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 Purpose

et
This technical note summarizes a series of full-scale tests on the US

AII‘I’I: Engmeez Watei Ways Exl_)t-,u nent Station (WES) Dredging Resear‘h
Program (DRP) eductor, a commercial eductor, and two commercial sub-
mersible pumps. The note covers test equipment, materia 1 and proce-
dures used to.evaluate the performance of the eductors and submersible

- pumps in ¢lean sand and a variety of debris t\,rpes lnformatum provided
will assist personnel in selecting equ uipment for specific dredging ‘and sand
bypassing applications P C ‘
Background

Eductors (jet pumps) are hydraulic pumps with no moving parts, rely-
ing instead on an exchange of momentum to entrain the siurry (Richard-
son and McNair 1981). Eductors have been used for sand bypassing at in-
lets since the early 1970s with Varymg uegrees of suiccess. Improvements
in increased debris resistance and ease of deployment and retr
identified as items needed to make eductor sand b; ’pa‘asi“." MOk
“applicable, and resulted in the DRP work unit Impro
Sand Bypassing. :

Additional Information

For additional information contact the authors, M. James E. Clausner,
{601) 634-2009, Mr. Timothy L. Welp, (601) 634-2083, or Mr. Darryl Bishop,
(601) 634-3004, or the manager of the Dredging Reqearch l’rogram Mr. E.

- Uark McNall‘, ]r (601) 634-2070. : '
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‘Description of Eductors and Submersible Pumps Tested

Throu;__,h a series of
contracts, the DRF educ-
tor was designed, con-
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wclude a mooth cylin-
drical o qhane to
prevent dt’b[’lb (loszs
and sticks) from jam-
ming in the eductor
.and making retrieval
difficult, a series of flu-
idizing nozzles around
the perimeter of the tip
' to fluidize the sand for

" removal and to allow

heavy debris to sink
below the educiors, a

- grate over the entrance
to
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As a baseline compari-
son, the eductor used at
-the Indian River Inlet, Del-
aware, Sand Bypass Sys-
tem also was tested; see
Dredging Res‘e"" h Vechnical
. Notes DRP 3-03 (Clausner
-1990a) for additional d
tails. This eductor, bult
by Standard Gravel of
Franklinton, Louisiana,

~ has the same basic hydrau-

lics as the DRP eductor.
However, this eductor haé'
a %1mple suction duct and
a linear manifold of fluid-
izing nozzles (Figures 3
and 4). The Indian River
Inlet eductor has been
used succ‘e«';i'fuiiy for over
two years, bvpa';smg over
150,000 cu yd before the
test date (by January 1.992
the bypass system had .

- transferred over 200,000
‘cu yd). Testing of the In-
dian River Inlet eductor

: ,prowded an excellent stan-
dard against which to
compare the DRP eductor.

Another facet of the Im- |

proved Eductor work unit
- 1is to investigate alter- -
natives to eductors with
submersibie pumps bemg
a likely alternative (Claus-

SR P

ner 1990b). Consequenuy
, IWU' submersible Pui“ﬂl.as
“were included in the test-
ing pmf*ra“ .
pump tested
“model PF50 x 8P &-in. hy-
~draulically powered sub-
mersible pump with a 75-
gallon per minute (gpm)
(M76 x 5.0) hydraulic
‘motor (Figure 5). The
final pump tested was a
Toyo DP-150B electrically
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" Figure 3. 'Schematic of Indian River Inlet eductor




powcred 10-in. submersible pump (Figure 6). Table l éummarizes the
(_hdl mtenstus 0[ lhe eclmtors and submermb]e pumpa tcsted '

anure 6. Toyo DP150B submersmie pump
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L S Average
 Item/ Physical Power Soiirce Horsepower
Manufacturer | Characteristics | Characteristics Consumed
DRP Eductor/ 20-ft-long, 450-hp diesel, ©300
‘GenfloStandard . | 9,000-1b, mixer, pump, 3,300 o
Gravel Company | 6-in. discharge gpm at 155 psi i
o , pipe, 10 in. long ‘ _ “
| Indian River 20-ft-long, , 450-hp diesel, 300
Inlet Eductor/ 3,500-1b, mixer, pump, 3,300 :
Genflo-Standard | 6-in. discharge gpm at 155 psi
Gravel Company | pipe, 10in. long S
H&H Model PF | 3ftlong, = | 275-hpdiesel, 150
50 x 8 with 20 3-ft-wide, 724-Ib, | hydraulic pump, '
percent chrome max. spherical 75 gpm at 2,000
and nickel inlay solid, 4-in. psi L
' ‘ discharge pipe, 8 IR
in. long : 4
Toyo DP-150B 8-ft-long, 300-hp diesel, . 150200
high chrome 3-ft-diameter, ! generator S
pump with - 8,000-1b, max. '
external agitator spherical solid,
: 4-1/2-in. ‘
 discharge pipe,
10in. long

Qttires a
i

high starting h

* The last column is an estimate of the horsepower required from each power
source by each pump during operation. The eductors only require about a
300-hp diesel for actual operation. The H&H pump used is normally supplied
with a 150-hp power source; the larger unit used was only one available at the

ime of the test. The Toyo pump re orsepower, but only

pd o]

‘consumes 150-200 hp during operation.

Test Location

The tests were conducted at Standard Gravel Company’s Enon, Louisi-
ana, gravel pit (approximately 65 miles north of New Orleans). The avail-
ability of support equipment and electrical power and the relatively close
proximity to the US Army Engineer Waterways Experiment Station (WES)
‘made this site attractive. This site was selected because it also closely sim-

‘ulates applicable conditions at coastal bypassing locations.

* ‘Technical Note DRP-3-05 (May 1992)




| ATest Layout and Equlpment

The test locat1on has a large area of clean sand (mean dtameter

0.3 mm, less than 5 percent fines) in excess of 25 ft thick that could be sat-" B
- urated to simulate sand bypassing at a coastal location. The test site o

setup was nearly identical for both the eductor and submersible pump
“tests (Figure 7). The site encompassed an area approx1mately 300 by -
450 ft and had a portable building where instrumentation used to monitor
‘performance and archive test data was housed. Table 2 gives characteris-
- tics of the pumps used during the tests. A large crane (110-ton, 100-ft-
- long boom) was used to deploy the eductors and submersible pumps. - A
- 3-cu yd backhoe, an 18-ton boom crane, and a bulldozer were also used to
' move pipe, grade sand, and perform other operahonq -

4 In. MAKE-UP
EDUCTOR

T
D OONTRDL‘
TRAILER

ROAD

" POND

APPROXIMATE_SCALE R | LEGEND
e ) ¢ e SUPPLY UMNES

@ o B0 T8 150 FT ' : N L —— — DISCHARGE LINES

) Figl.ire'7. Test site configuration

Table 2 ‘
Water Pumps Used during Tests
Equipment : ‘"H."-‘I'-I‘orsepowef | - Flow Rate, gpl:;{:_l
Makeup water to crater 1 250 3,000
Inlinebooster o s 3300
Supply pump forreturneductor | '1.80 | ‘ | . 1,500
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Conditions at coastal sites were simulated by saturating the crater test
area. This was doue by pumping water to the crater before and during
~esis al a rate sufficient 1o keep the crater filled with water. '

During the eductor tests, motive water to the eductors was provided by
a supply pump from an adjacent pond through a 10-in. ID steel pipeline
~about 250 ft long. Slurry dredged by the eductors and submersible
“pumps flowed through an 11-in. ID high-density polyethylene (HDPE)
pipeline to a booster pump.  Discharge from the booster pump went
through a 10-in. steel pipeline to a processing plant (classification tower
with a 1-1/2 in. square grid grizzly), which was used to scparate debris
“from the sand. The 30-ft tower minus the 10-ft drop in elevation from the
“booster pump to the bottom of the tower resulted in a 20-ft vertical Lift,
Sand separated by the processing plant was recycled back to the primary
test area using a 4-in. educlor powered by a separate supply pump. .

.. Instrumentation included pressure gages on the discharge side of the
' supply pump, at the inlet to the booster pump, and on the discharge side
- of the booster pump. A nuclear density meter and doppler flow meter
‘were mounted on the vertical section of pipe attached to the processing
‘plant. Pressure dala, slurry velocity, slurry percent solids (by weight),
and production (cubic yards per hour) were displayed and recorded ona
personal computer after passing through a signal-conditioning unit. The
hardware and software used to collect the data were originally developed
“under DRP work unit Production Meter Technology. . For this test, the soft-
‘ware was expanded considerably to allow display and user-friendly opera-
tion. ‘WES [nstrumentation Services Division developed the software and
the signal-conditioning unit and installed the pressure transducers. Over-
all, the data collection system worked extremely well, ‘with data being col-
“lected every 10 sec during the tests. o s

A video camera aimed at the test crater was used to document each
‘test. A sccond video camera was focused on the computer screcn as a
“backup in case of failure by the computer to record the test data.

Test Procedures

Pressurc transducers were calibrated before testing (calibrations were
stored in the computer) and the nuclear density meter was equalized daily
(a two-hour warmup period). Predetermined molive water pump and

booster pump pressures were established before the eductor test trials, as

“was the booster pump pressure for the submersible pump test trials. Each
unit’s production capacity was tested in “clean” sand and in sand-debris
combinations for a 30-min duration of continuous performance in each

~test. Three separate trials were conducted for each combination in almost
every case. For a limited number of cases only (wo runs were made.

~ The crane was used to deploy the eductor or submersible pump and
_ reposition it as needed during each trial. The same crane operator was

- Technical Note DRP-3-05 (May 1992)
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Is .

~used for all the tests conducted with different types of pumps and debris
“combinations., The debris combinations were laid on clean sand in a ran-

dom pattern within a radius of approximately 15 ft around the point of .m— .
plication of the pump. As the unit excavated sand, the debris would = -
”tall" into the cmter This method was used because debris in sand bv

p%smg opemhons is ouccyuntered ina smular manner.

Durmg the trmf when a substantml drop in percent sohda was 0b~
served the pump was lifted from the crater botlom and swung to the left
~or right approxxmatdv 5 ft and then set back on the bottom. This kept
the pump in the debris field yet allowed it to possibly clear itself. During
the stone debris trials it was observed that stones too large to enter the

~pump woum accumulate in the bottom of the crater and form a barrier be-

tween the pump and sand, thus reducing proaucnon rates. The reposmon-
ing of the pump would allow it to excavatc sand on the fri mges of ihe con-
‘solidated barrier and pump marry at higher rales until the prucesg Te- ‘
peated itself. A video camera recorded the pump in the crater during the
trial and documented debris accumulation at various loca ions {a* the griz-
y]y ln. f. 1 b oster pumn stone box, or1 ump suction duc )

U[ldt_l‘ certain L(’!l'ldltl('}n‘%, the submerslble numm could acm_nre slurrv
at very high percent solids concentrations (sometimes exceedmh 60 per-
. cent solids by wexgh{) At this point the discharge line was Susceptxble to
~being plugged if a slope cave-in temporarily choked the pump or if the
pump momentarily lost power. At these times the operator would raise
the submersible pump 1 or 2 ft to reduce solids concentrations. It was
_not always possible to glve the Operdtor H‘Llffl(‘ltnt notice to prevent plug-
gmg the line. ‘

At the complc.tlon of each tt‘bt with debns aombmahons the crater area
would be contaminated by debris that was too large to be transported by '
the system or that did not come into contact with the pump. chaus(, of
this, the contaminated area was surveyed by comreﬁhoﬁax methods, its po-
sition logged, and itw’as not used again. The flexible plastic HDPE pipe
allowed the ptn. ps to be redeployed in uncontaminated arcas im-
-mediately }accn to the previous debris trial, S

The sand and debl‘l‘: combmatmns smted of the followmcr miterlals‘

o ’Clean sand w1th a mean dlametgr of O.u mm and less than 5 vercent
: fmes

16¢ cu ft of cut wood tnat varied in icngtn from 1 to 3 ft with the diame-
ters arymg from 1 to 6 in. Before the tests, the wood pleces were

" soaked in water to produce a negative buoy'ai icy which caused them to
inﬁ WO theb Uﬂﬁﬁlll uf the Cratf:‘r durulE e tu.cu i

‘® 16cuftof stone riprap nnbmg in size from 2 in. to 18 in. with a mean
dmmeter of 7 in.

“Technical Note DRP-3-05 (May 1992)




® 60 ;,alba;,u—bag sived plnstu hmrs {(weighted with sand) and 13 “swim
fins” fabricated from 3/4 in., 4 ply mnvey or belt cut nto 9- by 24-in.
Tec tang,u]dr pieces. . :

A]n'minnrq ]jovgrgng CANS fn!m_r'tu[ed to t-.lpk) Aboni 5“0 W t}]‘ C‘;tf-’d

N

- pleces of shredded cans were obsetved at the g gr 17ziv) s0 the use of this
debris was dlscontmued -

® Kelp. Keip was donated by the ‘,an l)lego Parks and Recreation Dvpart- '
ment, but the test runs with this debris were discontinued duc to the

~ kelp's increasing rate of deterioration and nP%llblnle effect on produc-

-tion rates. Had fresh kelp been available, it likely w umd have hada

Ry

measurable ir 1"1‘1p£‘u?1 on production.

In addition to the debris tes tn the DRP eductor was tested for ease of
- deployment and retricval. The deployment tests consisted of measuring

the time required to sink the unit to a depth of 18 ft using only the fluidiz-
‘ing jets. By modifying the fluidizing jets so that the rear two jets pointed
back toward the deployment frame with the remammg_ jets pomtod
'stramht dow n, the umt sunk to design depth in 90 sec. :

Durmg the retrieval tests, the deployment frame was remov ed to aliow
- the eductor to sink vertically into the sand a distance of 18 to 20 ft. Then
a series of pull tests were done with the crane acting through an inline
load cell. Variables tested included the amount of lime the unit was al-
lowed to sit and the active assistance of the three hydraulic units — the
ﬂu:dmng, jets, the ring jet, and the eductor itself. Pullout loads ranged
from 34,000 Ib to 10,000 Ib. The most unporrant factor in Keepmg pullout
forces to a minimum was auowmb the sand around the whole unit to be-
come fully f1u1u11.€.u, theteby xcu"cn‘.g ‘skin friction and preven
utin.  This was aCCGI'i‘il.ulS.uEu by ‘operating the eductor and blocking the

dscha“g'* line, anu/ or using the ring jet or fluidizers. The higher flows

-t

'ulg a vac-

5

achieved by blocking the eductor d“s harge line (so all"the water exits the
~open end of the eductor) provided the quickest saturation of the sand. -

However, the other two methods d1<;0 were effectwe It Was concluded
~that the ring jet was not needed. ‘ : '

Slxty-one tests were conducled Wlth 48 of the teats‘mceting the WES cri-
- teria of 30 min of continuous perrormamc ' T ¢ average proaucnon rates
for each set of tests are contained in Table 3. T' he DRP eductor and the In-
' dian River Inlet eductor had very similar performance in clean qand,

: "oom 350 cu yd/hr. As expected, pert ormance was reduced sub
dcbub. The DRP eductor was mea surab‘y bu...,rv in stone 244 Versus

203 cu yd/hr) and garbage bags and swim fins (215 versus 186
” '1" Im.km River Inlct edu‘tnr was superior in wood (3 versus
U Ve rd / hr\ - '

-,
:5
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: - Tabled
. Test Results Summary
- i -
o PR Average Production
EquipmentTested = -~ DebrisType « Rate,cuyd/hr |
DRPeductor | Sand = - RET O - - '
| Stone s 244
Garbage bags and swim fins 215
Wood 269
IndianRiverInlet | Sand' =~ e
eductor : o — T '
, Stone 203
Garbage bags 186
Wood ~ 322
H&Hsubmersible | Sand | SRR
pump ‘ ;
e Stone v 84
TS o | Garbage bags and swim fins | . 188
Toyo submersiblepunp | Sand .- 0 875
yos pump ; Sand 3
Stone : 1 403 B
" | Garbage bags and swimfins | 322
Wood N 241
f the two submersible pumps, the Toyo pump had consistently higher
: ‘

£y
.
production in clean sand and all types of debris, while the H&H pump
‘had the least amount of production of any unit tested. It should be noted
that the H&H pump was an 8-in. pump, while the eductors and Toyo

pump were 10 in. Had a 10-in. discharge coupling that attached directly

to the pump housing been available for the H&H pump, an increase in
- production rate of up to 15 percent probably would have been possible

(personal communication, Mr. Howard Stovall, Vice President, H&H
Pump Company, January 24, 1992). This potentially would have raised

B production rates for the H&H pump to 254, 97, and 216 cu yd/hr in sand,

stone, and garbage bags and swim fins, respectively. The H&H pump

“was more prone to plugging of the discharge line than any of the other

units tested, having three instances where the line was plugged. A consid-

TTYA TT

- erable amount of operator attention to raising and lowering the Hé&H

2 £ 11 o

pump to achieve maximum production and prevent plugging of the dis-

. Lo mcamn Jdsea o3 IR
cnarge liné was x'cquii“cd. ‘ ‘

‘ ’l_‘_echniéal Note DRP73-05 (May 1992) »




" The Toyo pump was a much larger, heavier unit than the H&H pump.
It also is much more expensive. Purchase price for the Toyo pump as
“tested was estimated at $73,300. The purchase price of the 8-in. H&H
pump was approximately $15,300. The Toyo pump had the highest over- -

~all production of any unit tested, over 400 cu yd/hr. The improved pro- .

duction in stone versus sand was probably due to the operator gaining ex-
: 1 5tC Y . :

perience with the Toyo pump. The garbage bags and swim fins had an

appreciable impact on production, reducing it to 322 and 241 cu yd/hr, re-

spectively. The Toyo pump also was very sensitive to operator control,

. with relatively constant raising and lowering of the unit required to main-

_ tain high production and prevent plugging of the discharge line.
Conclusions

~In clean sand, performance of the DRP eductor and the more conven-

"tional Indian River Inlet eductor are about the same. Performance in de- B
bris ‘was a function of the type of debris. The grate on the DRP eductor -

- keeps out stone and garbage bags/swim fins better than the Indian River
Inlet eductor; however, the grate is more prone to clogging with wood.
The Indian River Inlet eductor is more susceptible to stones entering into

the suction chamber, thereby reducing performance.

| Thc‘ Hé&! 1 pump in its present form is not well suited to the typeé of de- "

bris tested. It is very susceptible to both rocks and wood. A rock guard,
relatively casily fabricated (and also available from the manufacturer), '

could help solve these problems, though probably reducing performance .. -

somewhat.

- The Toyo pump pérforrned the best overall and was only bettered by
the Indian River Inlet eductor when pumping wood debris. .

~ The lack of a requirement for constant operator control and the relative
~immunity to line plugging make the eductors well suited to long-term by-
_pass operations. The choice of a particular eductor will depend on the
type and amount of debris present. . The Toyo pump’s high production
and apparent ruggedness make it a possible candidate for bypass opera-
tions (particularly those not suited for eductors), but the level of operator
“control required to achieve the high production rates and the potential for
line plugging must be considered. The H&H pump’s low cost and light -
“weight (approximately 724 1b) make it well suited for smaller, aperiodic
“bypass and dredging jobs. . : LY

The Vicksburg District’s Monroe Navigation Field Office used similar
logic before purchasing a lightweight submersible pump to maintain locks
“and dams on the Red River. For small aperiodic dredging jobs, the pur-
chase price can be a more important factor than production rate. ’

A détailed deécription of the tests will be published in a future' DRP
report_ o : : v v ; - : Lo
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