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Preface

This investigation was performed by the Hydraulics Laboratory (HL),
U.S. Army Engineer Waterways Experiment Station (WES), for the U.S.
Army Engineer District, Galveston (SWG). The study was conducted
with the WES research ship simulator during the period April 1990-June
1991. SWG provided survey data of the prototype area. Current model-
ing was conducted by the Estuarine Processes Branch, Estuaries Division,
HL, and by the University of Notre Dame Civil Engineering Department.
This is Report 3 of a series. Reports 1 and 2 discuss the navigation study
for the bay and bayou segments of the Houston Ship Channel, respectively.

The investigation was conducted by Mr. Dennis W. Webb, Navigation
Branch, Waterways Division, HL. under the general supervision of
Messrs. Frank A. Herrmann, Jr,, Director, HL; Richard A. Sager, Assistant
Director, HL; M. B. Boyd, Chief of the Waterways Division, HL; and
Dr. Larry L. Daggett, Chief of ihe Navigation Branch, HL. Ms. Phylis
Birchett, Civil Engineering Technician, Navigation Branch, assisted in the
study. This report was prepared by Mr. Webb.

Acknowledgment is made to Dr. Thomas Rennie and Mr. Al Meyer, En-
gineering Division, SWG, for cooperation and assistance at various times
throughout the investigation. Special thanks ge to the Galveston/Texas
City Pilots Association for participating in the study.

At the time of publication of this report, Dicector of WES was
Dr. Robert W, Whalin. Commander was COL Bruce K. Howard, EN.

The contents of this report are not 10 br used for advertising, publication.
or promotional purposes. Citation of trade names does not constitute an
aofficial endorsement or approvai of the use of such commercial products.




Conversion Factors, Non-Sl to Si
Units of Measurement

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

Multiply By To Obtain

degrees (angle) 0.01748329 radians

foot 0.3048 meters

knots (Internationat) 0.5144444 melers per second

miles (U.S. statute) 1.609347 kilometers




1 Introduction

The Houston-Galveston Navigation Channels are located along the
Gulf of Mexico Coast in eastern Texas, Figure 1. These channels include
the Entrance Channels, the Galveston Channel, the Bar Channels (the
Inner and Outer Bar Channels and the Bolivar Roads Channel), the Texas
City Channel, the Guif Intracoastal Waterway, and the Houston Ship Chan-
nel (HSC) which branches off the Bar Channels, traverses Galveston Bay,
and ends in Houston. This report focuses only on the Galveston Channel
and the Entrance Channels, Figure 2. This report describes the navigation
study conducted on these channels by the Waterways Experiment Station
(WES) in 1992. Previous reports describe navigation studies conducted
at WEES on the Galveston Bay (Hewlett 1993) and the HSC Bayou Seg-
ment (Webb and Daggett 1993) of the Houston - Galveston Navigation
Channels.

Existing Conditions

Entrance Channel/Bar Channels

The Houston/Galveston Entrance Channel/Bar Channel region is com-
prised of a series of straight reaches: the Bolivar Roads Channel, the Inner
Bar Channel, the Outer Bar Channel (i.e., the Bar Channels), and the En-
trance Channel. This is the only portion of the Houston-Galveston Naviga-
tion Channels project under the joint jurisdiction of both the Galveston/
Texas City Pilots Association and the Houston Pilots Association. The
present deep-draft navigation channei in the Bar Channel Reach, as main-
tained by the U.S. Army Engineer District (USAED), Galveston (the Dis-
trict), is 40 ft deep, below mean low tide (mlt), and 800 ft wide. The
present deep-draft navigation channel in the Entrance Channel, as main-
tained by the District, is 42 ft deep, telow mean low tide (mit), and 800 ft
wide. The additional 2 ft of depth in the Entrance Channel allows for the
vertical motion of the ships due to waves.

Chapter 1 Introduction




QULF OF MEXICO

Figure 1.  Project location map

Galveston Ship Channel

The Galveston Channel, which serves the Port of Galveston, as pres-
ently maintained by the District, is 40 ft deep and 1,100 ft wide. The Gal-
veston Ship Chaunel has docking facilities on both sides of the channel,
serving both deep- and shallow-draft vessels. Facilities include grain ex-
porters, oil importers, and containerized cargo.

Chapter 1 introduction




Figure 2. Galveston Channel/Entrance Channel/Bar Channels

Navigation Problems

Crosscurrents

Crosscurrents in the Gulf of Mexico provide problems to local pilots
for two reasons. First, vessels experiencing the effects of crosscurrents in
the Entrance Channel must steer at an angle into the currents to transit the
reach. This means that the vessel is navigating at an augle in the channel,
thus reducing the channel width available to other vessels. Second, ships
are not affected by the crosscurrents while they are protected by the Gal-
veston jetties. Therefore, as the ship exits the jetties, the bow of an out-
bound vessel is hit by crosscurrents while the stern is not. This causes the
vessel to swing in the direction of the current. When the bow of the in-
bound ship enters the portion of the channel protected by the jetties, the
crosscurrents are still pushing the stern. This causes the vessel to swing
in the direction of the current. Crosscurrents from the north (which push
the vessel south) are referred to by the local ship pilots as a Freeport set,
and crosscurrents from the south (which push the vessel north) are known
as a Sabine set. Sabine and Freeport are ports near Galveston, located
north and south of Galveston, respectively. For an inbound ship, a Sabine
set would cause the ship to turn into oncoming traffic at the jetties, while
a Freeport set would make the turn at the jetties more difficult. Any prob-
lems in the Entrance Channel entering or leaving the jetties, are made
even more significant by the turn between the Entrance Channel and the
Outer Bar Channel just west of the gulf-side end of the jetties.

Chapter 1 introduction




Turning in Galveston Channel

Vessels turning into the Galveston Channel can be subjected to sirong
crosscurrents when broadside in the channel. Flood currents are of partic-
ular concern because there is a danger that the vessel might be swept into
the Pelican Island Bridge, located at the west ead of the channel. There
are several instances of vessels begin swept into the bridge while being
turned. The Galveston/Texas City Pilots have recently instailed a current
meter at the bridge. They can access this meter via modem from their of-
fice for immediate current information.

Turning from the HSC intv Galveston Channel

Sometimes, vessels will leave Houston and call at Galveston before
going to sea. Usually this is not difficult because these vessels are light-
loaded and therefore not restricted to the authorized channel. However,
occasionally these vessels are approaching almost fully loaded and call at
Galveston to “top-off” with additional grain. This is done if the elevator
in Houston runs out of grain, or if the vessel is to carry a different type of
grain not available at the dock in Houston. These vessels are turned in a
naturally deep area southeast of the intersection of the Galveston Chanrnel
and the Inner Bar Channel.

Preposed Improvements

The District has proposed an improvement plan for the Houston-
Galveston Navigation Channels. The feasibility report (USAED, Galves-
ton 1987) recommended a single-phase 50-ft project. This project was
later divided into two phases by Headquarters, U.S. Army Corps of Engi-
neers (USACE).

Ertrance/Bar Channels

Phase I entrance channels (Figure 3) are to be 47 ft deep and the
Phase II channels are to be 52 ft deep (Figure 3). The additional 2 ft of
depth allows for the vertical motion of the vessel due to wave action. The
Entrance Channel will have to be extended 4 miles for Phase I and an addi-
tional 7 miles for Phase II (for a total of 11 miles), into naturally deep
water. Both the Phase I and Phase II Entrance Channel extensions are at a
different alignment than the existing Entrance Channel alignment. This
change in heading occurs near the end of the existing Entrance Channel
and reduces the channel length required tc reach naturally deep water for
both the Phase I and Phase II extensions. The channel is widened to
1,000 ft at the turn in the proposed Entrance Channel extensions. The
Phase I extension channel remains at the existing channel width of 800 ft.
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Figure 3. Entrance Channel extensions

The Phase II extension narrows to 600 ft. Bend wideners were installed
for both phases of the proposed improvemer:ts for the Bar Channels.

Galveston Ship Channel

The Phase I Galveston Channel was proposed to be deepened to 45 ft
and realigned to a 450-ft width (Figure 4). The Phase II channel was pro-
posed to be 550 ft wide and 50 ft deep on the same alignment as the
Phase I channel.

Outer Bar Channel

The Outer Bar Channel was widened 100 ft on the north side (Fig-
ure 5). This modification to the feasibility plan was in response to a
pilot’s request to allow an inbound vessel additional room to recover from
the Gulf crosscurrents as it enters the jetty area.

Purpose and Scope of Investigation

The navigation study was c¢onducted using th.e WES Hydraulic Labo-
ratory’s ship simulator facility. The objectives of the study were to:

Chapter 1 Introducticn
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Figure 5. Outer Bar Channe! widener

a.

Test the adequacy of the Phuasc I and Phase II channcls for two-way
traffic.

Test the adequacy of the Phase I and Phase II Galveston Ship Chan-
nel for one-way trafiic and turning manuevers.

Determine if loaded ships outbound frora Houston can turn into the
Galveston Ship Channel.
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2 Data Development

Description of Simulator

It is beyond the scope of this report to describe in detail the WES ship
simulator;! however, a brief explanation will be made. The purpose of the
WES ship simulator is to provide the essential factors necessary in a con-
trolled computer environment to allow the inclusion of the man-in-the-loop,
i.e., local ship pilots in the navigation channel design process. The simula-
tor is operated in real-time by a pilot at a ship’s wheel placed in front of a
screen upon which a computer generated visual scene is projected. The vi-
sual scene is v >ated as the hydrodynamic portion of the simulator pro-
gram compules a 1.~w ship’s position and heading resulting from manual
input from the pilct (rudder, engine throttle, bow and stern thruster, and
tug coramands) and external forces. The external force capability of the
simulator includes effects of wind, waves, currents, banks, shallow water,
ship/ship interaction, and tug boats. In addition to the visual scene, pilots
are provided simulated radar and other navigation information such as
water depth, relative ground and water speed of the vessel, magnitude of
lateral vessel motions, relative wind speed and direction, and ship's heading.

Required Data

Data required 7or the simulation study included channel geometry, bot-
tom topography, channel currents for proposed as well as existing condi-
tions, numerical models of test ships, and visual data of the physical scene
in the study arca. A reconnaissance trip was carried out for the purpose of
observing actual shipping operations in the study area. Stil} photographs
were taken during the recounaissance transits to aid in the generation of
the simulated visual scene. Discussions with pilots were also held during

! “Hydraulic design of deep draft navigation channels,” PROSPECT (Proponent Spor-
sored Eneineer Coups Training) course notes, U.S. Army Engineer Waterways Experiment
Station, Vicksburg, MS, 19-23 June 1989.
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this trip so that WES engineers could become more familiar with concerns
and problems experienced during channel operations.

Test File

The test file contains initial conditions (ship speed and heading, rudder
angle, and engine setting) for the simulation and geographical coordinates
for the channel alignment. The channel is defined in terms of cross sec-
tions located to coincide with changes in channel alignment and current di-
rection and magnitude. The information used for the development of the
Galveston Channel/Entrance Channels database was obtained from the
District’s project drawings. The Texas state plane coordinate grid was
also plotted on these drawings and was used for the simulator database
coordinate system. Also included in the test file is the steepness and over-
bank depth (water depth at the top of the side slope) adjacent to the chan-
nel. These data are used by the computer to calculate bank suction forces
on the test vessels.

Water depths for the simulator were based on authorized projest
depths. For the simulated existing channel, the water depth represented
the existing condition taken from the most recent dredging survey (May
1986) furnished by the District. Also, bank slopes and overbank depths
were obtained from the District’s dredging survey. These data are used in
the calculation of ship hull bank forces. Briefly, bank forces occur when
a ship travels close 1o a submerged bank (also wall or docked ship), and
the resulting effect is characterized by a movement toward the bank and a
bow-out rotation away from the bank.

Scene File

The scene database is comprised of several data files that contain geo-
metrical information enabling the graphics computer to generate the simu-
lated scene of the study area. The computer hardware and software used
for visual scene generation is separate from th:e main computer of the ship
simulator, The main computer provides motion and orientation informa-
tion to a stand-alone graphics computer for correct vessel positioning in
the scene that can be viewed by the piioi. Operators view the scene as if
they are standing on the bridge of a ship looking toward the ship’s bow in
the foreground. View dizection can be changed during simulation for the
purpose of lcokinz at objects outside of the relatively narrow straight-
ahead view,

Aerial photographs, navigation charts, and dredging survey charts pro-

vided the basic data for generation of the visual scene. The simulatior
testing required low visual resolution beyond the immediate vicinity of
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the navigation channel. All land masses in the vicinity of the navigation
channel were included in the scene. All aids to navigation in the vicinity
of the study area were included. In addition to the man-made and topo-
graphical features in the vicinity, the visual scene included a perspective
view of the bow of the ship from the pilot’s viewpoint. Visual databases
for all design ships were developed at WES for use in the simulation.

Radar Flle

The radar file contains coordinates defining the border between land
and water and significant man-made objects, such as docked ships and
aids to navigation. These data are used by another graphics computer
which connects the coordinates with straight lines and displays them on a
terminal. The objects viewed comprise visual information which simu-
lates shipboard radar. The main information sources for this database
were the project drawings and dredging survey sheets supplied by the
District.

Ship Files

The ship files contain characteristics and hydrodynamic coefficients
for the test vesscls. These data are the computer’s definition of the ship.
The coefficients govern the reaction of the ship to external forces, such as
wind, current, waves, banks, underkeel clearance, ship/ship interaction,
and internal controls, such as rudder and engine rounds per minute (rpm)
commands. The numericai ship models for the Galveston Channel/En-
trance Channels simulations were developed by Tracor Hydronautics, Inc.
of Laurel, Maryland (Ankudinov 1991). The test ships were chosen based
on the District’s economic analysis of future shipping business and opera-
tions and are shown in Table 1. The length of the ship is measured as the
distance between perpendiculars. As in the simulations of the Bay and
Bayou Segments, the design vessels were loaded to 1-ft underkeel clearance.

Table 1

Design Vessels for Simulation

Channel Ship Type Tonnage Dimensions, ft
Existing Tanker 132K 020 x 144 x 39
Existing Bulk Carrier 93K 775 x 106 x 39
Phase | Tanker 165K 990 x 156 x 44
Phase 1 Butk Carrier 100K 775 x 106 x 44
Phase II Tanker 175K 1,013 x 173 x 49
Phase I Bulk Carrier 155K 971 x 140 x 49
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Current File

The current file contains current magaitude and direction and water
depth for each of eight points across each of the cross sections defining
the channel alignment. Current data for a ship simulation study are usu-
ally obtained from physical or numerical models. In this study, current
data were available from a numerical mode! of Galveston Bay (Lin 1992).
The model bathymetry was modified for generation of currents for the two
propoted conditions.

Crosscurrents in the Gulf of Mexico and in the entrance channels werc
developed by Dr. Joannes J. Westerink, University of Notre Dame
(Westerink 1993).
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3 Navigation Study

Valldation

The simulation was validated with the assistance of two pilots from the
Galveston/Texas City Pilots Association. The following information was
verified and fine tuned during validation:

a. Currents.
b. Bank conditions.
c. Ship/ship interaction.
d. Ship engine and rudder response.
e. The visual scene and radar image of the study area.
(1) Location of all aids to navigation.
(2) Location and orientation of the docks.
(3) Location of buildings visible from the vessel.
Validation began by the pilots maneuvering through the visual scene ..i
a fast-time mode to quickly check building and buoy locations. After this,
real-time simulation runs were undertaken with the vessel transiting the
entire study area. Special attention was given by the pilot to the response
of the ship to external forces. Problem areas were isolated, and the proto-
type data for these areas were examined. The model was adjusted and fur-
ther simulation runs were undertaken through the problem areas, and if
necessary, additional adjustment was made. This process was repeated

until the pilot was satisfied that the simulated vessel response was similar
to that of an actual vessel in the prototype.

Chapter 2 Navigation Study
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Preliminary Testing

After the model was successfully validated, the validation pilots made
preliminary test runs in the 450-ft-wide Phase 1 Galveston Chanrel. Tests
of the bulk carrier outbound from Houston and turnirg into Galveston re-
vealed that the ships were unable to make the turn during ¢bb or flood
tide. None of the runs came ciose to making the turn, and the runs were
aborted when the pilot lost control of his ship. Tests of the buik carrier
outbound from Galveston showed the pilots had problems keeping their
vessels in the authorized channel for both ebb and flood tide conditions.
Of additional concern to the pilots was the fact that the 450-ft-wide chan-
nel ran along side the docks between piers 10 and 36. Currents are strong
in the Galveston Channel, and to maintain steerage when running with a
fair tide (i.c., the vessel is heading in the same direction as the current, in-
bound flood and outbound ebb), the pilots must keep a headway of at least
4 knots. If the 450-ft channel runs alongside the docks, ships traveling at
4 knots or faster run a significant risk of sucking docked ships away from
the docks, resulting in broken mooring lines and potential damage. Pilots
also had a difficult time knowing their position in the curved, 450-ft-wide
channel.

In response to concerns about the proposed Galveston Channel alignment,
the 450-ft-wide Phase I channel was realigned (Figure 6). The 550-ft-
wide Phase 1I channel was aligned identically to the Phase I channel. This
alignment takes advantage of a naturally deep area just north of the Gal-
veston Jetty and provides a funnel from the Inner Bar Channel and the
Bolivar Roads Channel into the Galveston Channel. Additionally, the

Figure 6. Phase | Galveston Channel, as tested
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reach between Pier 10 and Seawolf Park was straightened so that out-
bound ranges could be positioned in Galveston Bay. These ranges could
be used as rear ranges for inbound ships.

Preliminary tests were conducted on the realigned Galveston Channel
with the validation pilots. Based on these runs, the modified alignment re-
placed the feasibility alignment in the navigation study.

The capability to test two simulations at once was not in place during
the first week of validation. Therefore, portions of the project, including
the crosscurrents in the Gulf of Mexico, were validated by the first pair of
pilots to come to WES for testing and not by the original validation pilots.
This reduced the number of actual test runs made by the first pair of pilots
(Pilots 1 and 2).

Test Scenarios

Test conditions

The test scenarios, design vessels, and environmental conditions were
selected to test the existing and proposed channels in the “maximum credi-
ble adverse situation.” That is, the worst conditions under which the har-
bur would maintain normal operations. This approach provides a built in
safety factor when analyzing the results. Three channel configurations,
the existing channel, the Phase I channel, and the Phase 1I channel were
tested during the simulations at WES. The existing channels were tested
to provide a base with which to compare tests conducted in the proposed
channels and to provide a basis of comparison of conditions to the pilots
involved in the testing. The same bank conditions were used for the pro-
posed channels as were used in the existing channel.

To test all channels with a variety of meeting and passing scenarios,
the study area was divided into nine test reaches, A through I (Figures 7
through 15 at the end of this section). Testing of two way traffic was ac-
complished with two real-time piloted simulations conducted simulta-
neously. The pilots were in radio contact with each other and could see
the other vessel on their visual scene and radar display.

Test reaches

a. Reach A, inbound to Houston/outbound from Houston. This test
(Figure 7) was designed to test the meeting and passing of a loaded
tankar (inbound to Houston) and a loaded bulk carrier (outbound
from Houston), as well as to provide a track plot from the Guif of
Mexico through the Houston Ship Channel north of the Gulf Inter-
costal Waterway (GIWW). The meeting and passing was to occur
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in the Inner Bar Channel. This reach was tested for both the maxi-
mum ebt and maximum flood currents.

. Reach B, outbound from Galveston. This test reach (Figure 8) was
designed to test a loaded bulk carrier leaving the Port of Galveston
and turning into the Inner Bar Channel. This reach is normally oper-
ated as one-way traffic. The primary concern of this test is the ef-
fect of crosscurrents on the vessel as it turns from the Galveston
Channel into the Inner Bar Channel. This test was not run inbound
since inbound vessels are typically light-loaded or in ballast and
therefore are not restricted to the confines of the authorized deep-
ened channel limits. This reach was tested for the maximum ebb
and maximum flood currents.

. Reach C, outbound from Houston into Galveston. This test (Fig-
ure 9) was designed to test a loaded bulk carrier outbound from
Houston and turning into Galveston. This maneuver is done in the
prototype as some grain ships leaving Houston will add to their load
of grain in Galveston prior to going to sea. Test Reach C was tested
for both the maximum ebb and maximum flood curients. Although
the situation occurs in the prototype, tests were not conducted for
vessels going from Galveston to Houston. These vessels are either
in ballast or light-loaded.

. Resch D, passing in the Outer Bar Channel. This test reach (Fig-
ure 10) was designed to test the meeting and passing of a loaded
tanker and a loaded bulk carrier inside of the jetties. This was a
short test run that ended once the meeting and passing had been suc-
cessfully completed. This reach was tested for both the maximum
ebb and maximum flood currents.

. Reach E, passing in the Entrance Channel - northern portion. This
test reach (Figure 11) was designed to test the meeting and passing
of a loaded tanker and a loaded bulk carrier outside of the jetties.
This was a short test run that ended once the inbound vessel had re-
gained control inside of the jetties. This reach was tested for cross-
currents (both Freeport and Sabine sets) in the Gulf of Mexico. The
ships were not affected by the crosscurrents while they were pro-
tected by the jetties.

J. Recch F, passing in the Entrance Channel - southern portion. This
test reach (Figure 12) was designed to test the meeting and passing
of a loaded tanker and a loaded bulk carrier in the southern portion
of the Entrance Channel. The area of passing was farther east of the
Jetties than the area tested in Test Reach E. This was a short test
run that ended once the meeting and passing was successfully com-
pleted. This reach was tested for a Sabine set only.

. Reach G, passing in the Entrance Channel 1,000-ft widener. This
test reach (Figure 13) was designed to test the meeting and passing
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of a loaded tanker and a loaded bulk carrier in the 1,000-ft widener
at the beginning of the Phase I portion of the Entrance Channel.
This was a short test run that ended once the meeting and passing
had been successfully completed. This reach was tested for a Sa-
bine set only. Testing was done only for Phase I and Phase I chan-
nels, since this is a new channel.

h. Reach H, passing in the 800-ft-wide Entrance Channel. This test
reach (Figure 14) was designed to test the meeting and passing of a
loaded tanker and a loaded bulk carrier in the 800-ft-wide Phase ]
Entrance Channel. This was a short test run that ended once the
meeting and passing had been successfully completed. This reach
was tested for a Sabine set only. Testing was done only for Phase 1
and Phase II channels.

i. Reach l, passing in the 600-ft-wide Entrance Channel. This test
reach (Figure 15) was designed to test the meeting and passing of a
loaded tanker and a loaded bulk carrier in the 600-ft-wide Phase 11
Entrance Channel. This was a short test run that ended once the
meeting and passing had been successfully completed. This reach
was tested for a Sabine set only. Testing was done only for the
Phase II channel.
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Figure 7. Test Reach A .
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Figure 9. Test Reach C
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Chapter 3 Navigation Study




:OAI.INFE‘I'
| PO I T

Figure 11. Test Reach E

SCALE N FEET
[] 3000

Figure 12, Test Reach F

Chapter 3 Navigation Study




\\\‘G‘b\o"%
NN
O%OL;D‘\:\‘\mossxwmemoch
'%’%%
\\e""%
e,
&
ScaewmmT O \\%,b
I N | 0%%0 e,
"%

Figure 13. Tet Reach G
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Figure 14. Test Reach H
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4 Study Results

Six professicnal pilots from the Galveston/Texas City Pilots Associa-
tion participated in the simulation testi»g of the Houston/Galvesto:. Zin-
trance Channels and the Galveston Channel. Tests were conducted i a
random order. This was done to prevent prejudicing the results as would
happen if, for example, all existing conditions were run prior to running
the plans. The skill gaired at operating the simulator could show the
plans to be easier than they might really be. The primary method of analy-
sis for these results are visual inspection of recorded track-lines and analy-
sis of vessel control parameters.

During each run, the control, positioning, and orientation parameters of
the ship were recorded every 5 seconds. These parameters included posi-
tion, port and starboard clearances, ship speed, engine speed in propelier
revolctions-per-minute (rpm), rudder angle, and rate of turn. These statis-
tical parameters are plotted against distance along track. The distance
along track is calculated by projecting the position of the ship’s center of
gravity perpendicular to the center line of the channel and is measured
from the beginning of the center line. For reference purposes, the loca-
tions of important landmarks are identified.

Composite plots were used to analyze Test Reaches B and C. Individ-
ual plots were used to analyze the two-way traffic in the remainder of the
test reaches. Composite plots were not done for tests of two-way traffic,
since the plots become too “busy” and thus meaningless. Each of the indi-
vidual track plots shows clearances during the meeting and passing situa-
tions for the particular run.

The composite plots of navigation parameters (Test Reaches B and C)
present the statistical analysis as a mean of means within a sample chan-
nei section. A 500-ft channel section length was used. This means that
for each individual run, each parameter was averaged over 500 ft, and
these means were averaged over all runs under a given condition, thus a
mean of the means. Individual control para:neters are plotted for both ves-
sels in the two-way test reaches and presented immediately after the track
plot.
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In evaluating the meeting and passing scenarios, it is important to re-
member that the Houston/Galveston Entrance channels do not provide
many visual cues to keep the pilots informed of their location. The dis-
play of aids to navigation in a simulator visual scene is a problem with all
simulators. Ranges in particular must be exaggerated in size to be seen.
Pilots can take binoculars onto a real ship. They are not effective on a
simulator. This is not a problem during the one-way portions of the tests
because the Entrance Channels are designed for two-way traffic. Thus a
single ship has about twice as much room as it needs, and therefore, the
exact location of the ship is not as critical. The problem becomes more ap-
parent during the simulation of the meeting and passing of two ships.
Often during the meeting and passing one ship or the other will leave the
authorized channel when it is obvious that is was not forced to do so in
order to avoid a collision. Such cases, when it is clear that a large portion
of the channel was not being used, do not necessarily imply a navigation
problem. This hypothesis, that the visual representation is at least par-
tially responsible for the results, is supported by the fact the best results
for two-way traffic were obtained in the portions of the Phase I and
Phase Il that are presently open sea. Due to the length of the channel seg-
ments and the depth of the water where range structures would have to be
built, ranges were deemed inappropriate as aids to navigation. A gated
buoy system was used in the simulation of Test Reaches G, H, and 1.
Gauged buoys are easier to see in the simulator. The results seem to indi-
cate that this improves the test results.

Test Reach A

A plot of the center line for Test Reach A and the distances from the
beginning of the center line are shown in Plate 1. Individual plots of the
vessel track-lines and control parameters for all runs conducted in Test
Reach A are shown in Plates 2 through 64. Most of the runs were stopped
upon completion of the meeting/passing. This was done to save time in an
extremely full test schedule. Since this reach of the channel is designed
for two-way traffic, there were few problems encountered in the one-way
portion of the test.

Existing conditions, ebb tide

The ship track plots and the navigation parameter plots for runs in the
existing channel with an ebb tide (Plates 2-13) show that the pilots of the
outbound ship kepy the vessel on the southern edge of the Inner Bar Chan-
nel. The pilots stated that for this situation, they would keep an outbound
ship along the channel edge. This is how the pilots navigate this reach in
real life because there is deep water in that area. Since the outbound ship
was on or out of the southern edge of the channel at the moment the two
ships were abeam of each other, the ship/ship forces were reduced. The
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only significant ship/ship interaction in the navigation parameter plots is
an increased rate of turn at the moment of passing.

Phase | conditions, ebb tide

The results of test runs in the Phase I channei with an ebb tide
(Plates 14 through 22) show that the pilots of the outbound ship kept the
vessel on the southern edge of the Inner Bar Channel as they did in the
existing channel. For one run (Plate 20), the inbound pilot misjudged his
turn from the Entrance Channel into the Outer Bar Channel. This was due
to his misinterpretation of visual cues. He recovered and was able to com-
plete his run. As in the existing conditions runs, the only navigation pa-
rameter showing ship/ship interaction is an increased rate of turn.

Phase |l conditions, ebb tide

The results of runs in the Phase II channel with an ebb tide (Plates 23
through 34) show that the pilots of the outbound ship kept the vessel on
the southern edge of the Inner Bar Channel as they did in the existing and
Phase I channels. With the larger ships in the Phase II channel, the in-
bound pilot moved his ship closer to the northern channel edge and the
passing tended to take place farther inbound of the turn. In all cases, the
ships tended to have adequate clearance even though the outbound ship
was often near or outside the southern channel edge at passing. The navi-
gation parameter plots show that the Phase II ships did not increase their
rate of turn at the moment of meeting as much as did the ships operating
in the existing or Phase I channels.

Existing conditions, flood tide

The track plots for runs in the existing channel with a flood tide
(Plates 35 through 43) show that the pilots of the outbound ship kept the
vessel on the southern edge of the Inner Bar Channel. They did rot stay
on the southern edge for as long as they did in ebb tide runs because with
a flocd tide, the passing took place farther west. Once the meeting and
passing was completed, the outbound ship moved to the center of the chan-
nel. The navigation parameter plots show little ship/ship interaction.

Phase | conditions, flood tide

The results of runs in the Phase I channel with a flood tide (Plates 4 ¢
through 55) show that, although the ships came near the channe! edge in a
few locations, they had enough room for a safe transit of the area. One
run shows an extremely high rate of turn just after the meeting operation
(Plate 45). However, this is not due entirely to ship/ship interaction. The
pilot turned his ship to port to get back to the center of the channel before
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he grounded at the end of the naturally deep area. He did, however, leave
the channel on the starboard side.

Phase |l conditions, flood tide

The track plots for runs in the Phase II channel with a flood tide
(Plates 56 through 64) show results similar to the runs in the Phase I chan-
nel except that all inbound ships had a problem turning into the Bolivar
Roads Channel after the meeting/passing operation. This was probably be-
cause the passing took place so close to this turn and the ships did not
have adequate time to completely recover. It would seem to be advisable
to avoid passing in this area and pass farther east in the Inner Bar Chan-
nel. The channels are extra wide in this area and there is adequate clear-
ance for passing. The navigation parameters plot shows high rates of turn
due to both ship/ship interaction and making the turn between the Bolivar
Roads Channel and the Inner Bar Channel.

Test Reach B

A plot of the center line for Test Reach B and the distances from the be-
ginning of the center line are shown in Plate 65. Composite plots of the
vessel track-lines and control parameters for all runs conducted in Test
Reach B are shown in Plates 66 through 75.

Existing conditions, sbb tide

The composite track plot for runs in the existing channel with an ebb
tide (Plate 66) indicates that there could be a problem area near the split
buoy. This is because during ebb tide, the pilots purposely head cutbound
ships toward the split buoy in preparation for the set they know they will
experience with the ebb tide. The split buoy is in deep water and is called
a split buoy because vessels drafting 20 ft or less can pass on the western
side of the split buoy, thus splitting the traffic. The only other time a ves-
sel approached the channel’s edge was north of Pier 10. However, this
ship did not leave the channel.

Phase ] conditions, ebb tide

The composite track plot for runs in the Phase I channel with an ebb
tide (Plate 67) shows three of the six ships leaving the channel north of
Pier 10. This occurred because several of the pilots had a difficult time
judging their position in the channel and when to begin the turn. This is a
problem, because any buoys placed in the channel to mark this turn would
restrict navigation for shallow draft vessels. This tura was not difficult
for the ships to navigate, just difficult to determine the ship’s position.
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Ships also left the channel to the southwest of Pier 10. This was also
caused by the difficulty of determining the ship’s position. However,
none of these vessels would have grounded, assuming that the area will be
deepened to allow access to the docks. One ship left the channel south of
Seawolf Park. This was caused by his making the turn at Pier 10 too late.
As in the existing channel, ships left the channel near the split buoy.

Phase Il conditions, ebb tide

The composite track plot for runs in the Phase II channel with an ebb
tide (Plate 68) shows test results nearly identical to results from the
Phase I runs. Ships left the channel southwest of Pier 10, north of
Pier 10, and near the split buoy. This was caused by the same situation as
the Phase I test channel.

Navigation parameters, ebb tide

The navigation parameter plots for runs conducted with an ebb tide are
presented in Plates 69 and 70. Analysis of the port and starboard clear-
ance plots shows that for most of the reach, the wider existing channel av-
eraged a higher clearance. This is to be expected, given the existing
channel’s 1,100-ft width as opposed to the Phase I 450-ft and the Phase 11
550-ft width. However, port clearance at the split buoy was negative for
the existing channel and positive for both Phase I and II channels. This is
because the realigned channels did not allow the vessels to turn north as
early as does the existing channel. The average port clearance for both
Phase I and II channels is nearly identical throughout the length of the Gal-
veston Channel. The ircreased width for the Phase II channel accounts
for the fact the while the average starboard clearance for Phase I ap-
proached zero near Todd Shipyard and became negative past Pier 10, star-
board clearances for Phase II remain positive.

The plot of the vessels’ average rate of turn shows that at the split
buoy, the Phase II vessels did not turn as fast as the vessels operating in
the existing or Phase I channels. This is probably due to the increased
size and bulk of the Phase I design vessel.

The plot of the vessels’ average engine speed shows that the vessels in
the existing channel used considerably less rpm than Phases I or II. The
plot of the average rudder angle shows the existing channel requiring less
rudder angle than either proposed channel in the reach from Pier 10 to Sea
Wolf Park. Both the reduced engine speed and rudder angle required are
indicative of the additional width available for the existing channel.

Plots of the average ship speed correspond to the engine speed used for

the reach and the fact that the Phase II ship was larger and slower than the
existing or Phase I vessels.
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Existing conditions, flood tide

The composite track plot for runs in the existing channel with a flood
tide (Plate 71) shows the only problem area to be near the split buoy. The
strong flood tide pushes the vessels west at the point as they attempt to
make the turn to the east in the Inner Bar Channel. One ship did come
close to another ship docked across the channel from Todd’s Shipyard.
This occurred because the pilot was distracied early in the run. He recov-
ered and completed the run successfully.

Phase | conditions, flood tide

The composite track plot for runs in the Phase I channel with a flood
tide (Plate 72) shows that with the exception of one run (which left the
channel by more than the ship’s beam width), the pilots were better able to
make the turn at Pier 10. This is because with the ships moving against
the flood tide, they ere able to go slower and still maintain steerage. As
stated in the analysis of the ebb tide tests, runs leaving the channel south-
west of Pier 10 were in no danger of grounding. The ships were pushed
out of the channel near the split buoy just as they were in the existing
condition.

Phase |l conditions, flood tide

The composite track plot for runs in the Phase II channel (Plate 73)
shows one ship leaving the channel sonthwest of Pier 10 and one ship leav-
ing the channel after making the turn near Pier 10. The flood tide pushed
several ships out of the channel near the split buoy. These results are sim-
ilar to those in the Phase I channel.

Navigation parameters, fiood tide

The navigation parameter plots for runs conducted with a flood tide are
presented in Plates 74 and 75. Analysis of the port and starboard clear-
ance plots show that for most of the reach, the 1,100-ft-wide existing chan-
nel averaged a higher clearance. However, port clearance at the split buoy
was negative for the existing and Phase I channels and positive for both
Phase II channels. None of the channels averaged negative starboard
clearance at any point in the reach.

The plot of the vessels’ average rate of turn shows that at the split
buoy, the Phase II vessels did not turn as fast as the vessels operating in
the existing or Phase I channels due to the increased size and bulk of the
Phase II design vessel.

The plot of the vessels’ average engine speed shows that the vessels in
the existing channel used considerably less rpm than in Phases I or I1.
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The Phase I rpm plot follows the existing rpm plot until the turn at

Pier 10, where it increases to match the Phase II plot. The plot of the aver-
age rudder angle shows the existing channel requiring less rudder angle
than either proposed channel in the reach from Pier 10 to Sea Wolf Park.
Both the reduced engine speed and rudder angle required are indicative of
the additional width available for the existing channel.

Plots of the average ship speed correspond to the engine speed used for
the reach and the fact that the Phase II ship was larger and slower than the
existing or Phase I vessels.

Test Reach C

A plot of the center line for Test Reach C and the distances from the be-
ginning of the center line is shown in Plate 76. Composite plots of the
vessel track-lines and control parameters for all runs conducted in Test
Reach C are shown in Plates 77 through 86. The areas of significance in
Test Reach C are the two tums. The first turn is from the Inner Bar Chan-
nel into the Galveston Channel. Some of the test run plots of this turn
showed the vessel out of the authorized channel. Often, after completion
of the test, the pilot was surprised to see the true position of his ship on
the track plot. There are few visual aids in this area, and due to the limita-
tions of depth perception, the pilots were mistaken about the ship’s loca-
tion. The second turn is in the Galveston Channel prior to docking.
Turning the ship in the Galveston Channel on the simulator was fairly dif-
ficult due to the visual limitations of simulators. In real life, the pilots
can position an additional pilot on the bow of the ship. The second pilot,
with a radio, can keep the pilot on the bridge informed of the distance
from his bow to land. In addition, there are other visual ques, missing
from simulators, that pilots rely upon to know their position and headway.
In evaluating the results of these two turns, it is important to consider not
only if the ship left the channel but how much area was required for the
maneuver. Often, the channels provided enough rooun, but the pilot did
not have his ship in the proper position before beginning the turn. Typi-
cally, the amount of room required to turn a ship is defined by a circle.
However, both of these turns were done in 3 to 4 knots of current. There-
fore, the area of the turn would be better circumscribed by an ellipse, with
the long axis of the ellipse being the critical parameter. Accordingly, the
distances from the initiation of the turn to the completion of the turn is
shown in Table 2.

Existing conditions, ebb tide
The composite track plot for runs in the existing channel with an ebb
tide (Plate 77) shows that both runs required the naturally deep area north

of the Galveston Island Jetty to turn the vessels prior to entering the Gal-
veston Channel. One pilot came to a stop, turned his ship 180 deg and
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Table 2

Distances Required for Turning

Channel Tide Pllot Turmn 1, #t Turn 2, 1t
Existing Ebb 5 4,130 1,000
Existing Ebb 6 2,860 1,320
Existing Flood 5 960 2,980
Phase 1 Ebb 1 2,420 1,200
Phase * Ebb 2 3,700 1,420
Phase 1 Ebb 5 3,820 1,410
Phase 1 Flood 1 2,950 2,330
Phase 1 Flood 2 3,330 2,580
Phase 1 Flood 4 1,800 1,850
Phase 1 Flood 3 2,220 2,830
Phase 2 Ebb 4 4,740 1,840
Phase 2 Ebb 3 3,370 1,930
Phagse 2 Ebb 5 4,180 1,880
Phse 2 Ebb 6 4,280 1,700
Phase 2 Flood 4 2,020 2,970
Phase 2 Fiood 3 2,870 2,900
Phase 2 Flood 5 1,670 3,520
Phase 2 Flood € 2,520 3,380

then maneuvered into the Galveston Channel. The other pilot attempted
to drive the ship from Bolivar Roads into the Galveston Channel. This
run left the Inner Bar Channel on the north side. Both ships turned in the
Galvecton Channel near the Todd Shipyard. The pilots stated that the
water in the Galveston Channel is deep from bank to bank. Therefore,
leaving the authorized channel is not a problem, particularly for ships that
are lighter then the authorized channel depth. One ship did touch the land
boundary west of Todd Shipyard.

Phase | conditions, ebb tide

The composite track plot for tests conducted in the Phase I channel is
shown in Plate 78. Results from the first turn show two of the three runs
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leaving the authorized channel. Two of the runs had difficulty entering
the 450-ft portion of the channel near Seawolf Park. One ship came to the
channel edge on the west side of the channel, the other came near the edge
on ¢he east side. All turns prior to docking were successful.

Phase Il conditions, ebb tide

The composite track plot of runs in the Phase II channel is shown in
Plate 79. Both turns were more difficult because the Phase II design bulk
carrier is nearly 200 ft longer than the Phase I bulk carrier. The additional
length greatly increases the effects of currents striking the vessel broad-
side. As in the existing and Phase I channels, the most successful turn
from the Inner Bar Channel into the Galveston Channel was accomplished
by bringing the ship to a stop in the area north of the jetty and iurning the
ship dead in the water. Two of the four runs performed successful turns
prior to docking, while the other two runs grounded while turning.

Navigation parameters, ebb tide

The navigation parameter plots for runs conducted with an ebb tide are
presented in Plates 80 and 81. Average parameters are not plotted for the
portion of the reach used to turn the vessel into the Galveston Channel
and were ended at the Todd Shipyard prior to the vessel’s turning in the
Galveston Ship Channel. Navigation parameters are projected from the
vessels center of gravity perpendicular to the channel edge. Because the
vessels are sideways in the channel for a long period of time, the parame-
ter plots for that portion of the run are impossible to interpret.

Analysis of the port and starboard clearance plots shows that vessels
operating in all three channels had a low average port clearance for the
turn from the HSC into Bolivar Roads.

The plot of the vessels’ average raie of turn shows that due to the bulk
of the Phase II design vessels, the Phase 11 vessels did not turn as fast at
Sea Wolf Park as the vessels operating in the existing or Phase I channels.

The plot of the vessels’ average engine speed, average rudder angle,
and average ship speed (Plate 81) show relatively little difference between
the three channels.

Existing conditions, flood tide

Turning from the Inner Bar Channel into the Galveston Channel is easier
with a flood tide than with an ebb tide because the tidal currents help slow
the ship’s speed. This was true for all channels tested. Orly one run was
conducted with the existing channel and flood tide (Plate 82). This plot
shows the ship being pushed into the area near the split buoy by the
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currents. The turn in Galveston Ship Channel prior to docking was also
successful.

Phase | conditions, tiood tide

The composite track plot of the runs conducted in the Phase I channel
with flood tide (Plate 83) shows that all ships were able to turn in the au-
thorized area north of the jetty. One pilot left the west side of the 450-ft
channel near Seawolf Park, and two runs left the west side of the channel
near Pier 10. One ship hit land turning prior to docking.

Phase Il conditions, flood tide

The composite track plot of the runs conducted in the Phase II channel
with flood tide (Plate 84) shows all ships were able to turn in the author-
ized area north of the jetty but were also pushed out of the channel near
the split buoy. Two of these runs hit the split buoy. This is because the
large Phase II vessel drafting 49 ft is more susceptible to currents than the
Phase I ship drafting 44 ft. It appears that there is adequate room to the
east so that the pilots could wait until iater to begin the turn and allow
more room for the ship to drift to the west One run grounded while mak-
ing the turn prior to docking. The remainder of the ships were able to turn
successfully.

Navigation parameters, flood tide

The navigation parameter plots for runs conducted with a flood tide are
presented in Plates 85 and 86. Average parameters are not plotted for the
portion of the reach used to turn the vessel into the Galveston Channel
and were ended at the Todd Shipyard prior to the vessel's turning in the
Galveston Ship Channel for the same rcasons as stated in the discussion of
the ebb tide navigation parameters.

Analysis of the port and starboard clearance plots shows that vessels
operating in all existing and Phase II channels averages a negative clear-
ance between the split buoy and Sea Wolf Park.

The plot of the vessels’ average rate of turn shows little difference for
the three channels.

The plots of the vessels' average engine speed, average rudder angle,
and average ship speed (Plate 86) show the vessels operating in the exist-
ing channel used more engine speed (and therefore an increased ship
speed) in the reach near Sea Wolf Park. The ships in the existing channel
used por* rudder in the reach from Pier 10 to Todd Shipyard, while vessels
in the proposed channels used starboard rudder in the same reach.
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Test Reach D

A plot of the center line for Test Reach D and the distances from the be-
ginning of the center line is shown in Plate 87. Individual track plots of
all runs conducted in Test Reach D are shown in Plates 88 through 107.

Existing conditions, ebb tide

The track plot of the run conducted with the existing channel and ebb
tide (Plate 88) shows adequate channel width for the meeting and passing
of the two ships. The navigation parameters plot (Plate 89) shows that the
inbound pilot used about twice the rudder angle as did the outbound pilot.
This is because the inbound vessel is still recovering from the turn from
the Entrance Channel into the Outer Bar Channel. The outbound ship is
somewhat smaller than the inbound ship and requires ruder to turn from
the Inner Bar Channel into the Outer Bar Channel.

Phase | conditions, ebb tide

The track plot of the run conducted in the Phase I channel with ebb tide
(Plate 90) shows that while the inbound ship did come within 27 ft of the
channel edge, there was adequate channel width for the maneuver. The
outbound vessel was able to stay 125 ft from the southern channel edge
while remaining 370 ft away from the inbound ship. The navigation pa-
rameters plot (Plate 91) shows that (for the same reasons as in the existing
channel) the inbound pilot used about twice the rudder angle as the out-
bound pilot as the vessels approached and met each other.

Phase |l conditions, ebb tide

Individual track plots and navigation parameters of the runs in the
Phase II channel with ebb tide are shown in Plates 92 through 95. The
track plots show one run (Plate 92) with adequate clearances for both ves-
sels. Plate 94 shows a 56-ft clearance between vessels, with the outbound
ship heading toward the north edge of the channel at the end of the run.
The outbound ship had 220-ft clearance to the south edge of the channel at
the meeting location and would have had a better run if he had made his
turn sooner. It is not clear why he waited so late to turn. Plate 93 shows
the inbound pilot using more rudder than the outbound pilot, but the differ-
ence is not as great as in the existing and Phase I channel. This is because
both vessels are large and bulky. However, as in all scenarios, the in-
bound tanker is larger than the outbound bulk carrier. Plate 95 shows the
outbound vessel using more rudder angle than the inbound because out-
bound pilot had to make a port turn quickly to avoid grounding on the
southern side of the channel.
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Existing conditions, flood tide

The track plot of the run conducted with the existing channel and flood
tide is shown in Plate 96 with adequate channel width for the meeting and
pessing of the two ships. The navigation parameters plot (Plate 97) shows

- that the inbound pilot used more rudder angle than the outbound pilot.
However, the rudder angle required of the inbound vessel with flood tide
is not as much as that required for the inbound ship with ebb tide.

Phase | conditions, flood tide

Individual track plots and navigation parameters of the runs in the
Phase I channel with flood tide are shown in Plates 98 through 101.
Plate 98 shows the inbound ship leaving the channel by 54 ft on the north
side. After the run, the pilot stated that he did not realize he was out of
the channel and there was adequate channel width for the maneuver. The
other run (Plate 100) reveals that the outbound pilot did not move over to
allow the inbound ship to remain in the authorized channel. Plots of the
navigation parameters (Plates 99 and 101) reveal that one outbound vessel
(Plate 99) used less rudder at the point of meeting/passing while the other
(Plate 101) used more. This shows the outbound pilot attempting (success-
1ully) to swing the ship’s stern out of the way of the inbound vessel.

Phase il conditions, tlood tide

Individual track plots and navigation parameters of the runs in the
Phase II channel with flood tide are shown in Plates 102 through 107.
These plots show none of the ships leaving the channel, although during S
one run (Plate 104) the outbound ship made a very erratic maneuver at the
meeting and passing situation. This is due to the fact tha *“e outbound
ship was on the north side of the channel and had to move quickly to the
southern side to avoid the inbound ship. The inbound pilot waited too late
to turn west and entered the anchorage area. One vessel parameter plot
(Plate 102) shows that the pilots had maneuvered their vessels near the
edge of their half of the channel and had placed their ships rudder at mid-
ships for the meeting/passing.

Test Reach E

A plot of the center line for Test Reach E and the distances from the be-
ginning of the center line is shown in Piate 108. Individual track plots of
all runs conducted in Test Reach E are shown in Plates 109 through 148.
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Existing conditions, Freeport set

Individual track plots and navigation parameters of the runs in the exist-
ing channel with a Freeport set are shown in Plates 109 throt 2h 116.
These track plots show that for all runs both vessels suffered a severe set
to the south and the outbound ship left the channel. It shoul be noted
that the parameter plots (Plates 110, 112, 114, and 116) show that al-
though they used some starboard rudder, none of the pilots on the inbound
vessels used all the rudder available to maneuver their vessel to the north
side of the channel. Only one inbound vessel (Plate 111) approached the
outbound ship on the north side of the channel. Therefore, not only did
the outbound ship have strong crosscurrents to contend with, it was meet-
ing a vessel that was in the middle of the channel. This explains that fact
that for three runs, the outbound vessels used starboard rudder even
though they were being set to the starboard side of the channel by the
crosscurrents. The outbound vessel in the remaining run (Plates 111 and
112) used starboard rudder to recover from the meeting/passing.

Phase i conditions, Freeport set

Individual track plots and navigation param.eters of the runs in the
Phase I channel with a Freeport set are shown in Plates 117 through 124.
These runs show the same problem as in the existing channel. One run
(Plate 119) was somewhat successful with the outbound ship only clipping
the channel edge.

Phase 1i conditions, Freeport set

Individual track plots and navigation parameters of the runs in the
Phase II channel with a Freeport set are shown in Plates 125 through 130.
These runs show the larger ships being more affected by the crosscurrents.
Although two of the runs (Plates 127 and 129) show that the inbound ship
was able to stay on the north side of the channel, the outbound ship was
still pushed out of the channel by the crosscurrents.

Crosscurrent magnitude

As discussed earlier, the current magnitude and direction was calcu-
lated by Dr. Westerink’s model. There is a lack of prototype data in this
area, and the magnitude of the crosscurrents for the Freeport set was vali-
dated by the pilots to setup a “worst case scenaric.” Perhaps, now that the
results can be examined with perfect hindsight, the magnitude of the cross-
currents, particularly for the Freeport set, was too severe. Runs conducted
in the other test reaches in the Gulf of Mexico were acceptable because
the magnitude of the currents decreases the farther the ships get from the
jetties.
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Existing conditions, Sabine set

The magnitude of the crosscurrcnts is less for a Sabine set than for a
Fresport set, therefore the vessels had less difficulty staying in the chan-
nel. Individual track plots and navigation parameters of the runs in the ex-
isting channel with a Sabine set are shown in Plates 131 through 136.
These plots show one successful run (Plate 133), one run where the in-
bound vessel clipped the north edge of the channel (Plate 131), and one
run where the inbound vessel ran slightly out of the channel for nearly
1/2 mile (Plate 135). Plots of the navigation parameters (Flates 132, 134,
and 136) show that the pilots used both port and starboard rudder for both
inbound and outbound ships.

Phase | conditions, Sabine set

Individual track plots and navigation parameters of the runs in the
Phase I channel with a Sabine set are shown in Plates 137 through 142,
These track plots show two successful runs (Plates 137 and 139) and one
run where ihe inbound vessel clipped the north edge of the channel
(Plate 141). These track plots also show that for all three runs, the stern
of the smaller outbouad vessel was pulled toward the inbound ship. Plots
of the navigation parameters (Plates 138, 140, and 142) show that the
ship/ship interaction cause both vessels to have an abrupt drop in speed at , -
the moment of meeting/passing.

Phase !l conditions, Sabine set

Individual track plots and navigation parameters of the runs in the
Phase II channel with a Sabine set are shown in Plates 143 through 143.
The track piots show two runs (Plates 143 and 145) in which the inbound
ship left the north edge of the channel. One run (Plate 147) shows the in-
bound vessel more than 100 ft out of the channel. Two of the navigation
parameters plots (Plates 144 and 146) show that the ship/ship interaction
caused both vessels to have an abrupt drop in speed at the moment of a5
meeting/passing. The other navigation parameter piot (Plate 148) does
not show as abrupt a loss in speed, becauvse the vessels were farther apart.

Test Reach F

A plot of the center line for Tast Reach F and the distances from the be-
ginning of the center line is shown in Plate 149. Individual track plots of
all runs conducted in Test Reach F are shown in Plates 150 through 173.
All runs in Test Reach F were conducted with a Freeport set.
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Existing conditions, Freeport set

Individual track plots and navigation parameters of the runs in the exist-
ing channel with a Freeport set are shown in Plates 150 through 157. The
track plots (Plates 150, 152, 154, 156) show at least one of the ships leav-
ing the authorized channel for each test conducted. However, for existing
conditions, the water is deep in this area and none of the vessels would
have grounded. The pilots were following their current operating proce-
dure by keeping the meeting vessels as far apart as possible in this reach.
The navigation parameter plots (Plates 151, 153, 155, 157) show that none
of the pilots used maximum rudder for a length of time greater than that re-
quired to start the ship turning.

Phase | conditions, Freeport set

Individual track plots and navigation parameters of the runs in the
Phase I channel with a Freeport set are shown in Plates 158 through 165.
The individual track plots (Plates 158, 160, 162, 164) show successful
runs with the exception of one inbound ship (Plate 160) that left the au-
thorized channel. There appears to be no reason to do this unless he was
having difficulty knowing where he was in the channel. The navigation
parameter plots (Plates 159, 161, 163, 165) show that none of the pilots
used maximum rudder for a length of time greater than that required to
start the ship turning.

Phase Il conditions, Freeport set

Individual track plots and navigation parameters of the runs in the
Phase II channel with a Freeport set are shown in Plates 166 through 173.
The track plots (Plates 166, 168, 170, 172) show two successful runs
(Plates 168 and 172) and two runs (Plates 166 and 170) where one of the
ships slightly left the authorized channel. The navigation parameter plots
(Plates 167, 169, 171, 173) show that none of the pilots used maximum
rudder for a length of time greater than that required to start the ship
turning.

Test Reach G

A plot of the center line for Test Reach G and the dist-nces from the
beginning of the center line is shown i1 Plate 174. Individual track plots
of all runs conducted in Test Reach G are shown in Plates 175 through
190. No test runs in the existing cha:inel were conducted since there is
presently no a2uthorized channel in this area, because the water is naturally
deeper than 40 ft. All runs in Test Reach G were conducted with a Free-
port set.
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Phase | conditions, Freeport set

Individual track plcts and navigation parameters of the runs in the
Phase I channel with a Freeport set are shown in Plates 175 through 182.
The individual track plots of runs conducted in the Phase I channel
(Flates 175, 177, 179, 181) show succeseful runs with the exception of
one inbound ship (Plate 177) that clipped the edge of the authorized chan-
nel. The navigation parameter plots (Plates 176, 178, 180, 182) show the
pilots using more rudder during the meeting/passing but not using hard
rudder for an extended period of time. The pilots did not use maximuir
redder for a length of time greater than that required to start the ship turn-
ing during the other portions of the run.

Phase il conditions. Freeport set

Individual track plots and navigation parameters of the runs in the
Phase II channel with a Freeport set are shown in Plates 183 through 190.
The individual track plots of runs conducted in the Phase II channel
(Plates 183, 185, 187, 189) show two successful runs (Plates 183 and
187), one run (Plate 185) where the inbound ship clipped the channel edge
prior to the meeting/passing, and one run (Plate 189) where both of the
ships left the authorized channel after the meeting/passing due to the
strong ship/ship interaction. The navigation parameter plots (Plates 184,
186, 188, 190) show the pilots used more rudder during the meeting/passing.
Two of the plots (Plates 188 and 190) show the pilots held maximum rud-
der on the ship to counter the ship/ship interaction. The pilots did not use
maximum rudder for a length of time greater than that required to start the
ship turning during the other portions of the run.

Test Reach H

A plot of the center line for Test Reach H and the distances from the be-
ginning of the center line are shown in Plate 191. Individual track plots
of all runs conducted in Test Reach H are shown in Plates 192 through
207. No test runs in the existing channel were conducted since there is
presently no authorized channel in this area, because the water is naturally
deeper than 40 ft. All runs in Test Reach H wers conducted with a Free-

port set.

Phase | conditions, Freepo:t set

Individual track plots and navigation parameters of the runs in the
Phase I channel with a Freeport set are shown in Plates 192 through 199.
The individual track plots of runs conducted in the Phase I channel
(Plates 192. 194, 196, 198) show two successful runs (Plates 194 and 198)
and two runs (Plates 192 and 196) where the outbound ship clipped the
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edge of the authorized channel. The navigation parameter plots (Plates 193,
195, 197, 199) show the pilots using rudder during the meeting/passing.
However, the pilots did not use hard rudder for an extended period of
time. The pilots did not use maximum rudder for a length of time greater
than that required to start the ship turning during the other portions of the
run.

Phase Il conditions, Freeport set

Individual track plots and navigation parameters of the runs in the
Phase II channel with a Freeport set are shown in Plates 200 through 207.
The individual track plots (Plates 200, 202, 204, 206) show one run
(Plate 206) where the vessels passed close (140 ft) to each other and the
ship/ship interaction forced both ships out of channel after passing. The
remainder of the runs in the Phase II channel were successrful. The naviga-
tion parameter plots (Plates 193, 195, 197, and 199) show the pilots used
rudder during the meeting/passing. The pilots did not use hard rudder for
an extended period of time, with the exception of one run (Plate 207)
where both pilots used hard rudder to offset the ship/ship interaction. The
pilots did not use maximum rudder for a length of time greater than that re-
quired to start the ship turning during the other portions of the run.

Test Reach {

A plot of the center line for Test Reach I and the distances from the be-
ginning of the center line is shown in Plate 208. Individua! track plots of
all runs conducted in Test Reach I are shown in Plates 209 through 216.
No test runs in the existing or Phase I channel were conducted since there
is presently no authorized channel in this area. There will be no Phase I
channel, because the water is naturally deeper than 45 ft. All runs in Test
Reach I were conducted with a Freeport set.

Individual track plots and navigation parameters of the runs in the
Phase II channel with a Freeport set are shown in Plates 209 through 2!6.
These track plots (Plates 209 211, 213, and 215) show the ships were out
of the 600-ft channel at the time of meeting/passing or, if they did not get
out of the channcl, the ship/ship interacticn pushed them out after the
meeting. This is similar to what would occur in Galveston Bay if tle bank
effects did not push the ships back into the channel. The pilots stated that
if anyway possible, they would avoid meeting and passing two ships of
these sizes in the 600-ft Phase II entrance channel. The navigation param-
eter plots (Plates 210, 212, 214, and 216) show the pilots used an extreme
amount rudder during the meeting/passing. This was in attempt to control
the vessel during the ship/ship interaction.
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Pilot’s Evaluations

After completing the week’s testing, each pilot was given a question-
naire to complete. Included in this report are the piiot’s responses to the
questionnaire.

a. How will deepening the channel affect ship maneuverability and
safety?

Deepening of the channel along (Entrance & Bar), will enhance
ship maneuverability and improve safety for those vessels which
presently use the channel. It is to be expected, however, that an im-
proved channel will attract larger & deeper ships, which will test
the limits of the improvements. I would, therefore, expect that bank
effect and interaction between vessels of the larger, deeper type
would be more pronounced and have a detrimental effect upon ship
maneuverability and channel safety.

Deepening the channel will be a great help in maneuvering the
ships that we handle now. But a larger and deeper channel will
also increase the size of the ships that we work with and make it
harder to maneuver and possibly reducing the safety factor.

Deepening the channel should increase the maneuverability and
safety for the size of ships we are handling today at 40 feet of draft
and less. However, a deeper channel will also bring larger ships
and deeper drafts which will be slower to maneuver, thereby reduc-

ing safety.

Yes, I feel the deepening of the channel should increase the ma-

.euverability and safety of the ships. However, like [the Capt. in
the previous paragraph] points out, a deeper channel will bring
larger ships and deeper drafts, thereby reducing safety.

It should increase maneuverability if the ships don’t outgrow the
channel as they have now.

Based on the Simulator runs the maneuverability and safety aspects
would not be altered much. On the other hand, not having person-
ally pil~* -1 ships of this size (150,000 + dwt) or araft (49 foot +) on
- regu’ . .sis, it is difficult to determine accurately. The main con-
cern saat [ have is whether at Phase I 45 foot deep channel and

44 foot draft in narrow congested channels, is one foot clearance
enough? I have the same concern for Phase II 50’ channel + 49’
draft ships. My impression is that bottom suction would be substan-
tiallv inzr. .. d (greater} ihan the simulated runs.
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b. On a scale of 1 to 10, please rate the safety of the channels.

Existing: 8-9

Phase I: 6-7 Two way traffic deep draft
8 One way traffic deep draft

Phase II: /-2 Two way deep draft, large size
7-8 One way deep draft, large size

Existing: 8 at 40 feet
Phase I: 6 at 45 feet
Phase II: 8 ar 50 feet

Existing: 9 at 40 foot draft
Phase I: 5 at 45 foot draft
Phase II: 7 at 50 foot draft

Existing: 8 at 40 foot draft
Phase I: 6 at 45 foot draft
Phase II: 5 at 50 foot draft

Existing: 8
Phasel: 6
Phase II: 6

Existing: 9
Phasel: 6
Phase II: 8

Are the proposed channels wide enough for safe navigation? If
not, state where they are not wide enough.

The proposed improvemen:s for the Entrance & Bar channels does
not address any widening, except for easing the turns at #s 7&8 and
94&10 buoys. These changes alone would significantly improve navi-
gacion safety for existing traffic.

For the reasons stated above in Q#1, however, they would do little
to enhance the safe navigation of large deep draft vessels attempi-
ing to pass each other in these channeis. The proposed im-
provements in conjunction with a “one way” (NO PASSING)
restriction on vessels over a certain size and draft would, if not en-
hance, at least maintain the safe navigation cf these channels.

The channels are not wide enough for safety from Galveston #1 to
proposed turning basin. The proposed channel should be around
1,200 feet. We need as much space between docked ships as we can
get.
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d.

The proposed channels are not wide enough for safe navigation
from Galveston #] buoy to the proposed turning basin. From
Grasso Fuel Dock to the proposed turning basin should be a mini-
mum of 1050 feet wide to safely navigate that part of the channel in-
cluding the turns. Also, this would allow more distance between
docked ships and moving ships, which would lessen the effects of
cushion and suction as the ships passed.

The proposed channels I do not feel are wide enough for safe navi-
gation from Galveston “GB” buoy to Galveston Buoy 16. I feel that
these channels should be no less than 1000 feet in width (that is,
from the Seabuoy to Galveston Chanrel Buoy 16) if we are going to
be handling vessels 900 feet and longer with beams exceeding

150 feet with 50 foot draft. 1 also feel, like [the Capt. in the previ-
ous paragraph] that the proposed channel in Galveston Harbor it-
self from Galveston Buoy #1 to the new proposed turning basin will
not be wide enough for safe navigation for these large size vessels.
I feel we should maintain a minimum 1000 foot wide channel.

I think the channel should be 800 to 1000 feet from the seabucy to
the 1050 foot turning basin.

The area I had the most problems with was from the wesi :nd of
Pier 10 to about Pier 27. This area is a continuous tu:n and is hard
to position the whole ship in the center of the channel. he ¢ffects
of strong currents either way makes this area even more difficult.
Ranges for this area do help (as tested in the simulator), but 1
strongly feel this area should be wider than proposed in either
Phase I or I1.

What is your opinion of the realignment of the Galveston
Channe}?

The realignment will probably work. The inclusion of the naturally
deep water in the approach to Galveston into the maintained chan-
nel improvements is good idea. The slight turn and point occurring
off Pier #16 area could cause a problem, but berter familiarity will
eliminate this concern.

The reach from Seawolf Park to Pier #10 could encounter a shoal-
ing problem off the U.S. Coast Guard Base Galveston. The natu-
rally deep water occurs closer to Seawolf Park and builds
significantly off the Coast Guard Base.

The realignment of the Galveston Channel is a very good idea espe-
cially the widening of the channel at Buoys 7 & 8 and 9 & 10. This
will be a great help to all the pilots.

1 like the idea of widening the turns at #7 and #8 buoys and #9 and
#10 buoys. This would correct a present problem. The realignment
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in Galveston Harbor from Galveston #1 buoy to Pelican Island
Bridge needs to be adjusted as described in question #3 to be safely

navigated.

Once again I agree with [the Capt. in the previous paragraph] of
widening the turns at #7 and #8 buoys and #9 and #10 buoys. As
Jor the realignment of the channel in Galveston Harbor from buoy
#1 to Pelican Island Bridge is already addressed in the above
paragraph.

The idea of widening the channel at #7 and #8 buoys and #9 and
#10 buoys as in Phase #3 should be a must to safely meet in these
turns.

The proposal to make the turns at buoys 7-8 and 9-10 are very good
ideas. It enables us to initiate and complete these known problem
areas with more confidence. In Galveston Harbor deepening the
channel on the center line is sqfer than the south side, enabling
Pilots to navigate further away from moored ships in the harbor.

e. Are there any places the channel may not need to be widened as
much as proposed?

I do not support any reduction in the width of any part of the chan-
nel or improvements unless a one-way traffic restriction is applied.

NO.
Definitely no.
f. Do you have any suggestions or changes to the aids to navigation?

Existing “Ranges” must be significantly improved by increasing
their height, size and horizontal and vertical separation.

The use of “GAGED” buoys alone to mark the offshore approach in
Phase I1&I1l is inadequate. A fixed system to indicate centerline is
necessary. An electronic system, capable of indicating channel cen-
terline, of a portable receiver type or interfacing with onboard
equipment should also be installed.

1 feel that passing ranges would be a tremendous help and also any
type of electronic ranges or aids that could be used while transiting
the channels.

(1) The ranges for the entrance channel could be brighter.

(2) The ranges for the outer bar channel need to be raised so that
they may be seen over the anchored ships.
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(3) Depending on the finai configuration of the Galveston harbor
channel, ranges will have to be established for guidance in the
deeper part of the channel.

g. Do you feel your ability, on the simulator, to turn a vessel in Gal-
veston Channel was limited because you could not position an ad-
ditional pilot on the bow of the ship?

NO. The close in display was as good an alternative. The greatest
problem encountered while turning around was the inability to accu-
rately determine vessel headway or sternway. Information suck as
tug wakes, propeller wash and Seaman’s Eye are all useful during
this maneuver.

The inability of the simulation to produce three (3) dimensional im-
ages will always be a limitation of these systems.

Somewhat, in the real world, we would have a pilot on the bow, but
in simulation I don’t know if the distance off the bank could be
Judged accurately enough to make any difference.

Yes.

h. Any additional comments of suggestions.

I would like to comment on the proposed phase 3 pertaining to the

600 foot deep draft channel from the “GA” tuoy to the “GB" buoy,
I definitely feel due to currents, strong winds and seas in this area
that one way traffic which means no passing or meeting is a must

for safety.
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5 Recommendations

Based on the real-time ship simulator study conducted by WES, the fol-
lowing recommendations are made for the Houston/Galveston Entrance
Channels and the Galveston Channel.

a. Based on the simulation results, the Bolivar Roads Channel, the
Inner Bar Channel, the Outer Bar Channel, and the Entrance Chan-
nel should be buiit as tested (Figure 3) for the Phase I channels.
The U.S. Coast Guard should be contacted to investigate the possi-
bility of using passing ranges, rather than center-line ranges, in this
area,

. Based on the simulation results, the Bolivar Roads Channel, the
Inner Bar Channel, and the Outer Bar Channel should be built as
tested (Figure 3) for the Phase 11 channels. The Phase IT Entrance
Channel may be built as tested with the stipulation that two vessels
as large as those tested not meet in the 600-ft-wide portion (Test
Reach I) of this channel. However, it is racommended that this por-
tion of the channel be widened to 800 ft to maintain two-way traffic
through the entrance.

. The Phase I Galveston Channel should be built to a width of 550 ft
and realigned near the split buoy (Figure 16). The turning area in
Galveston Channel should be extended past Pier 36 to a length of
4,500 ft. Although this is longer than any of the distances required
to turn a ship in the simulation of the Galveston Channel, the extra
length is required to:

(1) Allow pilots a certain amount of choice in where they turn a
vessel to account for variable factors such as the position of
docked ships.

(2) Add a factor of safety to compensate for the fact that vessels in
simulators do not affect the currents. Obviously, a vessel
turned sideways in an 1,100-ft-wide channel will increase the
magnitude of the current velocities,

Chapter 5 Recommendations




Figure 16. Phase | Galveston Channel, recommended

d. The Phase II Galveston Channel should be built to the same channel
alignment as the Phase I channel.,

. The turning area north of the jetty (Figure 6) and used by loaded
ships leaving Houston and going into Galveston should be built.
The turning length provided by this area is 5,500 ft. The Coast
Guard should be contacted regarding possible aids to navigation that
might better mark the area.

Chapter 5 Recommendations

45




References

Ankudinov, V. (1991). “Dzvelopment of maneuveiing simulation models
for five full form vessels for use in the WES Houston Ship Channel
(HSC) navigation study,” Technical Report 90062.0122, prepared for
U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS,
by Tracor Hydronautics, Inc., Laurel, MD.

Hewlett, J. Christopher. (1994). “Ship navigation simulation study, Houston-
Galvestoen Navigation Channels, Texas; Report 1, Houston Ship Chan-
nel, Bay Segment,” Technical Report HL-94-3, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

Lin, Hsin-Chi J. (1992). “Houstun-Galveston Navigation Channels,
Texas Project; Report 2, Two-dimensional numerical modeling of
hydrodynamics,” Technical Report HL-92-7, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

U.S. Army Engineer District, Galveston. (1987). “Final feasibility report
and environmental impact statement, Galveston Bay area navigation
study,” Galveston, TX.

Webb, Dennis W., and Daggett, Larry L. (1994). “Ship navigation simu-
lation study, Houston-Galveston Navigation Channeis, Texas; Report 2,
Houston Ship Channel, Bayou Segment,” Technical Report HL-94-3,
U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS..

Westerink, Joannes J. (1993). “Tidal predictions in the Gulf of Mexico/

Galveston Bay using model ADCIRC-2DDI,” University of Notre
Dame, Notre Dame, IN.

References




V HOVIH LS31 ‘MOVHL DNO1V 30NVLSId

0JIX3n 40 4D

GNVTI81 NO1SIATVD

YINSNINId HVAMOS

e ———
00oc 0
1334 Nl 3TV3S

£
\\ GNVSI RYOIad

S




44-09 X 14-0Z8

GNNOELNO ¥ 1O7Id ‘ONNOEN! € JOTId " St aacse
3011 983 "SNOILIANOD DNILSIX3

Vv HOV3Y 1S3l ‘SLO7d MOVHL. dIHS

Plate 2




PORT CLEARANCE

o

STARBOARD CLEARANCE

\'\/\//\K_ —

~

|

HOUBTON SHIP CHANNEL INNER BAR CHANNEL ocmm%fn %ﬁmf

!
1 20 0 40 50

DISTANCE ALONG TRACK, 1000 FY
1 VESSELS MEETING | PABSING

PILOT 3 INBOUND NAVIGATION PARAMETERS, TEST REACH A
seesesPLOT 4 OUTBOUND EXISTING CONDITIONS, EBB TIDE

PILOT 3 INBOUND, PILOT 4 OUTBOUND

Plate 3




ENQINE SPEED

RUDDER ANGLE

1

HOUSTON SHP CHANNEL |  INNER BAR CHANNEL OUTER SART ~ ENTRANCE
[T T T T O T[T [T [T LT T [ 17T
0 10 20 ' 20 40 50 .0

DISTANCE ALONG TRACK, 1000 FT

T VESSELS MEETING | PASSNG
PILOT 3 INBOUND NAVIGATION PARAMETERS, TEST REACH A
s+ PLOT 4 OUTBOUND EXISTING CONDITIONS, =B TIDE

PILOT 3 IMBOUND, PILOT 4 DUTBOUND

Plate 4




ANNOELNO € LOTId ‘ANNOENI ¥ LOTId
3dil 9463 'SNOILIANOD DNILSIX3

V HOV3Y 1831 ‘SLO7d MOVHLl diHS

14-0C X 14-v¥ X 14-008
SENNVL ONNOSN

Plate 5




PORT CLEARANCE

1200 — STARBOARD CLEARANCE
000 —

]
B aoo—

200 —| "—-—*\f

~200 ——

~400 ~—

RATE OF TURN
30—

DEGREES PER MINUTE

HOUSTON S8HIP CHANNEL INNER BAR CHANNEL OVIALENR| BNTMANCE
! | [TTETTTT
0 1° 20 30 40 80 80
DISTANCE ALONG TRACK, 1000 FT
T
or 4 meome. | NAVIGATION PARAMETERS, TEST REACH A
seseenPLOT 3 OUTBOUND EXISTING CONDITIONS, EBB TIDE

PILOT 4 INBOUND, PILOT 3 OUTBOUND

Plate 6




ENGINE SPEED
00 ——
80 —
,00—-
20 —
0
RUDDER ANGLE
49—
30 ——

SPEED
12— /ww' - e
2._ V/
o
ge—

HOUSTON SHP CHAMNEL | INNER BAR CHANNEL OUTEIGLN| EThANCE
R AN AL AR RN AR RN RN AN N RN RN RN ARRRY
0 1 20 30 a0 50 %0

DIBTANGE ALONG TRACK, 1000 FT

T VESSELS MEETING | PASSNG

PILOT 4 KBOUND NAVIGATION PARAMETERS, TEST REACH A
++ee+<PLOT 3 OUTBOUND EXISTING CONDITIONS, EBS TIDE
PILOT 4 INBOUND, PILOT 3 OUTBOUND

Plate 7




ONNOELNO 9 107d ‘GNNOENI § LOTd X ism xiien
3011 8683 ‘SNOILIONOD SNILSIX3

V HOV3Y 1S31 ‘S107d MOVHL dIHS

:




I

STARSOARD CLEARANCE

1

HOUSTON SHIP CHANNEL 1 INNER BAR CHANNEL CHANNEL

OUTER BAR ENTRANCE
CHANNEL

IIIII|IHl|IIIIIIIII]TWT[HTI'TTH]WTI ITIIIHT IIIIII—H“ITI
-] 10 20 30 40 50 [ 1

DISTANCE ALONG TRACK, 1000 FT
T VESSELS MEETING | PASANG

PILOT & INBOUND NAVIGATION PARAMETERS, TEST REACH A

essoosPLOT § OUTBOUND EXISTING CONDITIONS, EBB TIDE
PILOT 5 INBOUND, PILOT 6 OUTBOUND

Plate 9




1

HOUSTON SHP CHANNEL |  PMER BAR GHAMNE. SHARNEL CHANNEL
L L LS LN L LA RARAN AR LA RN AR N R R ERRAY
° 10 20 30 40 80 0

DISTANCE ALONG TRACK, 1000 FT

OUTEH BAR ENTRANCE

1 VESBELS MIETING | PASSING
PILOT 5§ NBOUND NAVIGATION PARAMETERS, TEST REACH A
e+s++oPLOT § OUTBOUND EXISTING CONDITIONS, EBB TIDE
PILOT 6 INBOUND, PILOT 5 CUTBOUND

Plate 10




GNNOBLNOD § LONd ‘ANNOBNI 9 LOTHd 4%~
3qll 993 'SNOILLIANOD ONLLSIX3

V HOV3H 1S3l 'S107d XOVHL dIHS

d3-rt1 X 13028
AEDINVL ONNOBN

:

OGNV HOLSIA VR

Plate 11




PORT CLEARANCE

-f“\/_’\f \\/\‘

STARBOARD CLEARANCE

RATE OF TURN

1

HOUSTON SHP CHAMNEL |  INNCR BAR CHANNEL S
AR AR RALL LARALARRRRARRNRARRN AR AR
0 ) 2 20 a0

DISTANCE ALONG TRACK, 1000 FT

OUTER BAR ENTRANCE
CHRANNEL

T vesszs MEETWG /PASSNG \ \\IGATION PARAMETERS, TEST REACH A
soeeeePLOT 8 QUTBOUND EXISTING CONDITIONS, EBB TIDE
PILOT 8 INBOUND, PILOT § OUTBOUND

Plate 12




|

HOUSTON 8HP CHANNEL |  WWER BAR GHANNEL | OuTCH BAR

IIITI|l||I]HI’TIITH]IFI-I[!TITIIIIITI—IIIIIIHITI
0 10 20 0 40

DISTANGE ALONG TRACK, 1¢90 FT

1 vesseLs wervmva | PASSMG
MLOT @ INBOUND NAVIGATION PARAMETERS, TEST REACH A
++++sPLOT § OUTHOUND EXISTING CONDITIONS, EBB TIDE
PILOT & INBOUND, PILOT 6 OUTBOUND

Plate 13




ONNOELNO € LONd ‘ONNOENI ¥ LOTd 5" X Lham x 1ion
3011 993 'SNOILANOD | 3SVHd

V HOV3Y 1S3l ‘S107d MOVHL dIHS

:

14-¥¥ X 14-801 X 14-811
i NS GNNORLNO)




PORT CLEARANCE

AN

STARBOARD CLEARANCE

RATE OF TURN

HOUSTON BHIP CHANNEL [ INNER BAR CHANNEL O eAR| ETRANOE

rll_]TPTIIPHTITIHlIIII'IIIIl!IIIlIIII IIIIIII‘H’]THIIFIW}
° 10 20 » 40 80 80

DISTANCE ALONG TRACK, 1000 FT

1 VESSELS MEETING | PASSING

——— PILOT 4 INBOUND NAVIGATION PARAMETERS, TEST REACH A
s-e-e-seePILOT 3 OUTBOUND PHASE | CONDTIONS, EBB TIDE
PILLOT 4 INBOUND, PILOT 3 QUTBOUND

Plate 15




80

ENGINE SPEED
%00 ——
80 — —
80—
z
‘40——1
20 —
0
RUDDER ANGLF
40—
30 ——
-
& 20—
[ 9
0 —
g
S‘E © ]
<
gzo—-
= 30 —
a5 ——
SPEED
15 ——
2 — A== \-—.._h:)
2 . //4._..»-'—' "—‘//
S —
33—
[+]
A
1 _
HOUGTON BHIP CHANNEL IWNCK BAR CHANNEL | OOTATWERR;  ENTRARNCE
(T T T T T I T [T [T T [T T TTTT 11T
0 10 20 1] 40 80
DISTANCE ALONG TRACK, 1000 FT
T VESSELS MEETING / PASSHC
PILOT 4 WNBOUND MAVIGATION PARAMETERS, TEST REACH A
sev++«PLOT 3 OUTEOUND PHASE | CONDTIONS, EBB TIDE
PILOT 4 INBOUND, PILOT 3 OUTBOUND

Plate 16




aNnoe.LNo 9 10Nd ‘GNNOENI § 1OTId
3011 943 ‘SNOILANOD | 3SVHJ

V HOV3H 1S3l ‘S1071d MOVHL dIHS

1379 X 14-98 X 14-088
WEDINVL ONOOBN

ANV NOLSIATYE




PORT CLEARANCE

v

STARBOARD CLEARANCE

SNt

RATE OF TURN

1

HOUSTON S8HIP CHANNEL | INNER BAR CHANNEL T N AANCE
RN LA AR AR AR RN RRRA N RS R AR R AR
0 1 ' 30 40

OUTER BAR| ENTRANCE

DISTANGE ALONG TRACK, 1000 FT
1 VESSELS MEETWNG | PASSING

PILOT § INBOUND NAVIGATION PARAMETERS, TEST REACH A
ss-osPLOT § OUTBOUND PHASE | CONDTICNS, EBB TIDE

PILOT 5 INBOUND, PILOT 6 OUTBOUND

Plate 18




ENGINE SPEED

N AR

RUDDER ANGLE

HOUSTON 8HIP CHANNEL

INNER BAR CHANNEL

OUTER BAR ENTRANCE
CHANNEL CHANNEL

lmﬁlﬂllllllWI—IH.TIIIITIM'HIHIIiTIII
o 10 20 30

T VESSELS MEETING | PASSING

voee-ooPILOT § OUTBOUND

I_IIIPH |IIITI—I|_!T|
80

40 60

DISTANCE ALONG TRACK, 1000 FY

PILOT & INBOUND NAVIGATION PARAMETERS, TEST REACH A

PHASE | CONDTIONS, EEB TIDE
PILOT 5 INBOUND, PILOT § OUTBOUND

Plate 19




aNNOBLINO S LONd ‘ONNOSEM 9 L0Td
3011 983 'SNOILANOD | ISYHJ

V HOV3Y 1S31 ‘S107d MOVHL dIHS

14-0% X 13-088
AEDINVL ONNOSN

3

h*zxt.zlh*s
WRAYD NG GNNOELNO,

Plate 20




PORT GLEARANCE

/

\J

v

STARBOARD CLEARANCE

/\,/\—vﬁi\ﬂ/’

RATE OF TURN

1

HOUSTON BHP CHANNEL |  INNER BAR CHANNEL UTER DA N ANCE

ARRRRSAGREAARERAR RN RSN ANNREAS AR FITOTTTT L !

ARRRNRERN RRRRE REARE AL LA L [T AT

0 10 20 30 40 50 60
DISTANCE ALONG TRACK, 1000 FT

OUTER BAR ENTRANCE

1 VESSELS MEETING / PASSING

PILOT 8 INBOUND NAVIGATION PARAMETERS, TEST REACF ..
o+o0eePILOT § QUTROUND PHASE | CONDTIONS, EBB TIDE
PILOT 6 INBOUND, PILOT 5§ OUTBOUND

Plate 21




1

HOUSTON SHIP CHANNEL | INNER BAR CHANNEL
|HrrlﬂTrlllllllrrl]ll|||rrr||||1||Tﬂl ﬂlrﬁTleﬂﬁqTTrr"
0 10 20 30 40 '

DISTANCE ALONG TRACK, {000 FT

OUTER IAH I ENI&ANGE

1 VESSELS MEETING | PASSING
PLOT & INBOUND NAVIGATION PARAMETERS, TEST REACH A
++see<PLOT § QUTBOUND PHASE | CONDTIONS, EBB TIDE
PILOT 6 iINBOUND, PILOT 5 OUTBOUND

Plate 22




ONNOBLNO ¥ LO7Id ‘ANNOBNI € LOTId
3011 863 ‘SNOILIONOD § 3SVYHJ

V HOV3Y 1531 ‘S107d MOVHL dIHS

L3-4% X L4-E4 X L4-E100 L-8% X 134-0M X 13-126 2008 i
SNV GHNOSN

Plate 23




PORT CLEARANCE

PP )

STARBOARD CLEARANCE

\/\

RATE OF TURN

1

!
HOUSTON SHIP CHANNEL INNER BAR CHANNEL OUNERNEAR | EFITRANCE

CHANNEL
AR AN L R AR RN RN N RRR R RN N RARRE
0 ° 20 30 4 50 80

DISTANCE ALONG TRACK, 1000 FT

1 VESSELS MEETING | PASSING

PILOT 3 INBOUND NAVIGATION PARAMETERS, TEST REACH A
saeeesPILOT 4 OUTBOUND PHASE Il CONDITIONS, EBB TIDE
PILOT 3 INBOUND, PILOT 4 OUTBOUND

Plate 24




ENQINE SPEED

100 ——

A — ) !

80 — r
290 —1 \ ib
=
K 40 —

20 —

0

RUDDER ANGLE

40 —

SPEED

15 —

12—
for] T
]
§I——— __/\,_a—rw\f

3 -

[

HOUSTON BHP CHANNEL |  WNERBARCHAMNEL | Somamer’ | Corommcr

i CHANNEL

||I‘II|IWIIIHI]’TTIFI—Y—IITIT]_IIIITH! T II T

0 10 20 30 40 &0 0
DISTANGE ALONG TRACK, 1000 FT

1 VESSELS MEETING | PABSNG
PMLOT 3 INBOUND NAVIGATION PARAMETERS, TEST REACH A
oveeeePILOT 4 OUTBOUND PHASE || CONDITIONS, EBB TIDE

PILOT 3 INBOUND, PILOT 4 OUTBQUND

Plate 25




ONNOELNO € LOTd ‘ANNOEAN & LONd  ‘+* ™ Liss X ismu
3011 983 ‘SNOILIONOD Il 3SVYHJ

V HOV3H 1831 ‘S107d MOVHL diHS

:

L14-80 X L4-4# X L3-418|
YD X NOEANO




0

~200
400 —1

T

oeeseePILOT 3 OUTBOUND PHASE 1l CONDITIONS, EBB TIDE

PORT CLEARANCE

e AT

STARBOARD CLEARANCE

RATE OF TURN

.
/.

I
MOUSTON SHP GHAMEL |  WNNER BAR CHANNEL ,'}Nztil BT AANCE

| @

|
|HTITWH_II—IH|II|—I"ITT1PTI ll.TTTTTIIIl ‘III[IIIIII’III.
0 10 20 30

[ 1]
DISTANCE ALONG TRACK, 1000 F'I’

VESSELS MEETING | PASSING

PILOT 4 INBOUND NAVIGATION PARAMETERS, TEST REACH A
PILOT 4 INBOUND, FILOT 3 OUTBOUND

Plate 27




ENGINE SPEED

STARBOARD
g 8 3 o
L

»

©
|
|

T
T
HOUSTON 8HIP CHANNEL |  INNZR BAR CHANNEL CTATeaLR|  EMTRANCE
" T
AR LA R R RN R NN R RN RN RAR AR AR RN R AR
° 10 20 30 40 50 80
DISTANCE ALONG TRACK, 1000 FT

T WESSELS MEETING |/ PASSING
PILOT 4 WBOUND NAVIGATION PARAMETERS, TEST REACH A
++++=<PLOT 3 OUTBOUND PHASE Il CONDITIONS, EBB TIDE

PILOT 4 INBOUND, PILOT 3 OUTBOUND

Plate 28




ANNOELNO 9 LOTid ‘GNNOENI § LOId E:Wk_uk%h: ..ﬁ«o.xﬁ?ﬁﬁz

3011 983 'SNOILIONQD |l ISVHd
V HOV3H 1S3l 'S107d MOVHL dIHS

GNVYISI NOLBIATVO

QIIXIN 40 UV

Plate 29




POAT CLEARANCE
1200 —

1000 —

800 —

o "~

%0 STARBOARD CLEARANCE
%00 —|
800 —]

800 —

R

400 —]

RAATF. OF TURN

DEGREES PER MINUTE

1

HOUSTON BHIP CHANNEL |  NNER BAR CHANNEL | CUTERBAR|  ENTRANCE
AN RN AR AR RRRR AR RN AN R AR RN RRRRRERRRN
0 10 ' 20 30 4 50 0

DISTANCE ALONG TRACK, 1000 FT
T VESSELB MEETING | PASSING

PILOT 8 INBOUND NAVIGATION PARAMETERS, TEST REACH A
o-seeeoPI.OT 6 OUTBOUND PHASE || CONDITIONS, EBB TIDE
PILOT 5 INBOUND, PILOT € OUTBOUND

Plate 30




ENGINE SPEED

RUODER ANGLE

PORT
n
[

]

DEGREES
o

-
<

it
By

[7]
o

STARBOARD
» »
] o

T

HOUSVON BMP CHANNEL |  INNER BAR CHANNEL OUTERAR|  ENTRANCE

||]:I|TI—ITPIII]III[1]I1T]—IHI|IIH|H7T HIIIiIT ]TII !TIW]
] 12 20 30 50 80

DISTANCE ALONG TRACK, 1000 FT

1 VEBSELS MEETING | PASSING
PILOT 5§ INSOUND NAVIGATION PARAMETERS, TEST REACH A
s++===PLOT § OUTROUND PHASE It CONDITIONS, EBB TIDE
PILOT 5 INBOUND, PILGT 6 OUTBOUND

Plate 31




3011 883 “SNOILIONOD | ISVHJ
V HOV3Y 1S3l ‘S107d XOVHL dIHS

GNNCELNO § 107Td ‘ONNCSANI 8 LOd E:M!g,ﬁ%hc k;..«wxﬂ._&we:hm




PORT CLEARANCE

STARBOARD CLEARANCE

ya
=/

1

HOUSTON SHIP CHANNEL INNER BAR CHANNEL CONENEAR | ENTRANCE
| A

1 VESSELS MEETIG / PASSNG
PILOT & INBOUND
eere-eesPLOT § OUTBOUND

20 30 40
DISTANCE ALONG TRACK, 1000 FT

NAVIGATION PARAMETERS, TEST REACH A
PHASE Il CONDITIONS, EBB TIDE
PILOT 6 INBOUND, PILOT 5 OUTBOUND

Plate 33




1

|

HOUSTON S8HIP CHANNEL | INNER BAR CHANNEL

OUTER BAR
CHANNEL

ENTRANCIE

IIlll[!ITTTHIITIITllITIII—IIHIITH]IITI
0 10 20 30 40

DISTANCE ALONG TRACK, 1000 FT

T VESSELS MEETING / PASSING

HTI_I—I_H

CHANNE.
THII'IIII‘
§0 80

PILOT & INBOURD NAVIGATIiON PARAMETERS, TEST REACH A
s-e+eePLOT § QUTROUD PHASE |l CONDITIONS, EBB TIDE
PILOT 6 INBOUND, PILOT 5§ OUTBOUND




GNNOELNO ¥ LOTId ‘GNNOSENI € LO7Tid
301 40014 'SNOILIANOD DNILSIX3

V HOVY3d 1S3l ‘S107d XOVHL dIHS

13-05 X J3-v9 X 14-028
SEDIRVL ONNOSN

:

Plate 35




2N ——

800 —

E €00 —

400 —

PORT CLEARANCE

1200 ——
1000 ——
200 —
800 —

=

B 400 —

~

V4

STARBOARD CLEARANCE

-!w —
400 —

40—

DEGREES PER MINUTE

20 —

30 —
40 ——

80—

RATE OF TUAN

1

-&%—M— |

HOUSTON SHIP CHANNEL

INNER BAR CHANNEL

ENTRANCE
CHANNEL

|IIHIIIII|IIll[ﬂlqllllIIIIIIIHIIIIlI
0 - N 20 30

1 VESSBELS MEETING | PABSING

PILOT 3 INBOUND
o2 PLOT 4 OUTBOUND

40

DISTANCE ALOMG TRACK, 1000 FT

IIIIT!FITI_]

60

NAVIGATION PARAMETERS, TEST REACH A

EXISTING CONDITIONS, FLOOD TIDE
PILOT 3 INBOUND, PILOT 4 OUTBOUND

Plate 36




1

ENGINE SPEED

RUDDER ANGLE

HOUSTON SHIP CHANNEL INNER BAR CHANNEL ?
| 1

] 10

VESSELS MEETING / A88WING
PLOT 3 INGOUND

oo PILOT 4 OUTBOUND

20 30 40
DISTANCE ALONG TRACK, 1000 FT

NAVIGATION PARAMETERS, TEST REACH A
: EXISTING CONDITIONS, FLOOD TIDE
PILOT 3 INBOUND, PILOT 4 OUTBOUND

OUTER BAR
CHANNEL
|

ENTRANCE
CHANNEL

Plate 37




GNNOBLNO € LOTId ‘ANNOENI ¥ 1OId  “¥%*
3011 G004 ‘SNOILIONCD DNILSIX3

V HOV3H 1S31 ‘'S107d MOVHL dIHS

1499 X 14-020
NDINVL ONNOBN

a

Exgu»*ntz




PORT CLEARANCE

STARBOARD CLEARANCE

AATE OF TURN

1

HOUSTON SHIP CHANNEL |  INNER BAR CHANNEL OUTRBCAR | ENTRANCE

| ! |
0 10 20 30 40
DISTANCE ALONG TRACK, 1000 FT

T VESSELS MEETING | PASSING

PILOT 4 INBOUND NAVIGATION PARAMETERS, TEST REACH A
+ee00ePLOT 3 OUTBOUND EXISTING CONDITIONS, FLOOD TIDE
PILOT 4 INBOUND, PILOT 3 QUTBOUND

Plate 39




1

OUTER BAR
CHANNKEL

HOUSTON BHP CHANNEL |  INNER BAR CHANNEL

ENTRANCE
CHANNEL

|IIl||l‘[ﬂ‘|’l1|l|Illl]’HHIIIHllIIF‘TH\ HTIIHT
0 0 20 30

DISTANCE ALONG TRACK, 1000 FT

1 VESSELB MEETING | PASSNG

|lﬂTI1IH|
1) .0

PLOT 4 NBOUND NAVIGATION PARAMETERS, TEST REACH A
s++++sPLOT 3 OUTBOUND EXISTING CONDIT!ONS, FLOOD TIDE
PILOT 4 INBOUND, PILOT 3 OUTBOUND




aNNOELNO 9 LOTid ‘ANNOEBNI § 107id
3011 G004 'SNOILIONOD ONILSIX3

V HOV3Y 1S31 ‘S107d JOvHl dIHS

14-88 X Ld-¥¥ X 14-0T8
MDNYL ONNON




POAT CLEARANCE

STARBOARD CLEARANCE

-

RATE OF TURN

1

HOUSTON SHIP CHANNEL

INNER BAR CHANNEL

CUTER BAR
CHANNEL

ENTRANCE
CHANNEL

T VESBELS MEETING | PASSING

oo PLOT 8 OUTBOUND

|TIITI—|III|IIII|IIIIIIIT]]—I—Iﬁ]lTﬂITHI
o 10 20

DISTANCE ALONG TRACK, 1000 FT

IIIIIHT

‘TIHPT—H—\
80

PILOT § INCOUND NAVIGATION PARAMETERS, TEST REACH A

EXISTING CONDITIONS, FLOOD TIDE
PILOT 6§ INBOUND, PILOT € OUTBOUND

Plate 42




1

HOUBTON BHIP CHAMNEL [ INNER BAR CHANNEL CHANNEL CMHANNEL

||l|llllllll|!I||llllllllllﬂl_rrl_[llllll IllIIIIIIll:!IIIlIlI
0 10 20 30 40 80 0

OUTER BAR ENTRANCE

DISTANCE ALONG TRACK, 1000 FT

T VESSELS MEETING | PASSING

——~— PILOT 5 INSOUND NAVIGATION PARAMETERS, TEST REACH A
ee<FLOT B OUTBOUND EXISTING CONDITIONS, FLOOD TIDE
PILOT 5 INBOUND, PILOT 6 OUTBOUND

Plate 43




GNNOELNO ¥ LO7TId ‘ONNOENI € LOTId  +"" *ilan X Lot
3011 d0074 'SNOILANG) | ISVHd

VY HOV3H 1S3l ‘S107d MOVHL dIHS

:

GNY I NOLSIATVD




PORT CLEARANCE

STARBOARD CLEARANCE

£00 ——

RATE OF TURN

1 ___

HOUSTON SHIP CHANNEL INNER AR CHANNEL OUTERSAR|  ETRANOE

» 20 0 W0 0 80
DISTANCE ALONG TRACK, 1000 #°T

1 VESSELS MEETMG | PARSNG

PILOT 3 NBOUND NAVIGATION PARAMETIERS, TEST REACH A
ssvoesPLOT 4 OUTBOUND PHASE | CONDTIOMS, FLOOD TIDE

PILOT 3 INBOUND, PiL.CT 4 OUTBOUND

Plate 45




1

HOUSTON SHP CHAMMEL | NMER BAR CHANMEL
|H|lllTTl]lﬂIIHHIHH]HI||Hl||l|H HHIT'T'T_
° ] 20 0

OUTER SAR
OHANNEL

DISTANCE ALONG TRACK, 1000 FT

1 vesssis MezTeia | PABSNNG
—— PLOT 3 W80 NAVIGAT!ON PARAMETERS, TEST REACH A
s+e=eePLOT 4 OUTBOUND PHASE | CONDTIONS, FLOOD TIDE
PILOT 3 INBOUND, PILOT 4 OUTBOUND




GNNOSELNO € 10Nd ‘ONNOBN ¥ LOWd ™ "
3011 G004 ‘SNOILLONOD | 38VHY

V HOV3H 1S31 ‘SLO7d MOVHL dIHS




PORT CLEARANCE

1

MHOUSTON 8+iP OHANNEL } NMER BAR CHANNEL
RRAEARARR AR AR AR R AR AR RN ARA AR
R AR ARARE LR RARRN RRRRI AL
0 L] 20 0 40

OCISTANGE ALONG TRACK, 1080 FT

T VESSELS MEETING | PASSNQ

PRLOT 4 NBOWND NAVIGATION PARAMETERS, TEST REACH A
ereteesPLOT 3 OUTHOUND PHASE | CONDTIONS, FLOOD TIDE
PILOT 4 INBOUND, PILOT 3 OUTBOUND




OUTER BAR ENTRANCE
CHANNEL CHANNEL

i
L 40 [ {1
OISTANCE ALONG TRACK, 1000 £T

NAVIGATION PARAMETERS, TEST REACH A
PHASE | CONDTIONS, FLOOD TIDE
PILOT 4 INBOUND, PILOT 3 OUTBOUND




OGNNOELNO 9 LOTId ‘ANNOEMN § LOTHd
3311 GOO7T4 ‘SNOILGNOD | 3SVHd

V HOV3Y 1S3l ‘S107d OVHl dIHS

A3-vF X L4-08 X 13-008
VOrvA GMNOw|

Plate 50



STARBOARD CLEARANCE

““\V/NQ\( 7>/ /

AATE OF TURN

1

HOUSTON SHIP CHANNEL, ,[ INER BAR CHANNEL OUTER BAR|  ENTRANCE

L LA LA AR RAAR R AR RN R RN ]
i

0 0 2 30

40 80 €0
DISTANCE ALONG TRACK, 1000 FT

1 VESSELS WEETWO | PASSNG

PILOT 8 NBOUND "NAVIGATION PARAMETERS, TEST REACH A
+esase PLOT § CUTBOUND PHASE | CONDTIONS, FLOOD TIDE
PILOT S INBOUND, PILOT 6 OUTBOUND

Plate 51




T

HOUSTON BMP CHANNEL | INMEM BAR CHANNEL

QUTER BAR
CHANNEL

ENTRANCE
CHANNEL

rrlrllTlTl]l]ll]1lHIIIIIIHII'HI|!IIH 1]]][11_1
° 10 20 30 40
DIBTANCE ALONG TRACK, 1000 FT

T VESSELS MEETING / PASSING

IIHTPTIT'

——— PLOT § HBOUND ‘NAVIGATION PARAMETERS, TEST REACH A

pa-sa-2 PLOT 8 OUTBOUND

PHASE | CONDTIONS, FLOOD TIDE

PILOT 5 INBOUND, PILOT 6 OUTBOUND




CNNOBLNO § 10Nd ‘GNNOBNI 9 107d
30l1 G007 ‘SNOILGNOD | 3SVHd

V HOV3Y LS3L ‘S107d XOVHL dIHS




PORT CLEARANCE
1200 —

E 000 —]

200 /"\_’/_,/M\/\\/\/_/./—\,

1200 STARBOARD CLEARANCE
W0 —

T

-400 —

RATE OF TURN
30 —

DEGREES PER MINUTE

|

HGUSTON SHMIP CHANNEL | INNER BAR CHANNEL T AL n!  ENYRANCE
R LN A L L AN LN AR R AR R AR R RN R
° 0 20 30 7t ) 60
DISTANCE ALONG TRACK, 1000 FT
VESSELS MEETING | PASSING,
! PILOT 6 WBOUND NAVIGATION PARAMETERS, TEST REACH A
cwt-see PLOT 6 OUTBOLND PHASE | CONDTIONS, FLOOD TIDE

PILOT 6 INBOUND, PILOT 5§ OUTBOQUND

Plate 54




ENGINE SPEED

|

HOUSTON SHIP CHANNEL

INNER BAR CHANNEL

OUTER BAR | ENTRANCE
CHANNE( H

|_||—|T|1ITI‘IIIII]IIIIIIIIIIITITI']IIIIIIH
0 10 20 30 4

DISTANCE ALONG TRACK, 1000 FT

1 VESSELS MEETING | PABENG

PILOT & NBOUND "NAVIGATION PARAMETERS, TEST REACH A
PHASE | CONL TIONS, FLOOD TIDE
PILOT 8 INBOUND, PILOT 5§ OUTBOUND

+evevePLOT § QUTBOUNC

| CHANNEL
lIlIlITII]FIHIT’ITT"
0 0 80

Plate 55




GNNOELNO ¥ 1O7id ‘ONNOENI € LONd  *+* X iisu x Liue 2RV M NAORLNO,
3QiL 00T ‘SNOLLIANOD |l ISVHd

V HOV3Y 1S3l ‘S107d XOVHL diHS




PORT CLEARANCE
1200 —

£ N

1200 — STARBOARD CLEARANCE

RATE OF TURN

DEGREES PER MINUTE

MOUSTON SMP CHANNEL |  INNER BAR CHANNEL oA | et

ITH]]HIIIIII]PIIIIIIll]IlIlllll"l-—sl—l Illlllll . IIIIIIII‘
0 10 20 30

40 50 60
DISTANCE ALONG TRACK, 1000 FT

T VESSELS MEETING | PASSING

PILOT 3 INBOUND NAVIGATION PARAMETERS, TEST REACH A
o-as-e-ee PR.OT 4 OUTBOUND PHASE || CONDITIONS, FLOOD TIDE
PILOT 3 INBOUND, PILOT 4 OUTBOUND

Plate 57




1

HOUSTON SHP CHANNEL |  NNER BAR CHANNEL | CUTEM BAR|  ENTRANCE
[T T T[T T T [T IO T [ T[T T 1T
0 10 20 30 40 s 60

DISTANCE ALONG TRACK, 1000 FT

T VESSELS MEETING | PASSING
FILOT 3 INBOUND ‘NAVIGATION PARAMETERS, TEST REACH A
+++eePLOT 4 OUTBOWND PHASE || CONDITIONS, FLOOD TIDE
PILOT 3 INBOUND, PILOT 4 OUTBOUND

Plate 58




3011 40014 ‘SNOLLIGNOD ¥ ISYHJ

ONNOELNO € LONd 'ONNOSNI ¥ LONd 44 X Mdeu xLion kﬁ.&-&%g

Y HOV3H 1S3l ‘'S107d ¥OVHL dIHS




1

HOUSTON SHIF CHANNEL

INNER BAR CHANNEL

OUTER BAR
CHANNEL

ENTAANCE
CHANNEL

1 VESSELS MEETING { PASSNG

*oeeoePLOT 3 OUTBOUND

HHIlllllIHT'HIIIH]T]HII‘lll—lp—lll
L. 20 0

DISTANCE ALONG TRACK, 1000 FI'

IHIII—II

lll:!llllll
50 80

PILOT 4 INBOUND "NAVIGATION PARAMETERS, TEST REACH A

PHASE Il CONDITIONS, FLOOD TIDE
PILOT 4 INBOUND, PILOT 3 OUTBOUND

Plate 60




N

1

HOUSTON BHIP CHANNEL. T INNER BAR CHANNEL OUTRRSMR | ENTRANCE
AR RARAN AR AR RN RRRRE RN RRRRE R
] 10 20 ' a0

§0
DISTANCE ALONG TRACK, 1000 FT

1 vESBELE MEETING [ PASSING

PILOT 4 NBOUND " NAVIGATION PARAMETERS, TEST REACH A
~eeee<PLOT 3 GUTROUND PHASE Il CONDITIONS, FLOOD TIDE
PILOT 4 INBOUND, PILOT 3 OUTBOUND

Plate 61




GNNOGELNO § LOId ‘CNNOBNI § LOW
3qL G004 "SNOLLIGNOD NI 38VHJ

V HOVY3H 1831 ‘S107d MOVHL dIHS

Wi

glsli‘ —

L4-00 X L4-0% X
NBRUVI e




POAT CLEARANCE

!

/ |
Y T el
\

STARBOARD CLEARANCE

vV v

1

NNER BAR CHANNEL
1

Q L] 20 30 40
OIBSTANCE ALONG TRACK, 1000 FY

T VESSELS MEETING | PARSING

PLOT § NBOUND "NAVIGATION PARAMETERS, TEST REACH A
*eeeee PLOT § QUTROUND PHASE |l CONDITIONS, FLOOD TIDE
PILOT & INBOUND, PILOT 6 OUTBOUND

Plate 63




| N N0
TU U T T

1

HOUSTON SHIP CHANNEL

IT”IT1TIT]HII|]HI|Illll!lﬂrﬂ—ﬂrllll Illll
° ©° 20 e

1 vesstLs MEETMG |

40
DIRTANCE ALONG TRACK, 1000 FT

CHANNEL

PASSING
—— PLOT § MEOUND "NAVIGATION PARAMETERS, TEST REACH A
PHASE Il CONDITIONS, FLOOD TIDE
PILOT 5 INBOUND, PILOT 8 OUTBOUND

e« MLOT ¢ OUTBOUND




8 HOV3H 1831 HOVHL HONO1V 3ONVLSIa

ONYISI NOLSIATVE

GNYI8I NYOIad




30U 863 'SNOLANOS DNLLSXD
g HOV3Y 1S3L 'S107d JMOVHL JdHS

Flate 66




30U 863 'SNOLLKANOO | 3SVHd
8 HOV3Y 1531 'S1O7Wd JHOVHL dHS

-— -
— -

— -

— - — —
p—
— — -

Plate 67




30LL 893 'SNOLLANOD i 3SVHJ
8 HOV3Y 1831 'SLO71d JOVHL dHS




POAT CLEARANCE

00 —
1200 —
1000 —

e 800 —
800 —
400 —|

200 —

STARBOARD CLEARANCE

1400 —
m_
W06 —
g 800 —
¢00 —
40—
200 —

it
B~ ]
B |
tH § -
I g 2
I i 8
T L T

DISTANCE ALONG TRACK, 1000 FT

— EXIRTING CHANNEL

----------- rrase lcHameL  NAVIGATION PARAMETERS, TEST REACH B

PHASE § CHANNEL EBB TIDE

30

Plate 69




RUDDER ANGLE

-]

§

. l : fl !OIAL_V[EIITONONMOEL| | I ' l r”T;LMEIR:LARIciMINj:l l

e

2
-

SEA WOLF PARK

DISTANCE ALONG TRACK, 1000 FT

EXIBTING CHANNEL

rriact 1 Ciag.  NAVIGATIOM PARAMETERS, TEST REACH B
PHABE N CHANNEL EBB TIDE

Plate 70




AL OO ‘SNOLLKINOD ONULSIXT
g HOV3Yd 1831 'S1071d HOVHL dHS

Plate 71




.

30 GO0 'SNOLLANOO ) 35VHd
8 HOV3d 1S3l 'S107d XOVHL diHS




34U GOOH 'SNOLLIGNOO i 3SVHd
8 HOV3H 1S3l 'S107d MOVHL diHS




PORT CLEARANCE

STARBOARD CLEARANCE

| E " naeorTUW
. 2
E g ' - / R\
T
id.
= x|
® g g i
‘ N : 3
=
8§ 3 E
GALVESTON CHANNEL INNER BAR CHANNEL
}Tl]llllll||T|||‘l|| l}l'f'lTT‘]
0 2 4 [ ] [} w0 12 “ ), | " 20 22 24 28 28 30

DIBTANCE ALONG TRACK, W00 FT

EXIBTING CHANNEL

----------- puase 1 ciane.  NAVIGATION PARAMETERS, TEST REACH B
. : PHASE § GHANNEL FLOOD TIDE

Plate 74




QALVESTON CHANNEL INNER BAR CHANNEL

T 7]

||I||
a ¢ ® 20 22 24 26 30

SEA WOLF PARK
SPLIT BUOY

& —
|

DISTANCE ALONG TRACK, 1000 FT

EXISTING CHANNEL
rHase iciamee.  NAVIGATION PARAMETERS, TEST REACH B
PHASE I CHANNEL FLOOD TIDE

Plate 75




O HOV3H 1531 ‘YOVHL DNO1V JONVLSIA

OJXIM 40 IVW

IOV JOHINY

Plate 76




3011 883 'SNOLLIANOD ONLLSIXT
O HOV3Y L1S31 ‘SL1071d NOVHL diHS

OGNV IS NOLSZATYD

Plate 77




3L 883 'SNOLLIANOD | 3SVHd

9 HOV3H 1S3L ‘S107d MOVHL JIHS

GV NOLBIATVD

o o —— —

Plate 78



30l 863 'SNOLLIANOO I ISYHd
O HOV3H 1531 ‘S1O7Td MOVHL dIHS




STARBOARD CLEARANCE

INNER BAR CHANNEL
VESEEL TURNRG l GALVESTON CHANNEL

1‘LT‘[‘F‘LT Iﬁ rrrrTl TITTI_IIII] |l—l ]j

30 38 40 42 44 48

DISTANCE ALONG TRACK, 1000 FT

NAVIGATION PARAMETERS, TEST REACH C
EBB TIDE




MUDDER ANGLE
g SPEED
[-]
:
8§
SREAA" | muERBAR CHANNEL GALVESTON CHANNEL
ITT|||11|rr7[11n|1ﬁ1
4 8 \IT i'ralnxltnalo‘ualua'la‘oalzalql

DISTANCE ALONG TRAGK, 1000 FT

EXWYMG CHAMEL  NAVIGATION PARAMETERS, TEST REACH C

............ PHASE | CHANNEL
~————-— PHABE § CHANNEL EBS TIDE

Plate 81




3AL GO0 'SNOLLKANOD BNLLSIX3
0 HOV3IY LS31 ‘S107d XOVHL dIHS

talhu.ﬂxhlnnh
HEIUUYD NG ONNORLIND

GNVT81 NOLSIATVO

ALLIF HLNOS
VI 4330 ATIVUNLYH




3dU OO 'SNOLLANOD | ISVHd 1334 N TS \
O HOV3H 1S3l ‘S107d JOVHL diHS . v - .

h&vvlh&.ﬂktohh
VBHEYD N8 ONNOBLNO

GNVYI81 NOLSIATVED

- -
- - -

Plate 83




30U OO "SNOLLANOD I 3SVHd
O HOV3Y 1831 'S1071d MOVHL dIHS

43 8¥ X 1400 X 14 8
WRUUVYI XMNe ONNOELNO

GNVTSI NOLRIATVD




PORT CLEARANCE

1400
1200

1000— .
E 800— L/
800— ant W .—-/_\
400 oy
2000— M ‘ ‘.“”‘*zzﬁm--*)t\\h-’-;

STARBOARD CLEARANCE

E RATE OF TURN
5
[ 4
85 gfl
ﬁ a
O it
L8 N =
He -
1
85
Q
<
b3
[
Q
[~
E g
HOUSTON |BOLIVAR INRER BAR CHANNEL
W cRb INER BAR CHANN GALVESTON CHANNEL

I '1LI|ILI‘LIII‘IIIII]Illllll!III]IIITI‘I

“ 1 20 22 24 26 28 30 32 34 30 38 40 42 44 48
DISTANCE ALONG TRACK, 1000 FT

EXISTING CHANNEL

............ NAVIGATION PARAMETERS, TEST REACH C
..... 7 PHASE n GHAMEL FLOOD TIDE

Plate 85




ENGINE SPEED

oF
}

N »Nw
BlBeceal

[=4

o @
W N EDSa TontG GALVESTON CHANNEL
b % th % b %0 a2 2k a8 db % 32 % 36 3 4o 4z Ae b

DISTANCE ALONG TRACK, 1000 FT

EXSTMG CWMEL  NAVIGATION PARAMETERS, TEST REACH C
——— m::g ;%m FLOOD TIDE

Plate 86




0002 0004
1334 N 3VOS




ONNOELNO ¢ 1O7id ‘GNNOEN) S LONd
3QlL €€3 “SNOLLIONOD ONILSIX3

'd HOV3H 1831 ‘S1071d MOVHL dIHS




aNNOELNO 9 LOTd ‘GNNOEN! § LOTd GNNOBLAO 9 LOUd o—s—s—e—o
3di1 893 'SNOLLIGNOD DNILSIX3 : GNNOBNI § 1OTd

@ HOV3Y 1831 ‘SH313WVHVd NOILVDIAVN

14 000 “OVHL ONOTV IONVLSIQ 14 0001 ‘NOVHL DNOTY IINVLSIQ 14 000t ‘HOVHL ONOIY 3ONVLSIO
0 % % T o0 8 9 ¥

R S R S 0 Vo2 08 o8 0 v Z
Led g gl baty J Le Lyl badeb v daly by e by bl

z
1

13NNVHD YHO TBNNYHD VHO 1INNVHOD

3onviing | BNNYHO UVE u3Lno g 3oNvuLNg | INNVHO UV@ uaLno BN JonvuLse | BNNYHO Uve uaLno

Ty
quvosHv.LS
1 1

g 3

[
140d QUVORUViS

Ji

e e

Nproasthh, .

AL J.\/).\‘I(Q.IQ\‘ N

u

i
Loon ®
1HOd

€334030

GNOJ3S Wad §33WD3aa

(T 1
&S

4334 NI SONVHVYID

NHNL 40 31vH ITONY ¥3dony 3ONVHYITO QUVYOBUYLS

- a
002
I\S/fjxk\w\n\ i WS o ooy
009

ooe
000}
L oo

SLONN

| SONYHY3'1D

|

TNRgeowno

1334

JONYHYITD LUOd




GNNOBLNO € LOUd ‘GNNOENI ¥ LOId
30I1 993 'SNOILANOD | ISVHd

a HOVaY 1831 'S107d MOVHL dIHS

44-v7 X L4-3% X L4-008

Vvl

13-0% X 14008 X L3944,
UFUNYD NI ONNOSI

Plate 90




GNNOELNO € LOTId 'GNNOBNI ¥ LOTId
311 983 ‘SNOILANGD | ISVHd

a HOV3H 1S3l ‘SHILINVHVI NOILYDIAVN

14 0001 "NOVHL DNOTY 3ONVLSIC
s n a o

f.n_o| IEI_L{_. F_lr _#LLQ_ _IF._.
m.auﬂ«.n._.zw TINNYHD UvE cwti muan: m.wﬂ«ﬁ_.wu

9

2

QUvORHVLS

14 000 "4l ONOTV JONVLSIO

fr.LnF_ L _ _|_

GNNOBLN € LOWd o -6~0—0—e-0
GNNOBN ¢ 10d —

14 000" *NJVHL ONOTV 3ONVYLSIC

1] 1 48 N— [} ]
_ f IR _l_ T—_ _ Lc:u_
TINNYHO
vl o v o UVE

T 1
om ®

wﬁbqvﬁ\dqﬂ

NHAL H0 3ive

T
® o
MOd
GNOJ3S Wid §33WO3Q
H
<

1
&
it

|
]
-

ITONY H30O0NY

uoe i v?.
%

/

¢

}

4334 NI 3ONVAV3TD

|

- -]
®” o

B

i
o
-

SLONN

|

TNReweceno

a33ds

0z
or 3
08X

005

ooz
00y
— 000
009

ooz
JONVHVYITO QUVOBUVLS

002
aof
\/\I{x’l}-\\’.& 008
008

ooo!
oozl

4334 NI JONVUVETD

IONYUVIIO LUOd

Plate 91




GNNOBLNO ¥ LO7id ‘GNNOENI € LONd
304 863 ‘SNOILIONOO N 3SYHd

0 HOV3Y 1531 ‘S107d XOVHL dHS

Plate 92




GNNOYLNO ¥ LOTd ‘ANNOBNI € LOTid GNNOBLNO ¥ LONd o—st—s—o—s
3a1L 8893 "'SNOILIONOD Il ISVHI - ONNOBNI £ 1OTd

- 0 HOVY3H 1S31 ‘SHILINVHVI NOILYDIAVYN

14 0001 "XOYYL ONOTV IONVISKD 13 0001 “NOVYJ DNO'WY ZONVLSIG 14 000" ‘NOVUL SNOTY FONVLSI
a N T o | § ] 4 T 0 | 3 " T o [ ] ] v [ [ s M o o ] ® v e 1]
ENNENE NS RN | by by d bbbyt bad g dadatatn J

TINYHO BNNYHO TINNVHD v K3LNO VHO
SIUVHO_ [TENIVIO UVE 42100 o D | eviio uva waino N SIIVHD. 1 TINNYHO HVE g

QUVORUY.LS

GNOD3S Wad §33VW030

o I ?

1H0d QuHVOBHVLE

o
b
3
z
"
z

AONVYHYITIO QHYOUUVLS

S e

SLONN

INRevvwns

1334 NI IONVEYID

JONVYEYID LHOd




GNNOBLNO S 10Hd ‘ONNOBNI 9 LONd
3014 863 ‘SNOLLIGNOD Il ASVHd

Q HOV3H 1S3l ‘S107d XOVHL dIHS




GNNOYLNO S LONd ‘ONNOBNI 8 LOTIId
3ai1 893 "'SNOLLIGNOD it 3SVHJ

Q HOV3IY 1531 ‘SU3I13INVHVI NOILVDIAVN

14 000t “MOVUL ONOTY JONVISIA °

"

.
Leld

14 000% "NOVHL ONOTY JONVLSIG
a a " g o

TINNVHO
IFONYULANI

___T____:LLI_ ] ___l____

tl_'l-

| g

1
SLONN

I¥8Raeaevne

14 000% "MOVHL DNOTY 3ONVLSIA
" zZ o 9

z o
_______;._:

TINNVHD UvE HILND ._M.dg«..o

3ONVYHYITO QUYOBHVYLS

FONVEYITD 1H0d

HE

1333 NI BONVUVITD

m
8
Z
2




ONNOYLNO 9 LO7Id ‘GNNOENI S LOUId
3d1L 40074 ‘SNOILIONOD ONILSIX3

'@ HOV3Y 1S31 ‘S107d ¥OVHL diHS

44-68 X L4-PP1 X 13-0Z8
MANNVL GNNOPE




AONNOELNO § 1O'Id ‘ONNOBNI S 10Id ONNOBLNO § 10N oo oo
3dlL o074 ‘SNOLLIONOD ONILSIX3 . GNNOBNI'§ 107l

0 HOV3Y 1S3L ‘SHILINVHVJ NOLLYDIAVN

14 000" "NOVHL INOTY JONYLSIG 13 0001 “¥DYHL ONOTV IONVLSIQ 14 000't “42VHL ONOTY 3ONViSIQ
v 2 o 8 9 ¥ Zz o 8 9 2 0 9 9 ¥ 2z o "N 2 o 9 O ¥ Z 0
Ledy by by b ly _.__ _<___u_ Le Lyt Lol daladel Loy da b ot Ls__ _
T3NNVHD [33unvio ¥y bzino TINNVHO 350yl uva TRINYHO T13NNVHO HO ¥3inNo 0
—9€ —oF
—ot § —0E
~v2 35 9 3
-3 w2y
"9 z
./ faVr'e WL\ ? O« ], D@
NN 780" L V4 ,l(\l\ 1] m 0 Om \I\I[\I 0 -nlu
- N a o W m n/\ ‘l‘/ﬁlﬁ\e 00Y w
%] n >
=] =02 N - 008 >
v 9 — 008 Q
-0€ m
-2 © 000l %
L o» 002t =
NENJ 40 31VH 37NV u3aany FONVHVID QHYORMVLS m

90 0z

mm .-mwu N rtr&\lfm"“m

-]
&
)
1334 NI BONYHYIID

q33ds NdH 3NIONT FONVHVIIO LHOd

Plate 97




aNNoeaLNo € LOTd ‘ONNOENI ¥ LOTId
3011 G004 ‘SNOILANOD | 3SVHd

G HOV3H 1S3l ‘S107d MOVHL dIHS

13-pF X L399 X 14-006
UYL GNnOSN




aNncaLlno € LOUd ‘aNnoaN! ¥ LOTId ONNORINO € 10d oo —es—eo
3011 40074 ‘SNOILANOD | 3SYHd . GNNOENI ¥ 10'Ud

a HOV3H 1S31 ‘SHILINVHYd NOILVDIAVYN

44 0001 "NOVUL ONOTY JONVLSIO 14 00Ct 'NOVHL DNOTV JONVLSIO 14 000'I ‘NOVHL ONOTY AINVLSIA
z 0

% a o 8 9 ¥ Z 0 B M oz o6 8§ 0 ¥ 2z 9 oY oz o8 9y
by de b b d b b Lo dgpla by byt __________lr_h_s_.o

I3NNVHO T3HNYHO TNNVHO o) 30NNVHD N3In0
SoNvuLN | ENNVHO HYE watno| “hvE ToavuIg [vha uve waLno 1N SNV | 1vvHO UV Nl

s
o @
88 S

e
QUvCRHvY.LS

S

i
e

440d

WYL >¢:<=c><§‘bq%§?

NuNL 40 34vH JFTONV H300NY JONVUYITN QUYORYYLS

5 8

|

-]

-
4334 NI JONYRYITD

SLONM

ETNQuwowwno

1334 NI BONVEYTTD

JONVHYINO 1404




GNNOELNO 9 LOTd ‘NNOENI § LOTd " X0 64 ! T
301 0074 ‘SNOILONOD | 3SVHd 1334 m 308

G HOV3H LS31 'S1O7Td MOVHL dIHS




aNnog.Lno 8 10TId ‘GNNOENI S 1OTId GNNOGANY § 1CWd oo e <o
3dIL 40014 ‘SNOILANOD | 3SYHd : ONNOENI § 10Td - ~————

 HOV3H 1S31 ‘SHILINVHVI NOILYDIAVN

Plate 101

14 000" *NOYUL ONOTY JONVLSIO 14 000" ‘JOYHL ONOIV IONVLISIA 44 000 ‘NOVUHL DNOTY 30NVLSIO
a # o o i 2 o0 8 8 r 2z o0

IR RN ES Lol L L FJ%LLL.-E&

JANNYHO [ annvis n TANVHT 1INNVHO n VHO
Moo Ve ¥3LN0 TENNVHD UYE W3LNO0 m.m,z_.,m INNVHO [avio uva kawno| VY

biir

H(d_.<‘.

T i
2 °2 289
1MOd QHYOSHYLS

.
&

QNOD3S H3d $33WD3Q

|
[~
[

[
°
-

1324 M 30NVNVETD

Nul 40 31ve FTIONY H300NY SONVHYITO JuvOoauvLsS

[- -4
o o
T N

| e

— e ————

D O D I I O
IV Ruoevwno
S10NN
[~
s8 o
4334 NI BONVHVYITD

FONYHVYITO 140d




aNNOYLNO ¥ 1LOTId ‘GNNOENI € LO T
30iL AOOTd ‘SNOILLIGNOD Il 3SVHd

@ HOV3Y 1S3l 'S107d JJOVHL dIHS

Plate 102




aONNOELNO ¥ LOTd 'GNNOBNI € 10d ONNOBIND F LOUd o—o—o—o—0—o
30lL 0074 ‘SNOILIANOD Il ISVHI : QGNNOBNI E 10Wd

@ HOV3Y 1531 ‘'SHILINVHVI NOILVOIAVN

Plate 103

14 000't MOVHL DNOTY JONVLSIG 14 000% “HIVHL ONOTV JONVLSIO 14 000 ‘HOVHL DNOTV JONVLSIA
8 v a o 0 a n oz oo e @ a o2 o 4 q
| Ly |

¢ 0 r z ry z o $ 6 v
______________u Lyl b be bl bl Lo b bl g balatal

J3NNVHO g0y TINNVHO 0 TINNYHD 2 1no TIMNYHD
aomviiina| RNV Uva uauno | I o | uve waino| VY SINYHD Lz uve v Nyl

i | 1
e
2889

]
e
14Od QM¥VOBHVYLS

A fIn

0

— — v, o |- ooz
S R oor

- 009

009

e

_>/_<.>-z,.,\.§ (P4

I
o e ©
N 2
$33u03a

GNOQ3§ W3d $33HO30

|
o
[

°
-
4334 NI 3ONVNY3ID

Nuni 3o aivy 3TNV H3aoNy AONYHYIT) QUVOBUVLS

R

SLONM
1534 NI ONYMYITD

INCopeoevewno

Mdu INIBN3 JONVEVITD 1H0d




ANNOBLNO 9 1OTid ‘GNNOEBNI S L0Id
301 G004 ‘SNOLLIONGO Il 3SVHJ

a HOV3Y 1S31 ‘S1071d MOVHL dIHS

d3-0% X L4-CL X A3-8108
SEDINVL ONOMN

E

Plate 104




GNNOBLNO 8 LOTd ‘ANNOENI § LOd
3dIL 0074 ‘SNOILIANOD Il 3SVHd

G HOV3H 1S31 ‘SHILINVHV NOILVDIAVN

14 0001 "MOVUL DNOTY JONYLSIO
o o

_w_LL___LL_._LLI_

SYHO_ [13mvHO bvE u3LNO ..m5<¢02

—o€

|-oc

vz

- o

- ¢

- o

-0

o

-z

Lze

NHNL 30 31vY

[
ITNQCoowno

03348

1HCd

SLONX

14 0001 ‘HOVHL ONOTV JONVLSIA

8 n oz o vy z o
| b____rrﬂ_<ho_
BNVHD

v | TevHO Ve uaino| VY

1

d

Y

JTONY H3aand

GNNOGLNO § LONd o -o—o—9—s—0

GNNOENI § LOTId

14 000 ‘¥OVHL DNOTY FONVLSIO

s N o o 8 y ¢

AT ER NN PF_LI_d.bm_
TINNVHO
AONYMING TINNYHO Hv8 431Nn0 CW”QZ

[
2 ©
® -

T B

JONVUHYIID LUHOd

@
oz m
“Sg \
0o 38 0
. . |- ooz
v . oo¥
0z 3 - 009
008
000}
0921
3ONVHYIIO QHVOEHVYLS
0 o
0z 00z
=t B T ooy
8 £ 009
~— ooe
- ooot
0oz

1334 NI 3ONYHYITD

1334 NI JONVHVITD

Plate 105




aNNCELNO S 107id ‘ONNOSNI 8 LOTId
3ai1 G004 ‘SNOLLIGNOD ¥ 3SVHd

Q HOV3Y 1831 'S107d XOVHL dIHS

Plate 106




AGNNOALNG S LOTId ‘GNNOENI 8 LOTId
34IL d00Td 'SNOILIONOD Il 3SYHd

J HOV3H 1S31 ‘SH3LIWVHVL NOLLYDIAVN

13 0001 “XOVUL DNOTV 3ONVLSIO
K # a & 9 9 4 Z 1]
Lol deia gty __o_
TINNYHO
VIO (oo uve vaino RN

NEOL 40 3ivd

TYRewxno

SLON

14 000" "¥OVML DNOTV FONVLSIO
- 1 4
L

YH
no

TBNNVHO |3aivio uve y3Lno v
H3NN

FONVUINZ

2L o 8 9 ¥ ¢ o
Lol e bbbl

GNNOBLNO § LONd o—e—s—a—e—o

GNNOGN 9 LOTId

14 000 "HOYHEL ONOTY JONVLSIQ

% v a3 o 0 0 ¥ <
L IFREE A NN

I3NNVHD V8 HILNO drz 0
3oNviLINg | ENNYHO Hve V!

R
e ¢ 2 o
- N M -

o L

3TONY H3qoNH

e o
140d OUVORVLS
s33w03q

|
o o
LR ]

|
e
-

3ONYHVITO QUVOaUVLS

T

oo g o

NdH INIBNI

30NYHY370 1Uod

a
[
m
by
£
(2]
m
z
s g
m
m
-

133d Ni IONVEVYI0

Plate 107




3 HOV3H 1S31 ‘MOVHL DNOTV IONVLSIA

0002

0008
1334 M YOS

Plate 108




GNNOELNO 7 107Hd ‘GNNOENI € 10Ud
138 1HO433H4 ‘SNOILIANOD ONILSIX3

3 HOV3Y 1S31 ‘S107d MOVHL dIHS

]
|

1408 X Li-¥¥ X 14-078
DIV GNNOwe

EEf

Plate 109




GNNOYLNO ¥ LOTId ‘ONNOBNI € LOd
13 1HOJ33Hd4 ‘SNOILIANOD DNILSIX3

3 HOV3Y 1S3: ‘SHILINVHYL NOILVOIAVN

44 000! “XOVHL BNO' ¥ JONVLSIC 14 0001 HMOVYL BNOTY 30KViSIO

| 11 - €l il [ I’ s U S €l 1] [} L
Lo da bty d ol da by fold

TINNVHO 3ONVHINI

TINNVHD JONVHLINT

aNNOBLANO ¥ 1O07Nd o—o- o—e—o—0
GNNOBNI € LO0UJ

14 000t "¥OVHL DNOTY 3ONVLSIA
s 4 s e n 8 L ] €

lefe el by bty oylf

JINNYHO 3ONVHING | NEHO

43aino

~®

e
iHOd QuvoguvLlS
31NN H3ad $330D30

N -
L)

NEAL 40 FLvl I1ONY HIA0NY

i}
e
-

--02
-0

-

o _L_ e
140d QuvoEuv.lS
$234b30

o~

JONYHYI™D QHYOBUV.S

o> A“.%

Ne®mOowTNO
SLONX

Q334S 3INION3

3ONYHYITIO 1HOL

Plate 110




GNNOELNO € 1071d ‘GNNOENI ¥ 10T1d
13S 1HOd33Ud 'SNOILIGNOD DNILSIXI

3 HOV3H 1S31 'S1071d MOVHL dIHS

O2IX3aN Jo S o

-

1308 X Ad-¥Pi X £4-028
NDINVL GNNOSM

Aliar Hivon

_
Eﬂlh&.!lg
VBV e §-§=

1334 N ATVIS

Plate 111




GNNOELNO € 1LO7id 'GNNOBNI ¥ 107ld . ONNOBLNO § 107d oeooe o
13§ 14043344 ‘SNOLLIGNOD BNILSIX3 ONNOSMI ¥ 10Wd ——————

3 HOV3IY 1S3L 'SH3ILINVHVI NOLLYDIAVN

14 0004 “N3Vel BNOTV JONVLSID 14 000 *NOVUL ONOIV 3ONVLiSIA 14 000! ‘NOVHL BNDTV 3ONVLSIO
e 4 4 L2 S ¢

@ % o u e % 4 s o

Ledada b Lot la e b dsd Lol tad

I3NNVHD 3ONYHLNI TENNVHO ZONVHING | ava I3NNVHD 2ONYULND
: H3alno

[
o o
g L) -+

|
=4
4HOd QHYOHHV.S

Lol

LU

o

!
e

-
0
-~ Y\//k\.}, "L ooz
1 T oo

— 009
008
oool
oozt

'7
©
o«

[
o
«

NHNlL 40 3ivd FIONY Y3gond IONVHVYIIO GHVOHHYLS

—~

T o
-~ J\\Q‘l’!e\?

g334S INIBNT JONYUHVITO 1H0d

Plate 112




. GNNOBELNO 9 1071d ‘ONNOENI § 101d
138 14UOdJ334d ‘SNOILIGNOD DNilSIX3

3 HOV3H 1S3l ‘SL1O7d YOVHL dIHS

-~

44-88 X Ld-¥¥ X 24-008
WDINY1 GNROSN

ALLIr Hinoy

1498 X 1000 X 24802
YD AT

LU AL LALL L]

1334 N IWIS

Plate 113




aNNOE.LNO 9 LO7Id ‘GNNOENI S LOId . QNNOELNO 9 10T oeesos
138 14043344 ‘SNOLLIONOD ONILSIX3 QNNOBN! § LOTd ———

3 HOVIH LS3L ‘SHILINVHY NOILLYDIAVN

14 0001 “MOVHL ONOTY JONVISIQ 14 0001 ‘MOVHL BNOTV JONVYLSIQ 13 000! ‘NOVHL DNOTY JONVLSIG
8 $ € 8 o4 S J— —_— ﬂ L 3 € 8 4 s B U
| I |

1 4 S € 13 [ ] i [] L S €
i laodbabadlady EE NN | ] ol ot b ba oy

JINNVHO FONVHING | ohva D TANNVHO 3ONVHLNI TONNVHO FONVHING | CpNEY
¥3ino , 4310

i
e
-

e ¥
L
e ©
N ™
1HOd QdYOSHVLS

(-]
-

i

T
1

°
$33W030

|
goo®
4H0d QuvOQuVLYy

ILNNIN W34 §33WM30
e

[
N e
o N

HUHNL 40 31vH FIONV H3aanyd

JONVHYITO 1804

Plate 114




1468 X L4-¥9 X 14-028 2308 X 13-008 X Li-9LL LLLL LRRAALER) LAY
YFANNYD WG GNNOBLNG)

0002 200 °
43234 & FIVO6

- ANNOELNO § LOTId ‘GNNOENI 8 LOTId \DNvL CNOme
13S 1HOd33Hd ‘SNOILIGNOD DNILSIX2

3 HOV3Y 1S3L 'SLOTd MOVHL dIHS

Plate 115




ONNOELNO § 1Oid ‘GNNOENI 9 LONd
13S 1H0d334d ‘SNOLLIGNOD BNILSIX3

3 HOV3Y 1S31 ‘SHILIWVHV] NOILYOIAVN

14 0001 "MOVHL ONOTV 3ONVLSIO
-.bm-n.=ﬁ~_.un o L 9 & B
|

Lol b lal 11| Lot tatdy

s ¢
| ]

TANNVHO FONVUINT i TANHVYHO JONVELNT
ydlno

44 000} HOVHL BNOTY 3ONVLSIO

T 1
o)

)

|
o
®

1
e o
Ll

i.g

L
® ©Woam
1HGd Quvoauvis

ALNNN U3d §334D30

Nuni 40 3ivy STONY H3oand

1U0d QUYORUV.S

DT
$ 882"

8l

GNNOBLNO § LONd o—os—v—e—
GNNOBM 8 1OWd — ——-—

14 0001 "¥OVHL DNOTY 3ONVLSIA
a4 9 6 u e 2

TANNYHD JONYUELINT

SONVHYITID QUYORHYLS

.\«7.1/ <v/\ mnm
&

JONYHY3TD 1HOd

Plate 116




. GNNOELNO ¥ LOTd ‘GNNOENI € 1O +"*Ximxises ™~
138 1HOd33Hd ‘SNOILANOD | 3SYHd

3 HOV3H 1531 ‘S107d MOVHL d'- 3 t

Plate 117




44 0004 ‘NOVUHL BNOTV JONVLSIG

GNNOBLNO ¥ LOTId ‘GNNOENI € 107ld
13S 1HOd33Hd ‘SNOILANOD | 3SVHd

3 HOV3H 1S3l ‘SHILIWYHVA NOILVIDIAVN

43 0001 ‘HOVHL ONOTVY JONYLISIO

S © B 8 L $§ ¢ 9 O % B 4 6 L § €
cbeba ot bed e b e lo e be bl
TBNNVHO JONYUING o NNV FONVELID M««:u
43100 100
Ay
ot
7]
—vzs g Vlonm
-9 Wn_ b. % o2
] R D
0 ﬂu“ = C< = 0 Om
ot -]
.lQ«l_m 02 <
- 2z¢ — 0
_or
NHOL J0 uvY <ONV H300NY
° o
z oz
v or
.m 00
'K A 08
parasTes S DD g o - 00l
o
a334s 03345 INONI

ONAOCELND ¥ 1O0d o—o—o—o—o—o
GNNOBN € 107d

13 0001 *NOVH1 ONOTY 30NVLSIA

8 iU 9 © U 8 L ] 4
Lo be bbb be bt
TNVHO JONVELNE | e
ualno

o -0

S AN

oor

oo 8

ocool
002

3ONVYHYITO QHYOBHYLS

TN R

FONYHVYIT 1HOd

Plate 118




. GNNOBLNO € LO7TId 'GNNOENI ¥ LOTid X L i-oas L X Lo x tiaus LARLLILLL LLLL LR
13S 140334 ‘SNOILANOD | 3SVHJ M aeamos
3 HOV3Y 1S3l ‘S107d M¥OVHL dIHS

ALL3r Hiyoy

L)
V S~

Plate 119




aNnoa.LNGC € LOid ‘GNNOENI ¥ LOUd
13S LHO4IIHL ‘SNOILANOD | ISVHd

3 HOV3H 1S31 ‘SHILINVHVYd NOILYDIAVN

14 0001 MOVYL DNOTV 30NVLISIO
g €

44 0001 “YOVYL BNOTY J0NVISKD

# 4 s o u o8 2 9
Lol ba bt 1
T3NNVHO JONVHING

@ 4 S &6 B 6 (¢
Lol bbbl

TTINNVHO JONYYLNT

NG
u3aino

|1
8 3

1HOd QUHVOFHVLES

BAY

<<<w,2<<§\

QUvOENVLS

T

R ®

HOd
JLNNN W3d §33WD3Q

1
g e-e

[
e
-

NuflL 40 3LVd ITONY H3gONY

ONNOBLND £ 10T o—e—s—o—0—o
aNAOBN ¥ LOWd

13 0008 VM1 DNOTY JONVLSIA
B o4 oo w8 L o9 ¢
ot by by bebgld |

T3NNVHO 3ONVYHINI

=
:

BONVHYITIO OHYOEHYLS

AONVHYITS L1HOA

Plate 120




. ’
GNNOBLNO 9 LO7d ‘ONNOENI S 10d " uﬁfﬁ@ Al A X Lraus

138 1HOJ33uUd ‘SNOILANOD | ISVHJ
3 HOV3H 1831 'S107d MOVHL dIHS

Plate 121




aNnosgLNo 9 LO7d ‘UNNOEN! 9 10Td
13S LEOd3344 "SNOILANOD | 5SVHd

3 HOV3H 1s31 ‘SH3LINVHVYd NOILYDIAVN

13 0004 OVHL ONOTY JONVLSIO 14 0001 NO¥HL ONOTY FONVLISI

g € % u

8 9 &8 4 8§ ¢ % 8 % 3 L § €
HEENE NN EE Lottt bg b dbidold

“EHNVHO 3ONVUING TENNVHO 3ONVHINT | avg D

H3aino

L{ A

;:<_ :; T

AONY W3goNy

ANNORLNO § 10Ud o—o—o—e—o
GNNOBNI § L0

14 000! 'MOVH1 DNOTY JONVISIO
a4 8 8 L §$ €

/] 1] [ ]
Pobe b baladlgld L
TENNVHO JONVUING | g
P

™ |
N

SONVHYI QUvOoedvLS

FONVHYITD 16O0d




- GNNOELNO S 1Ol ‘ONNOENI 8 10d
138 1H60d3344 ‘SNOLLONOD | 3SYHd

3 HOV3Y 1531 'S10O71d XOVHL dIHS

Plate 123




aNNOBLNO § LOTId ‘GNNOENI 9 LOTd ‘ ONIOBLAN § LOWd o—e—e o o
13S 14043344 ‘SNOILAONOD | ISVHd ONNOBM 9 LONd

3 HOV3H 1S3l ‘SHILIWVHVI NOILVOIAVN

14 0001 ‘¥OVHL BNOTY JONVISIG 13 0001 ‘¥OVUL DNOTV 3ONVLSIO 14 000! "NOYHL BNOIV JONVLSIO
@ 4 S € W o4 L § & @ 4 o © W 8 L § € % 4 % &8 u s L s €
Leodadaba bl bl b byt et b bbby g lo!
T3NNVHO JONVHLNT mm“o T3NNVHO JONVHIND | apvgiR 13NNVHD 3oNVHING | PRV R
. . u3ino L walno
—oy
— 0t
[/
B vzl o —4 -0z
YAy N 5
[«] [ A X -]
— 98 » m
\exea [\ A b 1. A 1A ¢ 38 NN °
/\( A 4 - ,\ < [~} A‘ﬂ Al (-] a
e 58 0 v 00z
o S 9 oor 2
=] mxl 008 £
e W | e ooe 4
L ze m 000t
L ov : 002+
NHNL 40 31vy J1ONV H3A0NH IONVHVIO QHYOBHVLS
0 0 —_ o
z (\7] oo
\ - or @ ooy
=
N $3 0s £ 009 w
'L — o8 009
\l??.ﬂ? o 00 000!
o 0z
a3ads Q33ds IMONI FONVHVIID 1HOd

Plate 24



GNNOELNO ¥ LOTId ‘GNNOENI € LCTId
138 1HOd33ud ‘SNOILIANOD ¥ 3SVYHd

3 HOV3H LS3L ‘SLO7d HOVHL diHS

14-57 X L3620 X 13-604
WYL aNOeM,

!
L4-8% X 14-0¥ X 14448
NIUVD NINE CNNOBLNO

)

Plate 125




aGNNog.LNo ¥ 10d ‘GONNOENI € 107Id ’ ONNOBLND ¥ 1O oo o v o
138 180d3344 ‘SNOILIONOD N ASYHI ONNOBNI € 10Wd ——————

3 HOV3H 1S3l ‘SHILINVHVI NOILVDIAVN

14 0004 HOVYL BNOIY 3ONVLSIG 14 0004 NOVUL BNOTY ONVASIC 14 0005 ‘YOVHL NGV 3ONVLSIG

@ 4 % © B 8 L § € § 0 % oo owoe 2 4 % o w8 L 9 ¢
Lol balalaly] Lot by bl g S I I T T |
TENNVHO 3ONVHING TENNYHO FONVELNG | T3NNVHO FONVHING

5< ﬁmf; f

3TONY B30and JONVHYITD QUvOsUvLS

o 9
N ™

440d QUYORYVLS

T
e

L
[— o
— @
—0
— 8

e o

I
e
HOd QaHvoauvYLs

[
o
®

43345 3NION3I JONYHYIIO LHOd

Plate 126




- GNNOBLNO € LOTId ‘ANNOENI ¥ 10Id
138 1H0d334d ‘SNOILIGNOD & 3SVHd

3 HOV3H 1831 'SLOd MOVHL dIHS

400 X Li-6U X L3-6104
VDINYL GNNOD

)

)
14-8¢ X L4-00 X L4148
WHNIVD NS GINCILND

:

Plate 127




GNNOELNO € LOTId 'GNNOSENI ¥ 1O7ld . GNNOBLND § LOUd o—ve—o—o—s
13S 15043344 'SNOILIONOD il 3SVHd ONNOBNI ¥ 10Ud ——————
3 HOV3YH LS31 ‘SH3L3NVHVd NOILVRIAVN

14 0001 “YOVEL DNOW JONVISIA 14 0004 ‘NOVYL ONOTV JONVLSIT 14 0004 ‘NOYHL BNOTY JONVLSIO
@ 4 @ &8 u o8 ! @ o s o 4 8 4 @ 4 S © W 8 L4 § €
Lo dlale b bl Lo dba bbbt Lol bbb by bl

YHO

TINNVHD JONVH INT TINNVHD 3ONYULNI T3NNVHO JONVHINI _ rwwno

B
S

1
-
~

1lHOd QUVOEBHV.S

34NNIN U3d 8334930

Tl
o e o
s o~

[
o o®
140d QuvONuvis

M 0¥
/g\l\@

NuNL S0 31vY JTONVY H3aoNd JONVUVYITO QUYORUYLS

|
-
™~
|
o
~

|
o
]

g

Q334S 3INION3 JONVHVYITO LU0d

Plate 128




GNNOBLNO 0 1OTId ‘ONNOBNI § LOTd 1+ XAseuxssam 1300 x Lo x 1oae R
135 140433t 'SNOILIONOD I SYHY o 1P e SMoRine o o b
3 HOV3IH 1S3l ‘SLOTd XOVHL dIHS 33w Tvoe

Plate 129




aNnog.LNoO 9 LOTd ‘ANNOENI § LOTid . GNNOBLNO B L0Hd +—es—oe
138 14043344 ‘SNOLLIGNOD Il 3SVHd GNNOBNI § 10d

3 HOV3H 1831 ‘SHALIWVHVd NOLLYDIAVYN

14 000! HOVHL ONOTY JONVLSIO 13 0001 "¥OVHL BNOTV JONVLSIO 44 0001 ‘NOVHL ONOTY 3INVLSId
st 4O s & 0 ﬂ L s u i s € @ 4 S €© 44 6 L& 8§ €
1

g & u e
el b dady [ 4| il da by fglal Lol d el tely

TINNYHO ZONVHING oo 1SNNYHO JONVHINT | g2 TEANNVHO FONVHIN | e

831no H31Nn0 431no

|
e
-

|
&
T
o
®

iHOd quvoauvis

31NNIN Y¥3d $33HD30

T
swooe
b

2 R

1uCd auvoRuvls

AN

g N

008
o0l
— oot

fla 1
¥

e ©

$33uS30

{ V

Nuni 30 31vy 3ONYHYIID OHYOBHYLS

T
-

UL
o w
" N
[

e

-

3ONVHYITO LHOM

Plate 130




4334 M AWOE

Plate 131

13S 3NIGVYS 'SNOILIONCO DNILSIX3

nz:oE:o:o.__._.nz:amz_nhc.__._ E:ﬂ.;s.aﬁ.uz sa_________s..___________._
3 HOV3Y L1S31 ‘SLOTd MOVHL dIHS




aNNO8.LNO # LO7id ‘'ANNOSNI € LOTId ) ONNOELNO ¥ 10T o—o—oo—vo
138 ANIGVS ‘SNOILIANOD DNILSIXI GNNOBNI € 10Hd ————————

3 HOV3Y 1S31 ‘SHILINVHVA NOILVOIAVN

14 0004 YOVHL BNOTY 3ONVLSIC 44 000 “MOVHL DNOTVY 3INVYLSIO 14 0001 ‘MOVHL ONOTY FINVLSIA
8 44 S El ) [} i o 4 S '3 [ ] f 3 ] £ o U -8 €l ) [ ] L ']
FEEENE NN bbb by ty bl

TINNVHO 3ONVHINI T3NNVHO 3ONVHLNT TINNYHO JONYHINI

140d QuvoguviS

ALNNN W3d $33WD30

T
seocwyg
1HOd QUHYORUVLS

i

Hunl 40 31vd FTONY H30aNH IONVHYITO QUYORUVLS

%

S1ONM

Ne®DOwYNO

FONVHVYITO 1UOd




GNNOBLNO € LO7d ‘ANNOSN! ¥ LOd Adee .gfﬁhc ﬁtnﬁn_.tﬁ s_a_:_____....____:_:___
13S aNIGYS ‘SNOILINOD ONILSIX3 aaeeywos
3 HOV3Y 1S3L ‘S107d MOVHL dIHS

ALLI Hiwow

]
y

Plate 133



o

aNnoa.LNo € LOId ‘ONNOENt ¥ 101d
138 3NISVS 'SNOLLIGNOD BNILSIX3

3 HOV3H 1S3L ‘SHILINVHVI NOILVOIAVN

14 0004 "¥OVUL DROIV 3ONVISIO

¢ 4 S © i3 [ ¥ 2
o bbby

14 000f "HOVUL DNOTV JONVLISIO
s €

4 S €6 u 6 (¢
AEENENENENE NN

§ €

TINNVHO 3ONVULN | a0

H3aino

YINNVHO 20NVULINI

e
H3LNO

N
1HOd QuvoEuvLIS
:

1NN ¥3d §334D30

ner ot

NHL 40 3Llvy

T 171
fgEw o0 g
$33u030

T T
-
~

b T
88 2°eg
1H4Od QuvORUVLS

Ol
e
~

GNAQBLNO € LOTd o—o—v—e—o—
ONNOBNI ¥ LOWd — ———

14 0008 HOVHL DNOTY I0NVLSIC

a4 s a6 u [ ] I3

TANNVHO IONVUINT

-0
=t e N ~ 002
T | cor

009
009

- 0004

SONVYHYITO QUVCEHVLS

%&

3ONVHYITO 1HOd

Plate 134




ANNOELNO 9 107lid ‘GNNOANI § LO'IId
13S 3NIAVS ‘SNOLLIONOD DNILSIX3
3 HCV3H 1831 ‘S1O71d MOVHL dIHS

44-0¢ X 14-¥ X 13-028
WIMNVL GNOWN

@

Plate 135




ANNOBLRO 9 LOd ‘ANNOBNI S LOTd ) GNNOBLNO 9 LOTd o oo oo
13S INIGVS ‘SNOLLIGNOD BNILSIXT GNNOBNI § 10N

3 HOV3H 1S3l ‘SH3LINVHVd NOILVDIAVN

13 0004 *¥OYYL ONOIY JINVLSIO 13 000 "YOVHL BNOTY JONVLISIO 13 000} "¥OVHL DNOTY FONVLSIO
QU 4 S E u [ ] 4 [ [ 4 s 4 9 & [ [ ] L 9 [ 4 & L 9 [+ } 1] -] ¥ g €
Lo la e byt bl Lot bbbl bed bty tedgld
HO ANNYHD YHO

IBNNVHD IONVUING ) TBNNVHO JONVUINS uve TINNYHO JONVEING Ve
w3ino yaLno

=

\
i

S3a030

T ]

1HOd quvoauvis

31NN N34 8334930

4HOd QUVORUVLS

T 1T 1
§yeocesey

3ADNVYHYITO GHYOBHYLS

(\\JAAHMVIXt

SLONM

}

FONVHYITI LYOH

Plate 136




GNNOBLNO ¥ 10)d ‘ONNOEN! £ 10id
13S 3NIBYS ‘SNOILANOD | 3SVHd

3 HOV3Y 1S31 ‘S107d MOVHL dIHS

13i-vb X 1309 X L3-006[ !
WDINVL. NNOSN

ALLIr 11Oy

0002 0008 »
1334 FWle

.E.th....:t...t: [T VTTr )

Plate 137




aNNOELNO ¢ LOTd ‘'ANNOENE € 10id ’ ONNOREINO # 1O o—oe—o—e
13S INIBYS ‘SNOILANOD | 3SVYHd OMNOBN € LOW ——————

3 HOV3Y 1831 ‘SHILINVHYJ NOILVDIAVYN

14 0008 HOVUL DNOTY JONVASIA 14 000! XOVHL ONOTY JONVLSIO 44 0031 “NOYHL ONOTV 3ONVLSIO
8 4 s € M g €

[ ] i G 4 9% € " [ ] i 8 4 8 o —.— [ ] i S 4
Lo b bbby by da g et bl dod Ledao e boi e bolady )
TINNVHO JONVHING mm”o 3NNVHD 3ONVHINA BNNVHO 3ONVHINI ._Mzum”u

1
o
-

T
L-3
L]

T
°c 2 g

at) .
Vo i

FIONY H3aaNd JONYHYITO GUVOBHVYLS

i
o

1H0d QUYOEUVLS
sAZWOAQ

[
o o
n N

|
o
-

\.\\Io}/./?f\f:vﬁ\\\‘t

BONYHYITD LHOd

Plate 138




QNNOELNO € LOTTId ‘GNNOENI ¥ LOTd
138 3NIGVS 'SNOILANOD | 3SVHJ

3 HOVIY 1S31 'S1071d XOVHL diHS

‘e,

<

ANTWNIND 0 NOLLORQ

13-7% X Li-03 X L4-008
gbgm

1]
L2207 X L4-000 X 24884
VYD T

Plate 139



aNNoA.LNO € 107Td ‘aNNOBNI ¥ LO1Id ’ ANNOBELNO € LOTId oo eo—e
13S 3INIGVS ‘SNOILANOD | ISYHI GNNOBNI ¥ LONd

3 HOV3Y 1531 ‘SHIL3NVHVA NOLLYDIAVN

14 000t “HOVHL DNOTV 3INVYLSID 14 0001 *MOVYL DNOTV IONVISIO 14 0001 HOVHL DNOTY IONVLSID

8 4 € 3% Fi3
1]t

st € 13 [ { L S o [ +} " [ ] y
Lottty d 1 Letste bttty o lodele b by
T3NNVHO JONVUINI 3NNYHO ONVHINI TINNVHO ONVULNI NEHS

] $ 4 s e u 8 % S €

|
e
1)

-
~
i
e
[

440d QUYOuHVLS
SO0

-

T
© e

——e____ [

a8
- 0004

T 1
emwoog
140d auUYORUvLS

31NN ¥34 $33u030

S

[
e o
« e

1
s N

!
e
-

NHAL 50 3ivd FTONVY W30aNY JONYHYIID QUVCEUVLS

e Lo

JONVHVYITIO 1HOd

Plate 140




GNNOBLNO 9 LOUJ ‘GNNOENI § LOTId
i3S 3ANISYS "SNOILANOD | 3SVHd

3 HOV3Y LS3L ‘S10O7d MOVHL dIHS

44-07 X L-08 X L-000

ASEd @ TWIS

Plate 141




aNNoBLNno 9 LONd ‘GNNOENI § LOTd
13S 3NIBYS ‘SNOILAONOD | ISVHd

3 HOV3H 1S31 ‘SH3LINVHVJ NOLLVOIAVYN

14 0001 HOVYL ONOTY IONVLEK 14 0004 "NOVUL BHOTIV FINVISID 14 000 "MOVML BNOTY IONVISW
st o4 9% € « 4 % & u " 4 ™ B 4 & 2 8 €

B! _F_______ EIPELLLLQ Lol belabe Ly !
gﬁmgg VIO 20NV




ONOSLNO ¥ LONd ‘ONNOEBNI € 10N
135 3NIGVS 'SNOLLIONOD N 3SVHd

3 HOV3IY 1531 ‘S107d MOVHL dIHS




GNNOELNO ¥ LONd ‘ONNOSENI € LONd
138 3NIEYS ‘SNOLLIONOD N 38VHd

3 HOV3H 1S3l 'SY3LINVHVI NOILVOIAVN

14 0004 "¥OVML BNOTV JONVLISI
o 4 % o 4 6 £ 8 ¢
AR FE AN
TINNYHO 3ONVELE
-3

et mm

NHUL 40 31V

13 0001 “NOIVML BNOTV 2INYAO
N 4 % «a [ [ ] I [ ] [ 4
Lela gl
WDOVHO FONVILIG
— 0

GUNORLND ¥ JO WM o—o—e—o—o—e
anomie ¢ LOW ————

14 0008 NIVYL BNOTY 3DVISO

4 % 8 u 8 & 9 ¢
AN AN RSN
VINVHD 20NV

Plate 144



GNNOELNO € LOUd ‘GNNOBNI ¥ LOWJ
13S 3NIBVS 'SNOLLIONOD ¥ I8VHI

.m HOV3Y LS31 ‘SL1O1d NOVHL diHS




ONNOELINO € LOTd ‘GNNOBNE ¥ L07Ud
138 JNiavs ‘SNOLLIONOD ¥ 38VHd

3 HOVAY 1S3l mcm._.m§<m<n_ NOLLYDIAVN

14 0004 %OVEL BNOTY FONVISIO 44 0001 “NOVUL BHOTY IONVISID 414 0004 “NOVML DNOTY IONVLISID
@ 4 @ & 4 & L 8 ¢ 8 4 = o s 8 1L 3 " iU LI 9 ¢

Ledl g be bbby bg gl Lol bbbl __________

TANNVYHO 30NVHING BHNVHO 30NV TBNNYHO 3ONVUANT

?%;?P

‘<*<Cq PE—————a

MENNYHO
HY®
Naino

1

[
§3rscewy

VST -

N s

1804 QMVOuMYLS

FIONY W300nY FONVUVYIT GuvORUVLS




GNNOELNO 9 107Md ‘GNNOEBNI S 10 Wd
138 3NIBVS 'SNOLLIONOD N 3SVHd

3 HOV3IY 1531 ‘SLOTd ¥OVHL dIHS

Lo Y

:REIER_ ~

L-00 N 24-00 X Ld-i/48
SRMYD B3NS AINOELNO|

Q

Piate 147




GNNOYLNO 9 LOTHd ‘ONNOEBNI § LOUd GHNORINO 9 10Wd oo vs—os
13S 3NIEYS ‘SNOLLIGNOD il 3SVHd ’ ONIOBNI § 10 — ——— ——
3 HOVY3Y 1831 ‘SHILINVUVI NOILVOIAVN

21 0901 “NOVML BNOTY 3ONVISID 13 0006 “¥OYUL BNOTY ONVASID 14 000t “HOVNL ONOTY ONYLSIA
®« 4 m o u 8 L 3 ¢ « o % e u 8 L3 ¢ s 4 ®m o w8 L 3¢
el b bebedgd Ll et edada bbby P b b b bbb e b

TINVHO JONVULNE | Ve BNVHD FONVELNI _..J..«:um BNV ONVIINI

1

—‘lo'

—ot
Wo«m

* o8
—0 s
.
j— 0%
Loy

JFONVEVITD GHVYOBHY.LE

Plate 148




U
=
Q
-3
w
o«
-
)
w
-
3
Q
<
o
-
]
4
(o}
wd
<
w
(&}
<
b=
2]
Q

Plate 149




}

GNNOBLNO ¥ LO7Tid *GNNOENI € LOTId
138 1HOd33Hd ‘SNOILIGNOD BNILSIXI

4 HOV3Y 1S31 'S1071d XOVHL dIHS

E!..k.!kto«o ._.L..nx
§h§= WAV

15-008 X L3-344,
nne

Plate 150




GNNCE1N0 ¥ 1OTd ‘ONNOENI € 1O0Id
138 14Od33Ud 'SNOILIGNOD ONILSIX3

4 HOV3Y 1S3l ‘SHIL3INVHVd NOILYOIAVN

14 000% IVl ©NOTY JONVISK
o o

[:74 " oo e 9 ¥ T OO
pdba b e bbby badyd
TINNVHO FJONVHINI
] Hd )
om
322
%3
]
vum
bl
A "S
o
]
,um
zc
NUfl 40 34V
0
e
.
s 3
Bt - 1
a3adds

43 000t *NOVEL ONOTY SONVLEID

0t o o ¥ 2 O ® ® ¥ T O
cdaola e b bbb b

TINNVHO JONVHINT

138V

32
i
=13
IcQB
REI.:
PR B
/ C< U -0l
Ienms
—oc ™~
o 11 4
JFTONY H30aNY
[}
oz -
\Wam
- oo
(3348 INON3

GNNOBLNO ¥ LOUd eevoees
ONNOGNI € 1OWNd

14 0007 "MOVHYL ONOTY FONVISIO
o o & ¥ & 0 8 9 ¥ 2 O
|

Lo tgtada bl
: w«-._‘.ﬂw ;ﬁ!(-ﬂvﬂg-(g
m
1323
_wmm
13
- 0
/\J\W‘f‘f“l‘( oo
0)r wm
[+ 1] ]
008
000l
0021

FONVHVIT) GHVOSRHYLS

FONVEVIIO Lbod

Plate 151




aNNOELNO € LO7TUd ‘ONNOENI ¥ LOd
138 14043344 ‘SNOILIGNOD BNILSIX3

4 HOV3H 1S3l 'S107d MYOVHL dHS




GNNOBLNO £ LOTId "ANNOENI ¥ 1OTid GNNOELNO € LOHd +evovee
138 1HOd33Hd 'SNOILIONOD ONILSIXI ONNOBNI ¥ LOBd —————

4 HOV3Y 1S3l ‘SHIL3WVHVd NOILYOIAVN

Plate 153

1d 0001 “3OYWL BNOTV JONVLISIQ
0Z 6 8 M A ¥ & 8 ¥ 2 0

b bbbt

TINNVHO 3ONVULYS

14 000 "¥OVUL BNOTY ONVLSIO 14 000 “NOVHL DNOTV FONVLSIQ
o % M ¥ 2 o ¢ ¢ ¢ 2Z 0 0 % ¥ v a ¥ ¢ 9 v T 0O

|
i

NepoOOe P

NuUNL 40 3ivd FONVHYITIO GHVOSHVLS

0001
oo

FONVIVIID 1HOd




GNNOELNO 9 10kd ‘ANNOBNI S LOTd
138 14043344 ‘SNOILIONOD BNILSIX3

4 HOV3H 1831 ‘S107d JOVH1 dIHS

h&.‘x;v!ng Ex
g.—g!: VYD

L4908
nne

Plate 154




GNNOSLNO & LOUd ‘ONNOSBNI § 10 Nd
13S 1HOd33Y4 ‘SNOILIGNOD ONILSIX3

4 HOV3Y 1S3L ‘SU3LINVHVI NOILVDIAVN

Plate 155

44 0001 “NOVAL BNOTV FONVISIO 44 000" "XIVHL BNOTY FONVLISD 14 000% HOVEL DNOTV FONV.ISIQ
oﬂ‘!!’ﬁ..'uo_ 0 ¢ o v o O 0 ¢ ¥ T O [ 2 B ) N_—ﬂlo.ﬂun_.
1 1 |

p bbb b ba e bady il Lilals |1
] :
338 3

i1 n a8 .
E m“mm — jwﬁma

L

- og
—or

-* -
gIE=c=wg
ALONN \3d STNOI0

FONVUYITD GUVORHVLS




ONNOELNO S 107d ‘ONNOENI 9 1O N4
4138 1HO4INS ‘SNOLLIONOD DNILBIXI

4 HOV3Y 1S31 ‘S1071d OVHl diHS




GNROGLNO § LOWd ‘ONNOENI 9 1O
138 1HOd3I3Hd ‘SNOLLIGNOD BNILSIX3

4 HOV3H 1831 ‘SH3LINVHVd NOLLYDIAVYN

4d 0008 NOVUL BNOTWY ZINVLING .:ooo.— gg.zgi
a o 9 v 3

Qo N N M aa 0 s Yy 2z oo
___________-—____

bbb b b b da gl
y TENNVHO 20NVILG

i m
....m»

ONNOELNO 9§ LOWd +oeovee
GNNOANS § LONd

44 w0l "NOVUL DNOTW FONViSIA
o 8 8 M3 o 8 B ¥ Z O

uum
OoR
T
.Q'
'Nn al
- 08
mm 5»? A ih Mun. Wm o= .
o3 L VO g 7 o[
n " oot §
2 Cor e
MNL 30 31V FWNY SI00N FONUVITO OMVYORLYLS
' ‘. .
i e
\.\.\\\».l.f;l\ - " (3 ﬁ
03348 [ -7 F ] FONVIVITO LNOd

Plate 157




GNNOELNO ¥ LOTNd ‘GNNOEN € LOW
138 LUO43INI4 ‘SNOILLANOD | 38VHd

4 HOV3H 1831 'S§107d MOVHL diHS




GRNOFLNG ¥ 1G4 'GNNOENI € 1O
138 1404334 ‘SHOLLCKQD | 3SVHd

4 HOV3H 1531 ‘SHILINYHVd NOILVDIAVN

dd 0009 NIVUL BNCTS FONYLIND 14 0801 NIVEL OHOTY IUNVING
o 8 u T o e rzToe o % 6 M aou 5 0 Fr T

ety iadadg by tel,d o lriadba bl ladad

; B

9

44 0001 “MOVUL DNOTV FONVLSIC

'! a o e 9 » 2
____._h_F_._h_LI_

-l
rr 11T
sy
AWOd  QMYOSMWVLS

SIS 30

v
aa.....a

Plate 159




CGNNOELNO € LONd 'GNNOSN ¥ LOW
138 1404334 ‘SNOLLGHOD | ISVHI

3 HOV3Y 1831 ‘S107d MOVl diKS




GNNGAELNO € LOTd ‘GNNOENI ¥ 1Od IMNOLLNO € LOWS +oooeoe
138 14043344 ‘SNOILLANOD | ISYHJ aGNNOINS ¥ 10N

4 HOV3Y 1S31 ‘SHILINVHV] NOLLYDIAYN

4 0001 “¥OVUL ONOTY FONVISIO 14 0007 “NOVHL DNOTY FINVIEIC 14 0001 *¥OVEL DNOTY IONVLSIO

4
0o & o M A 00 8 9 ¥ 2 O o % 8 M a o s 9 ¥ 2 0 [~ B W}
ot b be ity | |

ﬁmﬁu reoewre "__:T_____.Ehk: “__4_:_ p—r
~mn _
. mmn

0 ON3

A

3%
o5
=

LF

Sm—
T 1
&8
WV,

;%
K)
//
.

NUNL 0 3UvY FIONY VIOV IONVUVIT) GMVORViS

i e

Plate 161




GNNOELNO 8 1GTd ‘GNNOSNI § 10Wd
138 1HOdZ3Md ‘SNOILANOD | IRVHd

4 HOY3H 1831 'S107d MOVHl diHS




ANNOYLINO 9 LOTd ‘CHNOENI § LOUd QGNNOBIND B LO WM +—oeososr
13$ 1HOd33Y4 ‘SNOLLGNOD | ISYHI aNNGEM § 10

4 HOV3Y 1S3L ‘SHILINVHVI NOILYDIAVN

414 0001 “NIVIUL BNOTY 3ONVISIO 44 000 “¥OVUL HNOTV FONVISIO 14 0007 "MNOViLL DNOW ICHYLSIO
% 8 " a o ¢t s v 2 eNﬂ!!ﬂ.Snn‘nm 6 8o Y Z 0
J

_______________;___ pla bbb et tadaty sl e bbbyl

i i i
538 o agk
3'
2 ot
.t "8
. 8 WNTTIN i - Y
gy s .
.m < « o m //\i\\\\ﬂ”ﬂ”fﬁ”ﬂﬂii#‘cT“m
ﬂu - 008
z¢ o™ e
MMNL 20 34vY FIONY 0N ” FONVHVITO QUVORSUVLS oost

' TYITAXT)
SLONI
}
>
mITT]
838€
[ ]
[TTTT71]
g8t
1334

Plate 163




GNNOELNO S 107TId ‘GNNOENI 9 10Id
13§ 180d334d "SNOLLANOD | 3SVHJ
4 HOV3H 1S3l 'S1071d MOVHL diHS

Plate 164




GNNOELNO S LOId ‘ONNOBNI 9 LONd
13S 1HOJ?3Ud ‘SNOLLAONOD | 3SVHJ

4 HOV2H 1S3i ‘SHIL3INVHVYd NOILYSIAVN

14 6061 "NOVYL BNOTVY IONVLSIO 14 000't ‘NOVEL BNOTY IONVLEN
e 2ol 99 T O o &1 o * & O 9 ® ¥ Z O
i Lot bty

plala bbb baly
TINNVHO IONVEIND

[ 14
IR

TINNYHO I0NVHING

i
138YHd |

=
=

¥
H
! L

ONNGELNO0 8 1O +ooovoov
ONNOBNSE § LON

44 000% MOVHL ONCTV FONVLSIO

0 & o v 2 O 3 9 ¥ . O

TINNVHO IONVHLING

NUNl 40 3ive FTONY H3aand

IONVUVITO GUVOERHYLS

Plate 165




ONNOBLNO ¥ LOTUd ‘GNNOBNI € LOd
13S 1HOd33ud ‘SNOILIGNOD Il ISVHd

4 HOV3AH 1S31 ‘S107d XOVHL diHS




AGNNOALNO ¥ 107d ‘GNNOENI € 1O Id GNACGLNO ¥ LOTd ~ooveee
13S 1HOd3344d ‘SNOILIONOD I 3SYHd ONNOBNI € 10— —

4 HOV3Y 1831 ‘SH3LINYHVd NOLLYDIAVN

Plate 167

14 000 NOVHL BNOTY JAONVLISIA 14 0490% ‘NOVEL ONOTY FONVLEIQ 14 000% MHOVUL ONOTV IONVLGIO

0 B U N T o 8 8 ¥ T O 0t 8 o ¥ 20 o0 8 9 ¥ Z O o % o M A O 0 9 ¥ T O
| g da b el b b Labadsd cbe b bt bl dely]

gt lababalgly
: 1) TENNYHO JONYHIND ; «n TINNVHO JONVULNG TTINNYHO SONYUHINT

g 5
: i

~ -
ANRecegy
LN U3d $33W0I0

ONYHVITO QYVOSHYLS




GNNOALNO € 10Tid 'GNNOSNI ¥ ._.0..-&
138 140433k ‘SNOLLIONCD Ul 38VHd

4 HOV3H 1831 ‘S107d MOVHL diHS




GNNOBLNO € 107Id ‘ANNOENI ¢ 10d
138 1HO0d33Hd "SNOLLIGNOD #l 3SYHd

34 HOY3Y 1S3l ‘SHILINVHVI NOILVDIAVN

Plate 169

44 0001 “MOVIL BNOTY 3ONV1SiD 44 0007 “HOVAHL BNOTY JONVISK 44 0001 MNOVUL DNOTV J0NVISIO
Z % oM aou s s r zZ o 0Z 8 M ¥ T 0 & o«&!!a!oowu._.

s v Z o
sl b be b o baba bbbyl b e bl labaly
; TINNVHO FONVHINI P TVIMNVHO ISNVUINT : ﬂ“—m TANNYHD ONVUINT

L Pzﬁtb
E.* < v g

o -
Ntpecegs
ALNNN ¥3d $33W030

SONVHVITO QUVOREVLE




' GNNORLNO 9 LOMd ‘GNNOENI § 10d X v Goe) | a2 i a?.t&: MU
135 14043344 'SNOLLIANOD Il 3SYHd
4 HOVY3Y 1831 ‘SLO1d NOVHL diHS

Plate 170




GNNOELNO 9 LOId ‘ONNOENI S 107ld

13§ 1HOd33Hd ‘SNOLLIGNOD N 3SVHJ

4 HOV3H 1S3l ‘SU3L3INVHVd NOILVOIAVN

tsoe.- ‘NOVEL BNOTY IONVISIO 14 000't
[ naoe e ¥y 2 0 u =

NOVHL ONOTY 3ONVLISI

a o 8 8 v T
p b fe el ly

ONNOGLND 9 10 +—eveose
GNNOEN 9 1O

TINNVHO ZONVMLNG

40 ON3

5
[]

193r0oud

gymecesy
LN M3d §33W030

NUNL S0 3ivH

“__:_________F__:Ll__ _____
1 TEINNVHO SONVELINI
1 38VHd ) ] #

FTONY WI0aNY

SONVUVIT) GHVOSUVIS

810N

Plate 171




GNNOELNO S L0Tid 'GNNOBNE § LOTId
138 14043344 "SNOILIGNOD Il ISYHd

4 HOV3Y 1S31 "SL1O7d NIVEL dIHS

Plate 172




GNNOALNO S LOUd ‘ONNOBN! 9 LONd ONNOELNG $ LONd soovoos
13S 1HOd33H4 ‘SNOLLIONOD W 3SYHd GNNOSNI # 10Td ——— ——

4 HOV3H 1S3l 'SHIL3NVHVd NOILLYDIAVN

Piate 173

14 0001 "NOVL BNOTY 3ONVISIO 14 0001 “NOVUL ONOTV 3ONVISIO
0% % M3 6 0 e Y Z O Z % %W ZoO
Joladed

TINNVHO FONYULNG

SLON

gigwevno




9 HOV3Y 1S3l

MOVHL ONOTV JONVLSIO

UL LLLAY LU LLLLY
000 0008 0
1334 N ITVOS

Fiate 174




GNNOBANO 7 1071d ‘GNNOENI € 10Ud
13§ 18043343 ‘SNOLLONOD | 3SVYHd

9 HOV3Y 1831 'SLOTd MOVHL dIHS

Plate 175




GNNOALNO ¥ LONd ‘GNNOENI € LOUd GNAOBLNO ¥ LOTW o—o—vv—o
138 LHOJ3FHd ‘SNOLLGNOD | 38VHd QNOTM § L0 —————
D HOV3IH 1S3l SHIALINVHVCD NOILVOIAVYN

13 0007 NOVHL DNOTW IONVLISG 43 000 “AOVUL BNOTV IONYISIC 14 0001 “%IVEL DNOTY 3ONVASIO
LU B B B I I ONE 0 B N B 3P 9 ¥ TZT O 0Z % % ¥ D ® 8 8 ¥ T O
qutrI..-.

7

$3Rec°e2Rye
OMVOSMVLS
woa0

| o
o

mm N Wmm

Plate 176




CNNOBLNO € 10d ‘GNNOBNE ¥ 104
138 14043344 "SNOLLANOD | 3SYHd

9 HOVIY 1831 'SL0O7d NOVHL dIHS

Plate 177



AGNNOBLAO € LOTid ‘GNNOENI ¥ LOTUd ONNOGLND € L0
13S LHOd33Hd ‘SNOILANOD | 38VYHd ONNOIN ¥ LOTId — ——
O HOV3H LS31 ‘SHILINVHVI NOILYDIAVN

14 000 ‘NOVHL BNOTV SONVLSIQ 13 0007 “3OVHL DNOTY JONVLSHD 13 000% "YOVUL DNOTY JONVLISID
Z 0 @ N UG S 9 ¥ T O 0Z % &% v T 0 8 8 ¥ zT O oz 9 8 ¥ T O 0 9 Fr T 0

3
]
-]

1 £
]
[
]
L]
|}
¥
4

LWOd

LK)

ONYHVITO GHVYORHYLS

Plate 178




aNNOBLNO 9 LOUd 'ANNOENI S 1071ld VDINVL GOSN
13S 140d3344 ‘SNOLLANOD | 3SVHd

9 HOV3H 1S31 'S107d MOVHL dIHS

" 088 L4-vb X L4-000 X L4914 _..dq_._d,_._._.-ﬂ._.ﬂj
14-00 X 14-09 X 13- : Lo K At N1t

Plate 179




aNNOELNO 9 LOTUd ‘GNNOSBNI § 1ONd GNNOBLNO B LOWd oo
138 14043344 'SNOILANOD | 3SVHd GNNOSN $ 10Wd
D HOV3H 1831 "SHILINVHVA NOLLVOIAVN

43 000% HOVML ONOTV JONVLISIQ 44 0007 ‘XOVHL BNOTV 3ONVISIA 14 0001 HOVYUHL ONOTVY FONVLSIO
0 8t o W A 0 & & v T O 0T % o »m & o 8 Y ¥ T O 6 8 n 2 o 8 0 ¥ T O

<

1dod  OuwvoSlivis
2NN v3d 833030

Niswomg

FONVEHVITO GUVYORUVLS

SLONN

NReevNe

Plate 180




aNnoegLNo S 10Ud ‘ANNOENI 9 LONd
13S 1404334 ‘SNOLLANOD | 3SVHd

© HOV3H 1831 'S107d XOVHL dIHS

Plate 181




aNnos.LNO 9 L07TId ‘ANNOENI 8 LOUd
138 1HOd33Hd ‘SNOLLANOD | 3SVHd

D HOVIH 1S3l 'SHALINVHVA NOILVDIAVN

14 0003 “NOVHL BNOTY I0NVLISIQ
oc 8 8 Y aos 9 9 ¥ T OO

14 000 ‘¥OVHL DNOTY FONVASID

ot & o v a4 B 8 8 ¥ T O

GNNOSLNOD § 1O v
GNNOGM 9 107d

44 000% "NOVHL ONOTW T INVLS
0% & M UG § 2 v T O

3, .
Vi %; it 1 3
18 m
153 AT ) e Pl
) 3 &
AN 30 3UVY FTONV M300NY o FONVHVITO GUVOSUVLS oozt
. g
cee W e L uu o0 o001
q33ds - Q3348 IONI FONVNVITO JHOd

Plate 182




GNNOELNO ¥ LO7Ud ‘GNNOBN; € LOId
138 1HOdI3HI ‘SNOLLIGNOD Il 3SVHd

O HOV3Y 1S3l 'SLOTd XOVHL dIHS

Plate 183




ANNOSLNO ¥ 10d ‘ANNOSNI € LOTd GNNOBLNO ¥ LONd ——oo oo
138 1HOd33H4 ‘SNOILIONOD i 3SVYHd GNNOEN € 1OWd

D HOV3YH 1S3J ‘SHILINVHVI NOILVOIAVN

14 0007 ‘¥OVUL ONOTV JONVLSIA 14 0007 NOVHL ONOTY FONVASK 14 0007 HIOVUYL DBNOTV IONVLISIO
Z 8 N ¥V Ao e VY EO T ™ 8% Mo ¥ ZT O oz 6 # v 2z o 9 8 ¥ T O

geoegp

a4
1MOd

ALNANIN W34 833030
{
]

NUNL SO 3ivd FTONV H300Nu FONVHVITD HVORUVLS

FTTITT1T11
Noeeene
SLOIM
11
SSRe
Wi
FrTIT 71T}
§38°

== G3348 INONI FONVUVITP Lu0d

Plate 184




ONNOELFO € 107Ud ‘GNNOENI ¥ 101
138 1HOd33Ud ‘SNOLLIGNOD N ISVHd

9 HOV3H 1831 'S1071d MOVHL dIHS

Plate 185




GNNOELNO £ 10Id ‘ONNOSNI ¥ LOTId
13S 1HO0d3344 “SNOLLIGNOD § 3SYHd
D HOV3E 1S31 ‘SH3LINVHVd NOILVDIAVN

14 000' “NIVML ONOTV JINVLEID 14 000 “NOVUL ONOTY FONVISIO 14 000% "NOVUL DNOTV 3ONV.ISIO
oz 8 o M a3 o 8 0 ¥ Z O o & 9 ¥ 20 8 8 ¥ T O 0Z 8 % = O & ® ¥ T O

auvodlvis

FONVUVYITO GUVYOSUVLS

Plate 186




Plate 187

GNNOHELNO 9 LO'ld 'ONNOENI S 107id
138 16043344 "SNOLLIONOD Il 3SVHd

9 HOVIY 1S3l ‘'SLO7d NOVHL JdIHS

? X 14-C0 X 13-6108 L4-80 X 14-80 X Lid-MI8
i+ ug_—xgc WAV NG GINOSLNO




ANNOELNO 9 107Ud ‘GNNOANI § 1LOUd ONNORLNO B LONBd +—o—v—v—e
138 LHOd334H4 ‘'SNOLLIGNOD R 3SVHd GNNONI § 10

9 HOV3H 1831 ‘SHILINVHVd NOLLVOIAVN

14 000" “NOVUL BNOTY 3ONVLISIO 13 000% NOVUL ONOTY FONVISIO 14 0007 ‘AOVHL ONOTY JONVLSID
oz 8 8 N T o O Y Zz O o B % M O o 8 e ¥ T O 0T o % ¥ 22U O 9 8 ¥ T O

Plate 188




L

ONNOELNO § 10d ‘ONNOENI 9 LOTd O X e X vl | u@arva N GunORLN0 S

438 LUOJ33HJ 'SNOLLIGNOD ¥ 3SVHd 133418 TVO8
9 HOV3H 1831 'S107d MOVHL dIHS

Plate 189




ONNOBLNO S LONd ‘ONNOBN! 9 1O Nd ANNCELNG % LOW
138 htommm.tn_ ‘SNOILIONOD N 3SYHd ONNOSN & L0V
9 HOV3YH 1S31 SH3LINVHVY NOLLYDIAVYN

14 0001 ‘NOVUL BHOTY IONYLSIC L4 0007 NOVEL PNOTY FONYISO 13 009" ‘%IYYL DNOTY JONV.LSIO
o a NN aos o9 vy T 0 o % M A o & 9 P 2T O 0T &% % M U o & 0 ¥ T O

duvie

CUVO
LLANIN W34 S3RUDRQ

L XL NN

JW0d

88




H HOV3Y 1S31 H0VUL ONOTV IONVLSIO

000 0004 0
1334 M 3IVOG

Plate 191




La-vF X L4-0% X L5-008

nz:On._.=O¢»o.__,_.az:onza.5.=._ 5!522 Rﬂunathﬂicé
139 1803344 ‘SNOLLANOD | ISVHd .

H HOV3IY 1S3L ‘S107d XOVHL diHS

Plate 192




ANNOYLNO ¥ LOTid ‘ANNOENI € LOIId
138 1HOd33ud ‘SNOILANOD | ISVHd
H HOV3Y 1831 'SHILANVHYJ NOILVDIAVN

14 000° “NIVHL ONOW woo.(._.n.o

14 000% NOVHL BNOTY FONVISIO

Z 8 WM ao e v 0 0 % o ¥ 3O 9 Ky 2
______T___________ ] ____P____________.___
TINNVHO FONVMINI 73NNYHO ONVHING
) 38VHd 43-008 | 38VHd 13-009
219 2R3 2313 zts
mm m ..u e mm W H s
2 23 e 2 3
b g i b J
Mu- ™ MV. oY
32 oey
1] Bk
> Lo >»Y
138 N O I
"dm - ‘ d1 & lo—dm
023
Mmm [ oc3
NMfiL 3G 21vY I1ONY 300Ny i
) o
g o 3
'3 h
. | S o ook
a
a3¢s Q3348 INIONI

GNNORLNO ¥ 10N
GNOOENE € 1OWd —— ——

4 ooo.- ‘NOVUL DNOTY wozﬁ.a_n

o 8 n a o 9 9 ¥ (]
am _r__________r______
EUM“O——LWQZ“E
| Md 13-000
e 5]

>
Bl >Rg
MW.I Wlﬂ
a2 4
£8 |7 23
B f
]
0
1

(‘\\ll.l«l\/f‘lf‘ ww
oos
o008 <
0004
- 00%

FONVHYITO QUVOSBHYLS

[]
oo
“"”
oo

FONVEVITIO L4Od

Plate 193




GNNOBLNG € LOUd ‘GNNOENI ¥ L07Ud
13S 14043344 ‘SNOLLONOD | 3SVHd

H HOV3H 1S3l ‘SLO7Td JOVHL dIHS

1400 X L4988 X 14008
\GDINVL

19 X 1500 X

j‘@i

Plate 194




GNNOoSLNO € 1071d ‘GNNOENI ¥ LOId ONNOBLNO € LOWd o>
138 14043344 ‘SNOILANOZ | 3SYHd ONNOWNI ¥ 104 -
H HOV3H 1S3l ‘SHI1INVHVA NOILYDIAYN
14 000% “IOVUL BNOTY IONVLISIO 44 0001 ‘NOVUL BNOTY 3ONVLSKD 13 0007 “MOVYHL DNOTWV IONVLSIO
2 6 % W a3 o 8 9 ¥ 2 O ® 8 8" aoa 9 9 » 2 oo 0 8 8 % a3 a ¢ 9 » 2
e b bbbt babg gl e bbb e b b e byl _______:__________
TINNVYHD JONYUINT TIKNVHD JONVUINT TINNYHO 3ONVHING
| 38VHd 13-009 | IBVYHd 14-008 1 36VHd 14-009

i m TEE o THE oy
24 o >m 4 >R Fh Wnn

S mun -3 wun - (R Zm
82 2 s 82 2 R 82z &g
5 § g o : ] o I : §
b i i 1 i K i

m » m _Is. mv..

uN o3
mmm > oz
& |08 4 000k
a1} oo
NMNL 40 3LVH FIONY YO 3ONVHVIIO (HVOSUVLS

SLONM

YT 7171
38R°
MMTT17T]
I

sigeervno

a3348 03348 INONI FONVUYITO 1404

Plate 195




AGNNoE4NO0 9 LOTUd ‘ANNOENI § 107Id
138 LHOd3IU4 'SNOLLANOD | ISVHd

'H HOV3Y 1S31 ‘S107d YOVHL dIHS

4%-!

Ad-pb X L4-090 X 14-008
WDNVL GO MN

=

4-00 X Lid-342

AP X 4
jtoli‘

GNNOELNO)

=

Plats 196




GNNOE.LNO 8 107Id ‘GNNOENI § LOId GNNOALNO § 10
13§ 14Od33Hd ‘SNOILANOD | 3SVHd GNNOSNL S 107Wd
H HOV3H 1S31 ‘SH3IL3NVHVd NOLLYDIAVN

Plate 197

E
g

14 000 “3¥OVUL BNOTY 3ONVLSID 44 000 "NOVUL BNOTV 3ONVLISIO I "NOVHL ONOTY 30KVLEI0

@ o 8 M 3 o 9 0 ¢ T O 6 & o oM 2 o » 0 ¥ 2 0 na o e 9 ¥ 2T O
cda e Lol b i b tatalad Aadad s be o bets ol gt pda bl bbbyl

_
ggg. gwuzdﬂhzw, ._gzowo-.(‘._.zw
1 ISVHI 13-000 | ISVHI 13-909 | 3I8VHJ 14-008

=

| S8VHd

14-008 JO ON3

ULN!\
| 38VYHd

44-008 JO QN3

0 38VHd 13-008

I AWVHd L3-000)
103FOud | 38VHJ JO ON3

103r0ud | 38VHd 4O ONI

TINNYHO SONVHIND
“TANNVHD JONVHLNI
TINNVHD SONVULNS
TINNYHD JONYHLINT
TENNVHD 30NV

103rOMd | 38VHd 4O ON3

qHvVORuWYLS

/l\\\v.\dr'llff‘

1u0d

SONYUVYIND GUVOBHVLS

T T e




GNNOEBLNO S LOTNd ‘ANNOSBNI 9 101d
13S 1HOJ33Hd ‘SNOLLONOD | 3SVHd

'H HOV3Y 1S31 ‘S1071d MOVHL dHS

-ﬂ—%g

13-90 X 14-09 X 14-008
VEDINVL ONNOSN

=

Ld-pp X 14-000 X

EAIYO X

[T

4334 W TvO8

Plate 198




GNNOELNO S 107Id ‘ONNOSNI 8 LOUd
138 1HOd33Ud ‘SNCILANOD | 3SVYHJ
H HOV3H 1S3l ‘SHILIWYHVd NOILVDIAVN

13 000 "JOVUL DNOTV wo=<.5.n 14 0001 “NOVUL ONOTIV woz<.5.c
R ENREEEN 0 @ % M Aot
_r___________________ L_______L:F_____L

TENNVHO 2ONVUINT TINNVHO JONVHLND
1 3SVHd 14-009 | IBYH L4-008

[] me il!l.l.‘.ldll

22 8 238 =8 238

3318 253 2119 209

82 2 i 8 3g

o R 23 2R & 2 3

b g il f

m “ mu- oy
n‘
amm _Hnm
%0
> |
* 38 [ uwm
] m ot 5
"] »
Emm Bet ]
= —-0E 4
NUNL 30 31vH 379NV ¥300ny o
0 °
" %
“m o8 2
‘\‘\IN#‘IOIQlCI’II —Has e “”
a
a3dds G334 INONT

GNNOZLNO S L0
ONNOBNI @ LO'Ud

hu 000" xog ONOTY WOZ(._.QQ

o %" ® 0
v _F_Ir________:bp___
_J!—(:UWOZ(FFZN
| 38VYHd 14-008
gk 3
2318 2R3
MM - WIO
23 2 38
22 B z 3

il i
[+]
»
a

,\!II\\h%HffJJJJI 002

FONVHYITO GHVOaUVLS

o0z
oot
0oz

JONVEVITO LU0d

Plate 199




GNNOBLNO ¥ 107Id "GNNOENI € 10°1d
13S 14043344 ‘SNOLLIONOD Ul 3SVHd

H HOVIH 1531 ‘S1071d NOVHL dIHS




adMNOYLNO ¥ LOTId ‘ONNOENI € LOTId QNNOELNO ¥ LOTWd
138 140d33H4 "SNOILIANOD ¥ 3ASYHd GNNOBNI € 10Nd

H HOV3Y 1S31 ‘SHIL3NVHVd NOLLVDIAVN

Plate 201

13 000% "NOVHL DNOTV IONVLISIO 14 000" NOVHL BNOTVY IONVLISK 14 0001 NOVYHL ODNOTY IONVLEIA
[}
ehal

8 ¥ a o » 9 r 2 o 8 8 M 3 0§ 9 ¥ oo s 8 ¥ 2 0 8 @& ¥ T C
__:__f_L_____F; AN NENENE AN E SN RN _Ir_______.___________

TINNVHO JONVHINTG T3NNVHO FONVULNS TINNVHD JONVHING
| 38YHd 14-000 | 38VHd .4-000 ) IBVH4 14-008

| ASVHd

14-008 40 GN3
| ESVH!

44-00% 40 ON:

% 38VHd L14-008

103FOud | ASVYHJ 4O ONE

TINNYHO BONYUHLNE
TINNVHO JONVHLNS
TEBNNVHO SONVHLINT

TIANNVYHD JONVHLNT

103f0Md | 38VHJ 40 ONZ
JO0Md | 3SVHd 40 ONZ

2
>
g
>
3
g

m
3
: |

”
]
[ 4
[
]
]
"
-3

SONYHYITIO CUVOSUVLS

NN




GNNOELNO € LOlUd ‘GNNOENI ¥ LOUd E:.r.u»!e,.r.:athﬁ B3 e G Jp

. 138 14043344 "SNOLLIONOD # 3SYHd
H HOVY3Y 1S31 ‘S107d MOVHL dIHS

1334 ¥ FTYOS

Plate 202




ONNOBLNO € 107d ‘ONNOSBNI ¥ LOUd
135 1HOJ33H4 "SNOILIGNOD il 38YHd
H HOV3Y 1S31 ‘SHILINVUVd NOILVOIAVN

14 200"t NOVHL BNOTY IDNVLISIA
o & % 3 0 8 9 v 2

14 000 “%OVHL ONOTV IONVLSD
g & N ao e 9 ¢ 2

LL__F_______—________ ________hkp__r__hr_
“TENNYHO JONVMILING TINNYHD JONVELND
1 ISV 13-009 | ASYHI 14009
5 B 1 3
2y g 2o 3 10 A
g2l & s 82 1z 5z
> o o s o
o & 23 wm R 23
i # 3 B
S - 9 o,
iz o3
g 1 -0eg
138 W
.lam Lo 8
[-02
_unmm !oa.m.
NUNL 40 3ive FIONY U3CaNY o
[ ] [
v x w3
03 o2
.u > t—tT—r—o—tt—t—e os
\\.\\l\\“»\‘..llnf} o 008
a
G348 a3348 INON3

GNNOELNO € 1O
GNAOENE ¥ 104

14 0601 "MOVHL BNOTY FONVLSIT

@ a4 8 n 3 o ¢ 9 r ZT 0
el bt tebedb s bt

| 38VHd
44-009 0 GN3

TINNVHD FONYHLND

TANNYHD SONYHLNT

FONVEVITR QUVCILViS

FONVHVITO 1404

Plate 203




GNNOALNO © 1074 ‘ONNOEN!I S LOTId
138 LEO0d33Ud ‘SNOLLIONOD Il ISVHd

'H HOV3H 1S31 ‘SL0d XOVHL dHS

14-07 X 14-81 X 14-0004)
WDAVL GNONS

:

Plate 204




GNNOBLNO § 10Td ‘GNNOENI § LOTId GNNOBLNO § LOW oo
13S 1HO0d334d "SNOILIANOD il 38YHd ONNOSNI § LONd
H HOV3Y 1S31 ‘SHILIAVHVS NOLLVDIAVYN

Plate 205

14 000t "NOVEHL ONOTV IINVLEID 14 0007 “NOVUL DNOTY FONVLISIO 44 0001 “NOVUL BNOTY 3INVASIO

o & 8 ¥ 3 o ¢ 9 ¥ T O T 8o M 3 o6 8 s ¥ T O M aao s 9 ¥ Z O
AR RN NN NN NS RENENE NN R RN NN pbe bbb s babadald

TINNYHD JONVMLNG TINNVHO JONVULNG
| 38YHd L4-008 | 3SYHd 14-008

1 ASVHd|

43-008 40 QN3

SONVMLNG
wlv"lgVHad“u-Wl

103rONd | BSVNRd 30 ONA
LOBrOMd | ZBVHd 40 GNR
AJArONd | 38VYHJY 30 OND

2
g
2
g

"7
-
]
[ ]
|
[ ]
”
3

(
\? .

FONVHVITO GUYOSHYLS

SLONN

figeeseno




GNNOELNO S 10°Id ‘ONNOEN) 8 10Ild E:ﬁ.w.zsmrzﬁa.....: ﬁi«o:;e.s.%: )

13S 1404334 "SNOILIONOD | ASYHd
H HOV3Y 1S3l ‘S107d MOVHL dIHS

e X

Plate 206



GNNOBLNO S LOId ‘GNNCEN! 8 LOId
43S 14043344 ‘SNOILIONOD Kl 3SVYHd
H HOV3H 1S31 ‘SHILIWVHVI NOILVOIAVN

Plate 207

14 000 “NOVHL DNOTY IONVASIQ 14 0007 OVHL ONOTV IONVLSIA 13 0007 RIVHL DNOTY JONVISIC

o 6 8% v 2 0 9 9 ¥ 2 0 o & U " a o e 9 ¥ T 0O oz 8 % % 3 6 8 & v T O
et by b by e dadaled el da b b bbb batadad ehate b b bbby dbalyl

TINNYHD JONYULNT TINNVHI ONVHINTG TINNYHO ICNVUING
| 36VHd 14-009 | 38VHd 14-008 | 38VHd 14-000

—

| 38YHd

14-008 40 QN3

I 3SYHd 15-000

LO30ud | 38VYHJ 40 QN3

3
o
©
[]
n
-
]
X
m
=

m
3
o
b
-
x
>
-
D
:
2]
-

I 38VHd 14-008
403r0Nd | A8VHd 40 ORI
“IEBNNVHO J0NYULN

-
-
»
&
2
>
i

TINNYHD FONYHLNT
TINNYHD JONYHLING
TINNYHO 3ONVHLNG
TINNVHO IONYHLINI

1H0d QUYOBUVLS
ILNNIN H3d $334030

greeceny

NUNL 40 31V IONVHYITO QUVOBHYLS

—

e

JFONVUHYITO LUOd




Plate 208




s

aNNOYLNO ¥ 107Id 'GNNCENI € 10T
- 138 id0d=34d "SNOLLIGNOD § ISVHI
| HOV3Y LS31 'S107d MOVHi dHS

12-4% X 149 X 14-148
g«u ¥NS GNNO/LNO

0

Piate 209




GNNOBLNO ¥ L1OTid ‘GNNOENI € 1Oid
138 1HOd334d 'SNOLLIONOD Il 3SVHJ

| HOV3Y 1S3L ‘SHILINVHYA NOILVOIAVYN

14 0004 ‘¥OVUL DNOTV 3INViISIO
3 o [} L 14 [

Ledled o bgtelal

TINNVHD SONVUINT
§ 3SVHd 14-009

A\ %PL: Hm
<§QC<,E (.T.“_w

NuOL 40 3LV

SLORM

e,

Q3348

QOO %N

14 000} "NOVHL ONOTY 3ONV1SIO
o L L} 4 4 0

Lo bp bbb b

TINNVHD JONVHINI
N 35VHJ 14-000

— o

TR

SiAW03J

— o
$
— 034
— ot
— or
FTONV U3ACNH
(
02
w o
0 2
] o
o o0l
a33ds IEONT

ONNOALNO ¥ LOTNG o—o—0—0—e—0
GNNC NI € LOTd

13 000 HNOYHL DNOTV FONViSIO

T o 9 8 v [

EEEEEE NN EREN

TINNVHO FONVHIND
N 3sYHd 14-008

o ]
\l\/“*\gro‘/’elﬁ\ 00z
i— 00F
008 m
008
0004
odzl
JONYHYITO QUYOBUYLS

=

1&%\\1

FONVHYITO LUHOd

Plate 210




GNNOELNO € LOUd ‘ONNOENI ¥ LOld
13S 1H0d3344 ‘SNOLLIGNOD N 3SVHd

| HOV3H 1831 ‘S107d MOVHL dIHS

1380 X Li-0M X 14-120
NINYD HNG GNNOALNO

Plate 211




gNNodLNO € 107Id ‘ANNOEN! ¥ LOTId
43S LHOd33Hd ‘SNOILIONOD 4 IASVHd

] HOV3YH 1531 ‘SH3L3INVHYJ NOLLYOIAVN

14 0001 "NOVHL BNOTY JONVISIO 14 0004 "MOVUHL ONOIV JONVLSIA
2 o 8 9 ad ol ] [ ] 1 3
L

y T o 0
Lo b bl dadad Poba b dbadad

TINVHO FONVHLII TINNVHO FONVHLINIG
8 3SVHd 14-¢C2 ¥ 35VYHJd 13-009

[ o8
g

3
- 1o R
P ik i

NUAL 40 J1vH

anNnNoealNo € L0Wd o—o—o—e—e—0
GNNOSBM ¥ L0 ——m———-

14 0001 ‘MOVHL BNOTY FONVLSIC
[} o [} ] 1 z )
L j

Lod e ladaty
~BRNVHO 3ONVULNZ
% 3SVHd 13-009

3ONVUYITD qUVOBUYLS

e

3ONYHVYITD 1uHOd

Plate 212




GNNOBLNO 9 LOTId ‘GNNOENI § L0Ud
138 14043344 ‘SNOLLIAHOD ¥ ISVHJ

1 HOV3Y 1831 's107d MOVHL diHE

14-80 X 13-0¥ X Ld-0L8
WIANNYD XINE ONNOELLNO

Plate 213




aNNo8.LND © LOTId ‘GNNOENI § LOTUId
13S LUOJ334d ‘SNOILIONOD Hl 3SYHd
{ HOV3H LS31 'SHILIWVHYI NOILYDIAVN

14 0004 NIVHL BNOTY 30NVIS']
g o e 9 1 4 z

Lo bbbyt

TIMNVHD ZONVULINI
4 38VHd L4-000

NV ALY ?\/Db’
<7 L4

A

NunL J0 3ive

e

o

14 0008 'NOVHL ONOTY JONVISIG
o e 8 ¥ T ¢

et bbb

TANNVHO FONVULINT
A 3SVHJ 14-008

AGNNoOELN0 8 LONWG 0-0—e—o0—o—0
ANNOGNI § 107Ud

14 000} ‘NOVHL DNOTY FONVLSIO
a o e [ 4 z 0

Lol by b la

TINNVHO JONVUINT
i 3SVHd 12-008

IONVEYITO Luod

Plate 214




A

aGNNOELNO § 10 ‘ONNOBNI 8 LONd X v unome VBN T8 ORLN0

138 1HOd33U ‘SNOILIANOD U ISVH
| HOV3H 1S3l 'S107d %OVHl diHS

Plate 215




b

GNNOELNO § 1O7TId ‘GNNOENI 8 10d
135 1HOd334d "SNOILIGNOD il 3SVHd

| HOV3H 1531 ‘SH3LINVHVI NOLLYOIAVN

14 600 JOVHL BNOTV JONVISD 14 000) 'XOVHL ONOTY 3ONVLISIO
r

3 o 9 9 T o 2 o 8§ 9 ¢ T o
Lol bl bl Lol b ba oty
TINNVHD SONVUINS TINNYHO FONVALLNG
1 38YHd 14-009 ) N 38VHI 14-008
— o
4
I.onw
—yz % ]
— 020
Tsmm 3
! — o @
i ! . &
s T |
= P
!..m . — 0z
vz
L-2% — 08
L oy
NufL 40 3iVH TONY HIAONY
0 0
z 0z
- ¥ x evH
°3 o 2
X f o8
o ol
a
Q348 Q334§ INONI

ARNOBLND 3 LOTUd o-v—v—0—v -v
aNNOBNE § L0Id

14 000} ‘HOVHL DNOTY FONVISIO
o o L ] v z ]

c bbb bt

“BNNYHO 3ONYUINI
§ ASVHd 14-008

ol

ooz
FONVHYITO QHYORHVLR

T,

o

FONYHYITO LHOd

Plate 216




REPGRT DOCUMENTATION PAGE o e o188

Pubiic reporting burden for this of inf [ w0 ot | hour per ding the time for reviewing | rehing existing data sources,
gatheong on‘d"%.lm the data needed, 80d completing and reviewsng the collection ot into i this burden est'mate ar any other sipect of this
gallecuon of information, kwluding w'rmom for reducing this burden. to Washington Hesaquanen Services, Oirectesate for information Opevations and Reports, 1215 Jetterson
Darvis Highwsy, Suite 1204, Arlington. VA 322024302, #nd 10 the Otfice of Management and Budget, Paperwork Reduction Project (0704-0 188), Washington, DC 20303

1 P M S T e T
T AGENCY USE ONLY (Leave Diank) ] 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

September 1994 Report 3 of a series

5. FUNDiNG NUMBERS

[3. TITLE AND SUBTITLE
Ship Navigation Simtation Study, Houston-Galveston Navigation

Channels, Teras; Report 3, Galveston Ship Channel and
Houston-Gaiveston Entrance Channels
6. AUTHOR(S

Dennis W, Webb

T v v T T T T Y e —
7. PERFORMING ORGANIZATION NAME:S; AND ADDRESS‘ESS 8. PERFORMING ORGAMNHZATION
REPORT NUMBER

U.S. Army Engineer Waterways Experiment Station
3909 Halls Ferry Road, Vicksburg, MS  39180-6199 Technical Report HL-94-3

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10, SPONSORING / MONITORING |
AGENCY REPORT NUMBER

U.S. Army Engineer District, Galveston
P.O. Box 1229, Galveston, TX 77553

11. SUPPLEMENTARY NOTES

Available from National Technical Information Service, 5285 Port Royzl Road, Springfield, VA 22161.

| oy T T T T T Y Ve T T Ty =TT T~
12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public releasc; distribution is unlimited.

S ———
13. ABSTRACTY (Maximum 200 words)

The Houston/Galveston Navigation Channels are located along the Gulf of Mexico Coast in eastern Texas.
These channels include the Entrance Channels, the Bar Channels (Bolivar Roads Area), Galveston Ship Chan-
nel, Texas City Channel, the Gulf Intracoastal Waterway (GIWW), and the Houston Ship Channel (HSO),
which branches off the Bolivar Roads Channel, traverses Galveston Bay, and ends in Houston.

The existing Entrance Channels are 42 ft deep and 800 ft wide. Phase I and Phase II of a proposed im-
provement project will deepen them to 47 ft and 52 ft, respectively. The Phase I and II Entrance Channels
will be extended into the Gulf of Mexico to naturally deep water. The Galveston Ship Channel is presently
40 ft deep and 1,100 ft wide. Phases I and II of the proposed improvements will deepen the channel to 45 and
50 ft, respectively, while decreasing the width to 450 and 550 ft, respectively.

The U.S. Army Engineer Waterways Experiment Station conducted a navigation study to evaluate the ef-
fects of the proposed improvements on navigation. This study was conducted at WES using a “real-time” ship

simulator,

I'va. sumect TErRms 15. NUMBER OF PAGES
Deep-draft navigation Ship simulation 270

Galveston Ship Channel Ship/ship interaction 16. PRICE COOE

Houston Ship Channel
17. SECURITY CLASSIFICATION ) 18. SECURITY CLASSIFICATION [ 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

| LINCLASSIEIED,
NSN 7540-01.-280-5500 Standard Form 298 (Rev 2-89)
;;'g“,'g';" by ANSI Std 23818




