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A PORTABLE PUMPING SYSTEM FOR HYDRAULIC
EXCAVATION OF COMMERCIAL CRAB POTS
INTRODUCTION

Oregon Crabbing:

Equipment and Operations

On the Oregon coast the Dungeness crab Cancer magister is fished
for with cylindrical crab pots made of steel bar stock and hand "woven"
stainless steel wire mesh as shown in Figure 1.

The steel bar frame is

tightly wrapped with rubber strips to slow the corrosion process and
to prevent damage to wooden boat decks,

The pots are typically 36-48

in. in diameter and 11-14 in. high, but some rectangular pots as large
as 4 ft. by 8 ft. are used.

Pieces of steel scrap employed as

sacrificial anodes for corrosion protection bring the weight of the
round pots to about 140 lbs. Crabs, attracted by the smell of razor
clams, squid, or fish placed in a perforated stainless steel bait
canister, enter the pot through two funnel-shaped trap, doors.

ports in the sides of the pot allow undersized crabs to escape.

Small

A

length of polypropylene line, attached at one end to the pot frame
and to a small surface marker buoy at the other, is used to retrieve
the pot from the bottom.

The theoretical lifespan of a crab pot is

reported to be 20 years (8) excluding the polypropylene line.

How-

ever, few pots last this long as many are lost due to burial, chaffing
and breaking of lines, loss of marker buoys, or theft.

The typical commercial crab boat in Oregon is approximately 40
to 60 ft. long and often sees service in several other fisheries, such

2

Figure 1.

Typical crab pot used by Oregon commercial
fishermen.

3

as shrimp, salmon, or tuna (see Figure 2).

The major distinguishing

piece of machinary is a hydraulically-run "power block" or V-pulley
used to lift crab pots aboard, shown in Figure

3. A large (50 to 60

ft.) boat may fish between 400 and 900 pots, while a small (40 ft.)
boat averages 250 pots.

Crab pots are usually laid in "strings" parallel to the shore
at depths ranging from 40 fathoms (240 ft.) to the beach shallows.
"Running" or harvesting a string entails snaring the marker buoy,

throwing the line over the power block, lifting the pot aboard
(see

Figure 4),

removing

the crabs through the hinged access

door, rebaiting the pot, steaming to the next buoy, and dropping the
rebaited pot.
pot.

All these operations take approximately two minutes per

Pots can be run only on relatively calm days with low seas of

one to two ft.

If a stuck pot is encountered while running a string,

its location is noted.

When a sizeable number of pots have become

stuck, retrieval gear will be brought out to free them, time and
weather permitting.

Problem Introduction

During the course of the crabbing season, SO to 100 pots per
boat (8) become buried or "sanded in" due to the sediment-transporting
action of currents, waves, storms, and river effluence.

As a result

fishermen incur sizable expenses through permanently lost gear, the
cost of gear retrieval operations, and the indirect cost of lost fishing time.

Pots are valued at $50 to $60 each.

A gear retrieval system

4

Figure 2.

Note hydraulic power block
Oregon crab boat.
on starboard side.

5

Figure 3.

Hydraulic power block in action.
Pot has just
been hoisted aboard.
Box in right foreground
contains bait.

6

Figure 4.

Running a pot. Man in foreground operates the
power block's hydraulic controls while the
other man handles the pot.
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may cost a fisherman $600 to $800 or he can pay a $20 per pot pumping fee to another fisherman owning a retrieval system.

No estimate

of the dollar value of lost fishing time is available.

The standard waterjet method of stuck gear retrieval entails
pumping sea water at high pressure through a nozzle to blow away the
overlying sediment from a pot, while simultaneously applying a steady
upward pull on the buoy line with the boat's power block.

Recovery of

stuck pots using this method is reported to range from "near zero" (8)
to almost 100 percent depending on the depth of sand cover and duration of burial.

The goal of this project was the design and testing of a portable pumping system for use on smaller (40 ft. and under) crab boats

where the weight and unwieldy nature of the industry-standard pumpengine combinations constitute both a stability hazard in rough seas
as well as an inefficient use of valuable deck space.

A system

employing a more effective waterjet nozzle was developed, allowing the
use of a smaller, hence lighter and more compact pump and engine.
Laboratory and field tests to determine system characteristics and
performance were then carried out.

Analysis of Pot Burial Mechanisms

Two mechanisms of sediment transport are involved in the burial
of crab pots (8) by sand or mud:

1) bedload transport, the rolling

and sliding of bottom material occuring with water velocities of .50
cm/sec to 20 cm/sec; and 2) suspended load transport, occurring at

higher velocities of 20 cm/sec to 30 cm/sec.

These values hold for

typical offshore material with particle size ranging from .075 mm to
2.5 mm, as determined by Hjulstrom (1935) (4).
A crab pot acts in a manner similar to a snow fence:

it

decreases water movement by drag and impact to a level below the
critical transport velocity, allowing suspended particles to settle
out and eventually bury it.

The problem of sanded-in pots is most

acute in shallow waters of seven fathoms or less where wave action
and storms stir up large amounts of bottom material, and in areas
just seaward of the mouths of rivers, where a constantly moving
supply of fine sediment exists.

A rough estimate of the depth of sediment overlying a buried
pot may be obtained from the chafe marks on the polypropylene line,

which result from friction between the surface of the sediment and
the line as it is jerked by the motion of the surface buoy in
currents.

Of course, it is almost impossible to determine the true

depth of burial, since the angle of the line is unknown.

Therefore,

in this paper and in the crabbing industry, depth of burial means

the distance from the pot's rim to the chafe mark, measured along
the buoy line.

Depths of burial as great as 12 ft. have been

reported.

In his analysis of holding forces acting on objects embedded in
ocean sediment, Liu (9) lists three types of breakout resistant forces:
1) the submerged weight of the buried object;

2) the static and

viscous shear force of the sediment surrounding the object; and
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3) the soil tension resistance under the object.

In the case of

a buried crabpot the weight and shear forces of sediment filling and
overlying the pot also play a role.

Due to the crab pot's con-

struction, a fifth factor is the presence of objects such as sand
dollars which become lodged in the wire mesh and increase the breakout resistance of the pot.

This has been confirmed by reports from

commercial fishermen.

Present Methods for Retrieval of Stuck Gear

Two mechanisms exist for the breakout and retrieval of buried
crab pots:

1) application of adequate breakout forces; and 2) reduc-

tion or removal of holding forces.

In actual practice, the first

mechanism is of somewhat limited value, since the power block has a
preset

limit of 1000 lbs, a tension slightly below the breaking

point of the polypropylene line.

Colp and Herbich (1) determined

that the maximum force required to pull out an embedded plate anchor
decreased as the point of load attachment was moved from the center
to the edge of the plate; i.e., when the load was applied eccentrically. Fishermen have gained this same mechanical advantage by
attaching the buoy line to only one point on the pot's rim, rather
than using a bridle.

It has also been shown (1) that the maximum

required breakout force decreased as the angle of application
changed from vertical to 45°.

Fortunately, this coincides with the

situation at sea, since the boat can rarely be kept directly over
the pot during the retrieval operation.

Therefore, the
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mechanical advantage gained by applying the 1000 lb. force both

eccentrically and at an angle enables most

pots with less than

one or two feet of overburden (8) to be pulled free.

The second breakout mechanism, the reduction or elimination
of holding forces, can be accomplished either by fluidizing the
sediment so that it can no longer support a load, or by actually
removing the sediment.

Fluidization is the suspending of non-

cohesive soils and sand by the application of a sufficient flow
of water to a "closed" volume; this process considerably reduces
the ability of bottom material to resist breakout forces.

Actual

removal of sediment involves blowing away the overlying material
with a jet of high velocity water to lower the required breakout
force.

The gear retrieval systems presently in use on the Oregon
coast utilize both of the above breakout mechanisms.

These water-

jet systems consist of an engine, a pump, a length of nylon fire
hose, and a nozzle known as a "cage" among fishermen.

The most

popular pump is a war-surplus centrifugal pump integral with a sixcylinder gas engine.

This model is only relatively portable

since a winch must be used to hoist it aboard.

Larger boats some-

times employ centrifugal pumps permanently mounted to the boat's
main engine.

Pump capacity and sizes vary, with maximum pressures

ranging from 60 to 150 psi maintained through a minimum of 200 gpm (8).
Two and one-half in. nylon or polyester fire hose, both
rubber-lined and unlined, is standard throughout the industry.
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In many cases the hose's working pressure of 120 to 150 psi limits
the useful pump pressure.

Hose purchased in 50 ft pieces is joined

with bronze couplings to obtain suitable lengths for pumping pots
stuck in different water depths.

Nozzle designs vary according to the fisherman's experience
As shown in Figures 5 and 6,

and personal preference.

a typical

nozzle consists of a steel pipe two to four inches in diameter with
a tapered or rounded end.
produce the waterjets.

Holes drilled along the body and the end

Located at the end of the nozzle, the

vertically oriented digging jets excavate a hole for the nozzle
itself.

Clearing jets, aimed horizontally or angled downward,

serve to scour away sediment or keep it in suspension.

Upward

pointing driving jets are intended to counteract the reaction force
produced by the digging and clearing jets which would otherwise
tend to push the nozzle off the bottom.

Attached to the top of the nozzle body is a fire hose connector,
and on the side are guide rings which allow the nozzle to follow the
buoy line down to the pot.

Various spring-loaded mechanisms are used

to slip the guide rings onto the line.

Some nozzles have welded-on

studs or fixtures for attaching weights which serve to keep the nozzle
from being pushed or pulled away from the pot.
The pumping

or retrieval operation takes place when fishing

schedule and weather permit.

Pumping requires relatively calm seas

of 3 ft. or less, since the sudden slack-to-taut stressing of the
buoy line caused by the boat's motion in rough seas can snap the

12

HOSE FITTING

U-BOLT FOR SAFETY LINE

DRIVING JETS
)...---GUIDE RING

3

BUOY LINE

CLEARING JETS

DIGGING JET

Figure 5.

Typical nozzle presently used in crab pot pumping
operations.

Figure 6.

Two nozzle designs. Foreground: Tapered section
of a nozzle design presently used by fishermen.
Background:
Prototype nozzle designed by
LeFebvre (8).

14

buoy line.

The pumping procedure is as follows:

the buoy line is

snared and thrown over the power block in an attempt to pull the
pot free, as the overlying sediment may have washed away in the
time since the pot first sanded in.

If the pot does not break free,

the hose and nozzle, attached by the guide rings to the taut buoy
line, slide down to the bottom, as shown in Figure 7.

The pump is
Mean-

turned on and the nozzle fluidizes or scours away the sediment.

while, the power block exerts tension on the pot until it breaks
free; then the pump is shut off, the nozzle retrieved by a safety
line attached to it, and the pot hauled up.

Depending on the type

of bottom material and depth of burial, pots may be pumped for as
long as 20 minutes.

In the event that the pot cannot be freed or

the line breaks, the pot is abandoned.

Problem Statement

Other solutions to the problem of crab pot burial have been
suggested:

for example, a sensor placed on the pot that would

trigger a flotation unit when the pot began to fill with sediment.

This, and similar suggestions, were rejected as either technologically
or economically unfeasible.

Also considered were modifications to

the pot's shape, weight, materials, etc. in order to reduce its
propensity to become sanded in.

However, the heretofore satisfactory

performance and relative economy of the present pot design outweighted
any possible advantages to be gained by modification.

3 5

FIRE HOSE

BUOY

SAFETY LINE

NOZZLE

BURIED CRAB

CHAFE NARKS

POT

Figure 7.

Relative positions of nozzle and pot during pumping
operations.
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Taking into account the mechanisms of pot burial and breakout,

the waterjet system appeared to be the most reasonable method for
retrieving stuck gear, both from a technical and an economic standpoint.

Accordingly, Lefebvre (8) redesigned the presently used water-

jet nozzle, taking into consideration factors such as jet form, jet
velocity, and time dependence which influence scouring and liquification of bottom materials.

In October 1972, the prototype nozzle

design shown in Figure 6 was tested on the tidal flats at the Marine
Science Center, Newport, Oregon.

Powered by a typical six-cylinder

gas engine and pump, the nozzle dug a 5 ft. deep, 80 in. diameter hole

in 3 minutes, at a pump pressure of 65 psi and an estimated flow rate
of 200 gpm.

A final version of the nozzle was constructed by

Lefebvre but never field tested.

It differed from the prototype

in minor construction details, and in the fact that the body length
was increased from 12 in. to 60 in.

The need for a truly portable pumping system for use on
smaller crab boats has already been discussed.

The Lefebvre nozzle

became the basis for this system, since its increased efficiency over
present nozzles allowed the use of a smaller capacity, lighter, and
more compact pump and engine.

The pumping system was designed to

meet the following general criteria:
1. Predicted performance must be reasonably close to
that of present systems.

2. The system's weight and bulk should be such that it
is portable by two or three men.
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3. The system components must be of reasonable cost.
4. Fabrication of components must be simple and

require only basic metal shop equipment for
turning, cutting, and welding.

5. The system design must be acceptable to fisher-

men, not only technically and economically, but
in the context of industry standards and tradition.

The total design process was to consist of:
1. design, modification, and construction of the nozzle;

2. determination of system requirements and selection of
a suitable pump and engine;
3. laboratory determination of system characteristics;

4. field testing aboard crab boats, and/or under simulated
gear retrieval conditions; and

5. engineering analysis of pumping phenomena reported
by fishermen.
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DESIGN OF THE PORTABLE PUMPING SYSTEM

Nozzle Design and Construction

On the basis of its performance in laboratory experiments and
the preliminary field test, Lefebvre's nozzle design was chosen for
use in the portable system.

An attempt was made to further improve

this nozzle by lowering its material costs and simplifying construction.

For example, replacement of its custom machined bronze nozzle

inserts by short

lengths of pipe attached to standard bell-reducer

fittings was considered.

However, the friction and turbulence result-

ing from the rough inner surface of the fittings caused this idea to
be rejected.

Other modifications, such as the use of corrosion

resistant PVC or titanium pipe, were considered untenable because
they either required design changes which might lower the nozzle's
performance, or involved complicated fabrication procedures and
higher costs.

Therefore, the nozzle design actually used in this

project was Lefebvre's, with slight modifications noted below.
As shown in Figure 8, the nozzle body consisted of a 4 in.

square, 3/16 or 1/4 in. steel tube, with end caps of 1/4 in. steel
plate welded to the ends of the tube.

Holes were cut in the tube

and the end cap to accommodate the four 3/4 in. clearing jet inserts
and a single 1/2 in. digging jet insert, respectively.
The inserts shown in Figures 9 and 10 were machined on a lathe

from 1-3/4 in. bronze bushing stock.

As there is no difference in

machining difficulty among the several rounded-edge entrance profiles
considered for the inserts, the standard ASME long radius nozzle

WELDED-ON
PIPE FITTING
4

30

NOZZLE INSERTS
.75 IN. I.D.

.375 IN. WELDSTUDS
1.50 IN. LENGTH

NOZZLE INSERT
.50 IN. I.D.

REMOVABLE FIRE
HOSE FITTING

GUIDE RINGS

END CAP
.25 IN. PLATE
SAFETY RING
.50 IN. STOCK

BODY--4 IN. STEEL TUBE
.18-.25 IN. WALL

BRONZE INSERTS FLUSH
WITH INSIDE OF TUBE

DIMENSIONS IN INCHES

VIEW A-A

FABRICATE BY BRAZING OR
WELDING AS NECESSARY.

Figure 8.

Nozzle assembly drawing.

Profile steps, inches

0

.250

BRONZE STOCK

SHOULDER FOR
FLUSH MOUNTING
WITH INSIDE OF
NOZZLE BODY TUBE

1.750 D.

1.750

.030
.060
.090
.120
.150
.180
.200
.220
.240
.260
.280
.290
.300
.310
.320
.330
.333

0

.0021
.0082
.0187
.0337
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.1003
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.1534
.1876
.2293
.2543
.2830
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.3615
.4330
.5000

'Om

DIMENSIONS IN INCHES

Figure 9.

Nozzle insert -- .500 in. inside diameter (after LeFebvre).

Profile steps, inches
Y

Z

.030
.060
.090
.120
.150
.180
.210
.240
.270
.300
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.330
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.3673
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.4841
.5400
.6007
.7500

O

BRONZE STOCK

DIMENSIONS IN INCHES

Figure 10.

.250

SHOULDER FOR
FLUSH MOUNTING
WITH INSIDE OF
NOZZLE BODY TUBE

Nozzle insert -- .750 in. inside diameter (after LeFebvre)

0
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profile was selected to obtain optimum flow conditions.

The incre-

mental steps making up the curve are listed on the drawing.

A file

and emery cloth were used to smooth and finish the stepped profile.

A shoulder was machined on the outside of the insert to simplify
alignment of the insert's entrance with the inner surface of the
steel body tube, a problem encountered with the previous nozzle
design.

The outer lip of the insert was chamfered to lessen the

chances of snagging.

The inserts were silver-soldered to the body tube.

Although

galvanic corrosion of the two dissimilar metals was a distinct
possibility, it was felt that the large anode to cathode area ratio
of steel to bronze would lessen the severity of attack.

Wall thick-

ness of the tube was deemed sufficient to avoid structural weakness
resulting from uniform corrosion.

The use of steel was justified

by its relatively low cost, machinability, and ease of welding, while
bronze exhibits resistance to erosion corrosion and machines well.
A hole was drilled in the top end cap and a 2-1/2 in. female pipe
connection welded on.

A removable 2 1/2 in. male-female swivel connec-

tion purchased from a fire-fighting equipment dealer then served to
join fire hose and nozzle.

A U-bolt of 12- in. diameter stock was welded

to the nozzle body to form a safety ring to which a haul line could
be attached.

The guide rings consisted of modified spring-loaded shackles
welded to the edge of the nozzle body, as shown in Figure 11.

A pair

of full-depth slots allow the roll pin to pass, permitting the guide

FULL-DEPTH SLOTS
1.5

PIN

HALF-DEPTH SLOTS

.14

STAINLESS STEEL SPRING

SLOT END DETAIL
4.5

2.0

PIN END DETAIL

DIMENSIONS IN INCHES

Figure 11.

Guide rings.
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ring to be opened to attach the nozzle to the buoy line.

Located 90°

from these slots are a pair of half-depth slots which form a seat for

the roll pin; the force of the stainless steel spring on the roll pin
keeps the guide ring locked while in use.

The nozzle weighed 58 lbs. and was relatively easy to handle
despite its length.

Studs were welded to the body to provide a point

of attachment for additional weights in the form of scrap steel bar
stock.

In a slight change from LeFebvre's design, the weld studs

were placed on the sides of the nozzle adjacent to the guide rings
in order to avoid twisting moments.

These additional weights are

used to counteract nozzle reaction forces and drag forces on the
hose which tend to pull the nozzle off the bottom during the pumping operation.

Addition of up to 150 lbs. were reported by fisher-

men, depending on water depth and current velocity.
The nozzle cost $160 total.

Of the $60 for materials, the

bronze bushing stock cost about $15, the steel tubing $10, the guide
ring shackles $5, and the fire-hose swivel coupling $30.

The labor

cost of $100 was based on an estimate of 16 hours at $6.00 per hour.

Selection of Pump and Engine

Figure 12 shows a typical pump and typical system curve.

The

pump curve indicates the pressure head which the pump is capable of
developing while pumping water at a certain volume flow rate, for a
given throttle position or horsepower input.

The system curve, on

the other hand, reflects the increased friction losses within the
system that occur as flow rate increases.

The intersection of the

TYPICAL PUMP CURVE

TYPICAL SYSTEM CURVE

0

100

200

300

400

Flow rate -- gpm

Figure 12.

Typical pump and system curves.

500

600
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two curves gives the performance point for a

given pump and system;

that is, the combination of flow rate and pressure obtained by
operating at a given horsepower input.

During the test of the prototype nozzle design at Newport,

Oregon, the pumping was done at a pump gauge pressure of approximately
65 psi and a nozzle gauge pressure of 20-25 psi.

Lab tests and

manufacturer's pump curve indicated that the 65 psi corresponded
approximately to a 200 gpm flow rate.

Because the hole dug during

the test was deemed sufficiently large to free a stuck crab pot, the
conditions of 65 psi and 200 gpm were taken as preliminary system
design criteria.

The Newport data indicated that inordinately high line losses
of 40-45 psi were suffered in the 150 ft. of fire hose between pump
and nozzle.

Because manufacturer's data predicts a loss of only

about 20 psi or 45 ft. of head for the same amount of hose, the high
line loss was attributed to the poor condition of the test hose and
couplings.

Hence, the system criteria was lowered to make use of

the more realistic line loss figures.

For purposes of sizing the

pump, it was assumed that 25 psi of velocity head at the nozzle were
required to excavate the 7 ft. diameter hole.

A summary of pre-

dicted flow losses appears below and detailed calculations are found
in Appendix A:
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Head loss (ft.)
suction hose

3

discharge hose

45

fittings

8

required velocity head

58

114 ft.

Thus, a pump which could produce 200 gpm at 114 feet of head or 50
psi was sought.

Electric powered pumps were eliminated as possible choices
because of the inherent danger of electric shock on board ship.

Hydraulic pumps lacked adequate capacity and required oil lines which
might be a hazard on an already crowded deck.

Therefore, only gas

powered pumps were investigated.
Twenty five pump models from nine manufactures were considered.

Maximum pumping pressures at 200 gpm ranged from 20 to 275 psi, while
pump weights ranged from 160 to 1000 lbs.
$360 to a high of over $3000.

Costs went from a low of

A Hale 30FZA-WAENL fire pump was

chosen on the basis of performance rating, weight, and cost.

1/

At 200

gpm it was rated at a maximum pressure of 55 psi or 128 ft. of head
(see Figure 13).

Weighing only 164 lbs it was the second lightest

pump, and at a cost of $870 was among the lowest-priced models.

1/

The choice of this particular pump was based on a limited
sampling of the many commercially available pumps.
Its selection
should not be misconstrued as an endorsement of this pump over any
other pump.
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0 Performance based on engine manufacturer's
maximum bhp.
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0 Performance based on_80% of engine
manufacturer's maximum bhp (for
continuous service).
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The Hale pump shown in Figure 14 was a 2-1/2 in. discharge

centrifugal type with body and head of silicon-aluminum alloy
and impeller of silicon bronze.

Although it appeared that dis-

similar metal corrosion might be a problem, good performance in
brine pumping operations has been reported.

An attractive feature

was the pump's exhaust ejector-type priming system which eliminated
the need for the usually unreliable foot-value on the suction line.
The pump was powered by a Wisconsin AENLD single cylinder, 4 cycle,
air-cooled gas engine developing nine horsepower at 3600 rpm.

Instead of the standard skid mounting, the pump was purchased with
a special "wrap-around" frame of 1 in.

steel tubing which serves

both to protect the unit and to make transportation more convenient.

Auxiliary Equipment

Three 50 ft. lengths of 2-1/2 in. diameter all polyester, rubber-

lined fire hose were purchased along with the necessary brass couplings.

While polyester jacket hose costs more than the standard

cotton jacket type, it is more resistant to rot and mildew, an
important characteristic since the hose will be stored damp in
equipment sheds for much of the year.

Figure 15 shows the frame constructed to elevate the pump and
keep it dry should the boat deck become awash.

Constructed of 1 x

in. welded angle iron, it has a wide base for stability and rubber
feet to prevent slippage and damage to deck surfaces.
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Figure 14.

Close-up of portable pump and
engine.
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Figure 15.

The complete portable pumping system.
Foreground: White fire hose, nozzle.
Pump and engine on angle iron
Background:
stand, black suction hose with strainer.
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Because of the danger of inadvertent grounding by salt water
spray, the engine's ground switch was replaced by an insulated
toggle switch grounded to the frame.

Two other additions to the system were considered.

The first

was a shroud of plywood or sheet metal with a cutaway port for exhaust
and priming, which would protect the pump and engine from corrosive
salt spray.

Actual field usage showed that splashing and salt spray

were not of sufficient magnitude to warrant the inconvenience and
extra cost of a shroud.

Also considered was a set of linkages or

cables which could be used to consolidate all the engine controls
(choke, throttle, ground) at one location on the frame.

This modifica-

tion was deemed to be unwarranted in light of added cost and relatively
small convenience gained.

System Costs

The estimated retail cost of the major system components is
itemized below:

Pump and engine with check valve

$870

150 ft. fire hose with couplings

225

20 ft. suction hose with couplings

100

Pump stand:
Nozzle:

materials and labor

materials and labor

20
160

$1375
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This is roughly equivalent to the dollar value of 25 crab pots
that might otherwise be lost.

The cost of the pump and engine is

roughly one-and-one-half to two times that of a second-hand unit
of the type presently used by most fishermen.

However, units of

this latter type are no longer available, hence replacement costs
can be expected to be higher.

The cost of the remainder of the

pumping system, hose, stand, and nozzle, is comparable to that of
typical systems.

A fisherman could reduce costs somewhat by fabrica-

ting the nozzle and stand himself.
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ENGINEERING ANALYSIS

Nozzle Reaction Forces

A typical nozzle design used by commercial fishermen was
described on page 11 and in Figure 5.

The particular nozzle investiga-

ted had one downward pointing digging jet, sixteen clearing jets
mounted normal to the nozzle's tapered section, and three driving jets
facing upwards at an angle of 48°.

Many fishermen feel that driving

jets are necessary to prevent the digging and working jets from backing the nozzle off the pot, with consequent reduction in excavating
efficiency.

One fisherman commented that "Two of us tried to pull

the cage (nozzle) up when it was pumping, and we couldn't move it.

As soon as we shut the pump off, she came right up."

This statement

reflects his belief that the driving jets were so powerful that hose
How-

and nozzle could not be retrieved until the pump was shut off.

ever, his inability to retrieve the nozzle might have been caused
instead by the stiffness of the hose due to high pressure of the
flowing water.

On the other side of the controversy, another fisher-

man commented, "I don't think they (driving jets) do much good."
Therefore, an analysis of nozzle reaction forces was undertaken in
order to determine which view was justified.

Assuming a volume flow rate of 200 gpm and summing the areas
of the individual jets, the familiar formula Q/A = V yields a velocity
of 41.8 ft /sec.

The reaction force F. due to each jet is determined

by
F. =

pAV

2

, with p = the density of seawater.
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Thus, F.

=

(1.986 slugs/ft

3
)

(.001 ft

2
)

(41.8 ft/sec)

2

1.85 lb.

Taking into account the nozzle's 6° taper and the 48° angle of the
driving jets, the net reaction force on the nozzle is the sum of digging and clearing jet forces minus driving jet forces, or:

(1)

=

(1.85) + (16) (1.85) (sin 6°)

-

(3)

(1.85) (cos 48°)

1.23 lb.

Even without the driving jets, the 5 lb. of nozzle reaction due to
digging and clearing jets is insufficient to lift a 50 lb. (43.5 lb.
in water) nozzle off the pot.

A similar analysis of the Lefebvre nozzle yields a nozzle
velocity of 32.8 ft/sec. and a reaction force of 2.9 lb.

Thus,

neither design requires driving jets to counteract nozzle reaction
forces.

Hose Drag and Required Nozzle Weights

Fishermen have long known that fire hose tends to "belly out"
in a current, pulling the nozzle away from the pot and decreasing
its efficiency.

This phenomenon is caused by current drag on the

hose, and to counteract its effects, fishermen attach additional
weights in the form of scrap steel bars and lead cannonballs to the
nozzle.

Stuck pots are not pumped in currents over three knots

because of the problem of keeping the boat stationary in such a
swift current, and because of the large amount of weight required
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to keep the nozzle on the pot.

At present, the amount of additional

weight used depends on the fisherman's experience, the materials
available, and sea conditions such depth and current speed.

An

analysis was undertaken to develop a means of predicting how much
weight is required, as a function of water depth, current speed,
and length of hose.

The fire hose was modelled as a flexible circular cylinder
subject to current drag forces under steady flow conditions; effects
of wave forces on the cylinder were neglected (see Appendix B).

Analysis of the hose's behavior under static loading conditions was
used to approximate the hose's behavior under the actual field condition of combined static and dynamic loading.

As shown in Figure 16a, a coordinate system was centered on
the point where the hose joins the nozzle, with the X-axis indicating
The

water depth and the Y-axis indicating horizontal displacement.

forces acting on a differential hose element ds located a distance
s along the hose curve were then examined.
In the tangential direction there are two tension components
as well as a gravity component due to w, the weight per unit length
of hose.

The equilibrium equation for the tangential forces is:
T(s+As) - T(s) -

(w)

(As) cos 0 =

0

In the normal direction, equilibrium requires that the tension
component at the upper end of the element equal the drag force on
the element plus a weight component.
F

d

=

1/2

Cd p Avg

The drag force is given by
(b)
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X

Hose Trajectory

T(s + As)

Drag

w

(Origin located at
top of nozzle.)

dy
(a)

Figure 16-a)
16-b)

(b)

Free body diagram of differential hose element.
Trigonometric relationships of differential elements.
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where C

d

is the drag coefficient, a function of the Reynolds number,
p is the density of water,

A is the frontal area of the element, and
v is the approach velocity normal to the element.

The

horizontal component of the approach velocity, V, is assumed to be
constant with respect to depth, and v = V cos O.

Thus, the equili-

brium equation for the normal forces may be written as
w As sin 0

T(s+As) sin(-A0)
-1/2C

d

(dAs)

p

(V cos 0)

2

(c)

= 0,

where d is the hose diameter.
Equation (a) can be rewritten as a differential equation:
dT
ds

w cos 0

(d)

or in integrated form,
(e)

T = w x + To,

where T
of T

o

o

is the initial hose tension at the nozzle.

The component

in the negative-X direction is equal to the weight necessary

to prevent the nozzle from being pulled away from the pot, and is
given by
T

)

o x

= T

o

cos 0.

(f)

Using the approximation sin (-A0) =
consolidating the terms 1/2C

p dV

2

(-A0) for small Ae, and

into a single constant K, Equation

(c) may be rewritten
T

de = -K cost 0 - w sin 0.
ds

(g)
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Since the 3 differential lengths ds, dx, and dy, and 6 have the trigonometric relationship shown in Figure 16-b, the relation ds = dx/cos 6
can be used to rewrite Equation (g) as
T

de

1

dx

cos 0

(K cos

2

e + w sin 6).

(h)

Because Equation (h) cannot be integrated analytically, a
system of three simultaneous first-order differential equations
was developed for numerical analysis by digital computer.

The

trigonometric relationships obtained from Figure 16-b were re-

written
written using the notation y' = --=-= tan O.
dx

the y-coordinate of element ds;

Y1 =Y'
= y

y
2

Let

the slope of the hose element;

'

1

'

y2' = yl", the rate of change of the slope; and
Y3 = s,

the location of the element as measured along the
hose curve.

The three first-order differential equations describing the system
are then:
1)

YI' = Y2,

2)

y2' = y 1" = -

2

y2 (1 + y2 ) + K

w x + To

3)

y

'

3

2

= s' =
4- Y2

+

y22

,

and
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Programs CALTENS (see listing in Appendix C) uses a RungeKutta approximation (subroutine RUNK) to solve the three differential
equations (subroutine DERIV).

An initial tension and slope at the

nozzle were input, along with the approximate K value, a function
of current speed.

The program then calculated the X and Y coordina-

tes of the hose curve, the incremental slope of the curve, and the
length along the curve.

A plot of two hose curves is shown in

Figure 17.

The actual shape of the various curves was not of major
importance, and only the following variables were output (see sample
output in Appendix C):
a) Depth:

b) Top Angle:

the X-coordinate at the top of the hose;
Y

2'

the slope at the top of the hose;

c) Hose Length:

ds integrated along the hose curve;

d) Tension:

the initial downward tension at the
nozzle;

e) Bottom Angle: the initial slope at the nozzle;

f) Y-Coordinate: the program calculated hose coordinates
until the curve crossed the X-axis (y = 0),

then output the variable Y-Coordinate
which was used to verify the shape of the
curve.

Initial tension was varied in 50 lb. increments from 50 to
250 lb.

Current speeds were taken as one, two, and three knots,

with corresponding K values of 0.708, 2.831, and 6.371.

The K values
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100

Horizontal displacement -- ft.

Figure 17.

Shape of 51, 102, and 154 ft. hoses
in a 3 knot current.
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were based on a conservative drag coefficient Cd of 1.2 for a circular
cylinder.

Initial slope (Bottom Angle) was generally incremented in

steps of 0.5, although steps of 0.1 or 0.25 were sometimes used for
interpolation purposes.

Results are plotted in Figures 18, 19, and 20.

Because fire

hose is purchased in 50 ft. lengths, the curves for s = 50, 100, and
150 ft. are plotted against Depth and Tension.

Thus, by knowing the

water depth and current speed at a stuck pot, a fisherman can select
the appropriate length of hose and the amount of additional weight
required to keep the nozzle on the pot.

The nozzle itself weighs

58 lb., so no additional weights are necessary for situations where
only 50 lb. of tension are required.
Figure 18 shows that in a current of one knot, the nozzle it-

self provides enough tension to prevent the nozzle from being pulled
off the pot in depths up to 90 ft.

Addition of 50 lb. of weights

(total tension approximately 100 lb.) allows pumping out to 146 ft.

However, an extra 100 lb. (tension about 200 lb.) will only increase
pumping depth an extra 3 ft., to 149 ft.

Hence, the required tension

may be considered to be independent of pumping depth for a 1 knot
current.

In a current of two knots, the effects of increasing water depth
on tension required are somewhat more pronounced, as seen in Figure 19.
For example, the maximum pumping depth using 200 lb. tension and 150
ft. of hose is about 139 ft., vs 149 ft. for a 1 knot current.
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Figure 18.

Tension vs depth for 50, 100, and 150 ft.
hoses in a 1 knot current.
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K = 2.831
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Figure 19.

Tension vs depth for 50, 100, and 150 ft.
hoses in a 2 knot current.
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Figure 20.

Tension vs depth far SO, 100 , and 1.50 ft.
hoses in a 3 knot current.
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Figure 20 shows that in a current of three knots, the effects
of drag on the hose are still more pronounced.

The theoretical

maximum pumping depth using 150 ft. of hose and 250 lb. tension is
about 120 ft., compared to 140 ft. in a two knot current.
Most stuck gear occurs in water 60 ft. (10 fathoms) or
shallower, although some fishermen have reported stuck gear in
depths of 150 ft. or more.

The preceding graphs indicate that for

currents up to three knots, 50 lb.

added to the nozzle and a 100 ft.

elngth of hose should be adequate for pumping most pots.

47
TESTING

Laboratory Testing of Pump and Engine

After the pump and engine had been broken in according to the
manufacturer's instructions, the following laboratory test was run.

A 10 ft. section of 3 in. suction hose drew water from a sump and
a SO ft. section of 21/2 in. fire hose discharged the water into a

weighing tank used to measure the system's flow rate.

The total

static head was approximately 3 ft.

Trials #1 and #2 were run at full throttle without the nozzle,
while #3 and #4 were run at full throttle with the nozzle.

Data

from the test is shown below:

Trial

(min)

(gpm)

Approx. Pressure
(psi)
at Pump

1

2.0

255

25

2

3.5

246

25

3

4.0

253

25

4

4.0

240

25

Duration

Average Flow Rate

The weighted average flow rate of #1 and #2 is 249 gpm, compared
with 247 gpm for #3 and #4.

It appears, therefore, that the nozzle

has a negligible effect on flow rate and pressure for the system.
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Field Testing of the Pumping-System

On April 29, 1973 a trip was made on the F/V Fanta Sea to test
the pumping system on crab pots off the mouth of the Columbia River
(see Figure 21).

Only three stuck pots were located and it was later

learned that another boat had made an unplanned pumping trip the day
before, recovering 60 pots.

With the engine running at full throttle and pumping approximately 30 psi, the first pot was freed in about four minutes.

Examination of the chafe marks on the buoy line revealed that it had
been buried under 52 in. of sand and mud.

The boat's skipper con-

sidered the system's performance to be quite good, as the pot had
been buried two or three months and was "well-stuck".

The line on

the second pot broke under tension from the power block, probably
having been weakened by excessive chafing.

The third pot was freed

merely by pulling on it with the power block.

Another attempt to gather field data was made in July 1973,
but rough seas caused cancellation of the trip.

Continued bad weather

and the unavailability of a suitable boat prevented another test until
November 1973 when the F/V Elouise was able to pump pots.

Eighteen

out of twenty were unrecoverable because their marker buoys had been
lost or stolen; the remaining two were lost when their lines broke
under tension.

In February and March 1974 attempts were made to test the system
on crab pots at Newport.

According to fishermen, unusual "reverse"

currents washed clean the pots that had been buried, precluding any

Figure 21.

Portable pump in use for gear retrieval operations
aboard F/V Fanta Sea. Power block and nozzle
are located off to the right out of the photo.
Note plywood sheet used to protect deck and to
prevent pump from slipping.
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testing of the pumping system.

On March 30, 1974 a test was run on a sand flat at Newport to
simulate pumping operations on stuck pots.

As shown in Figure 22

a tripod was used to support the nozzle as it was lowered into the
hole it was digging.

In less than three minutes the nozzle dug a

6 ft. diameter, 51/2 ft. deep hole before striking a large buried
rock.

The pressure at the pump was 25-30 psi, and 18-20 psi at

the nozzle.

This observed pressure drop agreed with friction

losses that might be expected in fittings and 50 ft. of hose, and
verified the assumption that the pressure losses between pump and
nozzle experienced in the October 1972 test were unreasonably high
(see p. 26).

While the design velocity head of 25 psi was not

achieved, sand penetration is more than adequate, indicating that
flow rate and velocity are also adequate.

During the test it was noted that kinking of the hose greatly
restricted the flow of water, which in turn had noticeably adverse
effects on both the speed and extent of excavation.

In addition,

it appears that the nozzle must be given a "running start"; that is,

the pump must be turned on with the digging jet fluidizing sand
before the tip of the nozzle touches the sand.

If the digging jet

is placed directly on the surface of the sand, there is insufficient
pressure to either fluidize or wash away the sand, and most of the
flow will instead be directed out the clearing jets.
the nozzle will be unable to dig a hole for itself.

In that case,

Both of the

aforementioned problems can be remedied under actual pot pumping
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Figure 22.

Simulation test set-up. Tripod, nozzle,
and pressure gauge at Newport, Oregon.
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conditions.

Since most of the hose will be vertical in the water,

kinking will probably only occur where the hose passes from the

pump over the bulwarks, and this will be minor if care is taken.
The nozzle can be given a running start by turning on the pump
before it reaches the pot; in addition, periodically jerking the
safety line on the nozzle should prevent the nozzle from "stalling"
in the sediment.

The two fishermen in attendance at this testing, while previously skeptical about the system's performance, agreed that the
system appeared to have sufficient capacity to pump pots from a boat,
since the hole it excavated was significantly larger than the standard crab pot.
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DISCUSSION

The value of the portable pumping system to the Oregon crabbing
industry depends directly on its acceptance among fishermen.
are two major factors affecting acceptance:

There

convincing the fishermen

of the pump's successful performance, and overcoming their traditions
and prejudices against new equipment.

Unfortunately, lack of field

test data precludes the former alternative, as one simulation and
one successful field test are insufficient to prove the system's
capability to fishermen.

Attempts were made to understand and evaluate the fishermen's
criticisms and suggestions about the pumping system in the light of
their tranditions, prejudices, and analytical methods.

For example,

an oft-heard criticism was that the nozzle's four in. square tubing
was too large to fit through the wire mesh of the pot and would
therefore be ineffective in pumping.

The nozzle presently used by

fishermen is tapered and does fit through the pot's mesh; however,
its effective clearing radius is only about half, 21 in. vs. 40 in.
(8), that of the new nozzle.

Thus, the criticism is valid only if

the two nozzles performed similarly, which they do not.

Another

criticism was that the pump developed only 30 psi, or insufficient
pressure to be effective, based on their experiences with 100 psi
or greater systems.

One fisherman stated that his nozzle pumped

at 37 psi and was very slow, so ours would of necessity be even
slower.

These ideas reflect the wide-spread belief that pressure

is the only factor in pumping effectiveness, when in fact jet
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velocity, jet form, and flow rate have been shown (8) to be more
important considerations.

The nozzle presently used by fishermen

has rough inner surfaces and numerous small jets instead of a few
large ones, causing large friction losses and in effect "wasting"
a good portion of the pressure head.

Thus, the typical nozzle

require a larger pump pressure to achieve the same flow rate and
sand penetration as the nozzle used in this project.

Fishermen

also criticized the lack of driving jets on the new nozzle.

The

analysis in the "Nozzle Reaction Forces" section shows that the
driving jets are both ineffective and unnecessary.
Fishermen did have several constructive comments and suggestions.

One felt that galvanizing the nozzle would prevent corrosion, and
presented his own nozzle as proof of its effectiveness.

Another

thought that a loop attached to the hose and slipped over the buoy
line might prevent the hose from bellying in a current.

Fishermen

approved of the pump's portability and the stand to keep it dry.

A shroud to protect the pump from salt spray was suggested as an
additional measure.

Should favorable field test data become available in the
future, several other factors may become important for acceptance
of the portable pumping system:

1) the economy and availability

of its components; 2) simplicity of its fabrication and operation;
3) its durability and ruggedness; and 4) its corrosion resistance.

The economics of a small pump should be more attractive in the
future, especially as the presently used surplus pumps are no longer
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manufactured.

Most fabrication of nozzle and pump stand could be

done by the fishermen having access to simple welding and metal
cutting equipment; the small amount of lathe-work could be done
by a machine shop.

The system appears to be as rugged and corrosion

resistant as those in operation at present.

After one year of

storage and intermittent use, the pump shows little sign of corrosion,
even though the fishermen rarely followed the manufacturer's

recommendation to flush it out with fresh water after pumping sea
water.

The steel body of the nozzle shows some uniform corrosion;

this may be avoided by galvanizing the body.
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CONCLUSION

A portable pumping system was designed, fabricated, and tested.
The system proved acceptable on the basis of economy, portability,
simplicity of fabrication, ruggedness, and corrosion resistance.

The

predicted performance of the system, as substantiated by the limited
amount of testing, appears to be comparable to that of larger, presently-used systems.

Analyses of nozzle reaction forces and hose drag were completed.
Typical criticisms of fishermen concerning the system were also
evaluated.

From all indications it appears that field test data will

bear out expectations for the system, and that its acceptance by the
crabbing industry will follow.
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APPENDIX A

Pump Requirements

The requirements for a suitable pump were a 200 gpm capacity and
sufficient pressure head to allow a 25 psi velocity head at the nozzle,
as recommended by Lefebvre (8).

The system losses in ft.of head for

a 200 gpm flow rate were calculated as follows:

1) Marlow Pump tables give losses for 3 in. diameter rubber hose as
13.6 ft of head per 100 ft.of hose.
Intake line losses

=

(13.6 ft.head)(20 ft. hose)
(100 ft. hose)

3 ft.

=

2) Losses in 21/2 in. rubber hose are 30 ft. of head per 100 ft. of hose:

Outlet line loses

=

(30 ft. head)(150 ft. hose)
(100 ft. hose)
45 ft.

=

3) Losses in fittings are calculated by the formula
V

Head loss

=

2

4Q

2

K

2 g

irD

2g

where K = 1.4 for 3 in. diameter basket strainer,
K = .045 for a 21/2 in. coupling,

K = .04 for a 3 in. coupling,
K = 2.1 for a 21/2 in. screwed, swing-type check valve,

V - flow velocity through the fitting,
Q =, flow rate through the fitting, and
D

inside diameter of the fitting.
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K values were obtained from Gould Pump tables.
For fittings on the 3 in. intake line,
Head loss = (K

(1/2)

strainer

Kcoupline

(1.4 + .04)(9.082 ft/sec)2
2(32.2 ft/sec)2
= 1.84 ft.
For fittings on the 21/2 in. outlet line.

Head loss = (K

valve

3K

)

coupling'

V2

[2.1 + 3(.045) ] (13.07 ft/sec)2
2(32.2 ft /sect)

= 5.93 ft.

Total head losses through fittings = 8 ft.
4) The 25 psi velocity head = 58 ft.
5) The total of items 1, 2, 3, and 4 is 114 ft.
supply 200 gpm at 114 ft. head or 50 psi.

Thus, the pump must
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APPENDIX B

The Steady Flow and Dynamic Models

The hose can be conveniently modelled as a circular cylinder
subject to steady flow drag forces, yielding steady state configurations and the weight required to keep the nozzle on the pot.

This

model, however, does not take into account dynamic loading from wave
drag and wave inertia forces.

Wave data for sea conditions during

crabbing operations is not readily available.

However, it is known

that crab pots are pumped in seas of less than 2 to 3 ft, and that
wave periods of 8 to 12 seconds can be expected off the Oregon coast.
A worst case wave would be one with height 3 ft, period 8 seconds,
and orbital water particle velocity 1.2 ft/sec (0.7 knot).

The

drag and inertia forces produced by such a wave would be approximately
49% and 9%, respectively, of the drag force produced by a steady
current of 1 knot.

These figures fall to 5% and 1%, respectively,

of the drag produced by a 3 knot current.

Hence, wave induced forces

may be neglected under certain conditions.

Had wave forces been incorporated into the model, the problem
would have become extremely complicated, as the velocity field would
no longer have been constant, but rather a function of depth, wave
period, and position with respect to the wave.

Thus, the steady flow

condition was considered to be a reasonable approximation of the
dynamic loading condition, especially for higher current velocities,
when wave forces become small relative to current drag forces,
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0038

F<CGRAM CALTENS

01.2

C

U+0E;3

C

0+0C+
0+005

C
C
C
C
C
C
C
C
C
C
C
C
C
C

04-30,0

L+307
0+LO8
Q+ij

0+011
0+312
0+013
0+014
0+Ci15

0+016
a+J17
0+313
L+U19
0+021
3+022
tif023

0+024
0+025
0+u2u
0+027--

0+028
LA-u29

3+030

C
C
C
C
C

THL MAIN PROG1 CALCULATES THE NOZZLE WEIGHT
RLCUIREJ TO PREVENT THE NOZZLE FRCM BEING PULLED .11FF
THE BOTTOM WHEN THE HOSE BOWS CUT IN A CURRENT. THE
WEIGHT (VARIABLE TENSION) IS A FLNCTICN OF DRAG, THE
ANGLE OF THE HOSE AT THE NOZZLE, AND THE WEIGHT PER
UNIT LENGTH OF HOSE.
THE INITIAL ESTIMATED NOZZLE
WEIGHT EVARIAPLE TENSION) IS 5G FOUNDS.
THE INITIAL
TIMATED SLOPE OF THE LOWER ENU CF THE HOSE (VARIABLE
ANGLE) IS L. 5.
THE COORDINATE SYSTEM IS CENTERED AT
THE NOZZLE, WITH Y THE HORIZONTAL AXIS AND X THE
VERTICAL AXIS.
ANGLE IS INCREMENTED IN STEPS OF 0.5 FROM 0.5 TO
4.5 WHILE THE TENSION AND LENGTH OF HOSE ALONG THE
CURVE ARE CALCULA1EO. WHEN THE Y COORDINATE LCUALS
ZERO, CALCULATION STOPS.
THE X COORDINATE AT THIS
POINT IS ECUAL TO THE WATER DEPTH. TENSION IS INCREMENTED
IN 5t; FOUND STEPS.
VARIABLE AK REFLECTS THE EFFETS
OF DRAG ANC TAKES CN 3 VALUES FOR CURRENTS OF 1, 2,
A'40 3 KNOTS.
VARIABLES IN THE DIFFERENTIAL EQUATIONS
ARE Y(1) = Y COORCli!ATE, Y(2) = SLOPE OF HOSE, AN)
Y(3) = DISTANCE ALONG THE HOSE#S CURVE.
CUMMON/N/N,HIANGLLITENSIONIAK
CoMMON/F/F(1U),X,Y(10)
DATA (N=3),(H=002E,,)

1 FORMAT (5XICIEPTH = tIFE.215X,TCF ANGLE = ,F7.3,
C5X,HOSE LENGTH
2 FORMAT (6X1*TENSION = #,F6.113X)*BUTTOM ANGLE = *9
CF5.3,4X1*Y COORDINATE = *1E5.2)
3 FORMAT (/,,
*IF5.3)

-0+031

0+032
'3+633
0+034
0+035
3+030
0+037
0+338

-+U39
04-J40

3+041
3+042
0+043
6+C44
0+046
0+046
0+047
0+048
0+049
0+05U
-0+661
3 +352

0+053
0+064
3+055
0+056

AK=6. 71
DO 60 IJK=1,1

TNSION=IiK*250.
'"RITE (61,3) AK
-00 60 KJI=3.14
ANGLr= KJI -0.5

Y(1)=0.
Y(2)=ANGLE
Y(3)=
X=0.

00 33 1=11830
CALL RUNK
IF (Y(1)) 23)20,30
CONTINUE
IF (KJI.E001) CALL LXIT
GO TO 55
CONTINUE

kITE(61,1) XIY(2)0(3)
JoUTE (61,2) TENSIONIANGL 0(1)
60 CONTINUE
GO TO 60
55 CONTINUE

WITE(611) X4Y124iY13Y
WRITE (61,2) TENSICN,ANGLE Y(1)
CONTINUE
ENO

SUBROUTINE RUNK
COMmON/N/NOIANGLE,TENSION AK
COMMON/F/F(10),X,Y(10)
DIMENSION YS(10),F(10) PHI(i0)
CALL CERIV

0+057
3+058
0+060
U+U61
3+362
0+063

0+064_
7-0+365-

0+666
0+067
0 +068

0+069
0+070
0+371
0+072
U+07304:.J74

0+375
0+076
0+0770+078
0+0790+380

0+081
0+061
0+0E2
0+0E3
0+0E4
0+065
0+066
0+067
0+063
70+069
0+070

CO 110 I =1
YS(I)=Y(I)

,N

PHI(1)=F(I)
Y(I)=YS(I)+(H/2.)4F(I)
X=X+H/2.
CALL DERIV
DO 120 1=19N
PHI(I)=PHI(I)+2.4F(I)
120 Y(I)=YS(I)+(H/2.)4F(I)
CALL OERIV
DU 130 I=19N
PHI(1)=PHI(I)42.*Ft
130 Y(I)=YS(I)+H*F(I)
X=X+H/2.
CALL OERIV
1

140

FHI(I)=(14/6.)*(PHI(I)+F(I))
-140 Y(I)=YS(I)+H*PHI(I)
RETURN
ENO

SU6ROUTINE OERIV
COMMON/N/N,H,ANGLE.TENSION AK
COMmON/F/F(10).X0(10)
W=0.64
F(1) Y(2)
F(2)=-(W4Y(2)4(1.+Y(2)4.42)+AK*SORT(1.+Y(2)**2))/
OCWX+TENS/ON4F(3)=SORT(1.+Y(2)**2)
kSTURii

ENO

.708

OEPTH =
TENSION
DEPTH =
TENSION
DEPTH =
TENSION
DEPTH
TENSION

29.25
=
100.0
59.50
=
100.0
90.25
= 100.0

=

100.0

TOP ANGLE = -0.090
BOTTOM ANGLE = .100
TOP ANGLE = -0.162
BOTTOM ANGLE = .200
TOP ANGLE = 70..220
BOTTOM ANGLE = .300

HOSE LENGTH =
Y COORCINATE
HOSE LENGTH =
Y COORCINATE
HOSE LENGTH =
Y COORCINATE
TOP AN GLa 7._..7AqtEl. -- HOSE LENGTH =
BOTTOM ANGLE = .40o
V COORCINATE

29.23

= =t12
59.82
= =0.14
91.22
= =0.12
123.23
=-=0.12

.708

DEPTH =
43.75
TENSION = 150.0
DEPTH = 89.00
TENSION = 150.0
DEPTH = 135.50
TENSION = 150.0
DEPTH = 182.00
TENSION = 150.0
= 6.371
31.75
DEPTH =

"""TENSnti-=-201":
DEPTH =
76.50
TENSION = 200e
DEPTH = 113.00
TENSION = 200.
DEPTH = 113.75

IENSION =

100.0

K = 6.371
DEPTH = 33.53
TENSION = 253.0
DEPTH =
93.75

-TENSID

2511 .0

DEPTH = 128.75
TENSION = 253.0

TOP ANGLE=

-0.090
BOTTOM ANGLE = .100
TOP ANGLE = =0.161 BOTTOM ANGLE = .200
TOP ANGLE = -0.220
BOTTOM ANGLE = .300
TOP ANGLE = -0.268
BOTTOM ANGLE = .400
.

HOSE LENGTH =
Y COORCINATE
HOSE LENGTH =
Y COORDINATE
HOSE LENGTH =
Y CCORCINATE
HOSE LENGTH =
Y COORDINATE

HOSE LENGTH =
TOP ANGLE = =0.4E9
--BOTTOM ANGLE-=--.500-Y COORDINATE
TOP ANGLE = -1.182
HOSE LENGTH =
Y COORDINATE
BOTTOM ANGLE = 1.500
TOP ANGLE = -1.625
HOSE LENGTH =
BOTTOM ANGLE = 2.500
Y COORCINATE
TOP ANGLE = =1.892
HOSE LENGTH =
BOTTOM ANGLE =-3.50G--- -Y-COORDINATE
TOP ANGLE = =0.471
BOTTOM ANGLE
TOP ANGLE = -1.186
BOTTOM ANGLE-1-1.500
TOP ANGLE = -1.625
BOTTOM ANGLE = 2.5G0

= - 0.32
89.

= =0.32
136,95
= =C.15
185.12
= =0.16,
31.88

==0.34
92.65
= =0.i2
141.75
= -0.22

178.21

HOSE LENGTH = 39.92
Y-COORCINATE =-=0.78
HOSE LENGTH = 116.01
COORtINATE-=-=0.29-'
HOSE LENGTH = 177.19
Y COORDINATE
=0."_2,7

