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Fluidizer System Design for Channel Maintenance 

Purpose 
M. 

iAiis tecitnicäi note summarizes tue uesign procedure given by VVeisman 
and Lennon (in preparation) for fluidizer systems to be used in channel 
maintenance and sand bypassing.  Weisman and Lennon (1992) provides 
similar,- but less U'-'-to-date information.  The main emphasis of this techni- 
cal note is on desien of the fllridiZfl" tttTV» itsplf with snowstinnc rnrtrvm- 
ing other aspects of the svstem. 
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Fiuidization is a process in which fluid is injected into a granular me- 
dium (typicaily sand) causing the grains to lift and separate.  Historically, 
applications of fiuidization have been in chemical and sanitary engineering 
ior combustion processes, mass and heat exchange, and backwashing of 
sanvx inters.  Over the last decade, research on fiuidization of sand at tidal 
inlets and harbor mouths has been undertaken to use fiuidization for main- 

^ tenance of navigable waterways and for use in sand bypassing. 

Z (ö _. The design objective for a fiuidization system, is primarily to 
2-7yi a) trench of a eiven cross-section and \pncfh. To obtain * hwicb  
LÜ CC g fiuidization must be achieved.  The two basic parts of the design are the 
Sj .y ■£ hydraulic aspect to attain full fiuidization and a geometric element to ob- 
hj-§D tain a desired trench geometry.  Basic research over the past decade has 
2 ß- o helped define these two crucial aspects. 
O Ot= 

5"""Sfi Addilinnal Tnformatiofl 
S3 %£ 
!_ Q- For additional mformation, contact Mr. James E. Ciausner, (601) 634- 
*•£ <, 4W7, ui me uiaiidgcA vji me L»icugmg xs-esearuu i rugram, jvir. a. v^iarx 

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

Dnc QUALITY INSPBCTBD 4 Ö «ums-oN^cva^p«« 



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 la).  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 
lb).  Initiation of fluidization occurs when a spout or boil occurs along 
this weakened path from the pipe to the sand surface.  However, the 
whole region along the length of the pipe is not fluid at this stage.  By fur- 
ther increasing tue flow rate, complete or iUu nuiuization occurs when the 
>'"u»t itjiun ci.iv/.i.tg uic y-f^ *ö ix«Avii£ica vi iguic it/,   ims region is ramer 
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Once the region ahnvp HIP ninp is rnmnlptplv flitir.i7.pr.. riip slurrv rar» 
be easily removed by pumping or gravity flow.  As slurry is removed, the 
fluidized region begins to widen into a trench as shown in Figure Id. 
The berms and sides of the fluidized region slump inward (Figure Id) 
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 Bwassins 

unuiai Dcuiuitiu uut uc  ticippcu ui  IUIL/UUUUCU at  IAJUI iiaiuiai QitQ 
man-TRadp nH^inirtir>Tl^  a!f>n<?   fllP  ^naef      MnhHo  am/vnrr  f1ic.c£.  arc inli-ifc 

and harbor mouths. When inlets and harbor mouths have shoalin** prob- 
lems or downdrift beaches erode because of an interruntion in longshore 
littoral processes, sand bypassing can help to mitigate these adverse effects. 

The best use of a fluidizer pipe in sand bypassing is to increase the flui- 
dized zone of a fixed bypassing system.  The quantity 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 
(typically 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). 

me uäsic components recjuireu ±or tue systems include: 

e   One or more fluidizer pipes sloping toward the jet pump crater. 

•   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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Figure 2.  Fluidizer pipe used in conjunction with a fixed slurrv mimn; hatfhpH arM 

indicates the fluidized zone 
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• Intake facility to ensure that pumps carry clear water to the fluidizer 
pipes to avoid clogging of holes. 

• 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). 

A     Rooster nnmn anrl rfiarha-rira i->i«o1ino fr» Aali*r<M- d<<««. +^> ^.^™~ ^l:^i.„_4. -     — — ———— r"~~T »-"■>•-» •«*"»-»."»»^^. ^i^i-iiiik, M^r vc\-*iir»^j oiiui^ tu ouuic uiaia.ni 

discharge point (Richardson and McNair 1981). 

The siting and Iavout considerations for USP of » flnidiwr r»ir»o in canH 
bypassing are similar to those discussed by Richardson and McNair 
(1981).  In particular, much of the discussion on siting of jet pump arrays 
in Richardson and McNair (1981) is also pertinent to fluidizer pipes. 
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Use of Fluidizers for Channel Maintenance 

a fluidizer pipe can be used to stabilize and maintain a navigable channel. 
If the pipe is placed sufficiently deer» or if two or more nines are nlacpH 
in parallel, the trench dimensions that can be achieved mav satisfv the 

■■■ J -     - J — 

navigation 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. 

A     liravitv flniA7 nf Mio elurn; fn /■•arrxr tTio coHimötuf nut nf tVio t-ronXK  nof. 

hans in rhp seaward anr? lanHwarH HirprtfnnK4 PI strnncr f>hh ntrrAnf will —r- -7 ; '- o ,— "* "*" 
assist in sediment flowing in a seaward direction. 

For channel maintenance, the fluidizer pipe (or parallel pipes) extends 
*      A ' A A      X 

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 
fiuidizaüon pipe are required. 

Site Assessment Studies 

Design of a fluidizer svstem for either channel maintenance or bvnass- 
ine reauires an understanding of the coastal processes of the site.   At least 
one year of data collection is needed to appreciate the seasonal variations 

" A   JL 

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: 

w   Littoral transport. Boin direction and rate of transport must be as- 
oraocu vu csiuiiaic me J.»LC Oi uujuiug oi UK ireiiui.   ims win ueceniunt: 
lxt\* u^uiuuviL xicuuciLuy emu. ui<^ uxcrkyvjocu. jaiCi 

• Sediment characteristics. Several sediment characteristics are required 
for fluidizer design. These include: 

Twhnleal Nnh»TTRP-*-4M m« 



..—Ji.' PIMP OR 
/ SUBMERSIBLE FUMP 

FIUIDI7ATI0N 
PlPT 

\ 

SLUHHY 

FLOW 

TL 

DISCHARGE 
ON BEACH -^       \ 
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Specific gravity. 

Fresen.ce of cohesive materials. 

Pprm Mhil i fir  j. 

Presence of debris. 

Because sand in the fluidized region will be removed, in addition to studying 
the in situ sand, the material that is expected to fiil the trench must be deter- 
mined for refluidization once the trench has filled in. If dredging has already 
occurred, the nature of the sand that has infilled the dredged area will be 
known and may be of different composition than the undisturbed material. 
t.xvc scuuiiciLi aauiuica anuuiu uc auujcvLcu. IU gcuieviuucm icöis lu ucuriiiLUic 
 J,x     _■  _  .— XX Mi   E.XCAXJIL £ . ÜHlil E»Xf,G VxlOlxxtSUlxlSll OILU gXUl.ll OXiaLrC CUIU ptXlXlCCHXld.^1   LCOIO   IV VXCICX 

**-u*-.*~   «It«.   t,VUll\JVlH  VX   VVAUUfMlk/UlVy    \Xljr MX IXXXXXV-   \.V1LUU\.U T Jb V//   X^. 

tVlP T)prmf»flVii1itv »nrl err a in Giyf» HietrihnHnnc  psfimafM nf PT ran he rn»dö 
"■—• r"~"——       ~j -»—•.— Q-»— •«— — ^™——,——^»~., _„.„».■„-—~ >,• -.- ....... «,w ^.™.—. 

Procedures for estimating K are available from many sources, such as Eckert 
and CaUender (1987). 



• Morphology. A detailed survey of nearshore or inlet bathymetry is re- 
quired. Also, core samples must be obtained to assess depth and areai 
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 reciuired for the proper lavout of svstem components. 
For the channel maintenance design problem, the tidal hydraulics of the 
inlet or harbor mouth are required, especially 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, wails) and topographic features. 

• Descrintion of nossible receivin0" areas for bypassed sediment and 
routes for pipelines, 

riUiuIZer ripe Design 

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 required length of trench, L (the 
length of an ebb tidal bar for maintenance of a navigation channel or 
hie wiutii Oi tue littorQj. zone ior sanu uypas5ing>. 

• If the pipe is buried to a depth db (or placed in a predredged area and 
allowed to shoal to a depth dj, the top width, T, can be approximated 
easily by knowing the angle of repose, <(>, of the sand; T is approxi- 
mately 2db /tan <|>. Table 1 gives values of <t> for various materials from 
several reference sources. 
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Figure 4.  Definition sketch of a fluidizer pipe after final trench formation 
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boil Loose Dense 

Sand, angular 32-36 35-45 

Sand,- beach (well rounded) 28-32 32-38 

Gravel, bank run 34-38 38^i2 

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 iets. The top width, T, 
is exactly B + 2db/tan <j). 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. 

w   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 nine will usuallv be set through the ebb tidal bar. From the 
field investigation,- the bathvmetrv, including seasonal variations, will 
be determined. The pipe location is chosen so that the elevation of the 
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 Coiiins 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: 

v   Kelley (1977) showed that the widest fluidized region is achieved with 

•   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. 

Technical Not« DRP-3-Q9 (December 1992) 



Flow Rate 

Figure 5 is a plot of relative burial depth (buriai depth, db/ divided by 
pipe diameter, D) versus a now rate factor, Qj7Kdb, where K is the per- 
meability of the sand, db is the bed depth, and Qj' is the flow rate per 
ijjvjt ui pj-jjc icngui \VVCI»IIUIIL aim LciuiujLi, in picj-'iticiuuii;.    me uuru 
naramal-üy yn/iiiirrii^   4-J-I  n^rt  *V^*-i   »O^-v-l"  in  4-*K/-* *»-.*%^   A<".♦**rvC~*   «-.-I™«    V     /T~l    "\/     /T-\ ^uiwuiuLwi  X^^LXJ.I.^VJ   LU  HOC: uuis p±vjL la   Luc: ^aiiu uununiL ZMZjC, AJ/ l_y,   1J/ L/, 
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fhp SnnrI  anH   HlP rlpnfh  nf Vhe> oanrl  lawor T-iolnTAr |-Vio r\ino   roei-uar'fiircil'ir (caa 

Figure la). 

The burial depth, db, will be known from the design process.  However, 
the coefficient of permeability, K, for different coastal sediments can vary 
by orders of magnitude, and hence is an important part of the design 
process. 

The incipient flow rate to initiate fluidization is obtained from 

DT  —   ((~\S /YAi\   v   Y   v   At.   v   Wi"» 1M,~4Z* i-t\ Vdi   —   WCt ' i***0)   ^   «■   ■"■   **o   ■"•   ylp^ tcrtgui \±) 

Wnha fhaf1 tHo flrmr cato £aj~tv-vr ic /vnlxr AH T«ji"«mf V»i£rT*«w (r.r- t-U^s Inwranfr 

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 safety 
factor; it is suggested that the top curve in Figure 5 should be used. 
When additional data become available, 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 

Dr =   P v   (Jr lt\ 

where F is an empirical factor to be refined with field experience. 

At this time, it is recommended that an F factor of at least 5 (but less 
than 10) be used.  This will ensure full fluidization alone the entire lenerth 
of the pipe. 

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

• Determine the depth of burial of the fluidizer pipe, db. 

• Determine the extent of sand layer to the side of and below pipe, Xd 
 a, j, j. 

• Determine the permeability of the sand, K. 
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RELATIVE DUHIAl OFPTH, ci,/D 

Figure 5. Chart for isotrophk conditions providing required flow-rate factor for 
selected domain sizes (Weisman and Leimoiw in nrenaration) 
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tiate fluidization, Qf. 
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•   Multiply Qj' by factor F and pipe length to obtain the required full fluid- 
ization flow rate, QF. 

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. 

From experimental values of pressure head at full fluidization and 
aiier siurry removal, tue uinetence in vaiues in pips pressure J.I83U is 
ai^piuAiiiiaiciy in m naiu ui ICOO IUI UULLII UC^UU or approximately 
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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 Qh 
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: 

v?.^ Qh = CdAh   N2g  T (3) 

where Cd is the discharge coefficient, Ah is the hole area, Ap is the change in 
pressure from inside to outside the hole, y is the specific weight of water (62.4 
lb/cu ft for fresh water and 64 lb/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 Cd from experi- 
ments (Kelley 1977) range from 0.73 to 0.86, with an average value of 0.79. 

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 

12 Technical Note DRP-3-09 (December 1992) 



experience.  The limitations concern sediment size, depth of burial of the 
fluidizer pipe, length of fluidizer pipe, and slope of pipe. 

Ail experiments and field experience thus far have been with fine to 
medium sand.  There is no experience with either finer or coarser mate- 
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 fhiidize 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 uneconomical^ laree. 

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 uuidizer 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 
P'vrip- is inner   A 1 nnrufr-lnna ninp wrtrild roruire in -ft deeoer 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 
(SPM 19S4).  The first step in the office phase is to review existing data 
and begin the design process.  Parameters that can be estimated without a 
field program should be approximated, and a one- to three-year fielo in- 
vestigation should be conducted.  The field data should be reviewed, final 
parameter values selected, and the design implemented.  At the conclu- 
sion of the data acquisition phase, information should include: 

• Estimates of direction and volume of littoral drift. 

• Available information on the sediment type, size, and distribution. 

• Historical records of morphology and shoreline location. 

• 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. 

W t-FttlCMJJ.ljClX ax VSTla tXOIiS HI liiiOrcu. üTSIiSpOi i T<U63- 
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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 Qj'/Kdb 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, Qp 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 Equation 2: QP = F x Qj. 

• 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. 

14 Technical Note DRP-3-09 (December 1992) 
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