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Preface
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Los Angeles pilot, for arranging participation of professional pilots in the
simulation study.
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Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN.
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Conversion Factors,
Non-Sl to Sl Units of
Measurement

Non-SI units of measurement used in this report can be converted to SI units
as follows:

Multiply By To Obtain

foet 0.3048 meters

tons 1016.046 kilograms

miles (U.S. statute) 1.609347 kilometers

knots (international) 0.5144444 meters per second




1 Introduction

Background

The Port of Los Angeles (POLA) and the U.S. Army Engineer District,
Los Angeles (the District) have formulated separate plans for the development
of new port facilities within the municipal limits of Los Angeles, California in
San Pedro Bay. The District requested the U.S. Army Waterways Experiment
Station (WES) to conduct a ship simulation study on the navigation aspects of
the plans. The simulation tests were performed, under contract to WES, by
Marine Safety International, Inc. (MSI) at their Newport, Rhode Island Ship-
handling Learning Center. This simulator training facility is composed of
four separate simulators of different configurations, each of which can be used
in an interactive mode with any of the others. During the Los Angeles study
all the simulators were used at one time or another for the maneuvering tests.
A description of the training facility with figures is presented in Appendix A.

Scope and Objectives

The existing condition of the study area is shown on Figure 1.! The
POLA has developed a two-stage plan for new construction, POLA I and
POLA II, shown on Figures 2 & 3, respectively.? The POLA II stage is
proposed as the final configuration of the port to be constructed a number of
years after completion of POLA 1. The District has developed a testing plan
consisting of four separate channel increments. This plan is known as the
National Economic Development (NED) plan and is based on the District’s
analysis of U.S. economic interests in the study area. Figure 4 shows NED
increment 2. Figure 5 shows NED increment 3 which constitutes deepening
and enlarging increment 2 and adding South Basin. Figure 6 shows the final
configuration of the NED plan which includes the previous increments and the
addition of increments 4 and 5. While the NED channels will not be built,
they were tested in the simulation study to determine the required safe

1 A table of factors for converting non-SI units of measurement to SI units is presented on

page Vvi.
2 Trackplot plates depict the POLA I channel extending as far seaward as the POLA 1

Channel.
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dimensions and layout for the NED plan which will be used to aid the District
in establishing a Project Cost-sharing Agreement with the POLA. There were
two primary objectives for the simulation study:

a. Check the navigation safety of the two POLA plan stages and make
design recommendations if indicated by the simulation tests.

b. Recommend channel configurations for the NED channels based on the
navigation requirements of the NED design ships.

Chapter 1 Introduction
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2 Design Conditions and Data
Development

Design Ships and Maneuvering Scenarios

The difference between the POLA and NED plans is due to federal
requirements to follow guidelines for water resource development projects.
The economic projections stemming from the implementation of these guide-
lines (for the NED plan) resulted in dissimilar plans and design ships than
those developed by the POLA. The study included two main types of naviga-
tion scenarios: two-way traffic with containerships and one-way traffic with
bulk carriers and tankers. The 5K TEU' containership tested in the simula-
tions is the type known as "Post-Panamax,"” which presently calls at the Port
of Los Angeles. The tankers and bulk carriers tested are much larger than
those frequenting the harbor at present and range from 250K DWT? to 325K
DWT. All numerical models of the design ships were developed by a naval
architect on contract to WES (Ankudinov 1994). Table 1 summarizes the
design ships tested in the simulation study. Table 2 shows the simulator
scenarios with the different combinations of design conditions.

Table 1

Simulation Design Vessels

Ship Length Design
Code Type of Vessel Overall Beam Draft
ci10 5K TEU Containership 950 ft 129 ft 41 ft
T 325K DWT Tanker 1210 ft 193 ft 73 ft
T2 265K DWT Tanker/Bulk Carrier 1110 ft 173 ft 68 ft
T3 325K DWT Tanker 1158 ft 190 ft 71 ft
T4 265K DWT Tanker 1092 ft 178 ft 66 ft
BC 250K DWT Bulk Carrier 1089 ft 165 ft 66 ft

! TEU - Twenty-foot Equivalent Units
2 DWT - Deadweight-tons

Chapter 2 Design Conditions and Data Development




Table 2

Vessel/Plan Combinations
Water Depth Vessel - Draft

Plan (ft) {ft) Traffic Harbor Destination
POLA | 63/45" C10-41 TWO-WAY PIER 300

POLA I 81/45' C10 - 41 TWO-WAY PIER 300/400N
NED 2-5 72/45" C10-41 TWO-WAY PIER 300/400N
POLA | 63? T1-67 ONE-WAY PIER 400W

POLA | 63? INBOUND T2 - 44.5 ONE-WAY COAL DOCK

OUTBOUND T2 - 57

POLA Il 812 T1-73 INBOUND PIER 400W
POLA i 812 T2 -68 OUTBOUND COAL DOCK
POLA Il 81/753 INBOUND T2 - 68 ONE-WAY PIER 400E

OUTBOUND T2 - 44.5

NED 2 662 BC-61.5 OUTBOUND COAL DOCK
NED 2-3 742 T3-69 INBOUND PIER 400W
NED 2-3 74/70° INBOUND ONE-WAY PIER 400E

T4 - 65

OUTBOUND

T2-44.5

' Depth of main channel/depth of containership slip
2 Depth of main channel
3 Depth of main channel/depth of south channel

One-way traffic for the NED 2-5 channel (Figure 6) was not independently
tested because conditions in the main and south portions of the channel remain
essentially the same as in the NED 2-3 channel (Figure 5). The only differ-
ence is the inclusion of the 45-ft containership channel between Piers 300 and
400, an addition which does not significantly affect currents in other parts of
the channel (Wang, 1994). The channel depths and vessel drafts for the one-
way NED tests are based on design changes which took place after completion
of Phase 1 of the simulation tests'. In these changes the District specified the
vessels to have a 7% underkeel clearance for a tide level of +3 ft (mllw) and
have a 3% trim by the stern. This signifies that for the BC, T3 and T4 design
ships in Table 2 the bow draft was 3% less than the stern draft shown.
Although the feasibility design changes were small, it was advisable to
incorporate them because their effect on ship handling was unknown before

! CESPL-ED-DC memorandum dated 20 December 1993, subject: Los Angeles Harbor,
Feasibility Study Changes Affecting Ship Simulation Study. Prior authorization for implemen-
tation of data base changes was granted via telephone conversation 18 October 1993.
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simulation. For the POLA tests the original ships were used with a minimum
10% underkeel clearance.

The scenarios listed in Table 2 represent the basic ship/channel com-
binations for the study. It should be noted that the two-way simulations
involved two interactive ships, independently piloted, navigating the channel
in opposite directions. The two-way tests were conducted as a series of
shorter runs to investigate meeting/passing maneuvers in different parts of the
channel.

Tugs

During the tests four simulated tugboats were available for use by the
pilots. The four boats were specified on the simulator to closely match tugs
which actually operate in Los Angeles Harbor and the pilots referred to them
by name during the simulations. Two 5000 horse-power (HP) and two
3500 HP tugs comprised the available complement. One of the 5000 HP tugs
was the type known as a "tractor tug" which can operate with significant force
at much more oblique angles than the traditional type of tug. This particular
tug was usually used by the pilots at the stern of the design vessels for slow-
ing down the ship (with the assumption of line connection rather than hull
contact). In most simulation scenarios all four of the tugs were used with
their positions, angle of attack and power controlled at the request of the
Los Angeles pilot at the con.

Environmental Factors

Simulation wind/current/wave test conditions summary

Table 3 summarizes the environmental test conditions which were used in
the simulator study. Two prominent wind and swell combinations were used
for the simulation tests: (a) Southeast (SE) wind at 20 knots with waves
coming generally from the same direction and (b) West-southwest (WSW)
wind at 20 knots also with waves from the same general direction. A 3-
dimensional numerical model developed by the WES generated the current
data for the simulations (Wang 1994). The wave data were obtained from a
short wave physical model developed at WES (Bottin and Tolliver 1989).
Another distinct set of conditions was used primarily for validation of the
numerical current model. This was the "base” condition which used actual
wind data recorded during prototype current measurement in Los Angeles
Harbor. Although the wind varied over time for this condition, the primary
direction was southwesterly (SW). The base condition was used in prelimi-
nary phase 1 sensitivity testing and again in a few of the phase 2 tests, but
was dropped from the test program when it proved to be less critical than the
WSW and SE wind directions. Simulator tests were run for both maximum
ebb and flood currents.

Chapter 2 Design Conditions and Data Development
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Table 3
Simulation Test Conditions
Incident Waves at Sea Buoy

Condition Wind Tide Height Direction Period

Base {SW) (Wang 1994) Flood 10 ft 154 deg. 15 SEC

Base (SW) (Wang 1994) Ebb 10 ft 154 deg. 16 SEC

Wsw WSW, 20 KTS Fiood 12 ft 231 deg. 15 SEC

wsw WSW, 20 KTS Ebb 12 ft 231 deg. 15 SEC

SE SE, 20 KTS Flood 10 ft 154 deg. 15 SEC

SE SE, 20 KTS Ebb 10 ft 154 deg. 16 SEC
Currents

Generally, currents in the Los Angeles Harbor are small and not of pri-
mary navigation concern. This is true in the existing channel and, based on
the current modeling study, will remain true for the proposed channels. An
exception to this rule is in the vicinity of Angels Gate (Figure 1). The signifi-
cance of the current in this area is predominantly due to its direction relative
to the channel because its magnitude is relatively small. The numerical cur-
rent model used for generation of current data (Wang 1994) was developed
with three depth layers. The current data used in the simulation tests were
obtained by vectorially averaging the current vectors from the three vertical
layers. These depth-averaged currents approximated the "total” current effect
on the ship’s hull.

Six different channel design cases were run in the numerical current model.
The channel depth and geometry for these cases are shown on Figures 1 - 6.
Due to the feasibility study changes (footnoted earlier), the project depths for
the NED 2-3 and NED 2-5 plans were modified from 72 ft to 71 ft for the
Main Channel and from 66 ft to 67 ft in the South Channel. The changes
occurred after the currents for these NED plans had been modeled. The depth
change was not significant enough to warrant modifying and re-running the
3-D current model; therefore, the currents used in the simulator for these
NED channels were calculated with the original project depths. However, the
simulator channel geometry and the drafts of the NED design ships (BC, T3
and T4) were based on the revised channel depths of 74 ft and 70 ft, which
include the specified +3-ft tidal advantage (see Table 2). The current model
for the NED 2 channel was modified after the feasibility study changes
because of significant modifications to horizontal dimensions.

Chapter 2 Design Conditions and Data Development




Wind

The two wind directions chosen for the simulator study, WSW and SE, are
the predominant wind directions which cause critical current conditions at the
entrance of Los Angeles Harbor. This was verified for the proposed harbor
with wind sensitivity testing on the current numerical model. The 20-knot
wind speed was used as the design wind because its frequency of occurrence
is sufficient for it to be considered a normal critical condition. Wind data
from the period 1984-1988 (Seabergh et al, 1994) indicate that winds of 20-
30 knots occurred about 3.10% of the time during an average year. In con-
trast, the same data indicate that winds greater than 30 knots occurred
approximately 0.02% of the time. Winds of magnitude 20-30 knots, on aver-
age, came from the southerly-southeasterly octant about 0.20% of the time of
record and about 2.60% from the southwesterly-northwesterly quadrant.
Despite its relative infrequency, the SE wind condition is important because of
the approaching fronts of extratropical storms during the winter months and
the exposed nature of the harbor to swell from this direction.

Current vector plots

Plates 1-24 show vector plots of the current data used in the simulations of
the existing and all proposed channels. These plates indicate little significant
difference in current magnitude and direction between different proposed
channel plans. The current magnitudes in the more protected areas of the
proposed channels are essentially negligible, being on the order of 1/3 knot or
less. By contrast, current velocity in the Angels Gate area reaches a maxi-
mum of less than 1 knot. - It should be remembered that the currents used in
the simulation study are depth-averaged values from a three-layer numerical
model; had the surface currents been considered exclusively, magnitudes
would have been significantly higher.

Waves

The primary effect that waves have on vessels is what is known as "wave
drift." This drift results from the kinematic action of water particles in real
waves which is different from the particle motion associated with ideal
sinusoidal waves. As a real wave propagates, a water particle actually under-

| goes a net displacement in the direction of propagation rather than moving in

! a circle and returning to its original position as in sinusoidal waves. When a

' ship is present, this action results in a tendency for a vessel to move laterally

f as waves pass by. It is this lateral movement, most pronounced with beam
waves, which has the most significant consequence for the design of channel
width. If the waves are large enough the pilot must continually counteract the
drift in order to stay within the channel. Wave drift (or net horizontal move-
ment) is accompanied by horizontal and vertical oscillatory motions which are
characterized by movement about a mean ship position and have a less signifi-

E cant effect on the channel width requirements of a transiting vessel (except in

13
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extreme conditions where capsizing or broaching may occur). For the scope
of work in the Los Angeles study, in which channel width requirements were
the main focus, net horizontal movement would be the most important part of
wave/vessel interaction; consequently, wave drift was included in the hydrody-
namic calculations. Vertical motion of vessels in the Angels Gate entrance
was considered in an earlier study (Pizzariello and Hwang 1989) which con-
cluded that 10% underkeel clearance is the minimum allowable for safety.
Inside the entrance, the study found that less underkeel clearance would be
acceptable.

Wave data from the Los Angeles offshore region (Platform Edith) indicate
that incident swell (generally longer than 8 sec period) is predominately from
the WSW and SE directions. It would be these long period waves which
would affect the large design ships tested in the simulation study. Wave
physical modeling for an earlier design of the Los Angeles Pier 400 develop-
ment (Bottin and Tolliver 1989) included tests with incident waves propagating
into the harbor from both a 231-deg and 154-deg direction. It was assumed
for the simulation study that these directions were close enough to the WSW
and SE wind directions, respectively, to approximate real conditions. Photo-
graphs of the physical model tests (Bottin and Tolliver 1989) show the crest
pattern of the modeled waves during propagation through Angels Gate and
into the proposed dredged channels. The report also tabulates wave heights in
selected locations throughout the harbor area resulting from the propagation of
incident waves'. Figures 7 & 8 show vectors representing the general wave
pattern used in the simulation studies. These values were used for simulation
tests in all proposed channel configurations. Wave characteristics along the
simulator channels were obtained by linear interpolation between locations of
known data.

' Results from Plan 1 in the referenced report were used.

Chapter 2 Design Conditions and Data Development
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3 Study Results

Plates 25 - 107 show composite trackplots of the simulation runs from the
Los Angeles simulation study. Individual trackplots are shown on Plates 108 -
285. At the beginning of the plate section is a key which can be used to
locate particular scenario trackplots. The simulation testing was organized
into three phases: (a) phase 1 - two-way traffic with containerships in the
POLA 1, POLA II and NED 2-5 channels, (b) phase 2 - one-way traffic for
tankers and bulk carriers in the POLA I and POLA II channels and (c) phase
3 - one-way traffic for tankers and bulk carriers in the NED 2 and NED 2-3
channels.

Pilot Testing and Simulation Validation

The Los Angeles Harbor study was unusual in that completely new chan-
nels, port facilities and ships are proposed; therefore, validation of the simula-
tion for the existing channel was of limited scope. At the beginning of phase
1 testing, the pilots were asked to judge the handling of the design ships and
evaluate the current and wind conditions of the existing channel. These tests
focused primarily on meeting/passing maneuvers between Post-Panamax con-
tainerships with which the pilots had handling experience. Because compari-
son with proposed channel simulations is not significant, results from the
existing channel runs are not presented. The design tankers and bulk carriers,
although different than those which the pilots have had experience handling,
required some general validation through simulation runs. Validation of these
ship numerical models was based on the pilot’s basic knowledge of ship
maneuvering. Another round of ship model validation runs was made at the
beginning of phase 3 testing because of the NED feasibility design changes.
Generally, the simulation models were acceptable and the validation exercises
resulted in only minor changes to the simulation input data bases before actual
testing began. During the study, a total of eight different professional pilots
from the POLA visited MSI’s Newport, Rhode Island simulator facility for
testing. When it was not possible for two Los Angeles pilots to be on-site
concurrently, two-way simulations were run with the aid of an experienced

pilot on the MSI staff.
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Two-way Containership Tests (phase 1)

Trackplots for the two-way traffic simulations using the C10 containerships
are shown on Plates 25 - 66 (composites) and 108 -189 (individual). It was
determined through preliminary runs in the existing channel that the WSW
wind and current condition was the most critical for these tests. The majority
of the runs in phase 1 were tested in the WSW conditions; however, SE con-
ditions were run for particular cases in phase 1 and are presented as well.
The current pattern and magnitudes shown on Plates 1 - 24 do not indicate
significant differences between the various proposed channels. This implies
that conclusions and recommendations can be made in a general sense based
on all the two-way tests regardless of specific test channel. In addition to the
few full length runs completed, two-way traffic scenarios consisted of shorter
runs in the following locations:

a. Angels Gate

b. Channel bend southwest of Pier 400
c. Westefn side of Pier 400

d. Constriction at Reservation Point

e. Containership slip between Piers 300 and 400

Full length runs

Plates 108-116 show a few full length containership runs conducted during
phase 1 testing. These runs were completed generally at the beginning of a
pilot’s visit to the simulator. The pilots were, therefore, unfamiliar with
simulator operations and limitations and these runs were basically warm-up
tests. As evidenced by the trackplots, the pilots paid little heed to channel
limits and frequently vessel speed increased to an unrealistic level. Most of
the areas where the vessels went outside the proposed channel in these runs
have naturally sufficient water depth. These runs are not considered indica-
tive of navigation problems in the proposed channels but only illustrative of a
pilot learning curve which must be considered when interpreting simulation
results. The first of these trackplots (Plate 108) shows the test during which
the maximum passing ship effects were recorded on the moored tanker at Pier
400W. Although other full length runs show closer containership approaches
to the tanker than Plate 108, this particular run recorded the highest speed in
the area adjacent to Pier 400. In actuality, it was the outbound ship which
caused the greatest interaction effect on the tanker. A more detailed discus-
sion concerning passing ship effects is presented later in this report.
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Angels gate

Plates 25-33 and 117-135 show the two-way runs which focused on the
breakwater entrance. Even though there is an evident northward drift for the
inbound ships during the entrance turn, all the runs were completed without
what would be considered a grounding. The 41-ft draft containerships are not
restricted to the proposed design channel in this area, making the available
channel wider than the proposed deep channel. The northward drift is espe-
cially pronounced for flood tide (Plates 26, 29 & 32) at which time wind,
waves and tide all act in the same direction. Naturally deep water in the area
keeps this drift from being of any great concern. In addition, it is important
to point out that in the simulation the inbound ship approached the gate from
within the entrance channel, forcing the sharp turn after the gate. In the
actual channel, a containership could approach the gate from outside on a
heading similar to that of the interior channel, thereby reducing the required
degree of turn. This is possible due to deep water outside the design channel,
relative to the ship’s draft, seaward of the breakwater.

Channel bend

Plates 34-42 and 136-150 show the trackplots of the meeting/passing runs
in the channel bend southwest of Pier 400. In a few of the simulator runs the
inbound ship came within a ship-beam of the moored ship. Again, it is
important to note that the 41-ft draft containerships are not restricted to the
marked deep channels tested. Once the outbound containership is opposite
Pier 400 and enters the juncture of the existing Main Channel and the pro-
posed channel, useable water area expands greatly. With the outbound con-
tainership transiting farther to the west, it would not be necessary for the
inbound vessel to crowd the moored Pier 400-tanker to such an extent evident
in the simulations. This would greatly alleviate possible problems stemming
from a ship passing too close to a docked vessel at Pier 400. Providing an
expanded -45-ft (mllw) channel in the area outside the western edge of the
deep channel, opposite Pier 400 and south of Reservation Point, would allow
the pilots to follow this strategy. Most of this area is comprised of the exist-
ing channel and the depth is sufficient for containerships. This suggestion is
largely based on discussions with pilots and engineers from the Los Angeles
area who are experienced and knowledgeable concerning vessel traffic matters
and who were also involved with the simulation study. Later in the report, an
analysis concerning the passing ship effects recorded during these runs is
presented.

Pier 400

Plates 43-51 and 151-162 show the simulation results from the two-way
traffic tests alongside Pier 400. These results are similar to the ones for the
previous channel bend discussion; although, in a general sense the runs were
more successful.
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Constriction point

This area was the most critical location tested for meeting/passing maneu-
vers. As indicated on Plates 52-60 and 163-180 there were few successful
runs. In the majority of the runs one or both of the meeting ships ran out of
the marked channel. There were a number of factors which affected the
pilots’ ability to meet another ship at this point. First is that both ships were
completing turns prior to the constriction. A second factor is that the pilot on
the inbound containership was trying to slow down in preparation for docking
and was also trying to gradually transfer control to the attendant tugboats.
Also, the inbound ship was passing a docked ship at Pier 400 requiring
reduced own-power and speed approaching the constriction. The combination
of these factors put a high level of workload demand on the pilots in this area
and the added distraction of meeting another ship created unsafe circum-
stances. The proposed configuration of the constriction at Reservation Point
is, effectively, a short, sharp bend. In the POLA I channel, widening on the
eastern side of the constriction may alleviate the problem and allow two con-
tainerships to pass each other safely. A specific recommendation is presented
later in this report. Any widening in the POLA I channel in an attempt to
alleviate the constriction would require additional simulation tests to determine
the effectiveness of the extra width. The present study indicates that widening
without straightening in the constricted area would not be optimally effective
because it would not eliminate the channel bend. The only definitive way of
allowing two-way traffic through this area is to straighten the channel.
Recommendations for bend straightening in the POLA 1II channel are presented
later. Without modifications in the area, operational restrictions on two-way
traffic must be employed.

Plates 171 & 172 for the POLA II channel show runs which experimented
with operational alternatives to meeting and passing in the 650-ft constriction.
In these runs the outbound ships "held up” in the proposed turning basin while
the inbound ship slipped through the constriction. Plate 171 shows that the
outbound vessel drifted outside the channel along Reservation Point while
waiting for the inbound vessel to clear the area. This problem was the result
of the outbound vessel starting position being too close to the constriction. . In
the next run, Plate 172, the outbound vessel started from within the container-
ship slip between Piers 300 and 400. The inbound vessel then was able to
move through the narrow section and complete a 360-degree turn in the
turning basin after the outbound vessel passed. The results indicate that there
is adequate maneuvering room in the turning basin for various ship-meeting
strategies. Specific maneuvers would be handled on a case by case basis and
would require coordination between ship pilots to avoid meeting at the
constriction.

Containership slip

Plates 61-66 and 181-189 show the two-way simulator runs conducted in
the section of the channel between the container yards of Piers 300 and 400.
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These tests included an outbound ship leaving its berth and an inbound ship
backing into the channel section from the new turning basin. The operational
limitations of the simulator facility affected these scenarios significantly. In
backing maneuvers the awkwardness of switching viewing angles and the
difficulty of determining distances on the simulator visual scene caused
problems for the pilots. It was concluded, through discussions with the pilots,
that the maneuvers were much harder on the simulator, because of visual
problems, than they actually would be. The study indicates that there is
enough room for two ships to pass each other in the area with tug-assist, even
with docked ships on either side of the channel. There were enough success-
ful simulator runs to indicate this. The pilots will gradually become
accustomed to the new configuration and, through their expertise, adopt
practices which will make ship transit safe in this area.

Pilot questionnaire results

After each simulator run each pilot was asked to fill out a questionnaire for
the purpose of gauging the relative difficulty of the maneuver. A copy of the
questionnaire is shown in Appendix B. Each question was not applicable to
every run. Questionnaire results should always be viewed in a general way,
because sample sizes are normally not large enough to deduce statistical
significance. A survey of pilot responses for the two-way traffic scenarios
indicated no difference between average ratings for either the different channel
plans or different environmental test conditions. The three pilots who partici-
pated in the phase 1 testing, on average, rated scenario difficulty as 5.0 for all
applicable questions. This indicates that the test conditions in the different
proposed channels did not vary appreciably.

Passing ship effects

During the two-way tests, ship-ship interaction forces (lateral and
longitudinal) and moments were recorded for both piloted vessels and vessels
docked in the specified berthing areas as shown on the trackplots. The
numerical method for calculation of ship interaction effects (Ankudinov 1988)
was validated and tuned for the Los Angeles project during initial testing on
the simulator.

Observance of meeting/passing maneuvers during simulations for the two
containerships indicated that a minimal amount of interaction between the two
piloted vessels can be expected in the proposed channels. This was evident in
the tests primarily because of the proposed wide channels and fairly large
underkeel clearances which resulted in the pilots experiencing few control
problems while meeting other ships. Vessel control during simulated meeting/
passing was not a problem for most channel locations with the exception of
the 650-ft constriction already discussed. In this area the maneuvering
problems were more a result of geometry than hydrodynamic interaction
between vessels, because the ships were moving at fairly low speeds.
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The object of the present discussion is the passing ship effects on the
docked vessels. Prior to the simulation study there were concerns about
whether or not ships transiting the proposed channels would cause mooring
lines on berthed vessels to break. Phase 1 testing included simulations where
41-ft draft containerships passed 325K DWT tankers moored at Pier 400. The
draft of the moored tanker was dependent on channel plan and is noted on
individual trackplots. During the simulations the moored ship was
unmovable; therefore, the recorded effects represent the forces and moments
acting upon a ship assumed to be rigidly held by its mooring system. A
survey of individual runs from phase 1 testing showed that the maximum
lateral force recorded on the moored ship, during any run, was about 55 tons
and the maximum moment during the same run was 45,000 ft-tons. Figure 9
shows the forces and moment recorded during this particular run. It is
important to note that the passing vessel in this particular run was traveling at
about 6.5 knots and moved past the docked ship on a fairly close approach of
about 300 ft between hulls. These fairly severe conditions are unlikely and
are circumstances which professional pilots will avoid.

Taking a simplified static approach, the lateral force and the force deriv-
able from the moment can be added to obtain an estimate of the total lateral
force. It is assumed, in order to establish a large safety margin, that the
maximum lateral force and moment occur simultaneously (not analytically
correct) and that a force at the stern (or bow) creates the moment about the
center-of-gravity of the ship. With these assumptions, the active moment arm
is half the ship’s length (605 ft). Dividing the moment by the moment arm
results in a force of 74 tons acting at either the bow or stern. This gives a
total lateral force of 129 tons which must be resisted by the mooring system.
Longitudinal forces did not attain such high magnitudes.

Strength data for various mooring line materials (Bruun 1989) indicate that
the breaking strength of 2-inch diameter steel cable ranges between 90 tons
and 150 tons depending on material grade. Therefore, a maximum of two
steel lines of this diameter would be required to resist the recorded force of
129 tons, assuming equivalent pretensioning. At most times ships of this size
will have 10-14 individual lines attached for mooring. About four of these
lines will be spring lines set up for longitudinal resistance only and the
remainder (6-10) will be available for lateral resistance. It has to be assumed
that half of the remaining lines would be unloaded because of rotation about
the ship’s center-of-gravity. This leaves approximately 3-5 lines to resist the
calculated static load of 129 tons. The precise mooring line arrangement and
material to be used is unknown; however, these test results show that passing
containerships should not cause line breakage under normal circumstances
where the mooring system is well managed, i.e., where lines are not allowed
to become slack. As lines slacken, the movement of the moored vessel
increases and, therefore, so do the dynamic loadings on the lines. The static
assumptions of the present analysis do not account for dynamic effects and
precise line tensions cannot be obtained with this approach. Numerical
modeling of mooring system dynamics is required for a complete analysis, but
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is beyond the scope of the present study. Time series data of the passing ship
effects can be provided if requested.

One-way POLA Tests (phase 2)

These tests were comprised of five basic scenarios as shown on Table 2.
The primary focus of the tests was to check the safety of the POLA I and
POLA II channels for the deep-loaded tankers and bulk carriers. Plates 67-83
show the composite trackplots for this phase of simulation testing and Plates
190-232 show the individual results. Although many different conditions were
tested, it became evident, through simulation observation and subsequent data
analysis, that handling of the design ships in the proposed channels was not
particularly sensitive to the variation of wind, waves and tides. By far the
most critical factors were simple geometry and inertia of the very large ships.

Pier 300/coal dock

Plates 68 and 195-197 show outbound results for the POLA I simulations
associated with the coal dock. Plates 81-83 and 226-232 are trackplots
showing outbound runs in the POLA II channel. The coal dock is a commer-
cial facility which will have bulk carriers up to 250K DWT. The 265K DWT
vessels in the simulations were used because they were very close to dimen-
sional equivalency with the 250K bulkers. None of the outbound runs show
the pilots having significant difficulty leaving the dock and proceeding toward
the entrance.

Being an exporting facility, the coal dock will have ships arriving in ballast
and leaving loaded; therefore, inbound ships had drafts of 44.5 ft in the simu-
lations. Plates 69-70 and 198-203 show the inbound trackplots of the ships
being positioned to dock at the coal dock in the POLA I channel. No inbound
runs were tested in the POLA II channel. Plate 200 shows one run in which
the pilot had some difficulty staying in the channel opposite Pier 400. This
probably resulted from the pilot’s starting to turn too late. Plate 70 indicates
that turning maneuvers (mostly counter-clockwise) took up much of the turn-
ing basin with some of the vessels crossing the channel limit on the southeast
face of the basin (see individual trackplots). Both of these problems are
thought to be attributable to the pilots’ difficulty in determining ship position
on the simulator and are not considered indicative of vessel control problems.
One pilot (Plate 201) made a clockwise turn in the basin, instead of the more
frequent counter-clockwise direction. This trackplot indicates that although
this type of turn requires a full 360-degree swing it is an acceptable alternative
strategy and may even be easier, as most ships turn clockwise more effi-
ciently. The results indicate that there is no significant problem with maneu-
vering the large bulk carriers through the 650-ft constriction at Reservation
Point and into position for docking at Pier 300. The primary objective for a
successful turn is positioning the ship in the center of the basin, which will be
much easier in the real channel! than on the simulator.
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Pier 400 West

Pier 400 along the Main Channel will have one berth for a 325K DWT
tanker in the POLA I channel and two berths for the same size ship in
POLA II. In the POLA I simulator scenarios the inbound tanker proceeded
past the pier, turned around in the new 1800-ft diameter turning basin and
headed down the channel to a port-side-to docking position at Pier 400. In the
POLA II channel the same scenario took place with the added feature of the
ship passing another 325K tanker already docked at one of the berths at the
pier.

Plates 67 and 190-194 show the inbound simulation results for the POLA 1
channel. In one of the runs (Plate 193) the vessel drifted outside the channel
just inside the breakwater. This was the result of poor judgement in the
entrance channel outside of the breakwater where the pilot allowed the vessel
to drift too far to the west making the Angels Gate bend difficult to maneuver.
All the turns in the basin were clockwise and were accomplished with ade-
quate room to spare, despite a couple of runs in which the ship was stopped
and turned short of the center of the basin. This problem was related to the
difficulty the pilots had in judging distances on the simulation visual scene.
Pier 300, which was directly ahead of the ships, appeared much closer in the
simulation than it actually would, making the pilots think they were running
out of basin. Taken as a group these inbound runs were highly successful and
indicate no significant safety problem with the basic design of the channel.

Plates 75-77 and 212-217 show results for the inbound runs to Pier 400
(west) in the POLA II channel. Only in the run on Plate 212 was there any
difficulty. The vessel, once again, drifted outside the deep channel because of
turning too late. This could indicate a problem because the test ship in this
case was deeply loaded; however, with improved visual cues, as available in
the real world, the pilots would be able to judge ship position more accurately
and make better judgements on when to start turns.

Discussions were held throughout the simulation tests concerning the oper-
ational procedures the pilots might follow when bringing vessels to Pier 400.
Prior to the simulation tests it was understood that there would be specific
safety regulations required by the Port of Los Angeles stating that ships would
be docked bow-out. In other words, ships would always have their bows
pointed in the outbound direction in order to facilitate leaving in an emergency
such as a dockside fire. This requirement would mean that the large petro-
leum tankers calling at Pier 400 would have to be turned while loaded. This
was the scenario tested in the simulations. During the course of the tests the
pilots said that it would make more sense for the loaded tankers to pull
straight in to Pier 400 starboard-side-to and then proceed, in a light condition,
to the turning basin after unloading their cargo. It is unclear as to which
procedure will be used. However, the scenario tested in the simulations (turn-
ing loaded) was the most critical of the two and thus should suffice as a safety
test. The results show that the turning basin is adequately sized for turning
the 325K tankers. The only problem which became apparent in the tests was
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that frequently the pilots did not pull far enough north before stopping and
ended up turning around in the southern portion of the basin without enough
maneuvering room. The reasons for this have already been discussed.

Pier 400 East

Inbound transits for the POLA II South Basin channel are shown on
Plates 71-74 and 204-211. This is the area which is also known as NED
Increment 3, South Channel. The 265K tanker loaded to a draft of 68 ft was
the design ship for these scenarios (T2). Of all the one-way tests in the study,
these scenarios were the most difficult. For the inbound case, vessels were
required to stop just inside the breakwater and make a right turn before pro-
ceeding into the turning basin. The stop occurred in the most exposed loca-
tion in the harbor with the worst wave, current and wind conditions. In the
simulations the pilots on inbound runs were asked to refrain from using tugs
while making the 90-degree right turn into the South Basin. Tug usage was
then allowed once the turn had been made and the ship was safely behind the
breakwater. Plate 210 shows one run in which the pilot experienced some
difficulty making the 90-degree turn in the entrance. In this run the vessel
approached the south face of Pier 400 too closely before completing the turn.
The trackplot also shows the vessel leaving the channel edge outside the
entrance. These two problems suggest that the pilot in this particular simula-
tion had difficulty with perception of ship location in the channel. All the
other runs show that the turn is manageable in the conditions tested. Even on
Plate 205 this is evident because close examination reveals that the pilot com-
pleted the entrance turn successfully and only had problems subsequently.

One of the pilots commented that making the turn without tug assist was
unrealistic because in actuality he could not be assured that the ship’s engine
would respond to the full astern and full ahead orders ("full bells") given
fairly frequently. At times, in actual practice, the water will be too rough to
allow tugboats to come in hull contact with arriving tankers. This problem
can be alleviated by the use of line guns which are aboard some of the tugs
presently operating in Los Angeles. This equipment allows lines to be "shot"
aboard tankers, making it possible to have tug control without contact between
vessels. The simulation results show that with vessel equipment in good
working condition the channel configuration tested is safe; however, there will
be some weather conditions and operational circumstances which will require
extra caution and pilot judgement. One design modification which would
make the turn easier is to cut back the eastern corner of the channel near the
breakwater. The extra room on the inside of the bend might allow the pilots
the ability to turn into the south channel without coming to a complete stop in
the exposed entrance area.

The proposed docking area along the eastern side of Pier 400 includes two
berthing areas for 265K DWT tankers. In the simulation tests one of these
tankers was docked in the southernmost berth. After the 90-degree turn in the
entrance, the inbound tanker was required to make a partial turn in the South
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Basin and back past the docked tanker into the northernmost berth. This
maneuver created difficulty for some of the pilots, most easily illustrated by
the run on Plate 205. In this run it is evident the pilot misjudged the distance
required to stop the ship and turned far short of the basin, actually colliding
with the docked tanker. In the real channel, with adequate channel markers,
misjudgment of vessel position will be easily avoided. In the remainder of the
runs the turn in the basin was successful, but it is clear that a vessel with tugs
alongside would not have enough room to maneuver between the docked ves-
sel and the opposite corner of the 600-ft wide channel (Southern Slip) where it
opens into the turning basin. Details of a recommendation to widen the
entrance to Southern Slip are presented later in this report.

Pier 400 will generally be an importing facility and thus the ships will
arrive loaded and depart empty. Plates 78-80 and 218-225 show the outbound
simulations for the POLA II channel in which a ballasted tanker started from a
docked position in the northern berth of Pier 400E. The outbound runs were
easier for the pilots to complete successfully when compared to the previously
discussed inbound runs; however, it is still evident that there is inadequate
room at the entrance to the turning basin from the Southern Slip. Also, cut-
ting back the eastern corner of the channel near the breakwater at Angels Gate
would improve the ability of the pilots to complete the sharp turn into the
entrance channel. This modification would allow the pilots to start the turn
earlier and steady-up outbound, on the entrance range, without inertial drift
carrying the ship too close to the western channe! edge. Although still impor-
tant to consider, the use of tugs in the outbound case is somewhat less crucial
because the pilots are not trying to stop the ship and, therefore, can control
the vessels themselves more effectively.

¢ Pilot questionnaire results

The pilot questionnaire ratings from phase 2 testing showed slight differ-
ences in perceived difficulty between scenarios. The most difficult scenario
during this phase was the inbound 265K tanker making the right turn into
South Basin. The average rating recorded for this scenario for all eight rating
questions was 6.2. The other scenarios ranged down to 5.0. There was
general agreement between these difficulty ratings and general conclusions
derived from simulation observations.

Passing ship effects

During phase 2, passing ship effects were, again, recorded for most of the
simulations. The runs involved piloted ships moving past docked vessels at
Pier 400 on both the east and west side. The most significant difference
between these tests and the earlier two-way simulations (with containerships)
was the larger and deeper draft test vessels. These vessels were much more
massive and blocked a larger percentage of the channel; however, they also
were able to transit farther away from the docked ship because of the one-way
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traffic restriction and, because of their size, the pilots slowed them down
sooner in anticipation of stopping. After a survey of the data from phase 2
simulations it was determined that in none of the runs did the magnitude of
forces and moments approach the level recorded in phase 1 tests. Typical
interaction lateral forces were less than 20 tons and the moments were less
than 5000 ft-tons. The survey revealed that in most cases the piloted vessels
passed the docked ships with speeds of 4 knots or less. For the south channel
inbound runs the piloted vessel actually passed the ship docked at Pier 400E
while backing at a very low speed.

NED One-way Tests (phase 3)

The earlier discussion on the POLA channels centered on recommendations
concerning safety issues. The next sections will concentrate on both safety
and efficiency of the proposed NED channel designs. The primary purpose of
the analysis is to define the federal channel. Table 2 shows the three
scenarios tested during phase 3.

NED 2

The purpose of the NED 2 plan is to provide access to coal loading facility
at the western end of Pier 300. Plates 84-88 and 233-243 show the trackplots
for the 250K DWT bulk carrier (BC) outbound from the coal dock. Tests for
inbound bulk carriers were not conducted. Only the run on Plate 233
indicates any maneuvering problems pulling away from the dock. In this run
it appears that the pilot started to drive forward too fast and almost ran out of
the channel to the west. All the other of these runs indicate that the departure
can be accomplished easily with use of tugboats. However, some of the runs
show that the pilots had problems maneuvering through the narrow section of
the channel adjacent to Pier 400. The restricted width (561 ft) created a
situation in which the pilots could not turn their vessels early enough in the
bend southwest of Pier 400 because their sterns would not clear the western
channel edge. This resulted in the ships drifting close to the southern channel
edge after the turn and cutting the corner in the entrance bend. These runs
suggest that widening is needed in the channel segment along Pier 400 and
navigation conditions in the entrance bend would improve with an inside
cutoff.

Plates 89-92 and 244-251 show the inbound ship tracks for 325K DWT
tankers (T3) going to the liquid bulk terminal along the western side of Pier
400. This berth is not part of the NED 2 plan; however, the inbound tanker
trackplots, although associated with a ship larger than the coal dock design
ship, provide an approximate indication of difficulties which may be experi-
enced by inbound vessels. On many of these runs the vessel closely
approached or went beyond the northern edge of the channel after entering the
turn at Angels Gate. Widening along this side would alleviate the problem;
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however, in this kind of situation, where the pilots are in the process of
slowing down, a cut-off on the inside of the bend may be equally advan-
tageous. This would allow the pilots to start the turn (inbound or outbound)
earlier, keeping them from drifting too far to the outside of the bend. These
particular runs indicate that the suggested channel improvements in the pre-
vious paragraph will provide adequate room for navigation of the 250K bulk
carriers in both directions.

NED 2-3

Plates 93-107 and 252-285' show trackplots for 325K DWT and 265K
DWT tankers from the simulations for the NED 2-3 channel. The last two
entries in Table 2 list the conditions tested. The 325K tanker was the most
important vessel tested for checking the size of the proposed northern turning
basin. Tests with bulk carriers were not carried out in NED 2-3, primarily
because earlier tests covered these conditions fairly thoroughly for both
inbound and outbound scenarios and the larger 325K tanker is the design ship
for the plan.

Plates 93-97 and 252-263 shows the inbound runs for the 325K tanker
going to Pier 400W. Although there was a different emphasis in these NED
tests than in the POLA tests, many of the same comments apply here (see
phase 2 trackplots and discussion). All runs were conducted with the pilots
bringing the ship into the turning basin, turning around with tugs and ending
the run with the vessel in a good position to be docked port-side-to at
Pier 400. Even though many of the individual trackplots show the pilots had
some difficulty in muscling the tanker around the channel bend southwest of
Pier 400 (with tug assist), it is thought that this is unavoidable to some degree
and is a result of poorly timed turns in the entrance bend. Maneuvering strat-
egy in the area should improve after the pilots have actual experience with
turning the very large ships in Angels Gate. In the turning basin, some of the
pilots, again, stopped short of the center of the turning basin due to the misin-
terpretation of distances on the simulator; however, there was no indication of
vessel control problems. Based on the simulation results there are no major
design changes needed in this part of the channel. There is not sufficient
evidence for justification of any channel narrowing. One minor modification
(detailed in the recommendations section) involves the northwestern corner of
the turning basin which, basically, will be unusable for turning operations.
An additional inside cut-off at Angels Gate as discussed for NED 2 is not
suggested here because the entrance channel is nearly 200 ft wider in the
NED 2-3 configuration. The wider channel allows pilots more maneuvering
room for the approach to, and preparation for, Angels Gate.

Plates 98-102 and 264-274 show the simulation results from the tests for
the tanker inbound to South Basin in the NED 2-3 channel. The discussion
concerning this area for the POLA II channel is also applicable here. The

! Plates show Pier 400 as proposed in NED 2-5 channel.
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majority of the runs included successful 90-degree turns at the breakwater.
Plates 272-274 show runs during which the tankers approached the south face
of Pier 400 too closely. At least one of the phase 3 pilots was concerned with
possible dangers of this maneuver. His statements were related to not having
enough available tug power in the simulation. As stated earlier, it is evident
that there will be certain weather-related operational restrictions contingent
upon this maneuver. The problem can be alleviated by cutting off the corner
on the eastern side of the channel at Angels Gate.

From the same plates it is evident that the entire area of the proposed
South Basin was not used by the pilots during their maneuver into the Pier
400 berth. The inbound ships had to go through a turn less than 90 degrees
before backing into the slip. As in the phase 2 simulations, the pilots had the
same problem after completing the turn of not having enough maneuvering
space in the 600-ft wide Southern Slip. These results show that similar wid-
ening is needed in the NED 2-3 channe! as discussed in connection with the
POLA II channel. The conclusion is that the full 2150-ft diameter of the
South Basin is not needed for the required turning maneuvers because a full
360-degree turn is not made.

Plates 103-107 and 275-285 show the outbound tanker runs from the South
Channel. Although a few of the pilots made a 90-degree turn in the turning
basin (Plates 282, 284 & 285) most completed the simulations with turns
closer to 45 degrees. Again, in these runs only a portion of the 2150-ft turn-
ing basin was used for maneuvering. A reduction in the size of the basin
would not have a significant effect on the safety and efficiency of the channel.

Pilot questionnaire results

Again, the pilots filled out questionnaires after each run during phase 3.
The results once again confirmed that the scenario with the 265K tanker head-
ing into South Basin was the most difficult with a rating of 5.4. This was a
consistent result throughout the study. The difficulty ratings for the other
scenarios ranged down to 4.7.

Passing ship effects

Just as in the phase 2 tests, forces and moments on the docked vessels
were recorded in phase 3 simulations. A data survey of these latest tests show
very similar results to those from phase 2. The ship/ship interaction on the
moored vessels present in the simulations for phases 2 & 3 reflected the much
lower speed practiced by the pilots when conning the larger vessels.
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4 Conclusions and
Recommendations

Figures 10 - 18 show the recommended design modifications from the
preceding discussions. Recommendations for each design channel are pre-
sented individually. The locations for the aids to navigation shown on the
figures are intended to be approximate.

POLA |

Study conclusions

a. Two-way containership traffic is safe throughout the channel except in
the vicinity of the proposed constriction at Reservation Point. With no
design modifications, operational restrictions will be required on two-
way traffic in this area.

b. One-way traffic for the design tankers and bulk carriers is safe through-
out the channel.

c. The pilots should be able to pass any vessel docked at one of the pro-
posed berths without causing damage to the mooring system.

Design recommendations

a. Widen or straighten the constriction at Reservation Point for allowance
of two-way containership traffic. Three alternatives are presented,
Figures 10 - 12.

b. Additional simulation tests for recommendation 1 (Fig. 10) if chosen.

The precise impact of this recommendation on two-way traffic is
unknown.
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C.

Deepen water adjacent to the western side of the channel along Pier 400
to -45 ft (mllw). This will permit pilots to follow different meeting/
passing strategies by allowing the containerships to travel outside of the
deep channel.

d. Aids to navigation as shown on the figures.

POLA Il

Study conclusions

a.

Two-way containership traffic is safe throughout the channel except in
the vicinity of the proposed constriction at Reservation Point. With no
design modifications, operational restrictions will be required on two-
way traffic in this area.

. One-way traffic for the design tankers and bulk carriers is safe in Main

Channel.

The right turn into the South Basin area for the design tankers is feas-
ible. Under the test condition of perfectly operating machinery the
pilots were able to make the turn with a minimum of tug control.
However, some of the pilots expressed concerns about this maneuver.
There may be some delays for this maneuver due to wind, wave and
current conditions.

More maneuvering room is needed for backing into Southern Slip.

The pilots should be able to pass any vessel docked at one of the pro-
posed berths without causing damage to the mooring system.

Design recommendations

a.

Widen or straighten the constriction at Reservation Point for allowance
of two-way containership traffic. Two alternatives are shown on
Figures 13 & 14.

Construct a bend cut-off at Angels Gate on the eastern side of the
channel. This would allow ships to get a "head start” on the right turn
into South Basin.

Widen Southern Slip an additional 200 ft to ease difficulties with the
backing maneuver.

Deepen water adjacent to the western side of the channel along Pier 400
to -45 ft (mllw). This will permit pilots to follow different meeting/
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passing strategies by allowing the containerships to travel outside of the
deep channel.

e. Aids to navigation as shown on the figures.

NED 2

Study conclusions

a. The part of the proposed Main Channel adjacent to Pier 400 is too
narrow for safe operation of one-way design bulk carrier traffic.

b. The outbound bulk carrier runs indicate the need for extra maneuvering
room in Angels Gate. This partly results from the late turn caused by
the narrow channel adjacent to Pier 400.

¢. Northwest corner of the proposed turning basin is not usable to pilots.

d. The pilots should be able to pass any vessel docked at one of the pro-
posed berths without causing damage to the mooring system.

Design recommendations

a. In the Pier 400 vicinity widen the proposed minimum width of 561 ft to
a width of 650 ft and uniformly taper the channel to the bend width.
Figure 15 details the recommendations in this area.

b. Construct a bend cut-off on the inside of the bend at Angels Gate. This
will allow ships to start the turn earlier.

¢. Do not dredge northwest corner of turning basin. Details are shown on
Figure 15.

d. Aids to navigation as shown on the figure.

NED 2-3

Study conclusions

a. One-way traffic for the design tankers and bulk carriers is safe in the
Main Channel and the entrance channel. Narrowing is not advisable in
these reaches. Again, the northwest corner of the proposed turning
basin between Piers 300 and 400 is not usable and should not be
dredged.
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b. The full 2150-ft diameter of South Basin is not needed for the design
tankers backing into the Southern Slip.

c¢. The right turn into the South Basin area for the design tankers is feas-
ible. Under the test condition of perfectly operating machinery the
pilots were able to make the turn with a minimum of tug control. How-
ever, some of the pilots expressed concerns about this maneuver. There
may be some delays for this maneuver due to wind, wave and current
conditions.

d. More maneuvering room is needed for backing into Southern Slip.

e. The pilots should be able to pass any vessel docked at one of the
proposed berths without causing damage to the mooring system.

Design recommendations

a. Leave channel width as proposed in Main Channel except do not dredge
northwest corner of the turning basin. Details are shown on Figure 16.

b. Construct a bend cut-off at Angels Gate on the eastern side of the
channel. This would allow the ships to get a "head start” on the right
turn into South Basin.

¢. Widen Southern Slip an additional 200 ft to ease difficulties with the
backing maneuver.

d. The eastern channel edge of South Basin should be redesigned as shown
on Figure 16.

e. Aids to navigation as shown on the figure.

NED 2-5

Study conclusions

a. One-way traffic for the design tankers and bulk carriers is safe in Main
Channel and the entrance channel. Narrowing is not advisable in these
reaches. Again, the northwest corner of the proposed turning basin
between Piers 300 and 400 is not usable and should not be dredged.

b. The full 2150-ft diameter of South Basin is not needed for the design
tankers backing into the Southern Slip.

¢. The right turn into the South Basin area for the design tankers is
feasible. Under the test condition of perfectly operating machinery the
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pilots were able to make the turn with a minimum of tug control.
However, some of the pilots expressed concerns about this maneuver.
There may be some delays for this maneuver due to wind, wave and
current conditions.

d. More maneuvering room is needed for backing into Southern Slip.

e. Two-way containership traffic is safe throughout the channel except in
the vicinity of the proposed constriction at Reservation Point. With no
design modifications, operational restrictions will be required on two-
way traffic in this area.

f. The pilots should be able to pass any vessel docked at one of the pro-
posed berths without causing damage to the mooring system.

Design recommendations

a. Widen or straighten the constriction at Reservation Point for allowance
of two-way containership traffic. Two alternatives are shown on
Figures 17 & 18.

b. Construct a bend cut-off at Angels Gate on the eastern side of the
channel. This would allow ships to get a "head start" on the right turn
into South Basin.

¢. Widen Southern Slip an additional 200 ft to ease difficulties with the
backing maneuver.

d. Deepen water adjacent to the western side of the channel along Pier 400
to -45 ft (mllw). This will permit pilots to follow different meeting/
passing strategies by allowing the containerships to travel outside of the
deep channel.

e. Aids to navigation as shown on the figures.

General Study Conclusions

a. The simulation study indicated that ships could pass moored ships at
Pier 400 without causing line breakage. The worst condition evident in
the simulation tests for passing ship effects was during the meeting/
passing maneuvers between two containerships in the channel adjacent
to a docked tanker at Pier 400 West. The one-way traffic tests with the
larger tankers and bulk carriers passing the same moored vessels
resulted in lower interaction effects than in the two-way traffic scenarios
because of the lower speeds and greater passing distances.
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b. Generally, the number and size of the tug boats used in the simulations
was adequate for the maneuvers required. Generally, the pilots used all
four available tugs during inbound runs for the tankers and bulk carriers
heading into the northern turning basin. Outbound runs for the same
ships sometimes required fewer tugs; however, all four tugs remained
available. The only area for which the need for additional power and
tug capabilities may be anticipated is in Angels Gate when large tankers
are making the sharp right turn into South Basin.
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Scenario - Trackplot Reference Key

Associated

Travel Individual Composite

Channel Ship | Dir. Wind Tide Trackplots Trackplots
PHASE 1

FULL LENGTH
POLA | C10 | TWO-WAY SE EBB 108-109 -
POLA | " " Wsw FLOOD 110 -
POLA I N " " EBB 111 -
POLA I " " " FLOOD 112 -
NED 2-5 " " " EBB 113-114 -
NED 2-5 " FLOOD 115-116 -
ANGELS GATE
POLA} C10 | TWO-WAY SE EBB 117-118 25 & 27
POLA | " WES " 119-122 25 & 27
POLA | " " SE FLOOD 123-124 26 & 27
POLA | " " wsw " 125-127 26 & 27
POLA I " " " EBB 128-129 28 & 30
POLA I " " " FLOOD 130-131 29 & 30
NED 2-5 " " " EBB 132-133 31 &33
NED 2-5 " " " FLOOD 134-135 32 &33
CHANNEL
BEND
POLA | C10 | TWO-WAY wsw EBB 136-137 34 & 36
POLA | " " " FLOOD 138-139 35 & 36
POLA I " " " EBB 140-141 37 & 39
POLA I " " " FLOOD 142-143 38 & 39
NED 2-5 " " SE EBB 144-145 40 & 42
NED 2-5 " " wsw " 146-147 40 & 42
NED 2-5 " " SE FLOOD 148-149 41 & 42
NED 2-56 " " wSsw FLOOD 150 41 & 42
PIER 400
POLA | cio | " wsw EBB 151-162 43 & 45
POLA | " " " FLOOD 1563 & 154 | 44 & 45
POLA I " " " EBB 155 & 156 | 46 & 48

{Sheet 1 of 4)




Scenario - Trackplot Reference Key (Continued)

Associated

Travel Individual Composite

Channel Ship | Dir. Wind Tide Trackplots Trackplots
PHASE 1 (Continued)
PIER 400 (Cont)
POLA Il C10 | TWO-WAY Wsw FLOOD 167 & 168 | 47 & 48
NED 2-5 " " " EBB 159 & 160 | 49 & 51
NED 2-5 " " " FLOOD 161 & 162 | 50 & 51
CONSTRICTION
POLA | C10 | TWO-WAY WSwW EBB 163-164 52 & 54
POLA | " " " FLOOD 165-166 53 & 54
POLA Il " " SE EBB 167-168 55 & 67
POLA I " " WSwW " 169-170 55 & 57
POLA Il " " SE " 171-172 55 & 57
POLA Nt " " WSwW FLOOD 173-174 56 & 57
NED 2-5 " " " EBB 175-176 58 & 60
NED 2-5 " " SE FLOOD 177-178 59 & 60
NED 2-5 " " wWsw FLOOD 179-180 59 & 60
CONT. SLIP
POLA I C10 | TWO-WAY WSW EBB 181 61
POLA | " " " FLOOD 182 61
POLA Il " " Wsw EBB 183 62 & 63
POLA i " " SE " 184 62 &6
POLA It " FLOOD 185 63
NED 2-5 " " WSsSwW EBB 186 64 & 66
NED 2-5 " " SE " 187 64 & 66
NED 2-5 " " WSWwW FLOOD 188-189 65 & 66
PHASE 2

POLA |
PIER 400W T1 INBOUND BASE EBB 190 67
" " " SE " 191 67
" " " SE FLOOD 192 67
" " " wWSsw EBB 193 67

(Sheet 2 of 4)




Scenario - Trackplot Reference Key (Continued)
Associated
Travel Individual Composite
Channel Ship | Dir. Wind Tide Trackplots Trackplots
PHASE 2 (Continued)
| POLA |
PIER 400 W T1" | INBOUND WSW | FLOOD 194 67
(Cont)
COAL DOCK T2 OUTBOUND | BASE EBB 195 68
" " " SE FLOOD 196 68
" " " wsw EBB 197 68
" " INBOUND BASE " 198 70
" " " SE " 199 70
" " " SE FLOOD | 200-201 69 & 70
" " " WSwW EBB 202 70
" " " WSW FLOOD 203 70
POLA 1l
éIER 400E T2 INBOUND BASE FLOOD 204 74
" " " SE EBB 205-206 71 & 74
" " " SE FLOOD 207-208 72 & 74
" " N wsw EBB 209-210 73 & 74
" " " " FLOOD 211 74
PIER 400W T1 INBOUND BASE EBB 212 77
" " " SE FLOOD 213-214 75 & 77
" " " wsw EBB 215 77
" " " WSW FLOOD 216-217 76 & 77
PIER 400E T2 OUTBOUND BASE EBB 218 80
" " " SE 219-221 78 & 80
" " " " 222 80
" " " wsw 223 80
" " " " 224-225 79 & 80
COAL DOCK " " BASE " 226 83
" " " SE EBB 227 83
" " " " FLOOD 228-229 81 & 83
" " " WSW | EBB 230-231 82 & 83
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Scenario - Trackplot Reference Key (Concluded)

Associated

Travel Individual Composite

Channel Ship | Dir. Wind Tide Trackplots Trackplots
PHASE 2 (Continued)
POLA Il
COAL bOCK T2 OUTBOUND | WSW FLOOD 232 83
PHASE 3

NED 2
COAL DOCK BC OUTBOUND SE EBB 233-236 84 & 88
" " " " FLOOD 237-239 85 & 88
" " " WSwW EBB 240-241 86 & 88
" " " " FLOOD 242-243 87 & 88
PIER 400 W T3 INBOUND SE EBB 244-245 89 & 92
" " " " FLOOD 246-247 90 & 92
" " " wsw EBB 248-250 91 & 92
" " " " FLOOD 251 92
NED 2-3
PIER 400W T3 INBOUND SE EBB 252-254 93 & 97
" " " " FLOOD 255-257 94 & 97
" " " Wsw EBB 258-260 95 & 97
" " " " FLOOD 261-262 96 & 97
PIER 400E T4 " SE EBB 264-265 98 & 102
" " " " FLOOD 266-269 99 & 102
" " " WwWSsw EBB 270-271 100 & 102
" " " " FLOOD 272-274 101 & 102
" T2 OUTBOUND SE EBB 275-276 103 & 107
" " " " FLOOD 277-279 104 & 107
" " " wWsw EBB 280-282 105 & 107
" " " " FLOOD 283-285 106 & 107
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