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The purpose of this study was to ascertain the potential erosion
impacts associated with ship movements in confined waters. The flow
associated with a ship passage can be separated accordingly: (1) the
propeller wake, (2) flow about the hull, and (3) associated waves.
Each of thesc arecas has been analyzed to determine their respective
potential for causing channcl crosion.

Extensive field work was plamncd to determine the magnitude of
the associated flows in a channel due to a ship passage, but numerous
problems developed that limited the amount of uscful data obtained.

As an alternative approach, use was made of data presented by other
authors concerning channel flow effects caused by a ship passage.
SOGREAH test results regarding Kicl Canal flows and ship related dis-
turbances (Wasscr-und Schiffahrtsdiroktion Kicl, 1966} appear to be
particularly applicable for the Coos Bay shipping channcl because the
channel dimensions and ship sizes in the two arcas are approximatcly
equal. IFrom the Coos Bay field work that was completed and from the
extrapolations of the SOGREAIl test results, the total crosion caused
by ship traffic in Coos Bay was cstimated to be insignificant comparcd

to the natural crosion and deposition that takes place in the estuary.
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FLOWS ASSOCIATED WITH

HARBOR SHIP TRAFFIC

I. INTRODUCTION

The size of ships have continued to increase so that many water-
ways are now being used by large vessels that can scarcely navigate
through the shipping canals safely.  When a larvge ship opervates in
confined waters, in close proximity to the bottom or canal banks, a
change in the current velocity in parts of the canal is cffected.

This velocity increasc can be large enough to cause significant cro-
sion of the canal sediments (Schiffbau, 1912; Delft, 1974).

The purpose of this study was to describe the flows associated
with a ship moving in confined waters and to estimate the crosion
caused by ship traffic in a canal. The disturbance of the water in
a canal duc to the movement of a ship can be divided into three arcas:
the flow caused by the ship propeller, the ship hull, and ship waves.
Each of these arcas have been analyzed to determine the respective po-
tential for causing canal erosion. SOGREAIL test results (Wasser und
Schiffahrtsdircktion Kiel, 1966) have been used to estimate the total

crosion in a canal causced by ship traffic.




L. SIHIP MOVEMENT 1N CANALS

When a ship operates in confined waters, the ship influences the
flow ficld around it and in rcturn is acted upon by sizcable hydrody-
namic forces crecated by the flow ficld. A vesscel in a canal changes
the flow ficld in three different ways. (1) Due to the prescence of

the hull, there is a decrecase in area through which the water can flow

to

and hence there is an increasce in the current velocity. (2} The pro-
peller adds enerpgy to the water and causes an incrcasc in velocity in

the wake of a ship. (3) Ship waves transport cnergy away from a ship
and dissipitate that erergy on the shore. The flows associated with a

ship hull, ship propeller, and ship waves will be investigated after

two inportant forces acting on a ship are discussed.

Squat

Onc force that can be of major concern is that which causcs a
ship to sink or squat in the watcr when underwav.,  Squat occurs duce to
an increasc In water velocity and a decrease in pressuve beneath a
ship. The incrcasce in water velocity can be causcd by cither the pro-
peller drawing water from bencath the stern, or the increased flow duc
to a constriction in avea beneath the ship.  Squat has been found to
be a function of: (1) ship speaed; (2) depth of water: (3) width
and cross-scction of the canal; and (4) wetted cross-scction of the
vessel (Krav, 1970; Wauph, 1971). Figure 1 (Constantine, 1960) shows

the reclationship between Froude number and the dimensionless squat of

a ship for various values of the blockage coefficient, S, the ratio of




ship cross-sectional area

canal cross-sectional area

Figure 1. Relationship between the Froude number F (based on the speed of the ship and the undis-
turbed depth of the canal) and the dimensionless squat d of the ship for various values
of the blockage coefficient S. (From Constantine, 1960) v



maximum wetted cross-scctional arvea ol a ship to the canal cross-
scctional arca. Wherce a dredged channel depth only slightly exceeds
the natural depth over a wide bay, squat might be practically insigni-
ficant at normal operating spceds. Conversely, a dredged channel lo-
cated in a normally shallow estuary might reflcct squat measurements
similar to thosc expericenced in canals of limited dimensions (Waugh,
1971). Squat is sutficiently important to be considerced for opera-
tions in many canals because grounding of ships or crosion of the

banks duc to excessive ship waves can occur,

Limiting Speed

Other forces acting on vessels limit their maximun speed at
which they travel in a canal. When a ship moves under the action of
its propcller, water is drawn through the planc of the propeller at a
rate depending upon the shaft rotational speed and the available en-
gine power. The corresponding rate of change of wmomentum is opposcd
by a recacting thrust which causes the ship to accelcrate until it
attains a stcady specd. In open water the ship's acceleration is
accomplished siuply by increasing the propeller's rotational speed.
Accordingly, more water is drawn through the propeller and thus the
impulsive force increases. This flow rate might be expected to con-
tinue to increcasc to an amount limited only by the engine power and
the performance of the propeller. Acceleration could countinue to the
physical limits imposed by the cngine and propeller since nothing pre-
vents an abundant supply of water from entering the propeller,

Similar acceleration cffects would initially be expericnced in
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restricted waters while the vessel accelerates (rom rest; but in these

circumstances other factors would begin to influence the flow rate in-

to the propeller. The thrust from the propeller reaches a limiting

valuce simultancously with the maximmm ship speed, since the thrust

depends on backflow discharge, and this limiting thrust remains steady

so long as ship speed remains at the maximm speed.  Therefore, it
would scem that by increasing the propeller's votational rate, more

water could be drawn through the propeller and the thrust would fur-

ther incrcasc.  This does not occur though, because the propeller op-

erates in a region of critical flow in which the volume of water

drawn through the propeller becomes limited and cannot incrcase, ro-
gardless of the increascd revolutions of the propeller. It follows
that thrust cannot incrcasc because the propeller has become stavved

of water, thus ship spced remains stecady, or sometimes actually de-

creases, irrespective of any increased propeller rotation. The prin-

cipal parameter which appears to control this speed is the blockage
coefficient, S (Schofield, 1974).

In the Kriegenbrunner Survey (1973) it was also recognized that

a

ship has a maximum speed in a canal. Tests showed the following rela-

tion approximated the maximum ship velocity in a canal.

\Y
S
[NHB

l1.5n + 1

it

where n, the ratio of the cross-sectional arca of the canal to the

maximum cross-scctional arca of the ship, is the inverse of §, the

blockage cocefficient, and V is the naximum ship velocity repre-
[

“max
sented in km/hr.  When propeller rotational rates were increascd be-

(1)



yond the value where VS first appecarcd, there was no increasc in
max
ship velocity, but an increcasc in the scour of the canal floor was

observed. lquation (1) has not been tested in different size canals,

so its applicability over a wide range of canals is not known.



[IL. PROPELLER WAKL

A ship wake is delined as the disturbance of the water Follow inp
passage of a ship. Three major components of a wake include: water
being pushed backward alongside the hull, dragged along behind the
hull, or pushed astern by the propeller. The water pushed backwards

alongside the hull follows the shape of the hull, and near the stern

7
the water moves upward due to the narrowing of the ship. TFigure 2
(Namimatsu and Muraoka, 1974) shows the flow beginning a short dis-
tance in front of the stern for one particular ship. The flow in
front of the stern of most ships underway can be expected to be simi-
lar to the flow in Figure 2, but the exact flow pattern will depend on
the form of the ship near the stern.
A ship's wake is primarily due to the propeller. The water in
the outflow jet of a propeller has a rotational velocity component in
addition to an axial velocity component. A propeller jet is unusual
among submerged liquid jets in that the jet maintains its identity
for many propeller diamecters downstream. The distance that the pro-
peller wake persists depends on the type of ship and its speed. Axial
velocities have becn obscrved to persist for distances extending from
5 to 15 propeltler diumotcré behind the ship, while there have been
traces of the rotational velocities 24 diamcters beyond the ship's |
propeller (sSaunders, T957),
Besides knowing the distance a propeller wake persists, it is im-
portant to know wherce the wake travels after leaving the propeller.

From studics conducted with a destroyer model, Saunders {1957) found

O
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(From Namimatsu and Muraroka, 1974)




that the longitudinal centerline of the outflow jet does not lic along
an extension of the propeller shaft axis. Instead, it begins to risc
just behind the propeller, where the outflow jet coincided with the
rise in the water flowing under the stern. Becausce of the lack of
other obscrvations in the upper portions of the propeller outflow jet,
it was difficult to estimatc the limits and shape of the conc of dif-
fusion between the outflow jet and the surrounding waters (Saunders,
19573 .

Onc method recently used for obtaining the diffusion of the out-
flow jet has been through aerial photography. Acrial photographs
taken of towboats and barges on the Illinois River (Karaki and van
Hoften, 1975) show the spread of the ship's wake on the surface, but
the pictures give no indication of the diffusion of the wake below the
surface. A more accurate determination of the wake can be made by
looking at the acoustic wake produced by a ship.

An acoustic wake is defined as a volumc of water which has a
greatcr capacity for absorbing and scattering sound after a ship has

passed through it (Physics of Sound in the Sca, 1969, Pp. 441). An

acoustic wake is formed by air that is trapped along the waterline of a

vessel and then dispersced in the form of bubbles, or from air bubbles that

are formed by the propeller. From the manner in which an acoustic
wake is formed, it is belicved that a ship's "normal" wake and acous-
tic wake coincide.

The width of a ship's acoustic wake has been found to increasc
with distance behind a ship. At distances greater than 100 yvards,

the wake behind destroyer and destroyer escorts were observed to fan




out latcvally, with the edges of the wake including a total angle of

1° (Physics of Sound in the Sca, 1969, p. 494).

The formation of wakes is apparently affected by the wind divec-
tion. The thickness of an acoustic wake has been found to vary behind
the same vesscl run at the same speed in different dircctions. In
some cases the thickness of the wake was the same along the width,
while in other cases the wake was thinner at the edges.  The wake
thickness for large surface vessels has been reported to be approxi-
mately twice the draft of the vessel, with the wake being approximate-
ly constant in thickness up to distances of 900 m bchind the ship

(Physics of Sound in the Sea, 1969, pp. 498-500).

A propeller wake can also be observed with a side scan sonar if
there is enough sediment suspended in the wake to reflect the sieonal
from the transducer. llartman (1976) used an E.G.4G. Side Scan Sonar
to detect the propeller wake behind the Hopper Dredge HARDING while it
was dredging in Coos Bay, Oregon. The quantity of suspended sediment
in the wake was great enough to completely block the signal from the
transducer and kecp it from recording any features on the far side of
the wake. At a distance of approximately 200 m past the vessel the
suspended sediment in the wake was disperscd cnough so that a normal
view of the channel was obtained. This indicates that there is a
rapid dispersion of suspended scdiments behind a vessel due to the
turbulence in a propeller wake.

In the Kricgenbrunner Survey (1973) the actual wake behind a ship
has been found to be much smaller than the sizce of the wake predicted

from the acoustic wake study (Physics of Sound in the Sca, 1969). 1In

10
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the Kriegenbrunner Survey two different types of vessels were nsed in
the tests; one a motor freight ship, the other a tugboat which was
pushing a barge.® Five passes by a freight ship, having a draft of
2.3 meters, were made over the test arca at threc water depths: 4.0,
3.5, and 3.1 meters. Only once during the 15 runs was the propeller
wake noticcable on the bottom. Conversecly, the propeller wake of the
tug boat, having a draft of 1.65 meters, reached the bottom in 11 ont
of 13 runs at four different water depths: 4.0, 3.5, 3.1, and 2.8
meters. These field tests with large vessels indicate that the thickness
of a propeller wake is a highly variable quantity and depends to some
extent on the size, pitch and revolution speed of the vesscel's pro-
peller, and particularly the draft of the ship.

When a propeller wake extends to the bottom, the wake can causc
a considerable amount of scour. Shortly after the completion of a
number of canals in Germany, the harmful cffects of propeller wakes on
canal beds werc observed (Schiffbau, 1912). It was discovered that
ships caused the eroding of sediments in the center of the canal
with subsequent deposition taking place along the sides. The volume
of scdiment scttling along the canal's sides would build up to make
it impossible for two ships to pass in what was orviginally a two-way
canal., DModel tests of opcfations of various sized ships were conduct-
ed to determine what paramcters were important in causing the scour.

It was determined that rudder orvientation had the greatest influence

"Physical dimensions of the vessels are listed in the Appendix.
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on the scour. As the circular component of velocity in the propeller
wake struck the rudder it would subsequently be deflected downward,

The amount of scour caused by the deflected jet was considerable, as
listed in Table 1 from the carly German studics.

To determine the amount of scour caused by a propeller wake, the
ship GUSTAV KOLNIGS, having a draft of 2.0 mecters,® was anchored in a
canal which had a protective layer 1.5 meters deep consisting of stones
$ix to ten centimeters in diamcter (Felkel and Steinweller, 1972).
The vessel was anchored and its propeller was run tfor 30 minutes with
a bottom clearance of: 1.0, .78, .71 and .28 meters. At the cnd of
each test a depression was created behind the propeller with a mound
deposited beyond the depression.  TFigure 5 shows the rclation between
the scour depth and mount height as a function of the bottom clearance.
I'igurc 4 shows the volume of material scoured as a function of the
bottom clearance. Tor the type ship used in this test it was decided
that a minimum bottom clcarance of 1.0 mecters was needed to keep scour
to a minimum. Figurces 5 and 6 show the chronological develepment of
scour with time for a different sct of tests, After the propeller had
run for only five minutes, the scour depth attained 3/4 of the valuc
reached after 50 minutes. This indicates that if a ship is in closc
proximity to the hottom, tho propeller wake can cause an appreciable
amount of scour while the ship is just getting underway,

Field measurements of scour caused by a moving ship were also made

“Additional information on the ship is listed in the Appendix,



TABLE I. RESULTS OF PROPELLER TESTS (Schiffbau, 1912)

Name of the Draft Propeller Thrust During Number of Revo- Maximum Scour
Vessel m Diameter Test in Kg lutions of the With Without
m Propeller Rudder Rudder

Water depth: 3.2 nm per Minute m

a) Single Propeller Tugboat
FRIEDEFURST 1.27

1.20 1200 200 .40 ---
HELGOLAND 1.34 1.10 1000 - 1.60 .20
FRIEDRICH WILHELM 1.28 1.23 1200 200 1.40 .10
GUSTCHEN -—--- 1.35 1200 220 .30 .60
ELFRIEDE 1.40 --—- 850 180 1.60 ---
ALFRED 1.35 1.15 950 190 .45 -

b) Tugboat with Twin-Propellers
RHEIX 1.24 -—-- 1200 125-120 .1 ---
ANNA 1.12 .95 1000 210 1.40 ---
ANNA 1.12 .95 460 130 .40 ---
ANNA 1.12 .95 1200 100 .60 ---
ANNA 1.12 .95 1600 154 .40 ---
GOEBEN 1.56 1.50 2100 160 .30 ---
¢) Tughoat with Tunnel Stern
RLARN 1.15 1.438 1200-1250 -—- .3 ---
KLARA 1.15 1.48 1700-1750 --— .6 ---
KLARA 1.15 1.48 1700-1750 --- .9 ---
KLARA 1.15 1.48 2600 -—- 1.0 ---
d) Freight Steamer

FALK 1.56 1.55 1200 210 .10 ---

e) Cruise Ship
GLUCKAUF 1.20 1.20 925 --- .10 ---



144
R
Q
s
E 10-
=
84 o
=
()]
s 64
g
RS °
2
O
= 24
T T T T
25 50 75 100
o Distance lem)
4
o 6
B
I
8-
= 1.0+
Q.
9]
AR °
5
(@]
s b4 s
164
.

Figure 3. Scour depths and mound heights for changing distances
between vessel's bottom and protective layer. (IFrom
Felkel and Steinweller, 1972)



30+
™
&
€
2 20-
2
o
E
5
g 104 o
=
o
>
\ 1 T ™
25 50 75 100
Distance (cm)
]O"‘ o
)
&
= i
5 20
0
3
o
[+5
c 304
0
>
AOW

Figurc 4. Volumes of scour and mound for changing distances hetween
vessel's bottom and protective layer. (From Felkel and
Steinweller, 1972)




106

/,/—————0
1.2 ///o/
///
: —
©
E /
8
e
Aok
o
- A
-
c
D
o
=
| ] | 1
; % 1 ; % i 1 T I
5 15 25 35 45
Minutes
4
k1
o
£ .8
=
=
S 172
L
5
o
v
W
1.6

Figure 5. Chronological development of scour depths and mound heights
with a 30 cm clearance between the bottom of vessel and pro-
tective layer., (From Felkel and Steinweller, 1972)




Figurce 6.

30 1
) [e]
£
=

20+ 5
-
<
D
g o
-~ 104
[o}]
£
o}
e
>

T T T T ] { |
5 15 25 35 45
Minutes

10
o™
£
=
5 20
o]
e o

[e]

o
© 30+ :
E
>

40

Chronological development of volumes of scour and mound in

test with a 30 cm clearance between bottom of vessel and

protective layer,

(From Felkel and Steinweller, 1972)



18

in the Breisach Tests (Felkel and Steinweller, 1972).  In these tests a
ship with a dratt of 1.56 meters, propeller diameter of 1.47 meters,
and propeller rotational speed of 340 rpm's was used at two diflerent
water depths: 2.46 and 2.19 meters. Colored stones (weighing on the
average 500 grams) were placed on the bottom to record the direcction of
bed movement causcd by a ship passage. At the deeper water depth,
no deformation of the bed was observed; only a few of the colored
tracers having been moved underncath the vesscl, usuallv a few deci-
mcters in the ship's direction of travel. After the run at the shal-
lower water depth, 2.19 meters, a groove 0.5 to 1.2 meters wide and
0.10 to 0.20 meters deep was noted. TFrom all of the tests conducted,
two conclusions were made regarding the movement of bottom material,
In still water, most of the bed stones would be displaced in the di-
rection of travel of a ship passing overhead. With a river current
present, most of the stones would be displaced in the direction of
river flow, rcgardless of whether the ship moved upstrecam or down-
stream. Thercfore, in a river, the net scdiment transport duc to ship
induced scour will always be downstream, while in a channel subjected
to tidal currents, the scdiment movement will be in the direction of
the tidal currents,

To determine the extent of the propeller wake, an approximation
of the wake can be obtained by separating it into two components:
1) an induced velocity caused by the shedding of vortices {rom the
propeller and Z)  an axial jet of water issuing from the propeller.

For the vortices that arc shed by a propeller, the vortex inten-

sity 1s proportional to the thrust (Slotta and Montes, 1975).




1o

The vortex intensity,

I' = 21 (Breslin and Tsakona, 1959) (2)

pmnb 2
where p 1s the density of water, m is the number of propeller blades,
w is the angular velocity of the propeller, b is the length of a
propeller blade, and where the thrust, T, is defined as:

Pl
T= (Ug? - ng) (Strecter, 1966) (3)

with Ay being the circular area of a propeller disc, Ug the velocity
of water leaving the propeller, and Vq the ship specd. If the vor-
tices shed by a propeller are represented by a free vortex, the in-

duced velocity can be given by:

vV, = (4)

SO

Ao(Uog? - V%)
Vg = (5)
2murmh?

where Vg is the tangential velocity induced by the vortices and r is
the radial distance from the propeller axis. Equation (5) shows that
the tangential velocity component is inversely proportional to the
distancc from thic propeller axis.

It the axial prop velocity is wmodeled as a jet of water in an in-
finite fluid the results obtained by previous investigators can be
used to predict the decay of the axial velocity in the wake. It has
been found that the decay of the centerline velocity in a water jet

can be given bv:




IJC/lIO = 6.4 D/x (Harsha, 1971) (6)

The decay of the lateral velocity distribution is shown in lI'iourc 7,

where

C-SO(r/x)2

\//UC (llarsha, 1971) (7)

Whereas the centerline velocity in a water jet is inverscly proportion-
al to the distance (LEquation 6); the lateral velocity decays at a
faster rate duc to the exponential term (Fquation 7). This indicates
that the high velocity core cxiting from the propeller docs not cxtend
very far in a latceral dircction.

A morc accurate representation of the propeller wake can be made
by taking into account the frce surface, because a jet of water nearv
a free surface behaves diflferently than a jet in an infinite fluid. A
shallow submerged axisymmetric jet has been found to deflect towards
the free surfacce downstream of its nozzle. Initially the veiocity pro-
files do not radically differ from those for an infinitcely submerged
jet. llowever, with incrcasing distance downstrecam, the velocitices
above the nozzle axis incrcasc reclative to those below the axis. As
a consecquence, the maximum velocity moves above the original nozzle
axis and migrates upward with increcasing distance downstrecam, cventu-
ally reaching the frce surface (Maxwell and Pazwash, 1973),

Maxwell and Pazwash (1973) presented two mathematical models to
describe a shallow submerged jet. Tor the ncar ficld region, 2.2 <
x/D < 25, it was found

7 |
e (P (2 (2oz)?)) ¢ o (AL (2 x (zrzg) D)) (8)

%), D2 D?



Figure 7.

xf=

Lateral velocity distribution for an axisymmetric round jet.
(From llarsha, 1971)
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wvhere o = 1 - vxp(—”2/4c7x?) (9)

¢ = ,083, a constant spread coefficient, D is the diamecter of the jet
nozzle, zg is the location of thec propeller axis below the surface
and V/Up is the ratio of the mean velocity at a point to the mean
velocity at the jet nozzle. At large distances from the jet nozzle,

where x/D > 25, the submerged jet can be described by:
pl o 4

/2 )2 2 o2
_}_ - L (exp (- (o-z)"y eXP "
(U*) o 1e?x? ¢?x? ¢?x?

2y (zg47)2
(et (20r2) (10)

There are not enough data available in the litcraturc to verify
one model as being better than another. llowever, the jet described by
Maxwell and Pazwash (1973) follows most closely the path of obscrved
propeller wakes (Saunders, 1957), in that the cffect of a submerged
jet interacting with the surface is taken into account and the general
flow in the propeller wake is toward the surface. Using the cquations
for a shallow submerged turbulent jet (Maxwell and Pazwash, 1973), the
spread of a propeller wakc for a typical ship in Coos Bay was calcu-
lated. Tigure 8 shows thc velocity ratio 55}(ﬂ;jo plotted at various
distances from the propeller at a depth corresponding to a channcl
bottom of 12.2 meters. Figurce 8 shows that whilce there is a large
spread in the jet, the high velocity corc of the jet remains confined
to a narrow rcgion,

In conclusion, the high vclocity corc of a propeller wake docs
not always strike the bottom, but when it doecs, the wake might be ex-
pected to causc a considerable amount of scour. In many cases the

propeller wake has decreased cnough in magnitude when it reaches the
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bottom so that it causces very little scdiment movement, The velocity
and size of a wake was found to depend on sceveral variables: distance
behind the ship, clcarance beneath the ship, speed of the ship, and

propeller rpm's.
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IV, FLOW AROUND A SHILP TIJLIL

Fven though the propeller wake might not extend to the bottom, it
is still possible for scour to occur due to a ship's prescence or its
passage. When a ship moves through the water, it pushes water for-
ward at the bow, displaces water alongside and underncath the hull,
and drags water along behind the stern. These three currcents are
called respectively: the bow current, the return current, and the
following currvent. The three currents arc shown in Figure 9 for a
typical velocity profile bencath a ship. These currents arc of a suf-
ficient magnitude that when a ship is operating in a narrow canal, the
currents cxtend to the bottom and sides of the canal and can cause

significant scour to occur in uncohesive soils.

Bow Current

The bow current is formed by water being pushed ahead by a ship.
The size of a bow current will thercfore depend on the speed of the
ship and the shape of its bow. A blunt bow, such as a barge, causes
a larger bow current than a finely tapered ship. In the Kricgen-
brunncr Survey (1973), velocity profiles werc made underneath two
vessels at different water. depths and ship speeds.  Figures 10 and 11
show the current in proximity to the bottom bencath a ship and a
barge. These figures show that the bow current is much swaller in

size and magnitude than the return or following current.
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Typical velocity profile beneath a ship.

(From Kriegenbrunner Survey, 1973)
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Return Currecnt

The return current is caused by water flowing around and under-
neath a ship. The calculated streamlines in Figurce 12 (Adee, 1973)
show the proportion of water that flows underncath the ship as opposed
to the amount that flows around the sides. Underncath a ship the rec-
turn current recaches a maximum valuc just past the bow (Figurce 9).
From the tests in the 1973 Kriegenbrunner Survey, the investigators
found the cquation:

RD V
1 S

Ve TF R (1
m a

to be a good predictor of the return current for ships in transit be-
low their maximum possible speed in a canal; where Yr is the mean

m
velocity of the return current, B is the width of the ship, D,is the
draft, Vq is the ship speed, Fais the cross-scctional arca of the
canal, and A is the maximum cross-sectional area of the ship. This
cquation has not been verified in different canals, so its applicabi-
lity for different sizec canals is not known. Past the bow the velocity
decrecascs in magnitude and remains fairly constant until ncar the stern
where a second maximum occurs before the return current ends and the
following current begins.

The return current cxtends in a lateral direction for a consider-
able distance from a ship besides being present divectly under the
center of a vessel. Figure 13 shows the velocity measured .88 meters
above the canal bottom at three distances from a ship. Figure 13 gives

4

a satisfactory representation of the gencral shape of the longitudinal
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Figure 12a. Calculated streamlines about a Series 60 ship. (From Adee, 1973)

Figure 12b. Centerplane projection of the streamlines about a Series 60 ship.

(From Adee, 1973)
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Figure 13, longitudinal velocity profiles in a lateral dircection from
a ship. (From Delft, 197.4)
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velocity profile in the lateral direction. llowever, the specific
velocity profile for any ship will depend on the type and speed of
the ship and the canal dimensions. Figures 14 and 15 illustrate that
the current velocity changes with a change in ship spced and draft.
Note, for thesce figures there was only a small change in the draft
between thc two tests, therc was accordingly little difference in the
rcturn currcnt velocitics, the range in propeller rpm's thouph, was
large cnough to show that the return current depends strongly on the
rotational spced of the propeller.

The size of a canal and the location of a ship in the canal also
affects the flow around a ship. IFigures 16a, 16b,and 16c¢c show vclocity
contours near thc canal bottom and surfacc for one ship in threce dif-
ferent canals. Figure 16a shows a larger current velocity than was
present in the other canals due to a smaller canal cross-scctional
area. The samc narrowing cffect occurs when a ship moves from the
canal centerline towards one bank. The decrease in area between the
ship and the bank causes an increasc in the current velocity. The
velocity profile presented in Figure 15 was made at the ecdge of a
canal while a bargc passed in the middle of the canal; whercas Figurce
17 presents the velocity profile taken at the same location but with
the barge 23.6 meters closer to the canal bank. Siegnificant velocity
differcnces can be discerned by comparing these two figures. Both
the canal cross-sectional arca and the ship speed arce the major

factors influencing the return current.




Stern Bow

Canal bottom width: 120 m
Ship: Tugboat + 4 barges
Location of Ship: Middle
Draft: 3.30 meters
Velocity mcasured at edge of slope, 1 m above the bottom.
Water depth: 6 neters
1000 rev/min. Ship speed: 3.71 meters/sccond
1600 rev/min. Ship spced: 4.57 meters/second
71800 rev/min. Ship speed: 4.53 meters/second

Figure 14. Curvent velocity at the edge of the Scheldt-Rhine
ship draft of 3.3 m. (From Delft, 1974)
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Canal bottom width: 120 m

Ship: Tugboat + 4 Dbargcs

Location of ship: Middle

Draft: 4 mecters

Velocity measured at edge of slope, 1 m above the hotton.
Water depth: 6 meters

1000 rev/min. Ship speed: 3.22 mecters/sccond
1600 rev/min. Ship speed: 4.26 neters/second
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D ~ 1800 rev/min. Ship speed: 24 meters/second

Figure 15. Current velocity at the edge of the Scheldt-Rhine canal,
ship draft of 4 m. (From belft, 1974)
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Canal bottom width: 120 m
Ship: Tugboat + 4 barges

Location of ship: 23.6 m from the middle

Draft: 4 nmeters

Velocity mcasured at cdge of slope, 1 m above the bottom.

Water depth: 6 meters
1000 rev/min., Ship spced: 3.
1600 rev/min. Ship specod: 4.
1800 rev/min.  Ship speed: 4.

Figure 17. Currcnt vclocity at the edge
ship draft of 4 m, ship 23.6
(From Delft, 1974)
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Following Current

The following current is formed by wiater Clowing in behind a ship
and traveling along with the ship. Figurc 9 shows that the following
current reaches a peak near the stern and then decays to zero. In the
19735 Kriegenbrunner Survey, the maximum valuc of the following current
beneath a ship was found to be approximately cqual to the maximum
value of the return current under the ship. In the belft studics,
Figures 14, 15 and 17, it can be scen that the following current does
not extend as far in the lateral dircction as the return current.
Fipurc 18 shows the extent of the following current along with the

bow and rcturn current for a tughoat pushing a barge.

Mathematical Model

If a mcthod could be obtained for cstimating the velocity distri-
bution around a ship, then it would be helptful to predict in advance
what ship specds would produce associated current velocities high
enough to cause scour in canals of specificd dimensions and matcrials.
A number of investigators (Dennv, 1963; lless and Smith, 1964;

Plotkin, 1975, 1976; Tuck, 1966; Tuck and Tayvlor, 1970) have presented
analytical developments concerning flows around hull shaped ohjects.
The works by Plotkin (1975) and Tuck (1966) were found to be the most
applicable to the present problem in considering ship movements in
shallow water,

Plotkin (1975) and Tuck (1906) used the method of matched asymp-
totic expansions to analyze the potential flow ficld of a slender ship

moving in shallow water. Shallow-water theory describes the flow in
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the far ficld and slender body theory provides the ncear-ficld descerip-
tion. Plotkin and Tuck uscd the results of the potential flow solu-
tion to calculate the forces on a ship hull, but the same results cam
similarily be used to describe the velocity ficld necar a ship hull.

The following is a formulation of the problem of flow past a
slender ship in shallow water (Plotkin, 1975 and Tuck, 1966). Consi-
der the steady subcritical potential flow of a strcam of shallow water
of speed U past a slender ship of length 2L,  The coordinate system is
shown in Figurc 19. x lies in the strcam dircction and z is mecasurcd
upwards from the undisturbed free surface. The fluid is taken to be
inviscid and incomprecssible and the flow is steady. A disturbance
potential, ¢, exists which satisfics Laplace's cquation and tends to

~ . . - . > . .
zero at intfinity. The total fluid vclocity,q, is given by:

q = UV (o) (12)

wherc V is the differential operator.
The slenderness assumption requires the beam and draft to be
small compared to the length, say of 0(g). The hull is described by

the cquation:
v = ef(x,z) (13)

The kinematic boundary condition on the ship surface for this inviscid

flow requires that the body be a flow streamline, so that

¢y - €(1+¢X)fx - a¢zfz =0 ony = ¢ef (14)

The shallowness assumption also recquires the depth to be 0(g). On the
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bottom, assumed to be a plane surface at = -rhy, we have

ap/aoz = 0 on z = -€hy

The boundary conditions on the unknown frece surfacce
z = nx,y)

are firstly that thc pressurc vanishes

-2gn/U% = 29, + ¢K2 * ¢y2 +h?

and sccondly that the frce surface is a streamline

= +Oo.n. + O
b, =n *on 4yny
The depth Froude number

F2 = U?/geh,

is taken to be of 0(1).
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(15)

(16)

(17)

(18)

(19)

The procedure for solving this problem can be found in papers by

Plotkin (1975, 1976) and Tuck (1966), thercforc only the results will

be presented herc. The velocity component in the x direction is given

by:

= Ul )

(20)

Since only the increase in velocity over the free stream velocity 1s

of concern, the velocity to be determined is:

u = U
X

(21)



IFrom Plotkin (1975)

mS (e
¢ = - 1 e 1 Joag A (22)
X 2 .2 2 .
mhe (1-F7) - X-&
For an ellipsoidal hull of revolution described Dy:
x2/L% +y?/Be® + 22/By% = 1 (23)
the area Sq(x) is given by:
S, = 0.5TBo% (1-x2/L?) (24)

Using Equations 22 and 24, the velocity along thc hull can be described

by:

BOZE

ot

1 Ln

hol.(1-F%)7

T = /0 2)) (25)

(E' 1+ x/L}

2
To sec how accurate this representation of the velocity is in
describing the velocity beneath a ship, the velocities measured in one
test of the Kriegenbrunner Survey (1973) were compared to the predicted

velocities for a hull of revolution with a parabolic waterline that
had the samc length and draft as the ship in the test. TFigure 20
shows the calculated and measurcd velocities bencath the ship. From
Figure 20 it can be seen that Plotkin's model is not very accurate in
predicting the velocity under a ship and additional analytical work
nceds to be done in this arca in order to accuratcly predict the flow
field around a ship.

A paper by Becek, Newman, and Tuck (1975), which appears to offer

an improvement over Plotkin's model, arrived too late for inclosure in
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this report. In the paper, entitled "llydrodynamic Forces on Ships in
~Dredged Channels," a velocity potential is prescnted for flow around a
ship in a canal with a finite depth and width and surrounded on both
sides by shallow water. Beck, Newman, and Tuck looked at the sinkage,
trim, and wave resistance of a ship, but their results can be extended

to describe a velocity field around a ship.



V. SHIP WAVES

Formation of Waves

When a ship moves forward, water is deflected around the hull and
a dynamic pressure distribution develops over the hull surface in con-
tact with the water. The dynamic pressurc is positive and generally
maximum at the bow, dropping to a negative value over most of the mid-
section and becoming positive again ncar the stern. The positive and
negative dynamic pressures cause the water's free surface to respond
by rising and falling as a vessel moves through the water crecating
surface water waves. In the ocean the waves mix with wind waves and
swell or decay with distance. llowever, in harbors the waves cannot
decay over a largce distance, so the canal banks must absorb the eneryy
in the waves.

The energy contained per unit of wave surface is directly propor-

tional to the square of the wave height,

E/N = vlI%/8

—
3]
(@)

~—

where E is the energy, % is the crest length, Il is thc wave height,
A 1s the wave length, and vy is the specific weight of water. Thus,
wave height dis of principal interest in considering the effect a wave
has on river banks. Sorensen (1967b) found that the heights of waves
generated by a ship are almost entircly dependent on the ship's speed.
Faster moving ships created larger waves than slow ships. Das and

Johnson (1970) found that the wave height decrcases with distance in

the wake of a ship. llowever, in a confined waterway, the banks are
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closc cnough to shipping lanes to prevent a significant amount of wave

decay.

Erosion from Waves

Waves propagating into shallow water can causc crosion in any onc
of three ways. When a wave is in deep watcr, the orbital velocity of
the wave does not reach the bottom. As a wave moves into shallow
water, the orbital velocity presence is felt at the bottom. A small
incrcasc in water velocity at the bottom will initially causc a mixing
of the water column that will cause a decrease in the scediment concen-
tration. As the wave moves into morc shallow water, the bottom velo-
city incrcases and sediment resuspension takes place. Anderson (1974)
found that a velocity between 10 and 20 cm/scc was large cenough to
causc either a mixing of the water column or a resuspension of the
fine-grained estuarine sediments.

Ship waves mainly erode the canal banks ncar the water level,
where waves break. As a wave travels into shallow water, the wave
celerity decreascs and the wave crest stecpens until the wave ceventu-
ally breaks. The impact of a breaking wave causes a rcsuspension of
the fine material along the shorceline. lven if the waves Jdo not
break, they can still cause damage to the banks. The rapid fluctua-
tions of the waver level caused by even small waves can causc pressurc
gradicnts in the subsoil that can result in the uplifting of parts of
the bank and resulting in the washing-out of particles from the sub-
soil. The alternate motion of runup and backwash of the waves on the

shore causes erosion until an equilibrium slope is reached. Steep or

I



19
near vertical river banks will continually be attacked by waves, and
if the bank material is crodible or unstable, bank failure can be

cxpected.,

Waves 1n Coos. Bay

In many arcas of Coos Bay the banks at the shorc arc vertical,
but the only time they arc cxposed to waves is at high tide. At other
times the waves runup on tidal flats. The ship induced waves at Coos
Bay have been found to be either very small or nonexistent. This is
due to the slow spced at which the ships operate in the channel. Con-
versations with Coos Bay pilots, Mr. Hansen and Mr. Davis (Oct. 1975),
revealed that cargo ships operate at speceds from 1.0 - 1.5 m/sec in
the upper part of the harbor and from 4.1 - 4.6 m/scc in the lower
part of the harbor.

While cargo ships do not usually create waves in the harbor, tug-
boats do create waves. The size of such waves are found to depend on
the speed and size of the craft. The maximum height of the tugboat
waves observed in Coos Bay has been 0.3 meters. With a wave of 0.3
meters, the maximum horizontal particle velocity at the sediment-water

interface can be obtained by:

J = “(QELEELLL— (Anderson, 1974) (27)
max, 21
bottom

where II = wave height and h = water depth.  With a wave heipght of 0.3
meters and a water depth of 0.61 meters, the maximum hovizontal velo-

city would be 0.76 m/scc. The velocity from the tug waves i1s less

than the maximum tidal current velocity, 1.04 to 1.8 m/sce (Coos Bay
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EIS Supplement, 1975). This indicates that while the tugboat waves

might causc mixing and resuspension of somce bottom scdiments, the tidal

and river currents have o larger potential for croding bottom materials.,
In determining the effect ship waves have on sediment resuspen-

sion, it has been related that the most important charvacteristic of

the wave is its height which is known to depend mainly on the ship's

speed.  In Coos Bay, Oregon, cargo ship's speceds are low cnouph so

that waves of negligible height arc produced. Even though tughoats

have been observed to produce waves, it can be said that river and

tidal currents causc morc sediment rcsuspension than ship's waves.
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VI. SHIP INDUCED LROSEON

The crosion in a canal can not be casily scparated into the pro-
porticns caused by the propeller wake, or flow around a ship hull, or
that caused by a ship's waves. All three processes are interrclated
and contribute to the crosion under different circumstances. The cro-
sion that docs occur can be arranged in two categorics: bed load
transport and sediment resuspension. While describing the bed load
transport and sediment resuspension does not give an indication of the
total quantity of sediment scourcd, it does provide an individual with
a clear picturc of the erosion process. Bed load transport was dis-

cussed in a previous section and scdiment resuspension will be covercd

next.

Sediment Resuspension

Sediment resuspension caused by ships is known to exist (Anderson
1974, llart 1969, and Karaki, ct al. 1975). Whether the resuspension
is detrimental to the water quality of the area depends on many fac-
tors. Onec of the most important considerations is the background tur-
bidity level in the channcl. Turbidity is a measurc of the scattering
of light as it passes through watcr. It is caused by the presence of
suspended material in the water and is measured in terms of one milli-
gram of silicon dioxide dissolved in a liter of water (Jackson Turbid-
ity Unit or JTU).

How harmful the turbidity dincrease cansced by a ship passage is

depends on the background turbidity lcevel. 1f the backgvound level is
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already high, the passage of a ship might not have any noticcable
cffect on the turbidity. Karaki and van lo(ten (1975) desceribed a
very simple velationship which assumes that the turbidity at a point
in the river increases as a ship passes (Figure 2la). The turbidity
in the river rises to a maximum valuc behind the ship and then decavs
to the background level. When another ship approaches before the tur-
bidity level has rcturned to normal, the cffect of the two ships is
cumulative (Figurc 21b). For a low background turbidity level, this
would be a significant increase in turbidity. While for a high back-
ground level, the added turbidity might be barcly discernable. The
model presented by Karaki and van loften was not substantiated by any
field data, but was meant to represent qualitatively the change in the
turbidity level,

The deposition location of the suspended sediments depends on the
particles scttling velocity and the river current. The settling time
varics depending on the size of the particle and the stream turbulence
levels present in the water. The average scttling velocity of a par-
ticle in turbulent water can be considerably reduced below its termi-
nal settling velocity in still water. For quartz grains, Murray (1970)
predicts a reduction in the settling velocity on the order of 30%.

The longer a particle rcmains in the water column, the farther it will

be transported before it is deposited.

Estimate of [rosion in a Canal

Instead of looking at the different forms of erosion, it is more

useful to look at what overall parameters are important in determining




53

bepth

Averaged

Turbidity

___________ > o
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Time
a. Turbidity increasc after the passage of onc ship.,
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Turbidity

Time
b.  Two ships passing in succession.

Figure 21. Effect of ship traffic on stream turbidity.
(From Karaki and van lloften, 1975)



the scour in a canal caused by the passage of a ship.  In tests con-
cerning the Kicel Canal conducted by SOGREAIL (Wasser und Schiffahrts-
direktion Kicl, 1966), it was lound that n, the ratio of canal cross-
sectional arca to maximum ship cross-sectional area, and the ship speed
were the two most important paramcters in determining the amount of
erosion that would take place in a canal,

The SOGREAIT tests were conducted with three different size ship
models representing the main classes of ships that use the canals
being studied. The normal operating spced for the ships is from 8.0-
19 km/hr, with the smaller ships generally traveling at the faster

speeds.  Characteristics of the different ships arc listed in Table

IT.
TABLLE IT. CUARACTERISTICS OF SHIPS IN SOGREAM TLESTS
Class Displacement DWT Draft Length Cross-Scctional
Tons m m Arca m?
1 26000 12500 9.5 155 198.0
2 16000 3000 8.5 125 165.6
3 10000 5000 7.5 105 126.0

The canals used in the tests were modeled after existing and pro-
posed waterways. Five different size canals were used, which provided
a range in the cross~secti§nu1 avea from 828 m? to 1408 m?. With the
size of the ships tested, this provided a range in n from 4.2 to 11.2.
The sediment in the canals consisted of two different types of sand.
One type of sand had a density of 2.68 gn/cm® with U50 = L Z2mm, while
the other type of sand had a density of 2.66 gm/cm® with D = . 7mm.

50

The erosion that took place in each canal was determined by the
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deposition of material on the bottom of the canal.  lTrom the deposited
material, an estimate could be made of the volume of sand (m?) eroded
per meter of canal length (n'/m ) for 100 ship PASSALCS .,

The results of the SOGREAIl tests are summarized in Figure 22,
which shows the crosion rate versus the ship IFroude number for differ-
ent values of n. Data in Figure 22 give an indication that the erosion
rate increcases when the speed of a ship increasces or when n decreascs.
From Figure 22, it is possible to determine the amount of crosion that

occurs duc to cach class of ship and accordingly find the total expected

erosion in a canal.




100 Ship passages
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|

Figure 22. Rate of erosion in a canal for different passage coefficients. (Data from Wasser-und
Schiffahrtsdirektion Kiel, 1966)
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VII. FIELD WORK

Ficld work concerned with determination of channel shipping im-
pacts on benthic systems was carried out at Coos Bay, Orcgon during
1974 to 1976 (Figurc 23). Coos Bay is a world lecader in the shipment
of wood products with an average of 420 ships entering the port per
year. The inner channel at Coos Bay is maintained to a depth of 9.1
meters and a width of 91.4 meters for 24.1 kilometers extending from

the entrance to the mouth of Isthmus Slough. There are two turning

[

basins in the harbor, one is opposite Coalbank Slough at Kilometer 23,
and the other is at the City of North Bend at Kilometer 19.5. Both
turning basins are maintained 9.1 meters decp, generally 183 meters
wide, and 305 meters long (Coos Bay LTS Supplement, 1975).

The cargo vessels that come to Coos Bay can be arranged into threc
main classes. There arve tankers, general-cargo vessels, and wood chip
ships. With the channcl depth limitations, tankers have been the
older, smaller types such as T-1's and T-2's of 17,500 DWT and less.
General-cargo vessels have been mostly C-1's, C-53's, Liberty, and
Victory ships with a tonnage between 10,000 and 20,000 DWT. The dry-
bulk carricrs, moving wood chips, are new vessels in the 20 - 42,000
DWT range. The physical dimensions of the different classes of ships
and the frequency of vessels calling at Coos Bay basced on size are
listed in the Appendix.

The objective of the ficld work was to determine the eoffect ship
traffic has on the bottom sediments in a harbor. This was to be accom-

plished by determining the increcase in velocity near the channel bot-

O
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tom caused by the presence of a ship and the ensuing incrcase in tur-
bidity behind the ship. The rescarch that was carricd out was divided
into four areas: 1) the velocity incrcase under a stationary ship;

2) the velocity increase under a moving ship; 3) the propeller wake;
and 4) water quality (turbidity) behind a ship.

The field work at Coos Bay was performed in a straight scction of
the shipping channel adjacent to the U.S. Army Corps of Ingincers!
dock during the period June 1975 to January 1976. This location was
chosen so the Corps dock could be used to store recording cquipment.
Adjacent to the Corps dock the channel bottom is composed mainly of
silt, with the channel being 91.4 meters wide and having a Mecan Low
Water (MLW) depth of 11.6 meters at this location.

To determine the ceffect of a passing ship, a tripod (as shown in
Figure 24) was built that would support instrumentation for determin-
ing: the current velocity at two clevations above the hottom and the
current direction, and for collecting water samples in proximity to
the bottom. Two Gurley 665 Dircct Reading Current Meters were uscd to
take velocity measurcements. The sensing units were mounted one meter
apart on the instrument stand. An electrical cahle 92 meters long from
the instrument stand to the Corps dock connected the current meters
with the indicator unit., fhc meter face was calibrated to two differ-
ent scales:  0-3 m/scce and 0-7 m/sce. The dircction indicator showed
which direction the water current was running; this was not desiened
to accurately determine the current dirvection, but mainly to record a
reversal in the flow dircction. Water samples werce taken through a

hosc (1.5 cm inner diameter) that was supported between the current
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meters; one pump on the instrument stand and three Guppy pumps on the
surface pumped the water to the dock where bottle samples were taken
for water quality {(turbidity) analysis.

The first expceriment conducted was to determine if therc was an
increase in water velocity mcar the bottom duc to the presence of a
ship's hull. To accomplish this, the instrument stand was to be
placed on the bottom under the center of a ship after it had docked.
The Corps of Engineers hopper dredge the CHESTER HARDING was scheduled
to be in port from Junc 21 - Junc 23, 1975, so the instrument stand
was placed on the bottom in front of the Corps dock on Junc 20, 1975.
Besides placing the instrument stand on the bottom, a Savonius current
meter was put in downstrcam of the dock approximately the same dis-
tance out from the edge of the channcl., 1t was intended to place the
Savonius current meter sufficiently downstrcam to be away from induced
currents associated with the HARDING., But unfortunatcly the HARDING
tied up with its bow over the Savonius current meter and the resulting
measurcments had little meaning.

A different method for observing the effect of docked ships was to
see if there was an increase in scour at a location wherc ships berth.
Figure 25 shows a transect that was made parallel to Central Dock with
a fathometer. The depth remains fairly constant in the area where ships
normally berth. At cach cnd of the dock the depth of water decrcascs.
Since no special dredging is done in this arca it can be assumed that
the presence of the ships cause an incrcascd scour velocity which re-
moves the bottom sediments beneath the docked ships,

The subscquent ficld work consisted of mecasuring the water velo-
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city near the channel bottom as ships passed overhcad. This was
accomplished by placing the instrument stand on the centerline of the
chammel 46 meters directly out from the Corps dock. To put the instru-
ment stand on the bottom required the usc of an inflatable rubber

boat and two divers. As the support craft procceded out in the
channel, dive weights were tied on the cable approximately every six
meters as the cable was being pulled from the support reel. At the
center of the channel the instrument stand was lowered to the bottom
and then the divers procecded to put lead weights on the legs to keep
the stand in place,

The instrument stand was placed in the channel on July 10, 1975
with the intention of leaving it in place for two wecks to monitor the
ship traffic that took place during that period of tiwme. lowever,
only five ships passed over the instrument stand beforce it was des-
troyed by a ship's anchor on July 12 and lost. Only a small amount of
data was obtained from these ship passages. It was found that the
velocity changed very quickly during ship passage and the output of
the Gurley meters did not give adequate responsc to describe or record
the velocity change associated with ship passage. Data that were ob-

tained arc summarized in Table III.
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TABLE I1I. VELOCITY MEASUREMENTS AT COOS BAY

Ship Draft Watcr Depth Velocity change from frece
stream m/scc

m m Bow  Middle Stern Wake
Bunga Tembusa 8.8 12.5 0.3 0.6l 0.0 0.3
Paragon 3.7 11.3 0.0 0.45 0.3 0.0
Yue Man 4.0 11.3 0.0 0.80 1.2 0.0
Daiko Maru 5.4 12.0 0.0 0.90 0.2 0.0
Scpta 6.9 12.5 0.0 0.20 0.3 0.2

The current meters that were destroyed were replaced with two
Marsh McBirney Model 711 Electromagnctic Current Meters (LMCM). These
meters arc more accurate for rapid fluctuations in the current velo-
city and they were hooked up to a magnctic tape recorder to provide a
permanent rccord of the data. On receipt of this cquipment the meters
were mounted as shown in Figure 26. The installation procedure was
the same as for the instrument stand, except in this casc one of the
meters was put on the centerlinc of the channcl and the other was
placed approximately nine meters to the side of the channel centerline.

The current meters were placed in the channel on November 1, 1975.
An acoustic pinger was fastened to the stand of the mecter on the cen-
terline of the channel to aid in recovery of the meter in case of an-
other ship rclated accident. Shortly before the Bunga Melawis arrived
on November 2, a float marking the location of the sccond current meter
was pulled up. The anchor to the float hooked the current mcter cable
and tipped the current meter on its side. When the data from the re-
maining meter was analyzed, it was determined that an outside source

was interfering with the current meter. The acoustic pinger was found



Figure 2¢.

Mounting arrangement of electromagnetic current meters.
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to produce a signal that interfered with the current meter, so the
data collected could not Dbe uscd.

To further isolate the meters, wooden stands were buitt for the
next field trip from January 29 to February 4, 1976. Two ships passed
over the stands coming into the harbor and two ships went over leaving
the harbor. Again, somc outside noise source interfercd with the
current meters to make the data unusable.  Perhaps stray currents from
the ships fathometers negated the current meter data collected. No
further measurements of this sort werc attempted.

The third arca of the field work involved trying to determinc the
depth of the propeller wake behind a ship. The ship chosen to do the
work behind was the dredge HARDING because it would be moving at a
very slow speed (one to two knots) while it was dredging. The clec-
tromagnetic current meter with a spherical probe was attached to a
vane with a weight attached to keep it oriented into the current. It
was hoped to lower the current meter down to reccord when it was below
the wake, but the current in the wake was so strong that it pushed the
meter backwards at a 30° angle from the surface. Using this procedure
it was not possible to tell how decp thec propeller wake extended.

Water samples that were collected in July and October 1975 and
January 1976 were analyzod'to determine the turbidity of the water.
The water samplcs with the first instrument stand were collected at a
height one meter off the bottom by pumping water to the surface through
a hosc. After the instrument stand was destroyed, Van Dorn bottles
were used to collect water samples at 1.5, 6.1 and 10.7 meters below

the surface. Water samples were collected over both sandy and silty
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bottoms. The samples werce analyzed with a HACH Laboratory Turbidimeter
MHodel 1860A. It was found that there was no obscrvable increase in

turbidity due to the passage of a ship.
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VITE. SEDIMENT TRANSPORT IN COOS BAY

Estimate of Ship Induced Erosion

Although the field tests did not give an indication of any sub-
stantial influcnce that ship traffic has on the sediment transport in
the Coos Bay channel, some further discussion will be made on this
subject. The ficld tests were not designed to measurc the scdiment
transport outright, but to determine if erosion existed through velo-
city measurcments and water samples. In order to comment on the
approximatc sediment transport causcd by ship traffic, results of the
SOGREAH tests (Figure 22) have hcen extended for conditions at three
sections of the Coos Bay channel. The three sections were choscn
where therc werc data on the sediment deposition in the channel,

From this information, the predicted erosion duc to ship traffic can
be compared to the natural crosion,

The channel at Coos Bay is composed of several different types of
sediment. The sediment of lower Coos Bay, from the entrance to the
Highway 101 bridge, is predominantly sand. From the tlighwvay 101
bridge to approximately Kilometer 16.9 the bottom consists of a large
amount of shcll deposits. 'From Kilométer 16.9 to Kilometer 20.1 the
bottom 1s silt. For the next scveral hundred meters the bottom is
rock, hard clay, and silt. The bottom then returns to mainly silt at
Kilometer 21.9 (Coos Bay EIS Supplement, 1975). The median grain size
for the cstuary is 0.2 mm to 0.3 mm with the exception of the silt
which ranges in size from .015 mn to .02 mm. During periods of high

runoff the median grain size in some areas can range from .48 mm to

O



69

.55 mm (Arneson, 1975).  The range in grain size in most of Coos Bay
is similar cnough to thc canals studies in the SOGREAII tests that it
is belicved the results of the SOGREAI tests (Figurc 22) can be used
to estimate the crosion caused by ship traffic in Coos Bay. The only
area where the SOGREAIl results would be inaccurate would be the re-
gions of the Coos Bay canal composed of silt.

The number of vessels that used Coos Bay in 1975 can be arrvanged

in three categories: 315 dry cargo ships, 23 tankers, and 92 barges.

The largest dimensions for thesc types of vesscls arc listed in Table

1v,
TABLE IV. CHARACTERISTICS OF SHIPS IN (C0O0S BAY
Vessel Length m Beam m Draft m No/Yecar
Dry Cargo 217.0 32.5 9.1 315
Tanker 201.5 27 .4 9.1 23
Barge 73.2 168.3 4.0 92

The vessels usually travel at speeds from 14.8 to 16.7 km/hr from the
entrance to the Highway 101 bridge, while above the bridge the vessels
usually travel at 3.7 to 5.6 km/hr.

The shipping canal at Coos Bay is maintained to a depth of 9.1
meters and a width of 91.4 meters with a side slope of onc to three.
Im recality, the canal is much larger than the maintained canal. The
value of n, the ratio of the canal cross-scctional arca to the maximum
ship cross-sectional arca, for three sections of the canal are listed

in Table V,
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TABLE V.o ESTIMATED EROSTON FOR 100 SHIP PASSAGES®

Valucs of n and Hr m?/m

Dry Carpo Tanker Barpce Total lLrosion
n L n L n L m?/km
T T T
Entrancc 9.1 0 10.7 .00l 36.9 0 .23
Kilometer 9.8 12.5 0 4.7 0 50.8 0O 0
Kilometer 21 5.1 .025 6.0 .015 20.9 0 82.2

Also listed in Table V is the cstimated crosion that cach ship
would causc in 100 ship passages and the total crosion over a year for
a scction of the canal onc kilometer long in cach of the three re-
gions. Table V shows that the critical area for erosion is in the
upper portion of the bay which is also the region where the SOGREAII
test results are not as applicable because of the silt in the canal.

In addition to the crosion caused during a ship passagce, a con-
siderable amount of crosion occurs when a ship drags its anchor.
Hartman (1976) has calculated that approximatcly 350,000 cubic meters
of botton scdiments arc disturbed annually by ship anchor dragging
from Kilometer 19.3 to 24.6. Tor the samc scction of the canal, the
estimated erosion due to ship traffic is only 436 m’/year. The main
reason that the scour from the anchors is much greater than the scour
from a ship passage is the way in which the two quantities arc defined.
In the SOGREAI test the crosion was determined by the quantity of ma-
terial that was transported and deposited in the center of the canal.
Hartman (1976) determined the quantity of sediment that would be dis-

turbed by an anchor but not necessarily eroded. Most of the sediment

*Taken from Figure 22; SOGREAI, 1966.
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disturbed by an anchor remains in the same location with only the [ine

material being put in suspension.

Natural Deposition in River

The best estimate of the total deposition that occurs in the
canal over a ycar is the amount of material that is dredged cach
ycar to maintain the canal at its proper dimensions. Data on the
deposition in three recaches of the canal was obtained from the Army
Corps of Engincers and averaged over a three ycar period to get a
yearly average for each section. At the entrance the ycarly deposi-
tion is 413 m®/m canal length. By Kilomecter 9.7 the deposition is
13 m?/m/ycar, while near the Corps dock the deposition rate is about
86 ma/m/ycar. The different rates of deposition arce caused by the
different sources and transport of sediment ncar cach location.

The sources of sediment at Coos Bay include the occan and the
rivers and streams which empty into the estuary. There is also a sub-
stantial amount of matcerial that comes from the crosion of tidal flats
and spoil islands by wave action, materials disturbed by dredging, and
particles blown into the estuary by the wind (Ippcn, 1966 and Slotta
et al. 1975). Near the entrance the main portion of the sediment 1is
brought into the cstuary by the littoral drift. The scdiment is usu-
ally sand of the same type as found on nearby beaches (Kulm and Byrne,
1966). Near the city of Coos Bay the majority of the deposition would
by duc to the inflow of sediment from the Coos River. Approximately
72,000 tons of sediment comes into Coos Bay cach year from the rivers

(Arneson, 1975).  In comparison to the large amount of scdiment trans-
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port that occurs naturally, the ships scem to contribute a very insig-

nificant part to the total sediment transport.




IX. CONCLUSIONS AND RECOMMENDATIONS

Ship traffic in confined waters can lcad to scrious erosion of
the canal banks and sides under certain conditions. The two most im-
portant factors that influence the crosion arc the ship speed and the
ratio of the canal cross-scctional arca to the maximum ship cross-
scctional arca. In Coos Bay, Orcgon it was found that the crosion
caused by ship traffic (excluding anchor dragging) is insignificant
compared to the annual sediment transport from natural causcs.

In dredging future navigation canals, the SOGREAIl test results
(Figure 22) can be used to estimate the amount of crosion in a pro-
posed canal to help determine the optimum size of canal based on ini-
tial construction costs and maintenance dredging costs. The SOGREAIL
test results can be used with rcasonable accuracy for canals with a
median grain size between 0.2 and 0.7 mm. Morc research is necded
though on the erosion caused by ships in canals composcd of silt or

cohesive sediments.
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Classes and Characteristics of Vessels Calling at Coos Bay

Type & Class DWT Tength bcam draft speed
m m n km/hr

General Cargo

Liberty 10,800 134.6 17.9 8.4 20.4
Victory 10,800 138.8 18.9 8.7 31.5
C-2 10,500 134.0 19.2 8.2 28.7
C-3 12,300 150.0 21.2 9.0 30.6
C-4 13,600 174.3 22.9 9.0 37.0
C-4 converted 15,000 159.3 21.8 10.0 31.5
Star Steamship 29,240 171.9- 22.9- 10.7- 29.6
182.9 25.9 11.2
Tanker
T-2 17,000 160.0 21.3 9.1 26.9
T-2 jumboized 21,000 178.0 24.4 9.9 27.8
T-5 26,000 196.6 25.9 10.1 29.6
55,000 201.5 27.4 10.9 35.3
Bulk Carrier
Chip ship 20,700 178.3 21.9 9.5 27.8
Chip ship 27,400 194.6 25.2 10.5 27.8

Taken from Coos Bay E.I.S. Supplement, 1974.




Number of Vessels Calling at Coos Bay 1956-1975

Vessel Draft (m)

Year 6.4-7.3 7.6-8.5 8.5-9.1 9.1+ Total
1956 84 67 107 4 262
1957 180 65 93 11 349
1958 178 80 72 10 340
1959 189 116 79 6 390
1960 208 106 98 15 427
1961 175 106 69 13 363
1962 187 75 65 23 351
1963 183 95 70 16 363
1964 164 100 02 23 349
1965 206 80 78 15 379
1966 227 97 75 37 436
1967 277 106 134 33 550
1968 294 146 179 30 650
1969 398
1970 394
1971 324
1972 393
1973 394
1974 455
1975 430

1956-1968 from Coos Bay EIS Supplcment, 1975

1969-1975 Personal communication by author with Port Commission, Coos
Bay, Oregon.




Kricgenbrunner Surveys

Motor-freight ship

length 85 m
width 9.5 m
draft 2.3 m
propcller diamcter 1550 mm

Tugboat
length 25.5 m
width 10.8 m
draft 1.65 m
Barge
length 76.5 m
width 11.4 m
draft 2.3 m

Different water depths in canal

O0m
.5m
.1m
.8 m

[RSREUN BEFNINAN

Breisacher Versuche (Felkel and Steinweller,

1972)

Gustav Kocnigs

lenpgth 67 m
width §.2 m
4 bladed propeller 1.47 m diamcter

S0




Results of Kriegenbrunner Survey

1 2 3 4 5 6 7 8
1.40.1 2.71 20,006 0.45 7350 .71 14.68
1.40.2 3.12 0. 85 0.45 -1.20 1.60 19.00
1.40.3 3,41 -0.95 0.65 - 1.46 8.06 21.65
1.40.4 3.57 -0.95 0.75 - 1.32 23.35
1.40.5 3.42 -1.15 0.90 - 1.12
2.40.1 2.21 ~0.65 . _2.95 1.77 10.75
2.40.2 2.72 ~0.85 0.80 -1.95 1.69 14.10
2.40.3 2.94 -0.85 0.55 . 1.57 6.76 16.20
2.40.4 2.99 -1.20 . - 1.43 17.55
2.40.5 3.09 -1.10 1.10 - 1.26 18.00
1.35.1 2.48 -0.75 0.55 -2.50 1.17 14.68
1.35.2 3.03 -0.95 0.85 ~1.40 1.00 18.65
1.35.3 3.03 -1.10 1.00 -1.70 0.91 6.70 21.65
1.35.4 2.97 -1.20 1.00 -1.10 0.76 22.65
1.35.5 3.04 ~1.15 1.00 0 0.58 23.80
2.35.1 2.09 -0.85 - - 1.19 10.90
2.35.2 2.43 -1.30 0.95 - 0.06 14.10
2.35.3 2.69 . 1.50 -2.00 0.92 5.61 16.18
2.35.4 2.57 ~1.30 2.20 -1.70 0.85 17.43
2.35.5 2.68 -1.20 1.60 -0.55 0.59 18.03
1.31.1 2.36 ~0.75 0.35 ~1.95 0.80 14.33
1.31.2 2.59 ~1.05 0.65 -1.95 0.71 18.33
1.31.53 2.66 -1.30 . -1.95 0.65 5.77 20.65
1.31.4 2.75 -1.15 1.20 -2.10 0.53 22.00
1.31.5 2.72 -1.15 1.30 +0.70 0.26 23.00
2.31.1 1.90 -0.95 0.80 -1.80 0.77 10.73
2.31.2 2. 54 -1.70 1.40 -0.30 0.48 14.12
2.31.3 2.32 ~1.40 1.80  +0.20 0.32 4.853 16.10
2.31.4 2.31 -1.40 2.30 ~0.40 0.18 17.15
2.31.5 2.35 -1.30 2.65 0 0.05 17.90
2.28.1 1.84 “1.10 1.50 ~1.00 0.49 10.75
2.28.2 2.09 ~1.70 2.10 -1.00 0.30 i 14.05
2.28.53 2.153 ~1.80 - -1.40 0.03 4.39 16.37
2.28.4 2.15 . - -1.25 0.02 17.53

Test number

Ship speed above the bottom (m/scc)

Maximum return current under bow (m/sec)
Maximum following current (m/sec)

Deviation of ship from center of channel (m)
Clearance between moving ship and bottom (m)
Passage coefficient, n

Propeller frequency (1iZ)
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