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I. INTRODUCTION

Historically, hydraulic dredging in Maine has never been successful.
Despite repeated attempts to start a commercial dredging operation by
varicus individusls, none have survived. (Wood, Kelly, McGreggor,
Johnson, )

This could be partly due to a small subtidal clem resource. Dept.
of Marine Resources survey records show no data on subtidal soft shell
clam populations. Another reason is the extreme variations on the bottom.
In certain areas the bottom is made up of sandy sediments while many
other areas are made up of clay. Another factor is the large rise and
fall of the tides. Many areas are difficult to navigate with a dredge
vessel.

The mast pronounced problems of hydraulic dredging are economic and
social. There are many hand diggers who feel they would he put out of
work if hydraulic dredging were to become a reality.

The unknown knowledge of subtidal soft shell olam populetions and
the difficulties in dredging the various types of bottoms were the initial
concerns for the dredae project.

However, befare any commercisl dredging operation could be started
the environmental effects of dredging bad to be determined.

The initial stages of this project wss initiated through the extension
services work in starting a commercial dredging operation.

It was known that Mr. Fletcher Hanks, Jr. had invented and patented
g mechanized clam dredge. This dredge was very successful in Maryland.
Alsp, the Canadians had built a similar dredge end were successful in

its applications.



As a result, Paul Venno, Dept. of Marime Resources Extension
Director, purchased a Maryland-type dredge in the gspring of 1971.
This was firgt tried on a World War II personnel landing craft. The
dredge did not adapt well on this type of vessel.

It was felt that the best suitable vessel would be a catamaran.
The initial expense of building and equipping a vessel of this type
proved too great.

In the sprinmg of 1972 g fishing dragger was purchased for the
hydraulic dredge. This paper deals with the adapting of the Maryland
hydraulic dredge to this vessel for successful use along the Maine

coast.
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I1. CONSIDERATIDONS IN HYDRAULIC DREDGING

The Maine coast varies considermbly from that of the Chesspeake
Bay area. There are very few sandy subtidal bottom areas. For the

moat part the bottoms consist of:

S5ilt: Particles so fine they cannpt be
distinguished by sight but can be
under a microseope.

Clay: Particles finer than silt.

Very Soft Clay: Exodus between the fingers when
sgueezed in fist.
Soft Clay: Easily molded in the fingers.
Firm Clay: Can be molded in the fingers but
tokes strong pressure.
Stiff Clay: Cannot be molded in fingers.

Very Btiff: Brittle and tough.

I+ is considerably more difficult to dredge in these clays than
in sand. The dredge should have the capability of operating under the
most difficult of these conditions. Therefore the dredge pump should
have the capacity and pressure to dig into the very stiff type of clay.
Algp in many areas along the Maine coast, the bottom is irregular.
Since the hydraulic heed is suspended from the vessel, intermittent
readjusting of the hydraulic head level must be made. For this reason

a hydraulically (oil) operated winch is a must.



Stability of the vessel ls e must. OSince the position of the
hydraulic head on the bottom is determined by the vessel, any slight
change in stability will raise or lower the hydreulic head.

In aperating from one dredging site to another, the vessel with the
eguipment is required to stesm outside protected areas. This subjects
the vessel and equipment to adverse sea conditions. Consequently, proper
means of stowsge, securing, shoring and lashing of the dredge equipment
ta the vessel must be provided for.

Most of the dredging sites are loceted in end around shoal areas.
With a keeled vessel, extreme caution must be exercised so as not to
ground out on an ebhing tide. This is another reason, along with
stebllity, why a catamaran would be an ideal dredge vessel.

Under the present lsws of the state, only those subtidal areas
from Cape Elizabeth to Pemaguid Pocint, and in Hancock County with the
permission of the town, can be subtidally dredged commercially for soft

shelled clams.



IIT. ODRIGINAL VESSEL IDEAS FOR ESCALATOR DREDGE

Tnitially the dredge was rigged abogard a World War Il personnel
carrier shown in Figure 1. This proved too unstable for this type of
eguipment. In addition it wes awkward for persecnnel to pick the clams
from the conveyor. Figure 2 shows the positions of the persorinel
picking clams off the conveyor.
From this initial experience it was determined that the best suit-
able vessel for the dredge eguipment would be 8 catamaran. Three pre-
liminary catamaran plans were developed for planning purposes.
Figure 1. Guy Jobnson's
Personnel Landing Craft (PCL)

-«—t0 which the dredge was

first adapted.

Figure 2. This is the inadequate ———m=
picking positiors of perspnnel

aboard the (PCLJ.




8

Figure 3 shouws = simple twin hull catamaran. The deck is constructed
of wood timbers. & cockpit is provided in ome hbull for standing while
picking the clams off the conveyor. Deck space is provided on the opposite
hull fer the dredge's main pump and drive. Propulsion would be two out-
board motors mounted on the stern of the catamaran. The expense on this
type catamaran would be minimal.

Eigure & shows a single hull profile af the Seas Harvester I catamaran.
This would be & more versatile vessel since its main propulsion is a
wtility drive unit. The propeller an this unit can be rotated 360° gro-
viding full thrust in any direction. A cabin shelter with all controls
for main propulsion unit and the dredge unit is provided. This vessel
would be a considersble investment.

Figure 5 shows a single hull profile and a deck plan of a Sea
Harvester II catamaran. In this case the main propulsion units are
inboard outhoarde. There are tun cshin shelters, One for the opera-
tional functions and the other for berthing. Considerably more equipment
is built into this catamaran and conseqguently the higher the price.

Original plans were to build g catamaran for this project. The
initial expense and time to huild g vegsel of this type proved too
great.

The next best thing was to adapt the dredge to a common type Fishing
dragger. The vessel DUCHESS shoun in Figure 6 Was found and purchased
for this project in the spring of 1972. This vessel had the stability
to handle the dredge equipment. The only drawhack was that the vessel

is a deep-keeled vessel and would present problems as far as havigating

tidal areas.



Figure 3. Simple Twin Hull Catemaran.



Figure &,

Single

FORT  FONTOON FROFILE

hull profile of the S5ea Harvester I catemaran.,

e LH AL,

DRECTR




L}

i

LENGTH (VERALL
L

BEAM OVERALL
BEAM FACH HLL

Figure 5. Single hull profile and deck plan of a
Soz Harvester II cetmsmaran.

43'cr
"
64"

MES TONS

SEA  HARVESTER
CATOMARAN

DECK PLAN

PSRN v AT




VESSEL RV DUCHESS
DOUBLE ENDED ORAGGER
CONVERTED STOP SEINER

LOA 47 3"

BEAM APP 43

DRAFT  4PP 3 o

BUILT /965 - BEALS IS, MAINE

ENGINE GM 3-7I DIESEL
2:1 REDUCTION

SFEED 8 KNOTS

_ [
. N | ————
l H;\‘ - ‘M \.\‘
[} o ~ o - , \
e ) ,
. \,
N T Y N RN ‘ i -
STATE OF MAINE M
DEPT OF MARINE RESOURCES __
Fi 6. \Vessel DUCHESS,. e 4 e
igure RV DUCHESS ¢ HYDRAULIC
: __DREDGE
ORBY ;. MATHIESON OPERATING SKETCH
[ene _mateson | oEpociER ]
DATE: 4201573 SHEET 1 oF 1




13

The conveyor assembly and hydraulic head shown in Figure 7 was
mounted on the starboard side of the vessel DUCHESS. The total weight
of the dredge equipment is 800 paounds. Since this weight is located
7' from the longitudingl center line, the total weight effect on the
starboard side is 5600 pounds. Compensation for this unstable condition
was Mmade by locating the dredge's maln pump and engine as far as possible
on the port side. In addition to this, ballast blocks were added to
the port side until the vessel was in stahle eguilibrium,

The dredge main pump and engine (MP&E) shown in Figure 8, was
located in the vessel’'s after cockpit area. The MPRE was mounted on
steel channel beams and lag bolted into oak transverse beams located
beneath the after cockpit deck.

The forward davit assembly, shown in Figure 8, was mounted on

fixed pintles bolted through the forward deck to pak transverse beams.
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TU. DESCRIPTION AND ENGINEERING DETA FOR DREDGE
DREDGE MAIN PLIMP AND DRIVE
On most of the dredges in Maryland the dredge's main pums was
direct coupled to the driver with a flexibis Joint in hetween, Most
af the drivers were gasoline enaines uhich turn up to raelatively high
RPMs compared to diesel engines,
In this case a small Buds diesel was obtwsined for the driver.
Since this diesel only developed 30 hp at 1200 APM and 2400 RPM was
needed on the pump for pesk efficiency, a speed-up drive shown in
Figure 9 had to be designed.
From the Browning Engineering Data Catolog for speed-up drives,
the follewing information was fetermined:
1. It is recommendes for a 30 bp driver at 1750 to 3500 RPM
that a minimum of "3Y" helts be used,

2. The recommended overlosd service Factur for s centrifugal
pump with a diesel driver is 1.7.

1.2x30hp = 36 hp nomal rating

3. With a 1.5 to 1 reduction on the tirgzel, a 19" piteh diameter
(P.D.) sheave un the driver end a 6" pitch digmeter (P.D.)
sheave on the pump, the resultant driven speed will be 2538,33
RPM. This is slightly over the peask performance RPM of 2400
APM,

The speed-up drive ratioc will then he:

2538,33
0o

L. The determired belt lennib based on 30" centers between the

=1 to 3.165

griver asnd driven shafts is:

L o= 2{(30) + 1.57(i19-5) = B041 inches



.

Fipure G.

Oredge main pump and diesel drive showing the speed-up

drive. The large ang emall sheaves have 19" and Y

(P.Du} respectively. The belis are

strel corded, hiszk speetd and high tension belts.



Note:
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ODue to flexibility with jackecrews for tightening
belts, select belt size which best approximates

8041 inches.

5. The belt type selected for this speed-up drive is & high

speed, high tension and steel corded belt. At 2400 RPM on

the driven 6" P.D. sheave this belt would transmit 9.11 hp.

At 2600 RPM it would transmit 9.66 hp. The higher the speed

the more horsepower transmitted.

.51.

The "Drive Ratio Correction® for & 1 to 3.16 ratic is

9.11 hp + .51 hp = 9.62 hp her belt

Correcting for less in arc contact factor .93 and helt

length factor 1.08 {Cerrections obtained from Browning Engin-

eering Data Catalog).

«93 x 1.08 x 9.62 = 9.66 hp per belt

6. Since 9.66 hp can be carried by one belt the total number of

belts can he determined by:

g%gg = 3,10 or &4 belts needed

The total rated capacity = 4 x 9.66 = 38.64 hp. Thig is slightly

more than the corrected normal rated 36 hp. It is better to be conser-

vative in the hp ratings than to overate the belts.

OREDGE S5YSTEM DESCRIPTIDN

Bater for the dredpe was picked up through a retractable 6" suction

lire, Figure 10. The suction line was extended over the side by

tightening a threaded connection between the suction pipe and g flange

on the pump.

Retracting the suction lire loosened the connection allowing

this line to be pulled intoc the boat.
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Priming the dredge's main pump was accomplished with a lever
actuated manual vacuum pump shown in Figure 11, It is important to
remember to lower the dredge's noczzels into the water in order to get
8 vacuum seal on the entire system. Also, insure that the gland an
the pump is tight as & loose gland is means by which vacuum can he
broken. Also shown in Figure 11 is the dredge's main pump and 4" gis-
charge line.

The pump discharges to @ flexible PUC bose which runs to an iraon
pipe on the escalator, shown in Figure 12. The flexible hose allows
for the movement of the escalator alongside the boat. UWhere possible
long radiuses and 45 degree bends were used in place of 90 degree elbows.
This allows far more efficient flow in the discharge line.

Also shown in Figure 12 is a depth guage for determining depth of
water. Since the dredge is on a keeled vessel extreme caution was
exercised in watching the tide.

The sag in the Conveyor belt shown in Figure 12 was formed by the
stretching of the belt on the conveyor. The sag held the belt tight
on the excalator and was a normal condition of operation. Hydraulic
lings (o0il) for the conveyar belt motor are shown in Figure 12, These
allow for the movement of the sscalator alongside the boat.

The iron pipe on the escalator runs to within 4' of the escalator
head and is "U" holted to the cross frame work shown in Figure 13.

The sfter section of the escalator is suspended by a pivot rigged to
the vessel's hoopm arrangement. A chain fall was tused to raise or lower

this pivot point when dredoing in shallow or deep water,



.
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Angther section of flexibie (PWL) hose wss used to connect the
iron pipe or the escalator to the nozzie manifold on the dredoge head
shown in Figure l4. This allowed for the tiliting action of the dredge
bead. The spring arrangement betwseen the drodoe head and escalator is
a shock absorber. This allows the head to shosorb the sudden shock
resulting from striking hard obhjects on the hottom. Thz bar lever on
the dredge head is for setting the nozzle angle. These rozzles ars
usually set so they discharge a stream 4% in front of the deflector
plate in the head. There are two pivot points on the dredge head.

One is for the nozzle manifold and the wther is for the dredge head.
The dredge heasd pivot point can be lowered or raised. Lowering the
hydraulic head on the pivat point brings the nozzles closer to the
bottom. It was found that by lowering the nozzles in this way the
dradge worked better im the hard blue clay.

The escalator is lowered aid raised by the forward winch and
davit arrangement shown in Figurs 1%. The sheaves for this were
machined on a lathe to form degp grooves for the wire cable. Extrs
large wire gquides were then made tor the sheaves. Each sheave was
fitted with a grease fitting to prevent seizing. A bracket was welded
on the davit post to which the winch was mounted. The entire forward
davit assembly was arranged for easy installation and removal. This
was accomplished by designing & mounting on the deck to which the
davit was fitted. The davit was bheld in place by chain and turn
burkles shackled to eye bolts in the deck. The hydraulic winch was

connected to permanent lines with flexipble hoses for easy disconnecting.



Figurs lé. Uredgs sl L on hetwesn

aletor and heed, shook shspriper, nezzle sojustment

Lever  ang pleot poinke,
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With the escalator lowered on bottom the resultant material
that came up on the conveyor was medium size chunks of soft clay shouwn
in Figure lé. The most efficient operation was achieved when the belt
was discharging small nodules of clay. UWith this happening the dredge
was digging to & 14"-18" depth with a fairly gond production of soft
shell clams. Sometimes to achieve this condition several passes had to

be made over an ATEd.

DREDGE HYDRAULICS

Figure 17 is a schematic of the dredge's pumping system from which
the variocus head losses were computed. The folleowing heads are approxi-
mations of the true heads since the dretdge system only bad one pressure
guage at the discharge of the pump.

Head loss and Friction

A familiar egquation for bead loss in pipelines is the Darch-Weisbach

eguation:
(1) (L (WD)
H = (g) (2g)
Where: = Head loss, in feet of fluid.

H

L = Length of pipe, in feet.

d = Inside diameter of the pipe, in feet.

V = Average velocity of the water, in feet per second.

g = Acceleration of gravity, in feet per second per secand.
f = Friction factor (Reynolds number & Pipe roughness),

see friction faector chart Figure 18.
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FPriction factor f-hf/(L/h)(Vz/Zg)
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Suction static head. The pump center line is 2.5 feet above the
loaded water line. Therefore the suction static head is positive.
HSS = Sasw X ht

H 1.025 x 5.5 = 5.64 feet

55

fi

Suction velocity head. This is the head (Hsu) which the fluid
would have to fall to acguire the velocity it has in the suction.

Suction velocity head will consequently be:

H =56 (V%)
Sv =1
29
_1.025 x P.85
Hsu - Bl.h Ft/sec
H = [J.045 feet

sv
suction friction head. The head reguired to overcome friction in
the pipe is called friction head (HSF). Suction friction head

can be computed from the Darcy-Weisbach equation:

2
(sg) () (Hrbp) (UTD

"ar = @ (2g)
Where: Hsf = friction head, {in feet).
L = actual length of suction line, (in feet).
d = inside diameter, (in feet).
V = velocity ft/sec.
f = friction factor (See Figure 3).
Ll = additional pipe length to add to actu=al length

(L) due to fittings.
Solving for Ll:
_ (D) {K)

L=



iy

Where: D = digmeter of pipe (in fest)
f = friction factor (Reynolds number 8 relative roughness)
K = head loss coefficient
a) Standard 90° - elbow qu = 0.90
b) Standard 90" - elbow H;;D = 0.90
¢) Standard 90 - elbow ng = 0.90
K= 2.70

L, = (.5) (2.70)

1 % N e 48,21 feet
Then
Hsf = (1.025) {0.0199) (10.0 + 48.21) (2.85)  3.39
(.5) (Bh4.U) T 32.2
H . = 0.105 feet
sf = ————

D. Suction entrance head. Suction entrance losses are generally
small, However while dredging in shallow areas & SCTEEN Was needed

over the suction intake. 7This increased the suction entrance head

greatly.
Head loss at the suction entﬁance gan be obtained from;
y 2
5
= K =
He e 29
Where: Hp = ppefficient of the mouthpiece
V = suction velocity

Mote: @& short cornered entrance, such as & stagight piece of pipe,

has a He of 1.42.

(2.85)
o {1.42) TeL. L)

Solving foer H

H
]

G.063 feet



33

Suctipn total head. The suction tptal head is the algabraic sum
of gll the suction heads.

Therefore:

H = H + H + H + H
st 58 sv z{u| =

Hst 5.64 + 0.045 + 0,105 + 0.063

H 5.83[ feet
st S

Discharge static head. This is the vertical distance, in feet,
betwesn the center line of the pump and the point of discharge.
The center lipe distance From the pump to the point of discharge

is ~8,5 feet. However, the pump first pumps 5.0 feet ahove its

center line distance so the net effect is -8.5 + 5 = -3.5 feet.
Hds = 868 x D

Where: ) = fistance from Lp to dredge discharge
Hds = 1.025% x (=3.5) = (-)3.587 feet

Discharge velocity head. 0Oischarge velocity head (Hdu) is defined
exactly as suction velocity head. In simplest terms it is the head
created by the pump, being the output head less the head created

by the pump, and is proportionsl to the ratio of the diameters of

the suction and discharge pump ppenings.

2 2

Hy, = s Mg - Vs )
v
29
Where: Vy = discharge velocity (in ft/sec)
Us = suction velocity (in fi/sec)
H,, = (1.025) (14.4% - 2,857
Bhob

H = 3,429 feet



Discharge friction head.

The discharge friction head (de) is

the head required to overcome friction losses in the discharge

line. It can be computed from the Darcy-lWeisbach equation:
2
Hyp = (8GY(F) (1.,+L1)(Ud )
(d)(2_)
g
bhere HdF = friction head,{(in feet).
L = gctual length of discharge line, (in feet).
Ll - additional pipe length to add to actual length
(L) due to fittings.
d = inside diameter, (in feet).
v = velacity (ft/secl.
f = friction factor (see Figure 3).

Soiving for Ll:

Con (D) (& K)
T L (f)
Where 0 - digmeter of pipe, (in feet).
¢ - friction factor (Reynolds Number & Relative Roughness).
¥ = head loss coefficient
a) long radius (90° bend) le = 0.60
h) long radius (90° bend) k. = 0.60
0
c) 45 elbow HQED =0.42
u]
dy 4% elbow HhSU =0.42
e) 45° elbow K o =0.42
Lo
£) standard-tee @ manifold fHSt =1.80
] L.,25

L (.25)(4.26)

1= T

= 38.03 feet
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_ (38.03 + 48.8) (14,4) 129.18
Then de = (1.025) (.007) T.95)(EL. 5 = e
de = 8,02 feet

I. Discharge totsl head. The discharge total bead is the algabraic
sum of zll the discharge heads.

Therefore:

Har = Mgs * Hay * Har

de = ~3,587 + 3.429 + 8,02
. 7.862
de fert

J. Entrance losses (Hen) (nozzles). This is the head loss as the
fluid enters the nozzles. Its computed for 8 sharp edged entrance

having a K of (.5).

H = (Hgg(u)
lihere Hen = entrance head loss in (ft).
K = loss factor.
V = velpcity f4/sec.
Hoy = (‘5Déﬂﬁ‘3“) = 1.59 feet

K. Sudden contraction losses (nozzles) Hx. This is the head loss as

the fluid passes through the nozzles. It is computed by:
(v, - u.)

H = %@L (c,)
ihere Ul = input velocity, in feet per second.
Uz = putput velocity, in feet per second.
g = acceleration of gravity in feet per second.
El = nozzle constant.
Then: o= 887 = I6.30) gy - 30,75 feet

x 6L.b



36
L. Exit losses HPx (nozzles). This is the head loss as ths fluid

exits the rnozzles. It is computed with a ¥ of (1.0),

Ho o= (KICY)
8x 2[_:]
{14, 38)
Hex oy 3.19 feat

M. Total dynamic head (HF)‘ This is the elgsbraic sum of the total
suction head, the total discharge heads and the niscellaneous beads.

H, = H + H + H + H + H
en x

f st df EX

HF = 5.85{ + 7.862 + 1,59 + 30.75% + 3.19 = 48,242 feet
Total Head Loss Summary

H = S.64 ft H = ~3,587 F% H = 1.59 ft

858 ds . ‘ en
H = 0.045 ft H = 3,429 Tt H = 30,75 ft

sv dv X
HsF = 0.105 ft de = 8.02 ft Hex = 3,19 Tt
He = 0,063 ft Hdt = 7,862 ft Hmisc £ = 35.53 Tt
Ht = 5,850 ¢
HF = 49,242 fept total luoss

49,247 fest is the theoretical total dynamic head on the system.
This is eguivalent to (.434 x 49.242 = 21,37 PSI) pressure at the
nazzle outlet.

From the pump curve Figure 19 then the approximate capacity is
575 GPM. So the pump is discharging 575 GPM 8 21 PSI at the nozzles.
From the continuity equation the velecities in the various line

sections are:

Suchion U, = 2.85 ft/sec  Area Equivalent = 28.26 in°
Discharge @ pump U, = 14.40 Ft/sec n " - 12.56 in°
Discharge menifuld U, = 14.34 ft/sec " " = 12.56 in?
Discharge nozzles U, = B4.7 Ft/sec " " = 2.158 in®
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The horsepower requirements were determined from this data as
tallows: First water horsepower, the power actually expended in
forcing the fluid out the nozzle discharge, as

(SG)(Q)(HF)

Hpu = 3960

1,025 x 575 x 43.242
T = 7.33 HP

HR =
ul

and second brake horsepower, the pawer expended in forcing the fluid
av  the discharge, plus the power reguired to turn the pump and supply

¢' |l losses, as

HP
WPy = EFF
7.33
=~—-—-—=]_
HP, = 55 = 10.47 WPy

~orsepower will increase for any point maving from left to right

-he pump CUrvE.

ti,..e2 20 shows how the pump operates in a system. Reducing the
_uged of ~he pump lowers the head while reducing the capacity. Throt-
tling tne pump discharge, such as with the nozzles, increases the head
and reduces the capacity.

Figure 21 shows how the capacity varies with efficiency. The
efficiency will depend upon the revoluticns per minute of the pump

and head for any given capacity.
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V., DOPERATION AND PERFORMANGE

Puring the summer months of 1973, the R.V. DUCHESS shown in
Figure 22 , with the hydraulic dredoe, operated in the Harraseeket
River on an experimental plot. This plot was under study by Dept. of
Marine Resources Scientist, Michael Kyte, and a number of Bates Cpllege
students under the student direction of Phil Averill.

It was during this operation that the observations and evaluations
of the hydraulic dredge were made. The bottom was a combinaticn of
silt and various clays. Amang the verious types of clay was a layer
of very stiff blue clay. The objective was to operate the dredge under
the most cdifficult dredging conditions and achieve the best possible
performance.

Achieving the best performance was one of getting the hydraulic
head in the right position so it would dig into the lower layers of
the very stiff blue clay. Tun adjustments were made in positioning
the hydraulic head. The first was to tilt the hydraulic head on its
plvot point forward. The second was to lower the hydraulic head on
the pivot point. See Figure 23 . Both adjustments reduced the nozzle
to bottom distance thus reducing the distance the water jets had to
travel thraugh = liguid medium. Tilting the hydraulic head forward
also reduced the water jet incident angle with the hottom. This small
incident angle created a shearing effect on the very stiff blus clay
and praved to be a more efficient method of digging.

With these adjustments made and the hydrsulic hesd lowered to the
bottom, a half minute was allowed for the weter lets to dig into the
bottom sediments. It was found, due to the cohesiverness 2f the =lay,
that the propulsion of the vessel wasr't enough toc move the dredge 2long

the bottom. This problem was solved by a simple zig-zagginc peitern
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accomplished by steering the vegsel hard-over left to hard-over right.
This moved the nozzle manifold on the hydraulic head enough to break
the cohesive grip of the clay and allow forward motion.

The trench dug by the dredge in this manner is shown in Figure 24.
The bydraulic head dug down 18", The last 6-10" was in the very stiff
blue clay. The very stiff blue clay was broken into small nodule-like
chunks. See Fiqure 25. With nodule-like churks of clay coming up on
the conveyor belt, the hydraulic head was operating properly by breaking

apart the bottom sediments and freeing the soft shelled clams.
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VI. COST

The costs of setting up @ commercial dredging operation will vary
from ocne situation to another. The cne primary factor in cost is the
resourcefulness of the creaters.

For this particular dredge project the cost breakdown is ms follows:
l. Vessel - T.V. DUCHESS, 47'3" LOA, beam 13', draft 3%', built 1955

Beals Island, engine GM 3-71 diesel w/2:1 reduction, speed 8 knots

8 hydraulic system $4,200.00
2. Dredge unit - pump, conveyor, hydraulic head, devits, suction line,

vacuum line, vacuum pump and winch $3,300.C0
3. Miscellaneous costs such as repairs, fittings, hoses anc extra

equipment $2,500.00
§10,000.00

VII. BSuMMARY
The attempts at hydraulic dredging by bood, Kelly, MclGregor and
Johnsan have never materialized into any significant commercial cperation.
The reasans in most of these cases are social, inconsistant supply and
eguipment inefficiency.
The social problems arise gut of not krmowing the harmful effects
of dredging. This was the basis for the environmental effects study

project conducted by this department in the Harraseeket River.
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Because of the law that only permits subtidal dredging ir 1imited
areas it is difficult to explore and maintsin consistant clam resOUrces.
In view of these twn problems dredge ODWNETS are reluctant to invest in
adequate equipment. Conseguently, in addition to the social and incon-
sistant supply problems, the dredge pperators are also plagued with
eguipment breakdowns and inefficiencies.

The DMR Extension Services assistance in applying the Maryland type
dredge to the Maine coast helped clear up some of these uncertainties
of subtidal clam dredging.

The envitonmental effects project, when complete, will determine
to what extent hydraulic dredging is qarmful to the environment. Hope-
fully, this knowledge will answer some of the social guestions about
dredging.

A survey of subtidal clam populations is also being canducted by
the Department of Marine Resources and when complete will answer whether
or not there exists sufficient areas of subtidal clam populatigns to
support a dredging operation.

Equipment breakdowns and inefficiencies cen be overcome as demnn-
strated by the proper adaptation and application of this Maryland-type
dredge aboard a comman Maine fishing vegsel.

It was found that by spplying conservative engineering practices
the hydraulic dredge was made to watk under the most severe condition.
This condition being in the very stiff blue clay. Modifications were
made to the hydraulic head to obtain the distasnce the water jets travelled

through a liguid medium down to a minimum. This modification also caused
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the water jets o shear the very stiff blue clay. The combination of
these two effects resulted in the very stiff blue clay being broken up
into nodule-1like chunks. Under this condition, the soft shell clams
were being floated out of the sediments and carried up the conveyor
for easy picking.

Ideally, a catamaran would be the best suitable dredge vessel.
This is because of 1ts large working area, its stability and its
shallow draft. T7he three catamaran versions were shown as a guide in
determining to what extent one could go in building a vessel of this
type.

In the demonstrated application of the Maryland dredge on a common
Maine fishing dragger, it was found that the dredge was flexihle enough
50 it would work in mest areas found along the Maine rcoast. The pro-
duction rate during the Harraseeket River project reached a high of
two bushels per bour. The dredging condition under which this rate
was achieved was in the very stiff blue clay. The more the area was
dredged, the higher this production rate climbed.

The single factor limiting the production rate in the very stiff
biue clay is the pump pressure point at which clams are blown aparta
During the Harraseeket River project, with the previous described
equipment running at peak performance, the total percentage of clams
that were hlown apart was 0,3%.

The pumping eguipment demonstrated in this project is just shout
the minimum size needed for a subtidal dredging operation at this

scale on the Maine coast. The methods and equipment used need not
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