of Fluidizer Pipe

The goal of fluidization in the coastal environment is to create a trench.
Trench size, length, cross-section, and location are the first considerations
in the design process (Figure 4).

® The designer must determine the requlrea 1engtn of trench, L (tne

lengt n ebb tidal bar for maintenance of a nav1gar10n channel or
the width of the littoral zone for sand bypassing).

® If the pipe is buried to a depth dy, (or placed in a predredged area and
allowed to shoal to a depth dy), the top width, T, can be approx1mated
easily by knowing the angle of repose, ¢ , of the sand; T is approxi-
mately 2d, /tan ¢. Table 1 gives values of ¢ for various materials from
several reference sources.
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Table 1. Typical Range of Values of Angle of Repose of Various
Matariale
Materials
¢, deg
Soil Loose Dense
Sand, angular 32-36 35-45
Sand, beach (well rounded) 28-32 32-38
Gravel, bank run 34-38 38-42
Silty sand 25-35 30-36
Silt, inorganic 25-35 30-35

® The bottom width, B, includes the diameter of the pipe, D, plus the
width of the scour holes created by the fluidizer jets. The top width, T,
is exactly B + 2d,,/tan ¢ . Because the scour hole widths are a small frac-
tion of the total top width, T, if burial depth is greater than a few feet, ig-
noring B provides a slightly conservative estimate of top width.

® To achieve movement of sediment along the trench, the slope of the
pipe must be set. For sand bypassing the trench is required to slope to-
ward the excavating pump at about a 0.5 to 2.0 percent slope; hence, the
fluidizer pipe should be set to the same slope. For channel mainte-
nance, the pipe will usually be set through the ebb tidal bar. From the
field investigation, the b athymetry, including seasonal variations, will
be determined. The pipe location is chosen so that the elevation of the

at ,
seaward end of the pipe is lower; a slope of 0.5 to 2.0 percent is
recommended.

Once the designer determines the trench size desired, selection of the
flow and pipe parameters to achieve that trench size can proceed.

Hole Orientation

Hole orientation is the next logical design parameter to select. Based on
the experiments of Kelley (1977) and the work of Weisman and others
(Weisman and Collins 1979, and Weisman, Collins, and Park 1982), hole
orientation is recommended to be horizontally opposed as shown in Fig-
ure 4, for the following reasons:

AllAer ol ncar~ ~ PR sse Ao~ . S S, . . | LR W
® Kelley (1977) showed that the widest fluidized region is achieved with
horizontally opposed holes.

® Weisman and Collins (1979) reasoned that a pipe with upward pointing
holes would tend to fill with sand when not in use and a pipe with
downward pointing holes would tend to self-bury.
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The burial depth, dy, will be known from the design process. However,
the coefficient of permeablhtv, K, for different coastal sedlments can vary
by orders of magmtude and hence is an important part of the design

process.

The incipient flow rate to initiate fluidization is obtained from

Q1 = (Qr/Kdp) x K x dp x pipe length (1)
Note that the flow rate factor is only 40 percent higher for the largest
domain compared to the smallest domain considered for a relative burial
depth of 20, and is less for smaller relative burial depths. If only limited
data are available to assess the extent of the sand domain, it is recom-

mended that a conservative value of flow rate factor be used as a sa fety
factor; it is suggested that the top curve in Figure 5 should be used.
When additional data become avallable, the appropriate curve in Figure 5
can be used to reduce the conservative choice using the top curve.

To achieve a trench, full fluidization is essential. In general, the rela-
tionship between full and initial fluidization flow rates can be stated as

where F is an empiri

At this time, it is recommended that an F factor of at least 5 (but les:

S
than 10) be used. This will ensure full fluidization alo ong the entire length
of the pipe.

In conclusion, the determination of flow rate Qp, should be approached
as follows:

® Determine the depth of burial of the fluidizer pipe, d,,.
D

. v
e Determine the extent of sand layer to the side of and below pipe, X4
and Y ;, respectivelv
and Y, respectively.
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Figure 5. Chart for isotrophic conditions providing required flow-rate factor for
selected domain sizes (Weisman and Lennon, in preparation)
® Use Figure 5 to obtain a flow rate per unit length of pipe required to ini-
. . ,
tiate fluidization, Qy’.

e Multiply Q; by factor F and pipe length to obtain the required full fluid-
ization flow rate, Q.

Pressure Requirements in Fluidizer Pipe
The pressure or pressure head in the fluidizer pipe must supply the
energy to deliver the flow rate per hole through the chosen hole size and

through the sediment bed. The total head loss is the sum of the losses
through the hole and through the bed.
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2 ft. Thus, a pressure head drop of about 1 ft per ft of burial depth is
indicated.

For the large, full fluidization flow rate that must be achieved, the pres-
sure in the fluidizer pipe can be calculated as that needed to deliver Qj
through each hole plus 1 ft of head per ft of trench depth. The pressure
can be calculated from the equation for a submerged orifice:

On = Caan N2g %’—

where Cq is the discharge coefficient, An is the hole area, Ap is the change in
pressure from inside to outside the hole, yis the specific weight of water (62.4
Ib/cu ft for fresh water and 64 1b/cu ft for salt water), and g is the accelera-
tion of gravity (32.2 ft/sec squared). For a sharp-edged orifice, the discharge
coefficient is approximately 0.61. However, the values of C4 from experi-
ments (Kelley 1977) range from 0.73 to 0.86, with an average value of 0.79.

3)

In summary, the pressure head in the manifold or fluidizer pipe needed
to achieve full fluidization should be calculated by using Equation 3 to cal-
culate pressure drop for water exiting the pipe, and then adding 1 ft per
ft of trench depth (below the water/sediment boundary).

Hole Size and Spacing

Experimentation has shown that hole size and spacing do not have a
significant effect on the flow rate required for initiation of fluidization,
compared to sand depth and grain size. For full fluidization, the effect of
hole size and spacing also is not profound. The recommended values are
hole spacings of 1 to 2 in. and hole sizes of 1/8 to 3/16 in. A more de-
tailed discussion of the experimentation with hole size and spacing is
given by Weisman and Lennon (in preparation).

Pipe Size

The fluidizer pipe is a manifold whose function is to provide a uniform
flow out of the holes. This requires that the hydraulic head remain fairly
constant along the fluidizer pipe. Manifold design is discussed in
McNown (1953). A 10- to 12-inch-diameter pipe is a reasonable starting
point for design calculations.

Miscellaneous Constraints
Several limitations and constraints of the methods and ideas discussed
on fluidizer pipe design must be included for completeness. Most of the

design ideas have evolved through laboratory experimentation; only a
rather small amount of information has been gathered through field
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experience. The limitations concern sediment size, depth of burial of the
fluidizer pipe, length of fluidizer pipe, and slope of pipe.

All experiments and field experience thus far have been with fine to
b |

edium sand. There is no experience with either finer or coarser mate-
e s e g e

rial. As long as 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 (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 be-
come uneconomically large
Constraints with regard to fluidizer pipe length may result from:
® Limitations either on the pump or pipe size available. To overcome
these limitations, the required fluidizer length can be divided into
shorter modules.
¢ Limitations due to pipe slope. If the fluidizer pipe is placed on a 1 per-
cent 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
pipeislong. A 1,000-ft-long pipe would require 10 ft deeper burial at
the end. This may have significant implications where clay or rock lay-
ers underlie the sands
Summary of Design Procedure

The design of any coastal study, including design of fluidization sys-
tems, should begin with an office phase followed by a field investigation
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(SPM 1984). The first step in the office phase is to review existing data
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® A historical survey. This may help identify the geomorphology of the
site, providing insight into the nature and nonhomogeneity of the
materials encountered. Information on coastal structures and their im-

pact also is needed.
® Seasonal variations in littoral transport rates.
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The next step is to determine design conditions by considering how the
fluidizer system will interface with the overall system; depending on the

. location of jet pumps or other equipment, identify constraints on location

of fluidizer system. Once the location has been chosen, the design geome-
try for the trench is selected including slope, location (length), depth (ele-
vation), and width of channel.

Select the design parameters of the fluidization system including the fol-
lowing actions: :

® Consider several designs for various burial depths, including multiple
parallel pipes if needed to achieve the design width.

Select design from trial designs.
Determine pump location and clear water intake.

Estimate pipe diameter, D; choose 1 ft if uncertain.

Determine incipient flow rate factor Q;'/Kd,, from Figure 5 or use a con-
servative value of 2.6. Required data: D, d;, K, estimated sediment do-
main size.

Determine incipient flow rate, Qj, from Equation 1.

® Select F factor; F = 5 to 10 is recommended at this time, with 10 being
the more conservative value.

® Determine full fluidization flow rate by Equation2: Qp = F x Q.

® Select hole geometry (size and spacing) in the fluidizer pipe. Likely se-
lection is horizontally opposed 1/8-in. holes at 2-in. spacing.

® Determine the pressure head requirements in the fluidization pipe,
which includes the pressure head loss through the orifice plus a loss
through the fluidized bed at full fluidization.

® Conduct hydraulic design of fluidizer pipe diameter, D, based on main-
taining a near constant head along the full length of the fluidizer pipe.

® Select fluidizer pipe material and pump.

Although the frequency of operation criteria can be estimated, it will
actually be determined during operation, being “triggered” by accumu-
lated depth of sediment in the trench. The duration of operation will be
determined by how long it takes to achieve the refluidized trench design
bottom elevation. 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 fluid-
izer pipe will operate more intermittently than the jet pump. Recent expe-
rience with the fluidizer pipes in the Oceanside, California, bypass system
indicates that regular (periodic) operation (once every few weeks) is
needed to reduce clogging.
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