
ARTICLES 
A submersible pump produced 
results comparable to those of 
a vessel-mounted system. 

DEVELOPMENT OF A SUBMERSIBLE PUMPING SYSTEM 
FOR A HYDRAULIC SURF CLAM DREDGE 

By Mark L. Standley)~ and Phillip S. Parker"""" 

An electrically driven submersible pump was tested as a means of 
supplying water to a surf clam dredge. A 65 -horsepower submersible 
pump was mounted on a 48-inch clam jetting dredge. The pump supplied 
2,000 gallons per minute directly to the jet manifold of the dredge. 
Comparison tows were made with the sub mer sib 1 e system and the 
standard vessel-mounted pumping system to determine their relative 
efficiencies. The submersible pump operated satisfactorily and gave 
results comparable to the vessel-mounted system. Advantages of the 
new systemare ease of handling and greater efficiency inpower trans
mission. 

The history of the development of surf clam 
harvesting gear, like that of most other fish
ing gear, reflects a long, slow, evolutionary 
process. Advances have been dictated by the 
need to increas e efficiency to keep the fishery 
economically feasible. Surf clam gear is ad
vancing today at a more rapid rate than the 
early change from hand tonging to dredging. 
The use of a dredge towed by a vessel began 
in the 1920s,and the development of ahydrau
lic jet dredge took place during the mid -1940s. 
Since then, little change has taken place in the 
basic principles of hydraulic dredging, but the 
size and efficiencies of the gear have grown 
to the point where larger dredges do not appear 
feasible (fig. 1). 

As dredges increase in sj ze and greater 
flow rates to the jet manifold are required, 
the problems of handling the large hoses and 
the lost efficiencies in transferring w ate r 
through them lead to the conclusion that a sub
mersible pump mounted directly on the dredge 
would be a desirable development in the evo
lution of the surf clam dredge. 

A submersible pump, driven by an electric 
motor, would eliminate the bulky, cumbersome 
hoses now used (fig. 2) and replace them with 
a single electric power line, which could be Fi9. 1 ~ Drawing of 48-inch hydraulic surf clam dredge used aboard 
handled and stored on a winch (fig. 3). The the "Delaware" for surf clanI survey. 
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Fig. 2 - Clam jetting hose faked out aboard the Delaware. 

Fig •. 3 ~ Electrical cable wound on winch showing shipboard ter
mmation watertight plug. 

efficiency of transmitting electrical power to 
the pump is far greater than transporting wa
ter through hoses , a factor that becomes in
c reaSingly important as the water volume and 
pressure and length of hose increase. 

DEVELOPMENT 

Before the 19 20s J hand ton gin g and hand 
r-akingwere the common methods used to har-
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vest surf clams; during the 1920s, dredges 
were developed that were towed with powered 
vessels. The dredges were commonly 18 to 
28 inches wide with a scraper or knife blade 
attached between the dredge shoes at a fixed 
depth. These dredges were prone to clogging 
wit h sand and mud, and many clams were 
broken by the blade. These deficiencies and 
the need for even more efficient equipment 
led to the development of the h y d r au 1 i c jet 
dredge in the 1940s (Westman, 1946). 

Hydraulic dredges, a logical step from the 
dry scraper types, were developed by adding 
to the dredge a pipe manifold with a few noz
zles or jets directed downward in front of the 
blade. A fire hose connected the manifold to 
a pump mounted on the towing craft. Because 
the water jets loosened the bottom, the dredge 
could cover a greater area in the same amount 
of time, and areas were opened to dredging 
that were too hard for the dry dredges to oper
ate effectively (Westman, 1946). The incidence 
of broken clams (Parker, 1966) and damaged 
meats in the catch were reduced substantially 
by this new development (Ruggiero, 1961). 

Since its introduction, the hydraulic dredge 
has increased steadily in size until now 40-
inch blades are common, and a dredge with an 
84-inch blade is in service on the east coast. 
The volume of water required has increased 
correspondingly with the dredge size; a 40-
inch or 48 -inch dredge requires about 1,600 
to 1,800 gallons per minute - -at about 60 pounds 
per square inch differential pressure between 
the inside of the manifold and the outside wa
ter pressure, regardless of depth. Vessels 
fishing with these size dredges use a 5-inch 
or 6-inch inside diameter hose of rubber and 
fiber especially developed for the clam dredg
ing industry. The largest dredge (84 inches) 
needs two pumps and twohoses to supply wa
ter to the manifold (fig. 4). 

The use of hos e to supply water to the mani
fold has some disadvantages that can be over
come by the use of a pump mounted directly on 
the dredge. The head los s or energy drop of 
the water in ahose is proportional to both the 
hose length and flow rate; in the usual lengths 
(200 to 250 feet) used aboard commercial ves
sels' this loss is 20 to 30 pounds per square 
inch, or about 25 percent (table 1- -see note 
on p. ). Transmission los s e s can be re
duced greatly by transmitting energy to the 
dredge in the form of electricity. This factor 
becomes more important as deeper depths are 
fished. An electric cable is easily stored on 
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a powered reel, eliminating the heavy work of 
handling the hose. The installation of a gener
ator, switches, cable, and cable handling winch 
is a good deal simpler than ins tall a t ion of 
large sea chests, valves, pump, and piping in 
either new construction or conversion work. 

Fig. 4 - An 84-inch dredge used aboard the "Gail Borden" for 
oo=ercial surf clamming. 

METHODS AI TD PROCEDURES 

Early in 1965, the 11/V "Delaware" ""as 
fitted out for a surf clam surve) along the 
coast of the Mid-Atlantic Bight. A sea chest, 
a 6-inch centrifugal pump powered by a 110-
horsepower diesel engine, and the necessary 
deck piping and hose were installed to supply 
water to a 48 -inch dredge. The jet manifold 
on the dredge is V -shaped and has 14 nozzles 
poi n ted downward and 4 additional nozzles 
(blowback nozzles) pointed aft to help keep the 
cage and chain bag clear of sand and mud. 
During our surf clam surveys, many different
sized jets have been tried ranging fromO.50-
to 0.81-inch diameter, and we have concluded 
that 0.625 -inch diameter nozzles produce the 
optimum flow and pressure with this equip
ment (table 1). 

Industry and research organizations haVE 
considered for Some time replacing the ves 
sel-mounted pump and hose connection with '3 

submersible pump. Such a system was en
visioned for the Gloucester Exploratory Fish. 
ing and Gear Research Base's new vess el, th 
"Delaware II, II which is to have ample el 
power available for a submersible pump . 
lays in delivery of the new ship, howeve r , rna 
it desirable to progress with plans t o 
the Delaware for such an operation. 

Fig. 5 - Commercially avwable electrically driven submemb e 
pump. 

A comme rcially available electrica ll: 
driven submersible pump was acquired fo r u s E 

on a modified 48 -inch dredge (fig. 5). An oi 
filled synchronous induction motor rated c 
65 horsepower at 1,750 revolutions per min 
powers the pump. The motor 's m a x i m u 
power requirement is 75 kilowatts. The mote 
and pump are in a cast aluminum housing, b 
other pump parts are of s t a i n 1 e s s steel ( 

Tonel. The pump impeller is cast stainle s ' 
steel 12t inches in diameter. 

The dredge used in this expe r iment wa. 
made to our specifications. It has shoes () 
runners of longer and heavier p r oportions tha : 
those usually used in industry. A steel plat, 
was fitted between the shoes fOI"\v ard of th , 
manifold to facilitate mounting the pu mp urn 
and to protect it from bot t o m obstruction 
(fig. 6). The pump was mounted acrosS the 
forward end of the dredge under the t owing bal 
and braces (fig. 6). The 8 - inch pum p dischargl 

was connected directly to the m anifold with : 
reducing elbow and a s hort length of 6-inc: 
hose (fig. 6). T h e la t t er was deemed advis ' 
able as a precaution against shock and vibra' 
tion. 



g. 6 - Submersible pump mounted on our 48 - inch hydraulic 
dredge showing position of mounting , discharge connection, and 
u bber union. 

A neoprene-jacketed 4-wire No.2 Amer
can Wire Gage power cable supplied power to 
he pump. This cable was fitted with water
ight plugs at the dredge end and the shipboard 
ermination (fig. 3). The 15 0 -fathom cable was 
i~ ored on a hydraulically driven reel. Five 
b uble 8-inch diameter trawl floats were at
ached to ~he cable along the first 10 fathoms 
fi g. 7). These floats held the cable clear of 
.1e bottom during towing and haulback opera
.ons. After initial development work in de
ermining the proper leads and flotation for the 
a b le, we encountered no difficulties in keeping 
be cable from between the dredge and the side 
f the vessel or clear of the bottom. 

To record the pressures at the jet nozzles, 
r emote reading differential pressure gage 
as used. This instrument recorded the pres

Ilre on the inside of the manifold relative to 
e pressure of the water at the dredge IS depth. 

)ressures were read at the sur f ace and at 
, o rking depths with different combinations of 
ll) zzle diameters and pump speeds (table 1). 
lJcnall variations in the speed of the submers
t)ie pump were possible by varying the revolu
ions per minute of the generator. This change 
1 as limited to about 10 percent of the genera
:orls design speed of 1,200 revolutions per 
ninute for 60 cycle per second current. 

To assess the operation of the submersible 
lump relative to that of the usual vessel pump 
lnd hose arrangement, a series of compara
:ivetows was made within a confined area with 
each rig. To carry out this procedure, the 
lredge was provided with two jet manifolds , 
me adapted to the submersible pump, the other 
:0 the 6-inch hose from the vessel. Change -
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over from one rig to the other could then be 
done in a very short time. The same numbe r 
of tows was made with each setup in each area. 

Fig. 7 - Dredge about to be taken aboard the Delaware showing 
catch in bag and power cable with attached floats. 

RESULTS 

Water pressures and volumes obtained with 
the submersible pump compared quite closely 
with those obtained at the manifold with the 
shipboard pump and hose (table 1). Nozzles 
with a 0.625-inch inside diameter were used 
during the fishing. The pressure drop in the 
250 feet of 6-inch diameter rubber hose, plus 
deck piping, amounted to 27 pounds per square 
inch or about 26 percent. The total energy 
drop was 30.5 percent, resulting in an efficien
cy of 69.5 percent for the conditions selected 
for fishing. The calculated energy drop in the 
power cable at full output was only 5.6 per
cent. The resulting savings in fuel costs and 
equipment handling would help to justify the 
additional expense of the submersible pump
ing system during its lifetime. 

During one group of comparative tows, the 
sub mer sib 1 e pump dredge appeared to be 
catching only about one-half as much as the 
conventional hydraulic dredge. Upon inspec
tion of the dredge, we discovered that small 
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s ton e s were being picked up by th pump 
through the expanded metal screen but were 
not passing through the nozzles. This situation 
was remedied by fastening a piece of i-inch 
mesh hardware cloth with metal strapping over 
the expanded metal screen. After this altera
tion' little or no difference was seen in the 
performances of the dredges, and the sub
mersible pump, therefore, was used throughout 
the remainder of the survey (fig. 8). 
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GRID LI NE S 

Fig. 8 - Average catch of surf clams for selected grid lines. Solid 
line, vessel pump; dash line, submersible pWDp. 

DISCUSSIONS AND CONCLUSIONS 

From the trials conducted aboard the M/V 
Delaware , the use of an electrically powered 
submersible pump to supply water to the jet 
manifold is technically feasible. Standard off
the-shelf pumps are available that will fulfill 
the requirements. The dan g e r of the cable 
snagging on a bottom obstruction can be nearly 
eliminated by the use of flotation schemes. 
By proper leads and dredge han d 1 i n g tech
niques' the problem of the cable being crushed 
between the dredge and the vessel can be over-

come . The possibility of the intake being lJ. 
structed by bottom d bris or v getation, fJ 

s maUston s being drawn in, can be avoided l 
several ways. The pump could be oriented I 

th intake is farther abov the bot tom a 
close to the centerlin of the dredge, or iota 
piping can be ext nded to a more advantage 
location. Properly sized scr ·ening will p 
vent stones clogging the nozzles. 

The added weight of the pump on the forwa 
nd of the dredge did not appear to affect 

versely the dredg I S p rformance. Possib 
it may have been beneficial in causing t ) 
dredg to lit nd boltom" b tter. 

To make the submer ible pump dredge 
better tool, sligh modification h 0 u 1 d t 
mad in the de ~lgn of th dr dge sled. Tt 
runners should be extended far nough infro. 
of th Jet manifold to allow ample room for n 
pump, and bracing for the to 'ling bar shou 
b altel ed to suit the pump used. This La 
alteration should allow convenient access t 
andremov lof,thepumpfor 
maintenance . 

The installation of a submersible pumpiL 
system involve more equipment than the usu 
vessel-mounted pump and ho e arrangem n 
A generator of ufficient size mu t be mountt 
in the vessel, tog ther with the proper tar.' 
ing equipment and overload protection de'vicE'/ 
The connector cable is most con v e n i en t 
handled on a power e d reel, which coulc 
mounted anywhere aboard hip that ,"ould b 
suit the operation. Disconnect plugs are 
each end of the power cable to enable the dre I 

to be removed from the vessel, or the ca 
to be reeled 1ll at the end of the fishing. 
pump is mounted with brackets to the dredl 
and connected directly to the manifold wi I 

short length of hose or a flexible connecti l 

The total of the initial and installation Co!~ 
of the submersible pumping system is mO. 
than that of the system in use now. The c 
and installation of the generating set, howeve 
co mp are favorably with the cost of a pur: 
engine, pump, sea chest, and related couplin; 
and installation. As the trend in industry is 
larger hoses, up to 8 -inch diameter are US t 

today, and the cost of this hose and the sleev 
and clamps for joining sections is a very lar: 
part of the expense of 0 u t fit tin g for cl 
dredging. In con t r as t, the cost of cable 
comparatively small, and this savingi: 
creases as deeper depths are fished. 



In addition to the somewhat more elaborate 
:r necessary aboard the vessel for sub
i' sible pumping, the pump unit with an in
'I 'al e 1 e c t ric a 1 motor is mounted on the 
~ jge itself. The cost of this unit , its instal
l :m, and the modified dredge probably would 

four or five times the price of a conven
nal dredge. However, this add e d cost is 
set by the greater efficiencies realized and 
I convenience of handling the comparatively 
la ll electric cable. The additional expense 
a Iso reduced by the less expensive cable in 
I(;e of the expensive hoses. 

A dredge with a proper pumping unit de
.ering a like volume and pressure to the je t 
mifold as a vessel-mounted pump has proved 
fish just as well as the latter. 

Taking the aforementioned fa c tor s re
' ng to cost , efficiency , and catch rates into 

Icount, an electrically powered submersible 
m ping system appears to co mp are ve r y 
"orablyfor conversions or for new c onstruc
;n to the conventional system. 

SUMMARY 

1 . An electrically driven submersible pump 
~ tested and used for a surf clam survey. 
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2. The pump, powered through a 4-conduc
tor (No.2 American Wire Gage) cable, fur
nished up to 2,000 gallons per minute to the 
manifold jets. 

3. The water was supplied directly to the 
jet manifold by the pump, which was mounted 
on a plate across the forward end of the dredge. 

4. Comparison tows made between the sub
mersible pumping s y s t em and the standard 
vessel-mounted pumping system indicated that 
the former could be used to replace satis
factorily the vessel unit. 

5. To make the submersible pump dredge a 
good practical tool, slight changes will have 
to be made in the standard dredge design. 

6. The installation of a submersible pump
ing system will involve more equipment than 
the standard vessel pump and hose arrange
ment. Although the total cost is so mew hat 
higher, it is offset generally by the greater 
efficiencies realized fro m the submersible 
pump and convenience of handling the smaller 
electrical cable. 

7. When everything is considered, the sub
mersible pumping sys tem appears to be prac
tical for conversion or for new construction. 
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