- -“62 50% SCHULZ (R M) ASSOCIATES LAFAYETTE CA F/6 13/2
RIVER TOW BEHAVIOR IN WATERWAYS. REPORT 2. SECOND EXXON TEST PR=~ETC(U)
OCT 78 R M SCHULZ DACW39=77=C=-0086

. *
& !
|
. =

UNCLASSIFIED WES=TR=H=-78=17=2
o 2 "8




2 £ o
s e 36 32
=ik
[l el
==

L

s e

I

N
O

MICROCOPY RESOLUTION- TEST CHA&T

NATIONAL BUREAU OF suumnnsrwea-ﬁ
4

ks o




v0S390Vay | Adod 314 A0







sified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE R T
T :!50" NUUI!: 2. GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
Technical Report H-78-17 l

4. TITLE (end Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

<RIVER_TOW _BEHAVIOR IN_WATERWAYSs A Report 2 of a series

6. PERFORMING ORG. REPORT NUMBER

Report 2, ‘s__ECOND JEXXON TEST PROGRAM »

8. CONTRACT OR GRANT NUMBER(®)

[5 “DACH30-77-Cfi#86 / s

Roger M. /SChuli/

. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::gﬁll.Al'loERL‘EssrT‘f."l:,R.‘O.J!!g. TASK
R. M. Schulz Associates Rt
3374 Sweet Drive
if. 94549 o
11, CONTROLLING OFFICE NAME AND ADDRESS 12. REP /
Office, Chief of Engineers, U. S. Army || JOctese: w78
Washington, D. C. 20314 ’157

. ITORING AGENCY NAME & ADDRESS(!f different from Controlling Office) 15. SECURITY CLASS. (of thia report)

U. S. Army Engineer Waterways Experiment Station Unclassified

draulics Laborato Hes—BECRSSIFT
P 0, Box 631 Vicksburg, Miss. 39180 sl e

6. DISTRIBUTION STATEMENT (of this Report) L{y / ‘
Approved-for public release; distribution unlimited,
Oagf WES /(11)rr-H- 7e-47-2/

17. DISTRIBUTION STATEMENT (of the abatrect entered in Block 20, if different from Report)

s

”F

'

nal re¢t,

19. KEY WORODS (Continue on reversa side if y and ity by block ber)

Exxon test program
Towboats

Tows and towing

Waterways (Transportation)

ARSTRACT (Contious e ol M ary and identify by block ber)

This is the final report by R. M. Schulz Associates (RMSA) to the Corps
of Engineers (COET oM Comtratt No. DACW39-77-C-0086 to obtain and analyze data
on river tow behavior. This report describes the second full-scale river
tow test program conducted in this country in which second-by-second records of

tow position, attitude, rudder, power, and river environment parameters are b e
obtained and analyzed. This study is an expanded version of the study format —4——— >
(Continued)
DD , 2™, MT3  Eormow oF 1 wov 65 IS OBsOLETE Unclassified

SECURTY CLASSIFICATION OF THIS PAGE (Wown Daia Ent

W10 7873

SR Ko e A PSS

LB

et ——————

|
|
|
|



e e A A AL et s S e e A

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

20. ABSTRACT (Continued).
Cont
: ~Pestablished during the first Exxon Co., USA (EXXON), test program.

‘In the lagter part of November; 1976, the first Exxon tow test program was
conducted using an Exxon Co. owned and operated river tow. The tow was instru-
mented and a number of trial runs were made to determine the tow's speedfpower,
fuel consumption, and maneuvering performance. The tests took place in jthe
Baton Rouge arga on the Lower Mississippi River. The towboat employed in the
test program, the EXXON MEMPHIS, was a twin screw, Kort nozzle towboat designed
to push an integrated oil tow. The current series of tests performed in/Novem-
ber 1977 using the EXXON NASHVILLE and EXXON LAKE CHARLES, open-wheel ats,
completed the comparative program to determine the propulsion efficiengy of
Kort nozzle and open-wheel propulsion systems. The E MEMPHIS and EXXON
NASHVILLE were| identical designs with the exception of the Kort nozzle,, while
the EXXON LAKE| CHARLES had about two-thirds of their installed power.

\ The initipl Exxon test program, designed primari?y to analyze Kort nozzle

‘ performance, was expanded to include participation by!RMSA under COE sponsorship.
! |RMSA's role w% to measure and analyze tow position and steering be:g;::)\r in

. |addition to available horsepower (data. The expanded test program prgvided Exxon
| Jand the COE with a cost-effective method of obtaining data on such ic per-
| |formance elements as: steering response in turns; speed losses due/to steering;
acceleration and stopping distances; and Kort nozzle and open-wheel impacts on

| |steering and propulsive efficiency. :

/wwv-wu This report contains the results of the Post-Trial Analysis activities.

= Section M describes the physical characteristics of the tows used in the trials|
Section I11 describes the geography of the trial area, field survey activities, ;
: and current measurements undertaken to support the tow tests. Section IV
> describes the instrumentation, equipment, and procedures used during the trials.
F Section V and VI contain charts, graphs, and descriptions of the EXXON NASHVILLE

and EXXON LAKE CHARLES steering tests. Section VII discusses the steering Ttest
e performance. Section VIII describes the performance of the Exxon tows during
straight course, speed-power runs. Section IX discusses the special backing and
stopping tests performed. Section Y describes the data reduction activities.

4 The Appendices and listof References follow Section X in which Appendix Ak i
lists the EXXON NASHVILLE test activity sequence and Appendix B lists the \ 1

EXXON LAKE CHARLES test sequence. Appendices C and D give the shaft horsepower

|2 measurements obtained for the EXXON NASHVILLE and EXXON LAKE CHARLES, respec-

tively. Appendix E contains the fuel measurements obtained by Exxon personnel

for both tests and Appendix F shows a sample of the procegsed tow performance

data. References follow Appendix F. /
McESsion : ﬂ
L] e st
e

~H

(s

(=

BUANNONE o
BT e -

B o
n. o U RIRINNIG
L AVAIL wad/w AL n DEC 18 1978

Tmﬁ]—t’y Unclassified
QCU.ITV CLASSIFICATION OF THIS PAGE(When Date Entered)




L

THE CONTENTS OF THIS REPORT ARE NOT TO BE
USED FOR ADVERTISING, PUBLICATION, OR
PROMOTIONAL PURPOSES. CITATION OF TRADE
NAMES DOES NOT CONSTITUTE AN OFFICIAL EN-
DORSEMENT OR APPROVAL OF THE USE OF SUCH

COMMERCIAL PRODUCTS.




PREFACE

The project described herein was undertaken by the U. S.
Army Engineer Waterways Experiment Station (WES) for the
Directorate of Civil Works, Office, Chief of Engineers, U. S.
Army. The project was conducted by R. M. Schulz Associates
in cooperation with the Exxon Company under Contract No.
DACW39-77-C-0086. This study was a follow-on to a previous
test performed in November 1976 by the Corps of Engineers and
the Exxon Company and was to obtain tow performance data from
full-scale measurements of tow maneuvers involving tows simi-
lar to the tow involved in the first test. This test program
is the result of an expansion of the original tow performance
test program that was originally planned by the Exxon Company.

The study was conducted under the general supervision of
Mr. H. B. Simmons, Chief, Hydraulics Laboratory, and Mr. M. B.
Boyd, Chief, Hydraulic Analysis Division. The contract moni-
tor for the project was Dr. L. L. Daggett, Math Modeling Group.
Mr. C. J. Huval, Math Modeling Group, provided advice and
guidance on this study. Acknowledgement is given to Mr. J. L.
Grace, Jr., Chief, Hydraulic Structures Division, and Mr. G. A.
Pickering, Chief, Locks and Conduits Branch, for their support
of this study.

Special acknowledgment is given to Messers. R. Schulz,
R. M. Schulz Associates; M. Fedak, Exxon Company; and
E. Shearer, Hillman Barge and Construction Co., for their
cooperation, assistance, and advice in planning and conduct-
ing this test. The Exxon Company's generosity in sharing the
recorded data and cooperation in expanding their planned test
program is greatly appreciated.

Commander and Director of WES during this study and the
preparation and publication of this report was COL John L.
Cannon, CE. Technical Director was Mr. F. R. Brown.




FOREWORD

This report is essentially a report about the establishment of
a river tow performance data base. It attempts to draw conclusions
about tow performance where possible, but in the main, portrays the con-
ditions of the data acquisition rather than the analytical conclusions
therefrom.

This report is also the cooperative product of several individ-
uals and organizations and it is hoped that the final product meets
their standards and with their approval. In particular, the Exxon Co.
USA and their personnel in Baton Rouge and Houston deserve the warmest
of accolades in recognition of their cooperation during the test pro-
gram. Individuals in Exxon who contributed to the program are Myron
Fedak, Captain Elmer Worley, John McCracken, and J.W. "Buck" McCreary.
J. Serrette, J. Decker, D. Theriot and the crew of the EXXON NASHVILLE
and I. Dupre, S. Calais and the crew of the EXXON LAKE CHARLES are com-
mended for iheir cooperation and the skill exhibited during the tests.
Special appreciation is extended to Ed Shearer of Hillman Barge and
Construction Company (the towboat designer and builder)for providing
technical detail on the tows.

Personal thanks to Bert Schulz for his efforts during the pre-
trial planning, field survey, and tow trials and to Cheryl Schulz and
Jane Carter for their attention to detail during the data reduction and
report preparation.




PROJECT SUMMARY

The project developed a tow behavior data base for analyzing dynamic
performance in which:
¢ Over 9 hours of tow behavior data were provided describing
the second-by-second variations in key performance parameters.
e Full power, reduced power, constant and variable rudder, and
backing and stopping maneuvers were part of the computerized
tow performance data base.

The project measured tow turning capability in a river bend in which:
* 5 upstream, steady rudder, constant power turns were compu-
terized, charted and their key performance variables plotted.
* 5 downstream runs at constant power using variable rudder
were similarly processed.

Special tests of tow behavior were made in which:
* 2 upstream and 2 downstream sets of Z maneuvers showed tow
steering response and speed variations.
e Steady power backing established the tow's speed capability.
¢ 2 upstreém and 4 downstream crash stops from full ahead
power established stopping times and distances.

Straight-course, constant power runs over a measured course were made
in which:

¢ Kort nozzle and open wheel towboat performance were compared.
* Fuel consumption levels were established at various powers.
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I. INTRODUCTION

This is the final revort by R M Schulz Associates (RMSA) to the
Corps of Engineers (COE) on contract number DACW39-77-C-0086 to ob-
tain and analyze data on river tow behavior. This report describes
the second full-scale river tow test program conducted in this
country in which second-by-second records of tow position, attitude,
rudder, power, and river environment parameters are obtained and
analyzed. This study is an expanded version of the study format
established during the first Exxon Co. USA (EXXON) test program [1].

In the latter part of November 1976, the first Exxon tow test
program was conducted using an Exxon Company owned and operated river
tow. The tow was instrumented and a number of trial runs were made
to determine the tow's speed-power, fuel consumption, and maneuvering
performance. The tests took place in the Baton Rouge area on the
lower Mississippi. The towboat employed in the test program, the
EXXON MEMPHIS, was a twin screw, Kort nozzle towboat designed to
push an integrated oil tow. The current series of tests performed
in November 1977 using the EXXON NASHVILLE and EXXON LAKE CHARLES,
open-wheel towboats, completed the comparative program to determine
the propulsion efficiency of Kort nozzle and open-wheel propulsion
systems. The EXXON MEMPHIS and EXXON NASHVILLE were identical de-
signs with the exception of the Kort nozzle, while the EXXON LAKE
CHARLES had about two-thirds of their installed power.

The initial Exxon test program, designed primarily to analyze
Kort nozzle performance, was expanded to include participation by
RMSA under COE sponsorship. RMSA's role was to measure and analyze
tow position and steering behavior in addition to available horse-
power data. The expanded test program provided Exxon and the COE
with a cost-effective method of obtaining data on such dynamic per-
formance elements as: steering response in turns; speed losses due
to steering; acceleration and stopping distances: and Kort nozzle
and open-wheel impacts on steering and propulsive efficiency.
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Figure l.a provides an overview of the two Exxon test programs
conducted by RMSA. The Pre-Trial Planning stage “eveloped the pro-
gram organization, defined and ordered the instrumentation, and
established measurement techniques for the key parameters. The Trial
Measurement stage undertook the field surveys, installed test equip-
ment ashore and aboard the tows, obtained current measurements, an-
measured performance. The Post-Trial Analysis stage edited and coded
the test data for the computer, developed or converted computer pro-
grams to process the test data, and analyzed tow performance during

PRE-TRIAL PLANNING

® Define Test Program
® Obtain Test Equipment

.

TRIAL MEASUREMENT

® Conduct Field Survey
® Install Shore Equipment
® Conduct Current Survey
® Install Onboard Test Equipment
& Measure Tow Performance
* First Test-Exxon Memphis
e Second Test-Exxon Nashville
Exxon Lake Charles

Syt

POST-TRIAL ANALYSIS

o Review Test Measurements

® Code Performance Data

® Process Coded Performance Data
® Analyze Tow Performance

Figure l.a Tow Test Program Overview




the trials. Table 1.4 gives the individual participants in the Nov-
ember 1977 test program, their organization, and their primary test
program responsibility. The Exxon staff in Houston was primarily
respcnsible for coordinating the tow *trial activities of the partici-
pants and measuring fuel consumption. Exxon Company U.S.A. had
separately contracted the measurement and analysis of <Tow perfor-
mance during the trials. The trial activities of the participants
were established based upon their responsibilities in the first test.

The Trial Measurement activity in Baton Rouge conducted a field
survey to mark sites for the positioning equipment ashore. Following
the field survey, the positioning equipment was placed at the survey
locations and readied for the tow trials by using the units to obtain
current velocity measurements. The trials had been tentatively estab-
lished as six test runs, 3 upstream and 3 downstream for each tow, as
shown in Table 1.B. Appendix A and B list the test sequence actually
followed. Test equipment was placed on each of the towboats the day
before the trials with final hook-ups and calibration checks performed
just prior to the trial runs. The trials lasted over eight hours for
each tow.

Table 1.A

Test Participants

Organization Individuals Trial Acitivity/Title

Exxon M. Fedak Exxon Program Director
E. Worley Port Captain
J. McCracken Fuel Measurement
J. McCreary Repair Inspector

EXXON Contractor Horsepower & RPM Measurement

Hillman . Shearer Assist Test Personnel
(Towboat Designer)

RMSA Schulz } { Field and Current Survey.

RPM, Rudder, Position MNeasure-
ment

Schulz

R I ol ks o ) o M TSR A A SR STAR SIS S




Table 1.B
Tow Trial Sequence

EXXQON#* EXYON*
Run Straight Course, Speed-Power NASHVILLE LAKE CHARLES

s Full Power, Upriver FC FC

2 " " , Downriver FC : FC

% 3/4 Power, Upriver FC FC

y 1/2 " , Downriver FC FC

Turns, River Bend

1 1/2 Power, Upriver FC F

2 Y " , Downriver FC F

JE* " " ,. Upriver FC F

Lxs e " , Downriver FC F

5 " ", Upriver FC

6 % " , Downriver FC

Other Tests

i ! Full Power, Crash Stop, Upriver F

2 " R " " , Downriver F F

5 i " , Zig-Zag, Upriver FC F

6 & g L o Downriver FC F

6 * " , Crash Stop, Downriver F

A " " , Astern, Downriver. P F

*F = Full set of measupements

P = Partial set of measurements

C = Performance can be compared with EXXON MEMPHIS performance
#*3/l, Power for EXXON LAKE CHARLES
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This report contains the results of the Pcst-Trial Analysis
Section II describes the physical characteristics of the

activities.
tows used in the trials. Section III describes the geography of the

trial area, field survey activities, and current measurements under-
Section IV describes the instrumen-

taken to support the tow tests.
Section V

tation, equipment, and procedures used during the trials.
and VI contain charts, graphs, and descriptions of the EXXON NASHVILLE
and EXXON LAKE CHARLES steering tests. Section VII discusses the steer-
ing test performance. Section VIII describes the performance of the
Exxon tows during straight course, speed-power runs. Section IX dis-
cusses the special backing and stopping tests performed. Section X
describes the data reduction activities.

The Appendices and list of References follow Section X in which
Appendix A lists the EXXON NASHVILLE test activity sequence and Appendix
B lists the EXXON LAKE CHARLES test sequence. Appendices C and D give
the shaft horsepower measurements obtaired for the EXXON NASHVILLE =znd
EXXON LAKE CHARLES, respectively. Appendix E contains the fuel measure-
ments obtained by Exxon personnel for both tests and Appendix F shows
a sample of the processed tow performance data. References follow

Appendix F.




II. TOW CHARACTERISTICS

The tows tested during the trials were integrated oil tows
owned and operated by Exxon Company USA. The barge string was composed
of four (4) barges with the lead barge being a single-skin design
with a modified scow bow and a square stern. The two middle barges
were single-skin, box designs. The trailing barge was also a single-
skin design with square end forward and shortened scow rake at the

stern, The EXXON NASHVILLE and EXXON LAKE CHARLES were the two open-
wheel towboats tested with this tow.

Figure 2.a shows the plan-view arrangement of the tow tested with
the tow's dimensions, weights, centers of gravity, and wetted surface.
The lead barge, No. 331, was equipped with a bow-thruster unit which
was not used during the trials. The two lead barges, Nos. 331 and 332,
and the two trailing barges, Nos. 323 and 324, and towboat are sized
as separate units for separate locking through 600 foot long lock cham-
bers. The single-string arrangement shown in Figure 2.a meant that
the center of gravity of each unit was located zlong the centerline.

This simplified computations since only the longitudinal center of
gravity needed to be calculated.

During the tests, the barges were loaded to a mean draft of
9,25 feet with a cargo of 13,100 short tons of o0il. The resulting
loaded displacement of the barge string was 15,510 short tons. With
the towboat's displacement of 783 short tons, the tow had a total
displacement of 16,293 short tons. The primary dimensions and capa-
cities of two towboats, shown in Table 2.A, were taken from plans,
drawings, and documentation furnished by Exxon and Hillman. The
towboat's principal propulsion characteristics are shown in Table
2.B. The EXXON NASHVILLE is an open-wheel towboat fitted with twin
screws with over 3300 horsepower developed by two Fairbanks-Morse
diesel engines. The EXXON LAKE CHARLES is also an open-wheel towboat

similar to the EXXON NASHVILLE but only capable of developing 2600
shaft horsepower,

adk:
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. The EXXON NASHVILLE is powered by two 10 cylinder, Fairbanks-

1 i Morse Roots Blower engines. Each engine is rated at over 1,670 brake
horsepower at 750 RPM with reduction gears providing 216 shaft RPM at \ 4
that engine speed. The shafts are inboard turning at the top when
the engines are moving ahead. The EXXON LAKE CHARLES plant develops
proportionately less power from its two 8 cylinder engines.

Test bed data indicate that these engines will have specific fuel
consumption rates ranging from 0.36 to 0.40 pounds per brake horsepower
hour when burning 19,630 BTU's per pound. The preliminary performance

Table 2.A
EXXON NASHVILLE and EXXON LAKE CHARLES

i g

Dimensions
Length, Overall 120*-0" '
Breadth, Molded 341-0" |4
Depth. Molded, Main Deck at side 10°'-6" i
- Top of Headlog 12°'-0"
" o Top of Sternlog 12*-0"
Draft. Molded, LCesign Waterline 8'-0
i Load Waterline AR
Displacement. Molded £8: 0"; 662.85 S. Tons ';
> 9* -0 . . : :
i Block Coefficient, Design Draft 783.%%72 oy
; Tank Capacities
t Fusl Oi.l. 8"‘0" Draft ul. 800 Galo'
Max. 76,100 "
Engine Lube 0il 1,015 *
: Reduction Gear Lube 0il 290 *
B F Hydraulic 0il a0 "
3 ; Potable Water 6,500 "
: Cleaning Fluid TG "
Air Filter 0il e
4 Dirty Lube 0il 260
4 Main Engine F. 0. Bleed 260 "
] Ballast 8,000 *
Slop u 300 "
Sewage h 300 *»

* 41,000 Gal., For EXXON LAKE CHARLES

e
TR T

od -




of the tows are compared in Figure 2.b which includes test data from
the EXXON MEMPHIS tests [1] and describe a rather well defined horse-
power curve. The EXXON MEMPHIS is fitted with Kort nozzles while

the EXXON NASHVILLE and EXXON LAKE CHARLES are open-wheel designs.

Of particular importance to the industry is the fact that the horse-
power curve in Figure 2.b shows the EXXON MEMPHIS using slightly less
horsepower than the EXXON NASHVILLE to achieve the same speed. This
apparent Kort nozzle efficiency advantage is offset by the fact that
the EXXON NASHVILLE tow carried 474 short tons more oil (3 percent
greater displacement). The deeper water and stronger current during
the EXXON NASHVILLE tests as well as possible non-optimized propeller
characteristics also make strict performance comparisons difficult
between the tows.

Table 2.B

EXXON NASHVILLE and EXXON LAKE CHARLES
Propulsion Data

Engine System

2 Fairbanks-Morse

Model 38D8 1/8, Roots Blower Diesels
2 Western Reverse Reduction Gears

Exxon Exxon
Propulsion Characteristics Nashville Lake Charles
Cylinders per Engine 10 8
Rated Brake Horsepower 3,334 2,670
Number of Shafts 2 2
Rated Engine RPM (Ahead) 750 750
Shaft RPM @ 750 ERPM 216 199
Rated Towing Speed, MPH 10.2 9.7
Gear Ratio, Ahead 3.47 3.766
" ", Astern 3.62 4,01

Propeller Characteristics (Open Wheel)

Diameter, D, Feet

8. .
Mean Pitch, P, Feet 7.25 g.g
Pitch Ratio, P/D 0.8529 0.8235
Disc Area, Sq. Ft. 56,745 56.745
Number of Blades L 4
Projected Area, Sq. ft. el
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III. TRIAL COURSE GEOGRAPHY AND FIELD SURVEY ACTIVITIES

This section of the report describes the physical characteristics
of the river area where the tow trials were held and the related survey
activities and waterway environment tests which were performed. Section
3.1 describes the general layout of the test course and the placement
of electronic shore reference stations used to measure tow and survey
boat positions. Section 3.2 describes the X,Y plane coordinate system
used to locate the shore reference stations and tabulate tow movements.
Section 3.2 describes the current measurement survey which was performed
before and after the tow trials which obtained depth measurements as
well as X,Y coordinates for current velocity. These current measure-
ments were considerably more comprehensive than normally collected
during full-scale test programs.

3.1 Overview of Trial Course Geography

The trial course area used during the November 1977 Exxon tow
tests was virtually identical to the river segment used during the
1976 Exxon trial. The trial course was established off of Baton
Rouge as shown in Figure 3.a. The primary trial area was a straight,
north-south section of the river marked by three ranges located on
the western side of the river south of the U.S. 190 Bridge. The
second trial area segment was Wilkinson Point bend north of the 190
Bridge. Figure 3.a provides an overview of the trial course geography
showing the principal landmarks, shore reference station (transponder)
locations, and trial course ranges. These points were labelled alpha-
betically in Figure 3.a to facilitate discussion in the text and com-
parison with coordinates and distances given later in Table 3.A.

The most visible landmarks in the area were the State of Louisiana
Capitol Building located on the east side of the river and the east
and west support towers for the Gulf States Utilities cable crossing
(A, B and C, respectively, Figure 3.a).
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The straight-course portion of the trial area, marked at the
northern end by the Gulf States Utilities towers, extended southward
2.041 miles (between Mile 230.8 and 232.8). Range markers along the
west bank marked each end of the course and an intermediate point
0.987 miles below the north range (shown by dashed lines in Figure g
3.a). The second trial course area was the river bend north of the
190 Bridge. Established to measure the tow's path and behavior when
negotiating turns, tow movements in this area were marked by the place-
ment of two transponders shown as E and F in Figure 3.a.

Both trial areas presented major physical problems in placing
the transponders due to the lack of high elevations with unobstructed
views of ‘the river, the long and relatively narrow test course, and
the numerous steel structures such as piers, bridges, and towers
which were serious constraints to the use of line-of-sight, shore
based, distance ranging equipment. To meet these constraints, the
following factors were considered:

1) Transponders were placed to give 2 transponders a clear
line-of-sight to each tow antenna over a given river segment.

2) The projected intersecting angle between signals from
two transponders was kept as close to 90° as possible.

3) Each transponder was positioned so that the tow's antenna
would fall primarily within the transponder's maximum signal strength.

4) The four transponders were placed where they could be
serviced and where they were secure from theft. Transponders 2 and
4 were placed and serviced by boat while Transponders 1 and 3 were
placed on property where 24 hour security arrangements existed.

The placement of the transponders considered the waterway segments
north and south of the 190 Bridge as two distinct trial areas due to
the signal reflecting character of the 190 Bridge. Figures 3.b, 3.c,
3.d, and 3.e were photographs taken of the river segment below the 3
190 Bridge. Figures 3.b and 3.c were taken from the Transponder 1 4

13 l




Figure 3.b

I-10 Bridge (Arrow) and Mississ-
ippi River south of the test
course as viewed from the #1
Transponder site on the Capitol
Building. This area normally
had 1 or more ships at anchor.

Straight course test area of the
river from #1 Transponder site.
Note transponder mounted atop

. light mast (Arrow).

e an

#2 Transponder site (Arrow 1)
looking south over straight
test course. Arrow 2 points
to the Allied Chemical pier,
Arrow 3 to the Exxon pier.

ST R R T

190 Bridge, Wilkinson Point
(Arrow) and bend test area as
seen from the #2 Transponder
site.




site on the Capitol Building. Figure 3.b shows the river area south
of the straight trial course with the arrow pointing toward the I-10
Bridge. Figure 3.c shows the trial course north of Transponder 1 with
the arrow pointing out the transponder mounted atop the light mast on
the 30th floor.

Figure 3.d and 3.e are photographs of the river taken from the
- Transponder 2 location. Figure 3.d shows the Transponder 2 site
(Arrow 1) and the test course to the south with the Allied Chemical
pier (Arrow 2) and the Exxon pier (Arrow 3) allowing a clear line-of-
sight to I-10 Bridge. Figure 3.c shows the area north with the arrow
at mid-span of the 190 Bridge pointing toward Wilkinson Point.

Figures 3.f and 3.g are photographs of Wilkinson Point bend area
from the Transponder 3 site on the Scott's Bluff area of Southern
University. Figure 3.f shows an oil tow making the turn headed up
river (Arrow 2) around Wilkinson Point (Arrow 1). Figure 3.g shows
the same tow (Arrow 1) further through the turn along with the
Transponder 4 site (Arrow 2).

3.2 Transponder Field Survey Results

Prior to the river tow trials, a field survey was made to define
geographic coordinates for each of the four transponders. Because
accurate tow position measurements were required during the trials,
triangulation data for transponders 2, 3, and 4 were obtained using i
a theodolite to measure angles between known landmarks. Also, since
Transponder 1 was located on a known landmark its coordinates were
obtained by direct measurement.

TR AN

?. Field surveys often use both distance and angular measuring devices
to derive a complete coordinate mapping of a test area. This method
was outside the scope of the project with the result that the field

15
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‘ Figure 3.f

View of river bend area showing
Wilkinson Point (Arrow 1) and

0il tow (Arrow 2) in the first
part of the turn looking westward
from #3 Transponder site. Note
the fleeting area under Arrow 1.

Figure 3.g

River bend with oil tow (Arrow 1)
completing turn showing location of
#4 Transponder (Arrow 2). The
photograph was taken from Trans-
ponder 3.

survey relied solely upon bearings taken of landmarks whose coordinates
had already been tabulated by the National Geodetic Survey [2]. Geo-
graphic representation of a reference system used an X,Y plane coordi-
nate system with Y positive north. This data, published by the National
Geodetic Survey for each state, converted landmark latitude and longi-
tude data into earth-surface, plane coordinate data in feet [3].

Horizontal bearings of the landmark structures were taken from
three transponder sites. These bearings, together with the known dis-
tances between each landmark, provided the necessary data from which
to compute X,Y coordinates. The position of each transponder, shown
in Table 3.A, was computed using "three-point resection" techniques
[4] and standard plane geometric constructions.
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Table 3.A

Test Course Reference Points, Coordinates, and Distances

Landmark Latitude (North) Longitude (West)*
A. Capitol Dome 30-27-29.29 G0-11-14,1
B. East Power Tower (GSU) 30-29-29.308 91-11-26,861
C. West Power Tower (GSU) 30-29-29,258 90-12-09,686

Lambert Plane Coordinates

Survey Points ngeetE Y(Feet
A. Capitol Dome 046021,.62 551055.5%
A'. #1 Transponder 2046010.37 651046,29
B. East Power Tower (GSU) 2044896.,57 663619.29
C. West Power Tower (GSU) 2041149.64 663609.83
D. #2 Transponder 2044064, 84 666815, 4L
E. #3 Transponder 2042901.99 674309.91
F. #4 Transponder 2039756.65 676024,98

Course Distances

Feet

12,633.94
13,485,114
15. 900. 76
23,0482.51
25,762.80
15,888.71
23,470.37
25,749.64

3, 746.94

7,584.15
10,167.41

3,582.55

From

o

>
c i UL TSNY TR G T [ R et T T U

-3
"U’SJMO’IJMU’!SMUONB:’O

*Letter designations correspond to those appearing in
Figure 3.a, page 12.
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3.3 Current Measurement Results

Current measurements were taken at 24 places along the test course
to provide a means of estimating current impact on tow performance
during the analysis. The current measurement locations were chosen
to define a reasonably comprehensive picture of current speed and
direction over each test area--the Wilkinson Point bend area and the ,
straight course test area. Four cross-section locations above the 190 3
Bridge and four locations between the I-10 Bridge and 190 Bridge were | 1
selected. At each location, three current measurements were taken to ! 1
define velocity vectors across that section of river--one measurement
on each side of the assumed channel and one measurement in the center.

et vttt A A " A St . 1
o ek A 3

A survey bcat fitted with "sea anchors", a miniranger positioning
unit, and a fathometer was used to obtain current and depth measure- i
ments., The boat was taken as close as possible to a predetermined i 3
pair of transponder range coordinates and allowed to drift from that :
point. In theory, it should have been possible to position the survey i 3
boat within ¥10 feet of a predetermined point. However, because of '
miniranger signal variations, river traffic, and the need to perform i
211 of the tests in clear weather during daylight, it was impractical

to spend much more than 30-60 seconds attempting to match transponder
coordinates.,

Figure 3.h shows the equipment arrangement aboard the survey boat.
Three 20-gallon barrels were used as sea anchors and were supported by
lines from the boat's deck so that the bottom of each barrel was 9

feet below the surface (9 feet was the approximate draft of the Exxon
tows).

: A current measurement sequence began by bringing the boat to the %
f: approximate coordinate position given by the precalculated transponder “3
. 18
4
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Photo of Survey Boat Equipment
1. Miniranger Antenna
2., Console, Printer, Fathometer

3. "Sea Anchors" in Boat

Miniranger Antenna

Console
Printer
Fathometer
Wl e R
il
r
9:0° 4,5°
e = Three 20 gallon
" "Sea Anchors" with
3.0 emptying lines
t L attached

Figure 3.h Current Measurement Equipment Arrangement
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ranges. The boat was then brought dead in the water, the engine shut

off and the three barrels lowered over the side.

at about 6 second intervals together with fathometer readings manu-
ally recorded every 18 seconds.

This drift period normally covered
some 500-1000 feet.

The barrels were then brought back into the boat,
the position and depth data collected, and the engine started and the

boat moved to the next position., Each positioning, drift, and repo-
sitioning cycle took between 8 and 15 minutes. As a result, between
Lk and 6 hours were required for the entire group of 24 measurements
(8 river cross-sections, 3 measurements per cross-section).

In total, 58 current measurements were taken on 3 separate days.
November 6, 1977 was the first day of current tests, 2 days before the
first tow test. The Port Allen gage was 13.6 feet (rising), weather
clear with light northwesterly winds of less than 5 knots which allowed

a complete set of twenty-four current measurements to be obtained
(test numbers 1 through 24).

The second set of current measurments were obtained on November
10, 1977 (the day following the EXXON NASHVILLE tests). The Port

Allen gage was 14.8 feet (generally stationary), weather clear with

variable westerly winds. After the first six tests were completed,

the wind (10-20 knots out of the west) began to be a factor. A

seventh test was completed along the lee side of the river before it
became apparent that the wind would probably negate any further current
tests. Current test numbers 25 through 31 were obtained on November 10,

The final series of current tests were performed November 11, 1977
following the EXXON LAKE CHARLES tests the previous night. The Port
Allen gage was 14,9 feet (stationary) with northwesterly winds of
5-10 knots. A complete set of 24 current measurements were obtained

together with 3 supplemental measurements.

These tests were numbered
32 through 58.

20

The boat then drifted
from 3 to 6 minutes during which time miniranger printouts were obtained

A A I LU= . T ——

kLl s S
o | i e Sl

it e




Each sequence of 24 current measurements began above Wilkinson
Point and progressed downstream with the last series of measurements
being taken approximately due west of the Capitol Building. The 58
current tests were numbered sequentially with test number 58 being the
last test performed November 11, 1977.

Figure 3.i shows the current tests made in the Wilkinson Point
bend area and in the northern straight-course.test area, Each of the
arrows in Figure 3.,i define the beginning and ending position of a
drift segment. The number alongside the arrow is the number of the
current test. Table 3.B lists the computed current velocity charact-
eristics for each test performed above the 190 Bridge. Figures 3.
and 3.k show the location of the current tests performed in the
straight-course test area. Table 3.C describes the computed current
velocity characteristics for these tests.

The values shown in Tables 3.B and 3.C were obtained by comput-
ing X and Y coordinates for each pair of range readings. The X and
Y velocity vectors (X' and Y') were derived as the slope of a linear
least-square regression line fitted to five X (or Y) values about a
given point. The X, Y, depth, and X' and Y' in Tables 3.B and 3.C
were computed as arithmetic means obtained by excluding the first 2
and last 2 values from averaging calculations. The resultant velo-
city V and the true direction were then obtained directly from the
X', Y' values given in the tables.

Because of the difference in gage height between the November 6
and November 10, 11 current tests, the November 6 current test results
were excluded from the analysis. The Port Allen gage levels ranged
from 14.5 feet on November 8 to 14.8 feet on November 11, 1977 which
made the water level about 12 feet above the Low Water Reference Plane
(LWRP). Figures 3.i, 3.j, and 3.k show the location of river cross-
sections labeled A through N for which charted depth profiles were

21
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Table 3.B

Current Tests, Wilkinson Point Bend Area
(Average Values)

_Coordinates, Ft® Velocity, FPS®
Depth Direction
Test X Y Ft X' Y' v 3 True
1 73,353 36,943 55 SR 1 4,02 4.43 65
2 73,986 36,818 51 1.2 heay " eloy 71
3 74,348 36,501 50 1.66 4,03 4.36 68
b3 L 74,475 36,686 111 0.96 §.22 4.3 77
5 74,971 39,691 118 0.64 3.87 173 80
o -8 75,887 39,483  9b D78 - 3,10 3.10 76
e 7 73,411 Lo,162 38 «0:25 7 +3:32 1.3% 259
8 73,870 41,136 120 -1.89 2.37 2.8y 131
10 70, 845 41,929 35 ~3.02 0.55 3.96 172
11 71,112 42,333 67 -3.54 1.05 3.69 164
12 7,027 - §2,7h49 9k -3.67 322, 9:BY 162
25 73,633 37,322 56 0.88 4,64 4,73 7
Ia2e Thi0i7  di7en 2 1.05  b.70 b.82 7
— 27 74,378 36,600 53 1.14 4,66 L4.80 76
o 28 74,198 39, 584 83 0.26 2.0k oLnE 84
2 29 74,933 39,670 116 0.05 4,15 4,15 89
L_BO 75,422 9,529 91 0.72 3.47 2-55 78
31 71,078 1,906 35 4,36 1.35 .56 163 %
32 73,302 36, 994 56 199 4,14 4,58 65
> 73,928 37,226 55 1.56 L,96 5,20 73
3 74,299 36,819 50 1.40 L.ho 4,61 72
35 74,338 39,646 97 1.23 3.42 3’6“ 70
- 36 75,025 39,773 120 0,68 L,13 .19 81
32 754393 39,677 102 0.46 3.38 3.41 82
o 38 73,484 40,088 42 0.39 -1.18 1.25 288
8 29 73,861 41,009 105 =1,91 1.33.. 2.3 145
= Lo 74,744 41,790 82 =110 2.3 261 115
41 70,702 41,982 38 -3.76 0.69 3.83 170
42 71,013 41,511 22 -2.89 0.58 2.94 169
43 70,876 42,482 70 -3,64 0.90 3.75 166

a. X and Y coordinates refer to transformed Lambert plane

coordinates for this section of Louisiana. X = Lambert Y
minus 6 x 105 feet, positive north. Y = Lambert X minus

X 106 feet, positive east.

b. Current velocity vectors in feet per second, v2 = x'2

*#Wind affected.

+ X'e,
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Current Tests in the

Southern Test Area

DG S S &

i

i1

i .

B S e

-
B S T ol 1 129




Coordinates,Ft 2

(Average Values

X
66,054

X and Y coordinates refer to transformed Lambert plane
X = Lambert

¥

41,961
42,873
43,298
42,548
43,058
43,114
42,366
42,851
43,506
k2,731
43,217
43,820

41,967
k2,931
43,365
42,425
42,219
k2,895
43, 46k
42,336
42,978
43, Lok
42,692
43,305
43,952
42,810

Current Tests, Straight Course Area

Velocity,FPS®
X' 3
-3.34 o-lu 3.3“’
-4.18 0.18 4,18
~Fegdl 1 0501 | 3T
-4.23 0.09 4.23
-4.70 -0.14 4,70
-4.10 -0.07 4,10
-4.42 -0.23 L4.42
‘4-“’7 ‘0'05 ’4.‘#7
-4,18 0.40 4,20
4,35 0.33 .37
-3.59 0.26 3.60
-2076 0.07 2-76
-3.00 0.22 3.01
s SR e -
"2035 0.26 ﬁ-jé
-4,32 0.23 «33
-4.39  0.66 b.gb
-5.,08 0.14 5,08
-4076 ‘0526 u.?é
-4, 67 0.29 4.68
‘b129 0030 l-hBO
-4,50 0.43 4,52
-4030 0.56 U’.Bu
-u-23 0.45 4026
—2.29 1.19 3.50
-be75  0.36 L.76

Digection

True

coordinates for this section of Louisiana.
Y minus 6 x 107 feet, positive north.
minus 2 x 10~ feet, positive east.

Current velocity vectors in feet per second, V2 = X'2 + Y'Z.

#Wind affected.

Y = Lambert X

178
177
180
179
182
181
183
181
175
176
176
179

176
17
177
177
171
178
183
176
176
175
173
174
160%
176
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available [5]. The depth profiles, tabulated at about 80 foot inter-
vals, had 12 feet added to adjust for the gage height during the tests.
Cross-section A was west of cross-section B and was omitted from
Figure 3.1i.

River profile sections A through N were plotted in Figure 3.1 to
show the contour of the waterway over the test area from north to
south. Figure 3.1 lists the transformed coordinates for the west/
south and east/north points where the river section intersects the
shoreline. The area and width of the river were calculated for each
of the sections in Figure 3.1 to assist in evaluating current veloci-
ties and probable discharge rates.

Cross-sections B through E and G, I, K, M and N in Figure 3.1
were given numbered points corresponding to the point where a given
current test (November 10 and 11) intersected that river section. The
upper points were shown 4.5 feet below the water surface indicating
the mean depth at which the current velocity data was collected. The
lower point relates to the corresponding depth of water recorded by
the fathometer during that current test. The depth profiles taken
from Reference 5 and the fathometer readings obtained during the
current tests appear to be in reasonably close agreement with the
exception of river sections C and D across Wilkinson Point bend.
These areas had mid-channel fathometer depths 25 feet less than those

‘indicated in Reference 5. In the test area south of 190 Bridge, the

depths obtained by fathometer indicated that scouring had occurred
and that the river depth was about 5 feet deeper than those given in
Reference 5. However, due to the genérally close agreement between
published and measured depths, the published data were primarily used
to estimate depth of water under the tow over the trial course.

27

ikl




Cross-Section A
A=97,900 Ft.2

Cross-Section B
A=113,900 Ft.2

Cross-Section C
A=251,600 Ft,2

Cross-Section D

Cross-Section E

Cross-Section F

A = Area

W/S Bank X=71,920'
E/N Bank X=74,250°

W/S Bank X=73,150°"
E/N Bank X=75,150"

W/S Bank X=73,450°'
E/N Bank X=75,900"

W=2440"
Y=34, 750"
Y=34, 020"

W=2150"
Y=37,500"
Y=36,700"*

W=2470"
¥=39, 800"
Y=40,100"'

A=244,000 Ft.2 y=2620"
W/S Bank X=72,750' Y=40,620°'
E/N Bank  X=74,960' Y=42,020"

A=103,100 Ft.2 W=2280"
W/S Bank X=70,780' Y=41,420"
E/N Bank X=71,680' Y=43,520'

A=121,200 Ft.2 wW=2240'
W/S Bank  X=68,420' Y=41,620"
E/N Bank X=68,580' Y¥Y=43,860"

W = Width
Figure 3.1 River Cross-Sections
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Cross-Section G

A=122,000 Ft.2 W=2590"

W/S Bank X=65,420' Y=41,750°"
E/N Bank X=65,500' Y=44, 340"

Cross-Section H

A=103,600 Ft.2 w=2550"

W/S Bank X=62,880' Y=41,750"
E/N Bank X=62,900' Y=44,300'

Cross-Section I

A=113,200 Ft.2 W=2240"

/S Bank X=60,700' Y=41,840"
E/N Bank X=60,730' Y=44,080"

Cross-Section J

A=119,400 Ft.2 y=2320"

W/S Bank X=58,140' Y=41,940"
E/N Bank X=58,140"' Y=44,260°*

Cross-Section K

A=105,400 Ft.2 y=2580"

W/S Bank X=55,700' Y=41,750°'
E/N Bank X=55,670' Y=44,330°

Cross-Section L

A=111,100 Ft.2 W=2910"'

Vi/S Bank X=52,960' Y=41,530°'
E/N Bank X=53,000' Y=44,6LL0*

Cross-Section M

A=104,900 Ft.2  y=3040"

W/S Bank X=51,040' Y=41,620°'
E/N Bank X=51,020' Y=U44,660"

T A 1

Cross-Section N

A=113,400 Ft.2 y=2980"
3 W/S Bank X=47,140' Y=41,830"
& E/N Bank X=47,220' Y=44,810'

A = Area W = Width

Figure 3,1 River Cross-Sections
Continued
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IV. TRIAL MEASUREMENTS, INSTRUMENTATION, AND PROCEDURES

The measurements, instruments and procedures used during the tow
trials are described in this section with primary emphasis on tow
position, rudder and shaft RPM angle measurements directed by RISA.

Horsepower and propeller RPM measurements were obtained during
the tests using Maihak torsionmeter eguipment. The horsepower mea-
surements were obtained from strain gauges connected to each propeller
shaft aft of the reduction gears. These gauges, which provided shaft
torque measurements, were calibrated prior to and during the trials for
each shaft at the zero-load point. During the trials, torgue readings
for each shaft were obtained at about two minute intervals with the
revolutions and time of each torque measurements noted. When a torgue
reading was taken, this event was recorded on the Datalogger used by
RMSA to record rudder angle and shaft RPM values. Measurements for
each trial run were started and stopped on signal from the pilothouse.
These horsepower data were separately compiled and anzlyzed after
the trials and furnished to RMSA for inclusion in the data base.

The values furnished to RMSA for the EXXON NASHVILLE and EXXON LAKE
CHARLES tests were shown in Appendix C and Appendix D, respectively.

Fuel consumption measurements were taken by Exxon personnel dur-
ing the trials by connecting the fuel intake lines of each engine to
separate barrels. The fuel in each barrel was weighed at the start and
completion of each trial segment with the weight difference being the
fuel consumed by each engine over the measured time interval. The fuel
consumed divided by the total power developed by each engine over the
time interval gave specific fuel consumption in pounds per shaft horse-
power-hour. Fuel consumption measurements obtained during each trial
run are given in Appendix E.

The tow's position and attitude along the test course were mea-
sured by RMSA using Motorola Miniranger equipmert placed on the tow-
boat pilothouse and on the bow of the tow. RMSA also recorded steering
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and flanking rudder movements, port and starboard shaft RPN measure-
ments, and the points in time when test personnel cbtained shaft
and horsepower measurements. Figure 4.a gives an overview of the
physical arrangement cf personnel and instrumentation abecard the
tow to measure and record tow performance during the trials.

Figure 4.a shows the four principal test and instrumentation
stations on the tow--pilothouse, engineroom, steering engineroom,
and bow. Test personnel at a station, such as the pilothouse engine-
room, maintained communication between themselves during the tests
to make sure that events and performance measurementis were properly
recorded. Inter-station communications between test personnel in
the pilothouse and engineroom were maintained via z separate tele-
phone line installed prior to the trials. Communication between RMSA
personnel at the bow and pilothouse was maintained by radio.

Sensors connected to the steering and flanking rudder systems and
to the port and starboard shafts transmitted voltages continuously by
cable to the Datalogger in the pilothouse. Also, RMSA furnished the
Exxon contractor with a switch connected to the pilothouse Datalogger
which was used during the trials to record the discrete points in time
when port and starboard shaft torque measurements were taken. This
procedure provided RMSA with a means of correlating separate engine
readings with the measurements after the trials.

4.1 Rudder Angle Measurement

Steering activity was measured by recording the movements of the
steering and flanking rudders during the trials. Because the port and

starboard steering rudders were each mechanically connected in parallel,

it was only necessary to measure rudder movement on one side of the
rudcder system. The rudder angle measurement arrangement shown in Fig-

ure 4,p was used to record voltage variations induced by a potentiometer

connected to the steering and flanking rudder systems.
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Figure 4.a To
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A wire actuated linear potentiometer was mounted on the hydraulic
ram connected to each tiller. The wire from each potentiometer was run
along the centerline of the hydraulic ram arm in such a manner as to

achieve a one-to-one linear correspondence between ram arm extension

and wire travel. The voltage source for each potentiometer was a six-
volt lantern battery. Output from the steering rudder system potentio-
meter was connected to channel 0 of the Datalogger which recorded rud-

der angles as voltage variations. The flanking rudder system was con-
nected to channel 1.

Figure 4.b also shows a photograph of the potentiometer assemblies.
The potentiometers were clamped to the hydraulic ram cylinders and
their wires run to the center pin of the tiller (where tiller and ram
connected). This arrangement is shown in Figure k.c.

After the potentiometers were connected, each of the rudders was
swung from amidships to hard over in each direction to calibrate the
device, The wire extending from the potentiometer mounting was mea-
sured and recorded together with the observed voltage. These calibration
voltages and rudder angles were then used to develop equations for
translating the recorded voltage measurements into rudder angles. These
voltage and system displacement measurcments are given in Table 4.A.

It should be noted that because there are two flanking rudders
forward of each propeller, the flanking rudder angle is taken as the
"average" angle obtained by both. This can be understood by examining
Figure 4.p in which the flanking rudders are shown towed-in toward the
propeller by 7 degrees. When the flanking rudders are amidship, then
each set of rudders is inclined at an opposing 7 degree angle.

The cosine formula for oblique triangles (a2=b2+c2-2bcCos A)
wag used to translate rudder system voltages into the degrees of
rudder angle used (positive to port for both systems).
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P = Potentiometer Mounting W = Wire from potentiometer to center
pin (dotted line)

Dimensions and measured voltages are given in Table 4,A )

Figure 4.c Plan View of Rudder Angle Measurement Arrangement

‘ This cosine formula was modified by substituting the appropriate §
% steering system dimensions and then normalizing the equation for !
voltage rather than length. Because of the current drain on the i 1
storage batteries to translate voltages to angles, the resulting

equations given at the bottom of Table 4.A were adjusted to reflect

a voltage reduction.

4,2 Shaft RPM Measurements

Shaft RPM's were obtained by recording the DC voltages taken from
the tachometer generators installed on each shaft of the EXXON NASHVILLE
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Table 4.4
Rudder System Dimensions and Voltages*

EXXON NASHVILLE (11-8-77)

Amidship Hard Port Hard Stbd
Dimension#*#* Inches Voltage Inches  Voltage Inches Voltage

Steering

32.5 m—— -— - . e

0.5181 53.75 0.3928 12,31 0.6327

W 111.68 S 70-2“ it

0.5230 115 0.6430 53.0 0.4059

v 67.25 o 108.75 -

oCROTPOACCTP

EXXON NASHVILLE (11-9-77)

Steering 32.38 0.5120 53.75 0.3895
Flanking 32.5 0.5131 11.5 0.6381

EXXON LAKE CHARLES (11-10-77)

Steering t%.gg 0.4655  61.62  0.3505  21.5
" 90.31 IR 110.37 S 20.25

Flanking 33.;5 0.4878 19.5 0.5968  59.38
" TR 69.0 O T W

Rudder Angle,8 =% 6 F cos™! (A+Bv+cv?), v = Voltage
Towboat Date Rudder 6,Degrees A B

Nashville 11-8-77 -69.88 -3.5246  9.9437 -4,7808
e & F 69.79 -3.6685 10.2962 -5.0117

5 11-9-77 -70.28 -3.5124 10.0010 -4 8474
& o 71.02 -3.6448 10.3450 -5.0822
Lake Charles 11-10-77 -70.25 -3.0608 9.5616 -4,8559
» 5 “ 69.81 -3.3638 10.0992 -5.1166

*Dimensions a, ¢, and d when amidships are the same for both towboats.
##See Figure 4.c for meaning of letter designations.




and EXXON LAKE CHARLES. These tachometers developed a linear DC voltage
at the rate of 0.6 volt per 100 shaft RPM's. Separate cables were
connected to the output terminals of the port and starboard generators.
Each of these cables were in turn connected to a channel of the Data-
logger -- channel 2 for the port shaft and channel 3 starboard shaft.
The tachometer generator polarity was set so that a negative voltage
would be generated when the engines were running astern.

Figure 4.,d is a photograph showing the exposed portion of the
tachometer extending from the reduction gear housing. The cables from
the tachometer to the Datalogger were connected in parallel with the
towboat's cables so that the pilothouse gauges would not be impaired.

4,3 Datalogger Voltage Measurements

A Fluke Datalogger [ 6 ] was used to record voltages from the sen-

sor/monitoring points shown in Figure 4.,a., The Datalogger was a multi-
r channel scanning instrument which could be programmed to record voltage
‘ values in a user-programmed sequence.

There were 5 voltages recorded by the Fluke Datalogger from the
sensors connected to channels 0 through 4. Channel 0 was used to re-
cord voltage variations from the potentiometer mounted on the steering
rudder and channel 1 to record the voltage variations from the flanking
rudder system. Voltages from the shaft tachometer generators were re-
corded on channel 2 for the port shaft and channel 3 for the starboard

< shaft. Channel 4 was reserved for recording voltage pulses initiated

by test personnel in the engineroom to correlate their SHP measure-

ments with RMSA recorded data. Test personnel were furnished with a

2 button hand-held switchbox which transmitted a voltage pulse to the

datalogger when one of the buttons was depressed. When test personnel

measured the torque on the port engine, they depressed the appropriate
button and a 3+ volt signal was measured. A 1.5 volt signal was recorded
when the starboard shaft measurement button was depressed.

37



-t ol

1. Figure 4.d
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Figure 4.e gives examples of voltages recorded from the 5 chan-
nels. The Datalogger was programmed with several alternative channel
scanning sequences in an attempt to improve the frequency of data
recording. The scheme shown in Figure 4.e appeared to provide the

best compromige for recording time and voltage measurements. Except

for channel 4, which recorded discrete events, channels 0-3 measured

and printed voltages at least 15 times per minute. The first line of
print sequence contains the data and time (Date:Hour:Min:Sec) for the
voltage from the channel scanned on the following line (Channel Voltage).

For example, Figure 4.e shows that shaft horsepower measurements
were taken at 14:21:51 for the port shaft. The RPM voltages recorded
on channel 2 for the port engine appeared to be consistantly good while
those recorded on channel 3 for the starboard shaft varied considerably.
This problem occurred during the first day of the EXXON NASHVILLE tests
due to o0il leaking into the starboard tachometer generator. This tach-
ometer error on the EXXON NASHVILLE was alleviated when the unit was
replaced for the zig-zag tests the next day. The tachometers on the
EXXON LAKE CHARLES appeared to perform consistantly.
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Figure 4.e Datalogger Sample Output

L.,4 Tow Position Measurements

Tow positions along the waterway were recorded using two Motorola
Miniranger II systems [ 7 ]J. Each Miniranger system provided fixes by
measuring the range in meters between two electronic reference stations
(transponders) located ashore and an omnidirectional antenna-receiver
unit located on the vehicle. The receivers provided updated range mea-
surements at user selectable time intervals with an accuracy of ¥ 3
meters (one standard deviation) when the signals formed an angle greater
than 30° and less than 150°, A digital printer was attached to the re-
ceiver to record time and distances.

Because each antenna-receiver-printer unit recorded its position
relative to two known transponder locations, the two units on the tow
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provide simultaneous positions which define the tow's attitude in the
waterway. The plan view of the tow shown in Figure 4.f shows the large
separation distance between antennas which reduce the impact of posi-
tion measurement errors on tow attitude computations. Figure 4.f also
shows the Miniranger antenna locations in relation to the center of
gravity (CG) along the centerline. :

The antenna for the bow Miniranger unit was located along the
centerline, 35 feet aft of the bow, at a height of 44 feet above the
deck. The antenna was secured by U-bolts to an aluminum pipe mast
(2 to 2% inches in diameter) assembled from 5.5 - 6.0 foot sections.

During the EXXON NASHVILLE tests, the pilothouse antenna was
suspended between the forward mast and radar mast atop the pilothouse
(similar to Reference 1 placement). The antenna was 38 feet above
the water, 1 foot to port of the centerline, 28 feet aft of the tow-
boat's bow, and 92 feet forward of the stern. The antenna separation
distance was 1033 feet. Locating the antenna in this fashion placed
the unit below the radar antenna and relatively clear of adjacent
structure.

The position of the antenna on the bow of the tow remained un-
changed during the EXXON LAKE CHARLES test. The pilothouse antenna
was located on a pipe extension on the towboat's forward light mast.
The pilothouse antenna was located along the centerline about 51 feet
above the water, 19 feet aft of the towboat's bow, and 101 feet for-
ward of the stern. The separation distance between the bow and pilot-
house antennas was 1024 feet.

R

It should be noted that the EXXON LAKE CHARLES was 8.5 feet
higher than the EXXON NASHVILLE. This additional structure height
was the reason for the antenna mast on the bow of the tow being an
additional 10-12 feet higher than originally planned.




¥

¥

i P S 1040 '
2 L L4 i by |
] EXXON EXXON
; Dimension . NASHVILLE LAKE CHARLES
E (Feet) (Feet)
a 27 27
b 35 35
c 515,78 515.78
b+c 550,78 ' 550.78
4 517.22 508,22
c+d 1033 1024
e 92 101
f 16 1?7

L P = Pilothouse Antenna B = Bow Antenna CG = Center of Gravity

Figure L.f li?iranger Antenna and Center of Gravity Relation-
ships




At a height of 44 feet above the deck of the barge, the antenna on
the bow was about the same height as the antenna atop the EXXON LAKE
CHARLES pilothouse. This made the bow Miniranger antenna relatively
immune from signal blockage effects when the towboat was between the
bow and a transponder.

The placement of the transponders (See SectionIII) coupled with
the use of a mast for the tow's bow antenna appeared to provide much
better signal coverage than during the November 1976 tests [1 ]. Even
so, problems were encountered in receiving signals from Transponder 1
by both the bow and pilothouse units when the tow was north of the
mid-course range mark--similar to the problems encountered by°’the bow
unit in the 1976 tests. Both bow and pilothouse Miniranger units were
affected although the source of the distortion was unknown. The range
from Transponder 3 instead of Transponder 1 was used in the northern
section of the straight course after it was determined that signals
from Transponder 3 could be received well south of the 190 Bridge.

Tow position measurements were recorded at 1 second intervals
during critical sections of the test course and at 3-6 second inter-
vals during transition periods when the tow was moving between test
areas. Prior to the trials, the bow and pilothouse Miniranger were
set to local Baton Rouge time. The time maintained by the Datalogger
unit was used as the time base during the trials and the bow and pilot-

house Miniranger units were both set to the time given by the pilothouse

Miniranger unit.

Figure U4.g was a photograph of the recording instruments located
in the pilothouse during the trials. This equipment was located on a
utility desk in the after corner of the pilothouse so as to provide
minimum interference with navigation. Figure 4.g shows the Miniranger
console, printer, Datalogger, and radio unit. Figure 4.h shows the
forward end of the lead barge where the bow Miniranger unit was lo-
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Figure 4.h ’

Photograph of bow of tow while
tied up to the Exxon landing
barge. The tent in the forground
was used to house the test egquip-
ment during trials.

cated. The tent on the bow was used to provide shelter for test
equipment and personnel during the trials and became invaluable when
the November 8 EXXON NASHVILLE trials encountered heavy rain and the
remaining runs were postponed until the following day.

4.5 Trial Procedures

Three upstream and three downstream runs were made during each of
the towboat trials in addition to the downstream astern runs as des-
cribed in Appendix A and Appendix B. The four straight course,
speed-power runs over the test course south of the 190 Bridge were
conducted to provide independent horsepower measurements over mea-

sured distance. The steering runs were to record tow responses dur-

v

ing zig-zag maneuvers and turns around Wilkinson Point bend.




Prior to the trials, members of Exxon's staff and RMSA discussed
the tests to familarize towboat and test personnel with the location
of the three range marks, approximate test run duration, data record-
ing sequence, time between trial runs required to ready the egquipment
and turn the tow, and possible navigation and traffic problems. Each
trial run sequence was set to begin with an upstream, full-power run

over the straight course and continue upstream for a test around the
bend. After each run, the tow was turned with the assistance of
another towboat and positioned for the next test in the opposite
direction.

Prior to each trial run, the bow and pilothouse Miniranger and
Datalogger times were recorded so that clock errors between the instru-
ments could be adjusted after the test program. The time required
for the tow to transit the straight course was used to establish the
time calibration requirements for that run. Exxon and RMSA test
personnel each recorded the time abeam the three range marks. When
these times were compared later, the Datalogger clock was found to be
in error during the EXXON NASHVILLE trials and during the zig-zag
tests on the EXXON LAKE CHARLES.

Trial activities were directed from the pilothouse by M. Fedak
and Captain Worley of Exxon who worked with the pilots of both tow-
boats in coordinating tow movements. J. McCracken of Exxon was
stationed in the engineroom and obtained fuel measurements. R.
Schulz of RMSA, stationed in the pilothouse, operated the pilothouse
Miniranger and Datalogger and coordinated the activities of B. Schulz
of RMSA operating the Miniranger unit on the bow. E. Shearer of
Hillman assisted in the pilothouse by timing events and manning the
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' radar during the trials. The tow's telephone and intercom systems
4 were used to maintain communication between the pilots and crew. A
separate telephone line was installed to communiczte between pilot-
house and engineroom and RMSA used radios to communicate between
pilothouse and bow.
]
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V. EXXON NASHVILLE STEERING TESTS

This section of the report contains figures and plots of the
steering tests performed on the EXXON NASHVILLE. Because of the
voluminous data obtained during the trials, primary emphasis was
placed on showing the physical location of the tow in the waterway
over time in conjuction with plots of key performance parameters
typically used to describe a tow's characteristics - - speed (U),
shaft horsepower (SHP), and propeller speed (RPM). The more dynamic
variables such as drift angle (B), yaw rate (¥), and rudder angle (3)
have been plotted as well.

These figures provide graphic evidence of the extent of the data
base and should point toward areas where the data should be examined
more closely to establish tow behavior parameters. In particular,
the figures and graphs establish the link between the charted para-
meter variation and the prototype environment at the time.

Figure 5.a shows the EXXON NASHVILLE in Wilkinson Point bend.
The pilot had attempted to bring the tow along the inside of the
bend using a rudder angle of about 15°. The current in mid-channel
caught the bow, however, and forced the pilot to apply both hard left
rudder and full power to compensate and complete the turn as shown
in Figure 5.b. Figure 5.b also shows a speed reduction primarily
due to rudder usage in the first part of the turn on the order of
15 percent of the initial speed.

Figure 5.c shows the EXXON NASHVILLE headed downstream for Run
2 around the bend using a constant half power. Throughout these
tests, it was made clear to the pilots that the rudder used in the
downstream steering maneuver was completely at their discretion. As
a result, the amount of rudder used and the method of steering the
turn varied considerably between pilots. Run 2 is an example of cut-
ting along the inside of a bend in which the pilot kept the drift
angle to a minimum. This turn encountered the eddy current Iflush on
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the bow and showed relatively little sheer but a marked reduction in
speed at about 15:42:00 as shown in Figure 5.d.

Figure 5.e shows the tow headed upriver at half power and begin-
ning to make the constant 15° rudder angle turn when it became clear
that agreement between the EXXON NASHVILLE and a downbound tow had
been misunderstood and the turn had to be aborted. The EXXON NASH-
VILLE maneuvers plotted show the tow being slowed with full astern
and maneuvered clear of the downbound tow in mid-channel. Figure 5.f
shows the extreme maneuvers undertaken in which the engines were used
in both full ahead and full astern modes, steering and flanking rud-
ders were brought hard over, and the tow assumed a drift angle of 900,
Throughout the maneuvers, the yaw rate was moderate indicating that
the tow was well under control.

Figure 5.g shows the EXXON NASHVILLE headed downriver at half
power for Run 4., Variable rudder was used as the tow maintained a
well-controlled tight turn. The plot of speed and rudder angle in
Figure 5.h showed the typical pattern of speed loss due to rudder
usage. Moreover, the steering rudder and drift angles appeared very
symetric. This type of pattern should be valuable in establishing
guidelines for estimating channel widths in bends.

Figure 5.1 shows the EXXON NASHVILLE performing the Z maneuver
in which relative bearings using the towboat's radar were used to
determine when the tow's head had swung an amount equal to the rudder
applied. In terms of experimental control, this Zig-Zag test was per-
haps as well executed as possible in a waterway environment with the
amount of rudder applied being almost the same in each direction.
Figure 5.]) shows these values plotted in which the gradually increas-
ing RPM and SHP values over the Zig-Zag course kept the tow's speed
somewhat higher than might have been expected.
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Figure 5.k shows the tow headed upstream at half power for a
turn around Wilkinson Point bend. The tow started the constant rud-
3 der left turn too far south and had to begin using starboard rudder
] after 6 minutes to complete the turn. Figure 5.1 shows the tow's
performance parameters plotted for this turning maneuver. During
the time when the rudder was constant at 15° left, speed over the
ground continually decreased and the pattern appeared smoother than
the variations observed during the other turns.

Figure 5.m shows the last turning maneuver performed in the
benc area during the EXXON NASHVILLE trials. This was Run 6, 2 half-
power downstream turn using variable right rudder. Figure 5.n shows

_ the tow still accelerating at the beginning of the turn with tow speed

] still increasing until almost 200 of right rudder had been applied.

‘ Once again the symmetrical complementary nature of the drift angle
and rudder angle are shown. The turn was one of the smoother turns
completed and provides good insight into speed loss and rudder usage
interactions.

Figure 5.0 shows the final steering maneuver performed during
the EXXON NASHVILLE trials as a full power 2Zig-Zag maneuver over the
{ straight course. The slightly easterly bias assumed by the tow over
§ the course was due to the pilot's expert planning while approaching
£ the course, so as to perform the Zig-Zag turns as part of evasive
maneuvers around other traffic. Figure 5.p shows the variations in
the tow's principal performance parameters over the course in which
the speed (U ) and drift angle ( 8) show extreme fluctuations during
the second rudder deflection probably due to the passing tows.
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VI. EXXON LAKE CHARLES STEERING TESTS

This section of the report reviews and describes the steering
tests performed on the EXXON LAKE CHARLES in November 1977. The
tests were similar to those performed on the EXXON NASHVILLE des-
cribed in the preceding section of the report. ‘The figures and graphs
in this section relate to turning maneuvers performed in the Wilkinson
Point bend area and Z maneuvers performed in the straight course area.
Because of the large amount of data collected during the tests, this
- section provides perspective into the physical geography at the time
of the tests in relation to the performance parameters plotted on the
following pages.

Figure 6.a shows the EXXON LAKE CHARLES headed upriver at half
power for a turn around Wilkinson Point bend. The figure shows the
long constant rudder turn achieved and marks the first time in any of
the Exxon trials that a tow was able to complete a 90° turn without
having to adjust the rudder. The key performance data generated dur-
ing the turn are given in Figure 6.b. These data show the relatively

constant yaw rate achieved of 0.2°/ second after the turn had steadied.

Figure 6.c shows the EXXON LAKE CHARLES headed downstream for the
Run 2 turn around Wilkinson Point bend. This plot of the tow's track
during the turn is instructive because it clearly shows the impact of
eddy currents on turning behavior. At 24:01:00 the bow of the tow is
shown being set toward the bank. This current set conforms to the
current data given in Section 3.3. Figure 6.d shows the tow's para-
meters during the turn in which tow speed slowed from over 14 feet/
second to 10 feet/second due to rudder and eddy current effects.

Figure 6.e shows the EXXON LAKE CHARLES making the upstream con-
stant rudder turn at 3/4 power during Run 3. This run was performed
at 3/4 pcwer to provide more of a direct comparison between the higher
powered EXXON MEMPHIS and EXXON NASHVILLE test results. Over 909 of
the constant rudder turn was completed before rudder settings were




changed. Figure 6.f shows the tow's performance parameters during
the turn. The relatively constant yaw rate during the first 8 min-
utes of the turn changed as the bow of the tow was influenced by out-
flow from the channel to the north.

Figure 6.g shows the last bend turning maneuver performed during
the EXXON LAKE CHARLES tests. The figure shows the tow followinz the
inside of the bend during the turn with the tow's attitude such that
the eddy slowed the tow but caused little sheering. Figure 6.h shows
the tow's turning parameters plotted in which the tow's speed is showr
falling from 16 feet/second to 10 feet/second due to the eddy current
and to the large rudder angle employed.

Figure 6.1 shows the EXXON LAKE CHARLES Run 5 upstream Z moneuver
plotted over the straight course area. During the run, the tow ap-
peared to slow considerably over the test course. This observaiion
is not borne out by the plot of the tow's performance parameters given
in Figure 6.j. Figure 6.j shows that tow speed is relatively consient
over the entire course, even during the 4 to 5 minute periods when 10°©
of rudder were applied.

Figure 6.k shows the last steering test performed on the EXXON
LAKE CHARLES which was the downstream Z maneuver part of Run 6. Be-
cause there were anchored vessels along the southern part of the course,
the Zig-Zag turns were stopped after the second rudder deflection as
shown in Figure 6.1. The ranges fixing tow position obtained in the
middle part of the course were marginal and contribute to the wobble
in the tow's track as plotted in Figure 6.k. Figure 6.1 shows that
tow speed actually increased during the steering maneuvers indicating
that the tow had not reached a steady speed prior to the start of the
run.
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Notes to Figure 6.a: Points are plotted at 30 second inter-
vals beginning at 23:03:00 and ending at 23:18:30
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VII. STEERING TEST PERFORMANCE

This section takes a somewhat deeper look 'nto the steering tes!
data portrayed in Sections V and VI. In particilar two points are
examined: (1) Speed loss due to rudder usage; and (2) Open-wheel ver
sus Kort nozzle performance during turns. Summary performance sta’
istics for the 2ig-Zag Runs made by the EXXON NASHVILLE and EXXON LAKE
CHARLES are given in the back of this section as Tables 7.A through

7:G. (see the explanation in the beginning of Section VIII regarding
the values in these tables). Only one table, Table 7.G, is glven for
the EXXON LAKE CHARLES downstream Zig-Zag Run 6 because the middle
range mark was obscured by a moored vessel and it was impossible to
determine when the pilothouse passed abeam the mark.

7.1 Speed Loss Due to Rudder Usage

The use of the rudder is known to reduce tow speed as part of
the hydrodynamic forces interacting on the hull and appendages. The
extent of this loss, and whether it is desirable or necessary, is
another matter. The figures in Sections V and VI show the rather
consistant speed loss that occurs during turns. Examination of Table
7.A shows that the upstream Zig-Zag test on the EXXON NASHVILLE using
about the flo degrees of rudder decreased the tow's speed 9 percent
from 11.8 mph at the start to 10.7 mph through the water at the end
of the course. This pattern is shown in Figure 5.j, Section V, in
which speed decreases through the fourth rudder deflection. Table
7.B shows the speed increasing as the tow stopped the Z maneuvers ap-
proaching the final range. Tables 7.A and 7.B show that minimum and
maximum drift angles assumed by the tow are within a few degrees of
the minimum and maximum rudder angles applied.

Tables 7.C and 7.D contain summary statistics for the EXXON NASH-
VILLE's downstream Zig-Zag Run 6. As in the previous case, tow speed
decreased over the first leg of the course and increased over the




second. This maneuver is shown plotted in Figure 5.p, Section V, in
which the drift angle and rudder angle appear to be amost complement-
ary values. Table 7.C shows the speed loss to be 2 mph through the
water, or 16 percent of initial speed over the first leg. The drift
angles are 1% to 2 times the magnitude of the rudder angles used.
Table 7.D shows tow increasing slightly as the maneuvers ended.

Tables 7.E and 7.F show the EXXON LAKE CHARLES performing the
upstream Zig-Zag run (which was aborted). These runs are shown plot-
ted in Section VI, Figures 6.j and 6.1, respectively. The upstream 2
maneuvers showed a speed loss of 1 mph through the water (9 percent)
over the first leg with speed increasing during the second leg of the
course. Minimum and maximum drift angles and rudder angles were within
a few degrees of each other over the first leg. The downstream 2
maneuver was inconclusive since the tow had not reached steady speed

at the start and was accelerating to full speed over the course when

the maneuver was cancelled due to traffic.

Figure 7.a contains plots of the 3 Exxon towboats which have
been tested to date. The figure shows the speed loss obtained when
making steady upstream turns at constant power using about 15
degrees of rudder. The scatter of points in the figure shows the
fluctuation typical of data recorded in the waterway environment. The
curve for the EXXON NASHVILLE shows that speed decreased to 85 prrcent
of initial speed after 5 minutes and the EXXON LAKE CHARLES curve in-
dicated a speed loss of about 7 percent after 5 minutes. Because of
the wide scatter in data points, the EXXON MEMPHIS speeq loss was
estimated at 85 percent of initial speed. SHP, RPM, B,{/,and & values
corresponding to Figure 7.a were given in Figures 5.b and 6.F for the
EXXON NASHVILLE and EXXON LAKE CHARLES, respectively. Reference 1
contains a discussion of the EXXON MEMPHIS parameter variations during
this turn. The downstream turns show the pilots using larger rudder
angles than those usad during the upstream turns. With increased




rudder, drift angles are larger and speed loss is greater.

7.2 Open-Wheel Versus Kort Nozzle Turning Performance

Figure 7.b shows the averaged speed loss, drift angle (B), and
yaw rate (i{) obtained by averaging these values for 60 second periods
during 6 minutes of a constant rudder, constant power turn for the 3
Exxon tows tested. In this way the volatility of the data was removed
while maintaining essential comparability between the tows.

The .speed loss comparison was based on the speed of each tow as
it progfessed through the turn as a fraction of its average speed
during the 30 seconds prior to the rudder deflection. This method
tends to neutralize current, weather, and depth variation between
test periods. The initial average speed over the ground of the EXXON
MEMPHIS was 10.49 fps and rudder was 14.7°, EXXON NASHVILLE speed was
9.31 fps and rudder 16°, and the EXXON LAKE CHARLES speed was 7.96 fps
and rudder 14.1°, Each average value for a given minute of the turn
was plotted at the middle point of that minute.

Figure 7.b shows that the EXXON NASHVILLE had the greatest init-
ial speed loss and the EXXON LAKE CHARLES the least overall. The EXXON
MEMPHIS had virtually no speed loss the first minute but showed the
greatest speed loss through the first 6 minutes of turn.

The drift angles obtained by the tow's show that the largest
drift angle was obtained by the slowest speed tow - - the EXXON LAKE
CHARLES. Also, the smallest drift angle was obtained by the EXXON
NASHVILLE which used the largest rudder angle for the turn. The EXXON
MEMPHIS and NASHVILLE both achieved reasonably constant turning rates
with the EXXON MEMPHIS yaw rate marginally greater. As these curves
show, the performance of the two sister towboats were so close, that
recognizing the differences in tow displacement and waterway test
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conditions, it would be difficult to identify which was the more
efficient.

EXXON
= LAKE CHARLES
4 _(3/_15 power)'

T,ata,plotted at. ls_second'lntervals')vi,E’ﬁ;,,

sl B i PR i s S " i Bk >

0 ) 120 180 240 300
Time, seconds

Figure 7.a Upstream Constant Rudder Turn

Notes to Figure 7.a: Time is measured from when the rudder
is deflected at the start of the turn. EXXON MEMPHIS data
taken from Reference 1 workpapers. The EXXON NASHVILLE
and EXXON MEMPHIS are at half power. Each tow is using
about 15 degrees of left rudder.
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VIII. SPEED - POWER TESTS

This section of the report contains summary performance statis-
tics from the straight course runs performed on the EXXON NASHVILLE
and EXXON LAKE CHARLES. These runs were designed to measure the | 8
speed-power performance of the Exxon tows over a measured straight ?ﬁ
river course. The trial course (déscribed in Section 3.1) was com- ‘
posed of range markers along the west bank of the river, about 1 miie
apart, separating the course into north/south legs.

The tests noted the time when the pilothouse was abeam each range
mark. Because the distance separating each of the ranges was known,
tow speed over the course could be calculated. Tables 8.A through 8.7
in this éection give the X, Y coordinates of the pilothouse Miniranger
antenna when the tow was abeam these marks. The positions of the bow

antenna and center of gravity as well as the distance traveled were
also given.

There are tables for each straight course test run made by the
EXXON NASHVILLE and EXXON LAKE CHARLES over each south and north leg

of the course. The tables contain the differentiated values for tcw
velocity, acceleration, and angular motion as well as river depth,
width, and power data. Velocity is given both as speed over the ground
and through the water. Speed through the water is obtained by subtrac:-
ing the appropriate X, Y current values from Section 3.3. from the
computed speed over the ground. The average values for velocity, EPMN,
SHP, and so forth, are the summed values recorded for the tow each
second during the transit of a particular leg divided by the total
seconds of the run.

8.1 EXXON NASHVILLE Tests

Table 8.A and 8.B list the EXXON NASHVILLE's full power upsirsam
performance data over the south and north leg of the course, respec-
tively. The average speed over the ground and through the water indi-
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cate that a current of about 3.1 mph was running. The tow's average

speed was between 11.9 and 12.1 mph with relatively little rudder used

for steering. Average horsepower used was 3319 and 3327 respectively. :
From Appendix E, diesel oil consumption was 295 pounds over both legs :
yielding an average of 0.38 pounds per SHP-Hour. The instantaneous ?
drift angle was a moderate £ 3 degrees over the south leg and a rela- f
tively high -28 to 11 degrees over the north leg. This high drift '
angle could be due in part to positioning errors, but the minimum and

maximum values for rudder usage also increased.

Tables 8.C and 8.D list the EXXON NASHVILLE's performance at full
power downstream over the course. Average velocity through the water
was 10.7 and 11.2 mph over the north and south legs of the course.
Average SHP was 3314 and 3329 over each leg for a total fuel consump-
tion of 185 pounds at a specific fuel consumption rate of 0.38 pounds
per SHP-Hour. A river current of about 3.1 mph is included in Tables
8.A through 8.D and caused a spread of about 1.0 mph between upstream
and downstream tow velocities through water. This indicates that cur-
rent velocity measurements may be about 0.5 mph higher than the cur-
rent experienced by the tow. As in Run 1, the drift angles recorded
over the north leg were much higher than those over the south leg of
the course. Rudder usage was negligible.

Tables 8.E and 8.F show the upstream performance of the EXXON
§ NASHVILLE at 3/4 power during Run 3. Speed averaged 11,1 and 11.0 mph
? over each leg at 2571 and 2574 SHP, respectively, with specific fuel
consumption at 0,37 pounds per SHP-Hour. The large minimum and maxi-
3 mum drift angles over the north leg are due in part to position mea-

surement variations, although moderate steering rudder activity was
required.

Tables 8.G and 8.H give the downstream Run 4 half power perform-
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ance of the EXXON NASHVILLE. Tow speed through the water averaged 8.1
and 8.5 mph over the north and south legs of the course, respectively.
Tow horsepower averaged 1453 and 1434 over the two legs yielding a
specific fuel consumption value of 0.40 pounds per SHP-Hour for the
run. The minimum and maximum drift angle assumed by the tow over the
north leg were large (321 degrees). These values appear reasonable,

: i however, with the tow moving at half power ahead of a brisk current.

3 Rudder usage was moderate on both legs, although significantly greater

- than on the previous 3 runs.

Runs 1 through 4 showed that the tow's port and starboard engines
had SHP differences from $ to 13 percent greater on the port engine.
This imbalance was consistantly reflected in the average rudder angles
employed in which 1 to 3 degrees of port steering rudder were consis-
tantly used.

8.2 EXXON LAKE CHARLES Tests

; The EXXON LAKE CHARLES tests are similar in form to the previously
: described EXXON NASHVILLE tests and are listed in Tables 8.I through

s 8.P at the end of this section. There are 4 test runs tabulated in

3 ; which each run is separated into north and south legs for listing tow
performance.

Tables 8.1 and 8.J give the characteristics obtained from the
EXXON LAKE CHARLES upstream full power Run 1 over the straight course.
The tow averaged 10.7 and 10.6 mph through the water over the south

and north legs at 2357 and 2352 SHP, respectively. Little rudder was
used and moderate instantaneous drift angles were observed. Fuel con-
sumption was 250 pounds for a specific fuel consumption rate of 0.39

pounds per SHP-Hour.

Tables 8.K and 8.L list the downstream full power performance of
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the tow in which average speed through the water was 10.0 and 10.5 over
the north and south legs of the course. Fuel consumption was 143 pounds
with the engines averaging 2398 and 2360 over the course for a specific
fuel consumption rate of 0.39 pounds per SHP-Hour. Little rudder was
used over both legs and drift angles and yaw rates were moderate.

Tables 8.M and 8.N list the Run 3,3/4 power upstream performance
of the tow. Average speed through the water was 9.6 mph over both legs,
SHP averaging 1748 and 1755 over the south and north legs of the course,
respectively. Fuel consumption of 211 pounds gave a specific fuel con-
sumption rate of 0.387 pounds per SHP-Hour. Rudder usage was light and
the instantaneous drift angles and yaw rates were moderate.

LER.

Tables 8.0 and 8.P give the EXXON LAKE CHARLES downstream Run 4
performance at half power. Average speed was 7.7 and 8.0 mph using
1117 and 1109 SHP over the north and south legs of the course, respec-
tively. The specific fuel consumption rate was 0.40 pounds per SHP-
Hour based on 84 pounds of fuel being consumed. Rudder usage increased
considerably over the other test runs as was expected during downstream

low-power operation. Drift angles and yaw rates were also relatively
large over the north leg.

Runs 1 and 2 (Tables 8.I through 8.L) show that port and star-
board engines generated between 5 and 8 percent different powers. Dur-
ing runs 3 and 4 (Tables 8.M through 8.P) port and starboard engine

SHP was nearly the same.

8.3 Speed Power Comparisons

Figure 8.a shows the speed-power performance data plotted from
Tables 8.A-8.P for the south leg only. These points show the varia-
tions obtained even in a reasonably well controlled river tow test.
The study was to compare the performances of the Kort nozzle and
open-wheel tows. The EXXON MEMPHIS, a Kort nozzle towboat tested Nov-
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ember 1976 and identical to the open-wheel EXXON NASHVILLE, was in-
cluded in Figure 8.a to provide a performance comparison [1]. The
test circumstances were somewhat different in that the EXXON NASHVILLE
tow was pushing 474 short tons more than the EXXON MEMPHIS. This could
have been offset by the deeper water during the EXXON NASHVILLE tests,
however. Also, the port and starboard engine horsepower imbalance

was greater during the EXXON MEMPHIS tests than during the EXXON NASH-
VILLE tests.

96




-

«
&
|

it s Y

g g =

(L 1 7rAs 201 Al
(1417 % )8 68T
LIELETR10°98
(ZORE R1)09S

(20087 1)5E61°

(BS0E°01)8510°
(B R1)CEL0T
(LSZE° 01084178

(SR F-TAN A DI
(C1 4080 01 A

(888w L ELT
(PCRC0L)ST0ELS

(PTVE VL RLEL
LCVEE VIS 0l
(8142°¥1)2" 9L
(BlLCr1)8° 0

(8L IE°v1)8100°

(968C°v1)0810°-
(806 v ) 1Edot-
(SS&c'v1)BEgs e~

(-1 7avin RS T
(94 2100 A R o

(LOvE v iIb 902
(A8 v i) 6088

£t
CTHIEE
8012
278091
6°E1E
o1l

c063 11
068" L1
cé98°8
1800° €1

ERLR RN

7710685
5T8Ivés
8°ysees
UNI*X

(85827 ¥1)H°C (L0vE v 002
(FCHE91)8°819) (6CLT°V 1) 176651
(R AT T RO R A -4 (@ /o 281 G4 14
(TPEE V19 E1L) (0ESCTH1)8°5041
BSIE P LIOLILTTY (BLLT°vir6E66°01)
(BSIE W 1)BCK?" 81 Q1L 1isv1 9l
CBSLETRLIZILETS (GIEL ¥ 1)9929°8
(BS1E°V1)9168° (1 (SPEL°VI)PES9°C
(SSNN HH)HNWIX YR (SSHH" z:.z::—z~x
9°L155 8 LT06LTY
(435 “1958 v L08CY
578955 8995 8°8LLTy
»muc “«=—g¢ 1510 ININTAS UEE RS
6l =SIUNGDIS WL et

vi= N3

W oo

ll‘ch-JQ

ve
&°
i

0080°
0800°
9€00° -
8406 -

e
&8

17L0¢
5T0Lf£E
6102
86191
[ A
LThiel
VY it
£804° 41
cg6l’8
£968°C1

UN3

17994Ch
1Y916°A

GlLLC ri=luyLs

9y O
——

1 A A
8°CIgL
9 912
£76651
cle
b el

6£66701
L9t
5099°¢
104° T

14¥1S :

CTSELES
9°458¢€8
0°818Cs
LYY15°X

(GSHH"

(1344)Hnb8" 4

(L334)4NYE" A 440 “1sId
(L334)NY¥3LS LY Hid3d
(1334)004 LY H1d30

(335/335/44)713299 AX
(335/23$/931)1332Y HyA

(INDJ3S/930)31VY YA
(L1804 ND+53¥°930) L4Iyd

(+1404°930) ¥00NY ANV
(+1404°930)¥0INY ¥3315

Wdd L49HS "3aY
4HS 3NIONI H10d
Hdd L4YHS
JHE INTINI Q41§
Hd¥ L49HS
dHS 3NION3 LY04

(HdW)
(§d4)°0° 4L ALI0NAN
(HdR)
(§544)°9°0 ALI2073n

SJOIISIIVLIS 3IINVHY04NIA

“hYYY CLIN3D
YNNILINY  n0d
VHNILINY “H'd
F(1334)S31YNTTN000

HH)SINIL AYYHHOS

98an0) YyITea}s Jo FoT Ynog JI9AQ uny Jamod TN
T uny wesaysdn - FTITAHSYN NOXXH
V'8 @1qej]

97

——any

e ——

-




fotig vty gy
CESBL ke Q0
(3CbE"vi)e" 08
(9LPE°PI)C6S

#iVPELTPIIEEDS”
(£00% ¥ 1)0850°
(PLE N LIPENE"
(SLag el)GLvg ol

(fref pl)ec
(1 i A -

(L58E Wi 082
tCOSE NI I"ELES
(858€°%1)9°98C
(9565°01)276291
({58E°11)9°98L
G108 AR PN Ve

(PEEETF1)ISIETNI
(bE8E° v 11862L7IE
(FEAE Y IIPTIBT 1)
(bEELRLLOTE" LN

(SSHNHH) RNH L XYN

*SJoads juewsansesw uotqrsod £q pesneds ATqeqoad

(POPE b 177808
(LIe L0 V98
(v o)Lt
(CLIE hL)b 68

(£T6L°¢ 1188007
(9¥6E°H1)CTR0° -
(B0AL P L)BGIS -
(T16E°v1I)v79178L-

CLEGE WLYE" -
ArepETR0TL-

(9S0%"¥1)L7008
(908" L)6"61EE
{950¥ ¥ 1)9°881
(PP P LIE"8LIL
(AZ6E v 1L VOL
(OVBE"F1)0"L&91

(£56£°V1)B5Y9°6
(SETANS AS I A4 A0 3
(OVSE R IILVES"Y
(0LeSH1I2TL9"6

(SSHW HH)OROWINTH

STHLCS
L7088
CUISES
“LSLT WLy

ct9fcs 1759520
B4 [4H 479052
LA €544 L"6i9de
"SI0 INITTLS  aN3tA

Z0¥ =SUN0TAS T¥L0L [A8%

AN R
0%l
vl 4 4
9° 9%
(A4
1000° -

1810°-
508.° -

0g86°CH
399430V
0°EE1v9
"CLTRY
87619¢9
an3‘x

‘¥i= N3

L84
07 ¢98
£°4f
bréf

0251°
6800 °-
8150° -
cob1°

S O e U - P
.

< Oy O @
cJ
~
—

LE9% 1L
kL1891
ci09°¢8
S519°¢1

an3
LT84k
£ 108y
§844L8
1491874

GCYE W I=18VLS

P 74 (1334) ANYE "3

y*las (133410089470 440 “1Shi
6708 (1334)n¥315 1V Hid34
CU88 (1334)n09 LY HLd3d
0080° (33§/335/14)71333% AX
0800° €335/335/930)1330% nv)
9£00° - (INDJ3S/93M)31YY A¥A
Gyvor”- (L1404 HO+S3NTO30) 131N
| A (+1804°930) 304008 ANY1d
6°8 (+1804°930)¥aANY ¥33LE
S T4 W4d 149HS " 3AY
STOLLE dHS INTOHI 410k
67102 Wd¥ 14VHS

B 8191 dHS 3NI9d3 4418
vl H4¥ L3IVHS
ragtvd’ 4HS INIGNI Lu0d
204z Cl (HdN)

£806° <1 (5d4)°A°1 ALIJ0T3N
L6478 (HdW)

{96873 (84417970 ALI30M3N
14¥15 SSITLSILYLS 3INYKH¥04uId
910688 “avyg TLR3D
5'8ivas UNNILNY  Nn0d
8 vBLES UNNILNY “H'd

LYYLS° X $(4334)531UNIUN00D

(SSHH HH)SIULL AMVHULS

8sano) 31yIteas3s Jo Feo yjaoN JsA0 uny Jamod TInd
T uny weaazsdpn - ITITAHSYN NOXXHE

m.

g °Taey

[y

98




W p——

*8aoaas jusweJansesw uotrirsod £q pesneo ATqeqoad s

(S000°91)E 0171 (EZ.5°51)E7 00kl Jrecht (i AR LTelh) (1334)%nY4" 3 »
; (B¥sSTL15T 1901 (1ZES 518 1L 0°6v8 (A 2 51900 (1334)anvd°n 140 "1S14 5
3 (126587511009 (bCIS"SIIS 1Y 0°08 6755 £l (1334)N431S 1Y Hid3u !
(80007711809 (BYSS SN "Th (°8¥ 8709 vl (1334)n04 1V Hld3U m
{
i #(5075°51)C19F°¢C (00£5751)0000° sice” £86L” 88C1° (335/335/14)1333% AX !
3 (8585°S1)ISE4° (055575 109vE" - 4200° - 0040° £ 2 (235/335/930) 1332 nvA |
: (BYS5°51)65¢8° (8655°51)¢488° - cieo - 8950" ~ 65457 (IN0J3S/930)31vY MY A
(0095°S11LLLL% 8L (6185°51)4861702- 0B - LVE0° - 2£90°0C- (1404 NO+S34°930) 14141 |
. i
(ROBS S0 L (GSL5°50)%° 8" g’ £ (+1304°930) 4000Y JiNY1 :
(0185°51)0°C (8565°SLIv"2- 6" 0° Q5 (+1404*930)¥aany ¥331s !
” 1
_ (BIPS°51)6°5€C (75857 51)1E° 102 5°60L ¥ Z0c 6°¥02 WY L4YHS "3a¥ i
(5000°9110°6CEL (E£5°51)5780¢8¢ 6° L1188 0°52EL 1"60EE dHS 3HION3 Hi0d i
(BE9S°S1)1°9EL (5588751107141 £°%08 g6l 97661 Wd¥ L4VHS §
: (G000°91)E" 6851 (BYES ST G460 676864 £76651 1*9485) dHS 3NION3 Q41S w
- (BEIS"S1)8°5EC (£045°SL1L701E A A% SThig croie Wd¥ LJVHS
f (BYSS S ITELRSL (018576117 8LLl [ 4 LTSTL LEEEL dHS 3INION3 1404 mN !
(BYSS°S1vIE4° LI (9095°51)6E1T"6 CTHLL7 08 [ T PoELT LI (HdH)
(B¥S5°G1)L9067 L) (9095 GLIITLG L LT 7aRN PR A Y L9057 40 (§d4) "ML AL12073A
(LEBS 51898570 (7095°51)0298°C1 8C98° €1 6¥9E° V1 BES VI (HdW)
(L85 5184067 1C (2095°51)01€1°81 LZEE°0C 5890712 £L06° 12 (§44)°970 ALIJ03N :
(GSHHHH)RNNIXYR (SSUN HH)NAWINIW 39v430Y UL 131§ PSOILSIIVLS 3INVHY04HI
0°céls {598y LA PN 80448 1°Ey0E9 ‘Y49 CIN3D
L°rics 8°C99Lk [ XA Wil A% 14 L EEhe? YHNILINY  nOd
: 0°54E5 greats £ vy 70888 £790L8Y ¥ 96589 YNHILINY "H'd
“LSET YnLaY *1S1a 3N1T° 1S VEERS #(1334)531YNTQ4000D

An3 A Lyv18*A

1yv18°X

8¢ =5aNu0lsL MLy

GO0 9= N3 BYSST51=14Y18 (SSHHTHH) SIHIL AYYHRIG

3 9sano) 31yFTeIIS JO F97[ YjJaON JI8AQ uny Jamod TTnd :

. ¢ uny wesajsumoq - FTIIAHSYN NOXXd :
0°'8 ®1qe]




i e e e e N

(CLr0°91)07 4861
(OCH0" 9115875801
(8000791)6758
(51207920)0° L7

(1100°91)E068"
(1100°91)9090°
(£100° 9117681 °
(92007 94)692.°¢8

(91£0°91)6°
(¢£00°91)8°S

(V11079217 80C
(BOYO"9L)0"8CEE
(B110°91)9° V0L
(6¥E0°91) 175191
(552079 1)0°E1C
(5200712879241

(EPCO 91)0C567 11
(ERC0° 71196257 ¢L1
(ERC0°91)8200°61
(E6C0° 9111600718

Acapmc

89

i

07 ¥955
LTE95S
£°9945 57 e60%LY
‘LSl INITTLS  aNa'a

= T - - T bt
e e S G it i gumse Ll

T ma—

*SJ04J9 jusweJanseaw uoTyTsod £q pesneo ATQEQOId

£S000°71)E ¥I91
(5000°91) 1 bbs
(6520 91)2°Ch
(E5L0° 9L L7 Ch

(0EE0°71)5£80°

(PE0CG° 712485017~
(5200 91)0518" -
(SL00'9LIVICE L~

(58£0°91)9°
(S 2R AR VAN 5

(Zlgo'yL)z-oc
CLEL0 9Ly L"2ige
(ZTE0° 21047 T80
(6800°91)£°8651
(00¥0"91) 17602
(ZETO I 614

(b010°71)9908°¢
(POLO"7L)1E8E %L
(W0L0°71)0216°C1
(F010°91)05¥4°81

b 4% 14
70992y

=SIN0335 19101

cene”

170EL
7716
0 ¢
67 6%

(68T
co00”
00"
£566° 1~

00SL" L
£E£58°91
LEIT)
L6¥8°0C

30v430Y

b-g8cis
C"BSLIS
[ A0 TN
aN3*X

Ji= (K3

0°.lesl
0°8801
g6y
[

655€°
0Z00°
6610°
cevLte-

g°
o

1°v02
0°8LEE
5961
A b 4
LT

8°5C4!

1940711
1A ZARS!
8C50 b1
6019702

QUE]
£T189Ck

8 C99Lh
A A

500079 1=14V1S

b AR A (1334)4n¥4°3
[ 4 74 (1334)ANVA"R 3440 “151u
67685 (1334)N¥31S 1Y HL43u
809 (13339008 LY Hid3d
£868° (335/335/14)1333¥ X
0010° (335/335/930)1332¢ ny A
89£0°~ (IN0J3E/930)3498 Ny A
LvEQ°- (1404 NO+53Y¥°930) 1414
8" (+1404°930) 40008 HAY1d
0° (+1804°930) 3040y 43140
v iog WdY 14VHS "3aY
0°52gg 4HS INIONT Hi0d
v sl WdYd LIVHS
£76651 dHS 3INION3 0418
g hie Wdd LdYHS
£°8eL) dHS 3NISNI Lu0d
c8iIZ 1 (HdW) ~
LSV 91 (Sd4)°A°L ALIJ0T3n
6b9E° Y1 (HdW)
g890°1c (§44)°970 ALIJ0M3N
13915 SSILUSILVLS 3INYHYE04¥3IL
v L5845 "HYN9 TIN3D
8712845 YNNIINY  hod
5704885 VNNILINY “H'd
1¥Y15°X F(1334)S319H104000

(SSWH HH)S3WIL AMVHKIS

8sano) YFTeILS JO FoT Ynog JI8AQ uny Jomod TInd
Z uny uwesJajsumoq - FTITAHSYN NOXXH
a*g °t1qeq

e o\ e

100

o




Lia

S
o A .

U RS FARL 1 (£10L° 119" 9220 AFATE: ]! 9 9¢2) v EEB) (1334)34nve"3
COIEL 1) L0648 (£C617£1)075E5 i 174 voIEs raR T4 (1334)4NvE°N 430 151U
(EIBI L1007 (il eNe se 1718 [ 8 £ (1334)NY431S LY HLd34
CLY61741)0°09 (ZHTLLL)6" % g°2s 2768 4" 9% (1324)n08 1V Hidan
(000C " LLIgelT” CEYSLT L2000 12390 65917 000Z° (338/338/14)713309 ix i
(L0617 L1N06T1° (IR D V4 4 B c000°- &80’ 6600° - (335/335/930)7332V nvA :
(g121°Ln912° (L6l L1E502° - 6200° 9601° - 6250° (UNDJ3S/931)3LYY fyA ;
(S00C° L0184 1Y (PS4 L4NETLE"9- LSV C £184°8- 6k29°C (1Y¥0d NO+S34°930) 13180 !
(REEVTLIIS - (Lol e a- i gt 9= (+1404°930) 40008 ANy g
(TRS1°LL)E°5) iy it e 8°¢ g Lo (+1404 931 NUUNY ¥3315 !
i
(R4 FA R4 1 A8 4 ¥4 (CIBLTLL)ET 061 vvol 17261 17861 Wdd L3IVHS " 3AV !
(CLTLTL1)87 6091 (GEV1°L1)467858T A YA 678958 8°609C dHS 3INIIN3 Hi0d M
: (8pR17L1)L7€0C (ZIBL LT v8I £7681 £°c8l B°l61 Hdy L4YHS i
3 (A TA RS FarA A (BE&L L1281 0° g8l 95811 el dHS 3NIONI 1415 i
i (LOLL" LY 17082 (V181741157961 0°461 8 g6t S L6l Hd¥ 14VHS :
S (ZICI L) 9788 (LIl 09ed 78484 £°£881 tL6EL dHS INTINI L0 mu i
i P
: (OIEL LNIESKE 1) (PEEITL1)9915°01 86807 L1 (7113 Y 9ivE 1l (HdW)
(DI 21 BEIS LI (S P4 RFAR Y § 74 AR 0592791 1£22°91 VvEDT9I (844)°n° L ALT30730
1 (0L LL)IEp99°8 (QLEL LN F6EC™L £his° ¢ £2g1°8 6110°8 {HdW)
4 (0181419202721 (2TE€1°£1)0819701 £2C9° 4 6426711 BOSLT 1 (§44)°9°0 ALIJ0T3
(SSHH"HH) HAKIXUR (SSWH HHIHIHININW ERLEENT (N3 14¥1S $SJILSIIVIS 3INVNY04Y¥3d
g 170645 9°C8LS £°8%v v 1766885 £°855L% L°ZLELES “hYY9 "IN3D
: 1°BBSS 84955 8réiviy 1C0v45 b85S 0°5£8E5 VNNILNY  nOd
£°0095 0°£85¢ E 44 1 £ 18BEBS £°855CY 8°66¢L8 UNNILINY “H'd
“1STU WNLDY “ISHI INENTLS N3t aN3*X LYYLS A 14915°X

gy =SAR0J3S 19101

£10C°{1= N3 CICLT4L=1MY18 (SSHNTHH)SIWTL AMVUMAS

8sano) 3YFTea}s Jo o Yyanog J8AQ uny Jemod 4/€
€ uny weaaysdny - FTTIAHSYN NOXXE
e | d'g °1qel




:
|
{

(ELC L9798
IZLETLEseé
(E102°L1)C 6S
(EI0C 1)L 65

(892 L ITLETY
(EIeL L1he9ee”
(L8827 LT

#(8552°L0)BFEL7 IS

(LT Le" L-
(BYET"L1)47¢

(PESC L1)67 LI
(S¥SC°L1)I7vBST
(VA% FANE 1 Ard 44
(R 73 B2 i T4
(PESZTLETSIE
($12Arabrard:iyl

(LIS 41D L8057
CANEE LLIERIT T
ﬂncnm.‘—.oa.w.n—

P4 LA D R A Foa 4

.vw-: -zvtaznxcg
r o.c
$°£9Ls

071048
TLSIO WALV

ob

*8J0aJe juswaansesw uoritsod 03 enp A1qeqOId &

(6052 21)8B7LT9) £6v91
(EL0CT LI NTIES 6°¢5L
(00£Z°(1)9°6E LAY 4
(L2 L0768 £°8y
(PELLTL1ET00° S182°
(SISZ°L1)8bLL "~ c000”
(8L92741) 1884 1~ 6510°-
# (EE9C°L1)v5hT°58- (4N
(6182 L1)8° 2~ i
(18017 £1)8°5- 0°¢
(BELZ £1)47 681 67541
(622741187 £96C (0 FAS
(BELZ Z1)9 181 1261
(E102°L1)9°581) 876611
(901€°¢1)6° 961 866!
(ZCEC"L1)8° 9981 £°8L81
(LEFT LL)5910°8 65107 11
CLEFT L) 9LSL° 1L 2951791

(CP9TL1)L1%0°9 lCgl"8

(Ch9C°£1)5068°8 8L0° 21
(SSHNHH)HNWINIH 39vy¥3nY
575516 £ 8yl vTI50v9
LN T G045 9°9E9b9
§°0918 1"6690¢ S°9LsLe
18I0 INITCLS (LRSS an3tx
¥ -m;Zouum Wil W L= N3

171591 9°9C¢0
g £ve vULES
8'sg [/ %
0768 78S
vaslL” 5917
55007 - 25407
6050° - 940! °~
86l £164°8-
0°¢- B
6°8 (A
1061 1726t
a1 6°8952
87181 £°581
120! 9°5811
{18 8861
9°i8¢l £°£884
ECT L L T4 Y
L1991 1£cet 91
gt e LEEL"8
GBETCH 6LT67 1L
LLE] 141§

£°89%CH

8 &Lbih

PR A 14

14Y1S°A

£10C°C b=14VIS

1766885
(RN
L7 18588
19v15°X

(1334)4nvd" 3
(13341409871 430 "1SId
(1334)N431S 1V H1d30
(1333)n04 1Y H1d3d

(336/338/14)1320% X
(3358/238/930) 713339 nWA
(ON0DI3S/930) 310y NYA
(1404 NO+S3¥°930) 14140

(+1304°930) 4aany Anv1d
(+1404°930) 4000y ¥33iS

Wd¥ L4VHS “3nv
dHS 3NIONI Hl0d
Wd¥ L4VHS
dHS 3INIIN3 qdIS
Wd¥ L4VHS
dHS 3INIONI 1¥0d

(HdW)
(§d4)°0° L ALI20T3A
(HdW)
(544)°9°0 AL120M3N

.wu~hm_»¢hm JINYNYO04¥Id

TAYY9 “LN3D
UNNILNY  nod
YNN3LINY “H'4
.a~uwuvmu~<z~auoeu

(SSHH HH)SINIL »xcz::w

a8ano) 3Y3tea3s JOo 89 YJJaON JLAQ uny JII3MOJg /€

¢ uny uresagsdp

dTTIIAHSVN NOXXd

4°8 °1qe]

102




CLCEL 8157606
[ 14N BT B L'y
(0081°61)0°45
(9001°61)8°65

#(2C0 16 l)bBL9°T

#(ITHL L LNES”
(6Zk 17611621570
(BORIT61)L9C71C

(PEV1°61) 9" -
(evEL761357°01

(Zpié115°181
(SZh1761)9" 8901
(CShE°61D0768)
(EINL°61)E°949
(apri61)8°281
(L0£1781)9°89L

(7091°41)6825°¢
(7091°61)0895°1 1
(7091°61) 18L L1
(7091761102701

(CSSHH HH)ONNNTXYN

*S8J0aJ9 jusweansesw uotrjrsod £q

C(OE9 171975891
(§ELI61)57928
(LZE1741) 6798
(LCE1T81)6°EE

(§5F1°61)8200°
#(EEVIT61) 16547~

(GSE1T&1)LI8T" -

(SEv1°&1)802E 1T~

(65¥1°61)1°C-
BLrL el 9-

(L2520 19 e i)
(948176107 bbb
(SP7L°61)6° 901
(PIB1°61)579L9
(CPS1761)07091
(6CE1T61IE"99L

(dEv 1 &1)vB98°

(EVITEL 98487
(OEV1°61)5619°E
(Ofw1°61)980L°S

(SSHW HHIRNWININ

<9
6°I5v1
0°651
67989
S L9
0789

5180°8
62587 11
ottt
GEVLT9IL

39vy3ny

9 v8L)
V695
U588
865

£6£0°
2000°
6201°
60£E°-

17651
0" bbbl
S°9s1
S99
8191
§°49¢

666878
i£50° g1
40467 1L
998571

S 8861
0°y¥5
§°9¢
6° €8

Leit”
LA T4
84607
120479

6°1-
B

Q91
9 85K
57651
iy
o191
v°99¢
6£418° ¢
£920° 11

gelLal
vevl

144§

pesneo ATqeqoad

(1331)anvE"3

(L334)anvd°N 440 “LSIU
(1334)NY4316 1Y H1d3d
(1334)n04 1V HL43d

(338/238/134)1330¥ X
(335/235/931)71332V mvA
(ANGI3S/930)31Y8 MVA
(1404 NO+S3¥°930) LiTy1

(+1404°930) 4Uany INY1d
(+1804°930) 400Ny ¥3318

WdY L4UHS "8V
dHS 3NION3 H10H
HdY LIYHS
dHS 3INION3 Q415
Wd¥ L4VHS
dHE 3INIIN3 1¥04

(HdW)
(§44)°A°1 ALIJ073n
(HaW)
(§44)°9°0 ALIJ0T3A

PSJILSIIYLS 3INYNYO04U3d

9 vBYIY
LA 1114 4
PGVl
aN3* A

reLcdl=

96985
£Te98es
5" 998585
ITERY

9°89LCK
£ IZECY
9°6iviy
1491S°A

6°500£9
C"686C9
S'815L9
Lyv1s°x

"AYY¥9 "LIN3D
YNNILINY nod
UNNILINY “H'd
$(1334)5319N10¥000

9°9€15
§°viis
S 4§ 3
“1SIY 3NITTIS

0CE =51N0J3S TVL0L

§76015
[ AN
| 8 ¥4
“ASId WNLDY

£iE1 ol UVLS (SSHW HH)SIHIL AHYWHAS

#sano) 3ydteass
f uny weesajsumoq - FTITAHSYN NOXXT
D'g °1qey

Jo 897 yjJaoN J8AQ uny Jamod JTeH




s g s ot s, O VB O N _ AR

(LC 6027 914L
CLEECTdt)ntite
(pE1°61)C°468
(00a1°61)0°09

(COET 61)958E"
(911761089407
(052276119081
(RITET81)LE9¢L°

(ECIC 611~
(8ECL 61)e 4

(OBIC 61)P7991
(15027 61)9°Ser
(LRI 8087591
(950C°61)£°089
(01T éL)P 891
(908176187 L%

(P6EC61I0L19°8

(9ETC°4116501°0)
(9522611028970
(952T°61)9£09°81

(SENW HH)WNNIXYN
L1985

67L655

¥ 6198

“LSIO WnLaY

075195
§°C455
175198
"1SI0 ININ°AS

(9981751099840
(9v81°61)%°69S
(SUIC 61D 60
(0£12°4110°05

(9LEL°61)2L00°
(ETIC"61)1280°~
(PSOC &1)9L01"-
(96817619208 L~

(00¥C°81)1°C~
(LE€0T° 611076~

(F¥ZC612E° 181
(91pC 612 vOVI
(0SZT 6157971
(FUNT 610467689
(SCIT 6117061
(EvIZ°61)9°292

(400Z°&1) 1L88°¢
(60027 61)5Tw1 1L
(6002°61)6804°01
(S002°61)0204°51

(SSHN HHIRNWININ

£f =5aM0335 91N

6T05ECY
5TSREly
PIRRECY
IN3" A

FisC 41= N3

1T 1161
908
9708
6708

vOSL”

1000°-
9200° -
91871

-

5

STL51
S°LEvl
B L5
7899
£7191
1769¢

002578
096¢°C1
5409701
£0C0° 41

39v43nv

£952es
8°9LL15
9722428
aN3*X

AR AN T4
B°¥Z8
S°IS
1°es

£68L°
Zroo”
0590°
vEL6"-
0°Z-
i -
97881
crovl
brévi
6°6L9
67191
£799¢

8107¢
coiitel
8vl0°Cl
46047 ¢

N3
9 v8¥lr
bPOSCE

LA
1¥915°4

PrEIL1=19Y1S

7°v8l1 (1333)AnvE"3
vT695 (1334)3ANV4°0 440 "1S1d
c°58 (1334)N¥31S 1Y H1d31d
8765 (1330004 LV H1d3a
£6£0° (335/338/13)1332% X
£000° (336/335/7930)71332¢ n¥A
6201° (UNOJ3S/930) 3108 n¥A
60EE° - (1404 NO+S3¥°934)L141¥4a
R (+1404°930) ¥aANY ANV
'Y (+1404°930) 4000y ¥331S
17651 Wd¥ L3IVHS "3AV
0 vbbl dHS 3INISNI H104G
57951 Wdy L14YHS
7949 dHS 3NI9N3 Q41S
87191 WdN L1d4YHS
STV dHS INIINI L¥0d
6668°8 (HdW)
E50°¢4 (S44)°n°1 AL1J0M3A
0667114 (HdH)
9985° L1t ($434)°97°0 ALIJ073A
1491S FSILLISTLYLS IINYUY04¥34
9769845 TAYY9 CINID
P4 s vy VYNNILINY  nod
5°98£8S UNNILINY “H'd
LYv1IS"X

$(1334)531¥NIQY¥000

(SSWWHH)SIWIL ANUNKNAS

#sano) y8tea3s Jo FeT yznog JsAQ uny asmod JTEH
i uny wesajsumoqg - JITTIIAHSVN NOXXd
H'8 @1qe]

o o A . N N ———- P

T

T

104




(REZE"TDH T ENsl (CIOV EC)L 8940 (Y] £°8921 0°Evsl (1334)ANVE" 3
(80CE°CL)E 808 (ISBEIC) v 650 v 609 68y £°808 (1334)A8¥4°0 440 °LS14
(hegclic oy (0£££°2C) " 28 6758 §°£5 6728 (1334)NY¥3LS 1Y H1d30
(pgée-zire ey (60LE"TC)I4" 6% 1795 5709 [ 14 (1334)R08 1V H1d3d
(PEBE TCIVISL” (I89L°C2)1100° L500° £190° L1607 (235/338/13)132¥ AX
(218£°28)0C10° (v0BE CCIzhi0”- 0000° 8£00° £600° - (335/338/7930)71330% n¥A
(L8LE°2C)9%9¢L0° (ZPSE°TT)IT600" - 0Z00° 0%00° 1200° (ONDJ3S/930)31VY4 My L
(908E°I0)S4B6°E (610V°TCIvE01° 1~ 9Zig" 298" 88CE" (1404 NO+S3¥°930) 141310
(S65L°CIHE"- (Plov°22)0° 1~ i 0°1- g (+1404°930) ¥0ANY ANV
asLtchHvr'y (RECELEI4 0~ e s (+1404°931)¥aany ¥3318
(LIWWET 6" 6l (1SEE°22)0° Vo1 b S6) 8°vél 561 Wd¥ LJVHS "“3nY
(S£8E°12) 17 8L€8 (ZSEL°ZT)8" IvEL §°98£C o 44 0°Z9£C 4HS 3INIGN3 Hiod
(SSRE7I0)679461 (S0£E°2C)v" 061 1°£61 928l g8l WY 14YHS
(J3 Y4 | Aad 211 (607L°CT)S 8T L 670v11 S8zl dHS 3INION3 (41S
(OIvE"IL)BT00L (Ip8E"IC) 17961 ey 0°¢61 1461 Wd¥ 14VHS
(sgaf-ciyerel (O¥SE"TC) 679021 LA T4 4] £epcil S eLEc dHS 3NIONI Lu0d
4 CLIPE EE)IpEBLS 0L (IEBE"CT)LvéL 01 699701 849701 899701 (HdW)
: CHIPETCL)E8I07 T (IEBE"CL)P5¥E" 51 5659°51 £099°S1 19¥9°S1 (§44)°A"1 ALIJ0M3A
k (08 - o Pl P (IEBE"CC)viIBI L 64257¢ 819°¢ 134.1 A4 (HdW)
R (IpBETTCHC9E" 1) (IEBE"EC)E6L9°01 60¥0° 11 174y 8686°01 (§44)°970 ALIJ073A
(SSNW HH)HONTXUN (SSHHTHHINNNININ 39va3ny N3 Lyv1s PSIIISILVLS 3INYHNO04¥Id
§UE8ss §° 1688 1708ET¢ 0°91485 §T69%Ct 8 v9LEs “AYY9 CIN3D
67 K855 £°C858 ST88Liy £78EVES g askce 9798815 YNNIINY  nOd
STpsSs 8718585 B ILECY £°L0v8S 8 0.viY 8795828 UNNIINY “H'd
“LSIA WNLaY 1814 ININTLS aN3“4 UNI°X 13y18°A 14918°X f(1334)S319¥NTQ¥00T
vOS =SANOJ3IS WL0L celv ic= a3 00T CT=14VIS (SORNTHH) SIRIL JMYRNIS

98ano) 1YydTea1S Jo JoT Y3nog J8A(Q uny Jemod TTnd
T uny weaajysdn - STTYYHO TNV NOXXE
{ I'g °IqelL

105




(SI8¥°2C)870061 (0ETV " ZC) 67991 9640 87 0vel £°8921 (1334)4N¥8°3

(S18r°2C)IN°089 (CEO TT)6 By §°T6S v 059 &7 ¥BY (1334)ANYE°N 440 “L1SIY
(LEOP"C2)4°ES (S18v° 2P EE Lo v EE 6°E5 (1334)N¥315 1V H1d3d
(TEOR"CC)5°0Y (S18¥°22)0 EE V5 i (1334)n04 1Y Hid3d

! (BISk CTISLYT (PCLE"CIHINCO00" 9680° 0061° £190° (335/338/14)713229 AX
. (8SS¥°CC)9810° (SISP T LE50° - 0000° 9L10°- 8E00° (335/335/930)71333% n¥A
(E0Lb°IC) 881" (1SSP CC)9PEC" - 1900°- coeo” 0v00° (INDJ3S/930) 3104 WA

(LESKZISvENT LI (£S50°CTIEEBE" 11~

(1404 NO+S3¥°9310) 13140

(civcetie’- (T4 arta N b i i L 0°1- (+1404°930) 400Ny ANV
(GHIN ZDLE (LISP" 20T 0~ s’ (+1404°930) 5000y ¥331S

{ (vCh¥ 22147002 (E19¢° 22157261 i 23} 6°E61 8 vél Wd¥ LJVHS "4

il (ZE0P"22) T 59EL (S18Y°CT)L79€8T R £°98£2 2°898L dHS 3NION3 HlDE

{ (SZhe"1C)8° 641 (609¢°22)8° (81 87161 07261 9 261 WdY¥ 14YHS

] (S18p i L gril (0CZv i2)8" 9t 0" ivll £°Evil 6 0¥l dHS 3NI9N3 Q41S

,u (4 14 4 A Y Ard T4 (108¥°IC)5°541 97461 2841 0°261 Wd¥ LIVHS
(Lo ZLIE vili (S18¥°LC)0° L4611 v 0ICl 0° g6t £°vicl dHS 3INION3 L¥0d O

] o

(908¥°CCISTLLT I (IELN°CT)ENL0° 01 0085701 coZy° 0l 8449701 (HdW) -
(90BY°C22)v98E791 (PELVTEE)LSLLF) vLISTSH vEBZSI £099°51 (§44)°n°1 ALIJ073n
(908y°12)C565780 (ESIV EC)lLLe L |11 74 [RRE: (819°¢ (HdW)
(908 "IC)9L¥5°C8 (£61V°ET)8616701 19SE° L1 £9Sv 1Ll 174500 (844)°9°0 AL1120713A !

.mm-t HH)HHIXYN (SSHH HHIHNWININ 39vy3nY N3 14918 SSIILSIIVLS 3INVNY0I¥Id

i A i

0" L828 v 8428 £T09ECY PE2Le9 L"0BECY 0° 91485 “AYY9 " LIN3D ]
; 1°£92% 8 Nes STISECY 0°989¢9 CUeBLY £°8Ek6S UNNILNY nOd !
04928 4°BIZS £* 8982y 995959 B 1LETH £ L008S YNNILNY “H'd “
i hmun ~¢=hu. *ISIT INITTLS N34 aN3‘*x 14918° 4 14915°X S(1334)531YNTTN00D :
i i

b7 =SAN0J3S WL0L S18%°10= (N3 TEOV°TC=14Y1S

(SSHW HH)S3HIL ANYNRNS

9sanog) 3ydTea3s So FoT YjJION JBAQ uny Jemod TInd
‘,, T uny wesaisdn - SATYVHO @IV NOXXE
£'g °1qel

M



(611" ) 1°8I8I (0091 )&°9851 £°6591 voe991 178281 (1334)4NV4°3

(11" )8 249 CIS91L" )L Ew9? 8499 57499 B 69 (1334)4NYE"N 340 "LSIa
1174 S | A (61£1° )8°9¢ SUIS £°88 8°9¢ (1334)N¥31S 1V HId3a
[ 4 74 Sl | a4 (61E1° )0"pg 0 9v £ty 0°bg (1334)n08 1Y Hid3d

(918 "2 R[4 -0 (281" )g%00° 951’ &210° séel’ (335/335/14)713329 AX
(EEF1° i1 (p971° )01L0°- €000° - ¥800° 741 M (3357338/930)71322Y nWA
(Ep91° )B1¥9° (hE7L°  JvONE- 0£00° £220° - 9E¥0° (INDJ3S/930)31VY NYA
(6£91° )ovio“ic (6191° )E568°5- 9£0£° 1 séiwth= £vol- (1404 NO+534°930) 14140

(psl” AL e 1t 4o | | (+1¥04°930)40ANY ANV

-
CIggL- (6ZS1° I h- e 0° 8- (+1404°930)¥0any ¥331S

CLE91" ) 176él CIERL® )¥Thél 9961 0°961 v 961 Wd¥ 14VHS °34V
(EP51° et iowe (61g1° )o°sefe §7d6fl 0°£6£C 0°8BEL dHS 3INIONI Hi0E
(041" Y961 ($4 2 N R S V1 8°£61 87241 v Eél WdY 14VHS
(91" )T°0SHL (61E1° )S"SELL LT5hi CTosH STSLhl 4HS 3NIONI Q41§
(62917 ) 17L0C (EEv1"  )5°961 v 661 [Ty bré6l Nd¥ LJVHS
(1261° )4°88CI 9yl )8° 2wl 81521 -4 24} ¥ 2521 dHS 3INIONI L¥0d

(LE91° )0185° 41 (BvE1"  HPCL0%S 064676 %0701 SSK0°6 (HdW)
(L8717 )5884°91 (BPEL"  )SLvE°El 6589701 99L4%v) 8992°¢1 (§d4)"A"L ALIJ0M3N
(P LA RN P4 L0 B (BvE1"  )48020°C1 6£66°C1 cgsitel 0v0°21 (HdN)
(Z191° )0CiE° 1T (BrEL"  )L0£9° LI 5450761 L8861 96597 L1 (844)°9°0 A113072N

(SSHU HH)HANIXYN (SSHN "HH)RNWININ 39%y30Y N3 LYvLS FSIILSILYLS IINUHNO4N3A

17480§ 670208 ST065CY F29088 LA4 4 24 PSEIEY "AYY¥9 "IN3D
§ILLS {"v80S STLL9Ce £°18848 8°05kTY vTEL9ZY YNNILNY  nO4g
17080¢ £78L08 ST0L5LY 204588 0" vbbiy 0" Pr9Ly YNNILNY "H"d
“LSIE waLay “A1SI0 ANITTLS ani‘a [LERS LYvIS*A 14%18°x $(1334)S31UNIIY00D

B9 =SaN02IS Wil R Un3 G1E1T  =14V1S (SSHNW HH)SINIL AMYMHNS

98ano) 3YyFteass Jo Fo YjJaoN J8A0 uny Jemod TInd
Z uny weaa}sumog - STTHVHD IMIVT NOXXH
A'8 °T1qel




P P

(eEZC"  )E°L561 (54 ZA NN AV 4] £7ELLL £°5561 b°2994 (1334)4NVE°3
(5viIC" )1°élol (oHiL” 157499 8°v.8 27 E001 57499 (L334)ANYE N 440 "iSId
(81 74 R § -1 (¥S0C" )5 9¥ 1708 £°2¢ £°85 (1334)N¥31S 1V H143d
(ot Hotgd (512" 0708 £58 1°Zs L7 (1334)008 LY Hid3d
(1 ora N 24 (gL )9Lo00° Si90° {8400 6210° (335/338/14)71339 KX
(LhELT 1L600° (6861° )8OIO"- 0000° v000° ¥800° €335/238/930)7323% fvA
(g0ic" )EEso’ (recz°  1S990°- 800"~ Z1i0°- £ee0”° - (UINOJ3S/930) 3Ly nYA
(82ZZ° )0004°- CHEIZ® ) 1080°E- £818°1- L6t~ Skt 1- (1404 ND+53¥°930) 14140
(g2TT* 12 (£081° )HI%) T4 0°¢ vl (+1304°930) ¥0any ANV
(£521° ") (hS1C° )£°8- £~ 6" 0° (+1404°930)¥aany Y3318
(9ie€"  )S°10¢ (481 )16l 9 L6 87661 0°961 Nd¥ L4YHS “30¥
(9¢lL” )0°fé€0 (0fZC" )5°sefe 6°65£C 08 14 04 0°£6£2 dHS 3NION3 Hl0d
(1g2e* )T Loe (8L1Z" 1061 v 561 661 87281 Wd¥ L4VHS
(42227 )08 (991" )Z°0811 ST0511 L0511 <051y dHS 3NION3 9418
(2122° Hr°goc (85417 )17L61 L7661 17002 cbb1 Wd¥ L4YHS
(S1 ZARES T e 1 (OELZ" )& vl 576021 [ 74N -4 241 4HS INTON3 1¥0d i
o
(ZS12°  1E950° 1L (IZ81° 19690701 0vSv 0l 8200 LI L0701 (HdW) - ~
(ZSICE" 14512701 (121" ) L89L°01 SCEE"SY L8179 99LL7 b (§44)°n°L ALI20730
(LE61°  18090°¢! (€74: 1 R PP R | 6205°E) £r96° L1 castLtel (HdW)
(LE61°  )9TI9°0C (181" )éL6Z° 61 £608° 61 508¥°0C LB6T7 61 (§44)°9°0 ALIJ0T10
(SSHN HH) NN XYN (SSNN"HH)RNWINIW 39v43nY N3 1¥vls PSOIISIIVLS 3JINVHY04Y3d
S$TE0LS 78048 87298 45828 ST06SCTY ¥ 29085 "AYY¥9 “IN3D
Thed9s {9498 87795y B8 p5BIS ST HI9C £°1E648 UNNILNY  nOd
778048 L2048 87798k 9°¢9828 ST045Cy 2704585 UNNILINY “H'd
“ISIO wALae "ISIQ 3INITTLS ani‘s IN3*X 14¥18* A L4Y18°X 1(1334)S31UNTTR00D
487 =54u0235 Wil pEICT = ON3 P81 =14Y1S (SSHH HH)SIHIL AYVHNAS

8s8ano) 3YyITeays Jo FeoT yinos a9A0 uny Jamod TInd
2 uny wesajisumog - SHTHVHD IMVI NOXXH
18 2198l

A LT S o 3 -

1 S N I SR Y T

e skabiis e m




(42004 RSN N0 4 V! LIvSP" 1 )07 9891 151941 0°9891 £79921 (1334)N¥E"3

(S198°1 )9°C68 (S18v°1 )E 198 A4 74 27698 97166 (1334)4N¥E°N 440 "L1SId
(025h"1 )00 (£0LE"1 V478 £7¥5 i 24 1Té¥ (L334)N¥3LS LY Hid3d
(30571 10709 (LSSE°1 )0°9¢b 0°25 8°83 0" 9% (1334)M08 1Y Hid3qg
(PHLE7) )068L" (0SEr" 1 )6£00° £2240° 88£0° <88o” (335/335/714)71320% AX
(ECry"1 )0120° Clivy" 1 )BOCO"- 1000° - 8000° £000° (335/335/930)7303% nvA
(1Z8E"1 IvIL0” (Chob L NZ9L1°- 0000°- 6¥80° - 10407~ (INDJI3S/930)31VY YA
(S5Tv° 1 )9948°¢L (ZTLE° 1 )2BBOT- 826g" 1 Sobi" 1~ ieL9° (1404 NO+538°93d) L4180
(BfBL"1 )¢ 54743 4 U0 0" &= 0° (+1804°930) 400Ny ANY1 4
(SPER™L L0 7274 o O ¥ = ) N (+1304°930) 4000y ¥331S
(206" 1 1T 6L1 CRELpT L 97241 (A 74 LA 74} V9Ll Wd¥ 14VHS "3nY
(742 N A L 74 (Oriv' 1 HI"EELL a4 74 £76£L1L 070541 dHS 3INI9N3 H104
(£S6E°1 )6°081 (8LIv'1 )&° 2L 891 &°541 §°8L1 Wd¥ L14VHS
(608271 HE°588 ({p0¥*) B E£98 ' 14} 97998 0°088 dHS 3INIONT a4lS
(Z06E"1 )Z°081 (000%°1 47041 07941 6°2L1 A Hd¥ LJYHS
(926871 )2 988 (00%¥°4 )1°C98 8°ci8 £°CL8 0°0£8 dHS 3INIGNI LY04
(901v°1 DPE0LC0I (h00K" | 198176 £885°6 684176 T4 (HdW)
(9vib°1 )EBIB"Y) (P0OF° ) HELOV"EI 1£90°¥ 1 648K°E1 Y4 g (Sd4)"A"L ALI3073n
(Zriv’1 )1910°¢ (v0Ov" | )69£0°9 cvos'9 88179 9L8L°Y (HdW}
(Pv1v°1 )E04Z° 04 (v0Ov° 1 )1¥58°8 S6E5°6 ¥520°46 1£98°¢ (§44)°970 ALId0MAN
(SSHU HH)WNWIXYH (SSHN"HH)NNWININ 399434V N3 L14Y1LS SSOILSILVIS 3DRVNY03NIL
L* 1455 £78958 Y4 244 §°80685 5°Tv9CY £rIvEES “AV¥9 TIN3D
L4 1~ " 172958 LTTLvie 0°GZyes 8 vL9ly £°598£5 UNNILNY  nOd
£°9L55 04958 9 LBVLY 5°00v8S 87 059Ly §°EE8IE YNNILINY “H"d
“LSIQ WwALTY "ISI4 ININTLS aN3‘A aN3°X 1491872 LYY15°X $(1334)S31YNIIY00D
585 =SAN0DIS Wil 1pSEt 1 = N3 LE5ET ! =1YVIS (SSHRTHH) SINIL AMYNKAS

98ano0) 3y3Tea)S JO 89T Yjnog J9A0 UNY JOMOJ t/€
€ uny wesuysdy - SFTHVHO ANV NOXXE
W*'8 ®Tqey

109

ik ity




sl e i

(ORES71 )§°Z80C
(420871 187219
CLISY® L TS
(LeSe" L 18785

(611871 )égir”
(BEIS™1 19007
(ICTS"1 ) iBEe”
CIPES™ | ) 6640751

(304071 )2
(208971 )9°C

(921571 1276l
(PLée"1 )1709L1
(69ES°1 D7 4LL
(Z56%°1 )1°588
(¥5E5°1 )9°08i
(LEVS™1 )é°088

(SIE571 )6060701
(SIES ) 8484701
(SIES° 1 Hhieee
(SIE5°1 ) Ivs9°0)

(GSHW™HH) NOANI XYW

AN 4
£°56C5
6°E5C8
TLSI WNLdY

(9viv*1 ¥ 5291
(IpSk° 1 27695
(O££S° 4 )0°SE
(0E€E5°1 )0°SE

CLOBE 1 )6£00°
(61€5°1 )1160°-
(#21S°1 2498~
(LS1G°1 )6911°91-

(€721 B
(10L¥° 1 )7L~

CLSIST L D67 1L
CLISE" L g 68ll
(R R L S P AX 74}
{ieSe"1 197998
(L8151 ) L0491
(EC9¢°1 D248

(6¥CS°1 )BIEO"S
C6KES°1 99027 L1
(94220 U R 24 B}
(vISk"1 )0C86°8

(OSHH HH)WAWININW

0°52L8 9T ELETY
[ 204N 9" TLETh
175788 £ pLETY

“1SII INITTLS aN3* A

ZE§ =SUN0D3S WL0L N £

=TT

258l
chiog
688
8°Sh

8601°
c000”
v100°
37

e
]S

07941
078841
9981
£to8e
8°8L1
£7vs8

£995°¢
CIEO ¥
104979
82876

39v¥3NY
LAt 2]
1785949
£7929£9
IN3*X

= i3

§°280¢
57865
0°8C
0°5E

9¥50°
£010°-
£480°
chvgl

0% %
Iz

17821
S L84
8°8/1
9°9.8
L AR T4}
4088

095070}
88V Y
§SPC L
5559704

anN3

67644V
17TLuiy
9 L84CY
14Y18°A

IbSE" 1 =iNVIS

88£0°"
8000°
6¥80° -
SovLTi-

" S
vl

el
£T6EL)
6°6L1
97998
6°TLL
("TL8
6541°6
6L5V°E)
ZE51°9
v520° 6

1yv1s

5780485
0°GTves
§°00¥8G
LyvLs X

(1334)4N94 "3

(L334)aNYE°n 440 “L1S1a
(1334)N¥31S LV HLd3d
(1334)n04 1Y H1d3d

(335/235/14)1323V AX
(235/335/930)1322Y nvA

(AN0335/930) 319y nvA
(1404 NO+53¥°930)1314d

(+1404°930) 400Ny HNYA
(+1404"930) yuany ¥3als

Wd¥ L4VHS “3aY
dHS 3INIINI Hi0d
WdY L4YHS
dHS 3INION3 Qdis
Wd¥ 14VHS
dHS INIONI 1¥0d

(HdW)
(§d4)"0°L ALI30734
(HdW)
(§44)°970 ALI3073N

PGIIISILIVIS FINVYHY0INId

“Nv¥9 TIN3ID
VNNILNY nOd
YNNIINY "H 4
S(L334)831UNIA¥00D

(SSHW HH)SINIL ANYNWNS

9sano) 3yFredis Jo F9 YjJaOoN JA8A0 uny Jasmod /€

€ uny weaaysdn - STTYVHO VT NOXXE

N*8 °TqeJ

e

110

B




S

(9€4617°¢ )B vEBI
(9£61°E )B'0LY
(LWL )0 17
(PISCTE )8'45

(0ZEE"L HvBes”
(LSEC'E v IL0°
(LIRS T 199LY
(60EC°L )¥E56°E1

(4 30 400 5 Wl }
(£222°E )E'S

(20ZZ°E )0"151
(96171 Hi“BLll
(Pv12°f )E°ES)
(LELe°f )L°CSS
(ES12°L )9°SS)
(9£61°E 57588

(EIEC°E JELICTT6
(EPECE 18BCISTE
(EREZ°E IvBIC T
(E0E2°1 DEV96° LI

(SSUW HH)HNWIXYN

9°£8E5
9°LIES
TLSIA wnLdY

(E£IC°E B V991 9 6141 6714 8 vE8l
(bO¥C"f )87 1SS £°865 2°v8s 8°0.9
(¥E02°L )8°SY 8°is 8748 8°9¢
(9€61°F HE°8¢E 9Ly 8748 £°8g
(4SvI°¢ 000" 60€1° 1810° 0Cé1°”
(0IET'E )L960°- 0000° 9¢00° - 6¥20°
(PEET'E )¥BES"- S¥00° Sigo” ovio-
(LIE2°C )¥BVO°8BI- (749 4.4 S (8467
(0, g Al B A 4} [}
(9g81°¢ )I"6- g £ c 6~
(ELOC°E )Z"IG) v Zsi 0°Z51 £°1S1

(1334)4NVE°3
(1334)4NVE"A 440 °1SIQ
(1334)NY¥3LS 1Y Hid3d
(1334)n08 1V Hld3d

(338/335/14)7322¥ AX
(335/335/930) 13239 MYA
(ANDJ3S5/930)3LYY MYA
(1404 NO+53¥°930) 14140

(+1¥04°930)400NY ANYIS
(+1404°930) 400Ny ¥331S

Wd¥ L14VHS “3aY

(OVVZ™E V" 0111 89111 0" ikl 18g 11 dHS 3INIINI HL0€
(1512°S )67 401 518} 1181 65l Hd¥ LiVHS
(I£12°€ )0°EbS b 8ys vo15S 97258 dHS INIONI QdLS
(620278 167151 £°£61 67251 A Wd¥ L3VHS
(ov¥z e 197858 v*895 9° 688 5°588 4HS 3INIONI 1¥0d
(Y961°€ )8VEE"Y bizee 62v6"L 0898°¢ (HdW)
(9h61°E )08L8°6 £¥25° 1) 96p9° 41 020801 (S43)°A"1 ALI2073h
(9061°€ 18092°6 9804701 0680 41 BEIE" 01 (4dH)
(9¥61°€ )9285°€1 9869°51 2802791 6921761 (544)°9°0 ALI3073A
(SSHH"HH)HANININ 39y430Y N3 18915 SIILSTIVLS 3DNVWYO04¥Id
£* 1628 2" 208y 0°9£8458 5 0rbCK 0°LTIE? "AV¥9 1N3D
" 8628 0°8I52Y 0°52£48 6T bVETH 6722929 YNNILNY  mOd
2* 1425 9°6Lh2h 8°£VEBS L IERTh 8°¥E9E9 YNNILNY “H'd
‘110 INITC1s  UNI‘X IN3*X 14¥15°A L¥V1S°X $(1334)S31¥NIT¥00D
6£€ =SIN0DIS WL0L VISZTE = AN 9L&1°C =LMVIS (SSHW"RH)SIWIL AMYNWNS

98ano) 3ySTeILS JO B9T YJJON JISA0 UNY J9MOg
i uny wesJlsumoq - SHATYVHD IAVT NOXXH
0°'8 °1qeg

JTeH

111

e

R

ST

i

= b

Rl D 2t BOVE G T




PRRIGARS FESNS S PSS

(950€°1 )T 190C
(Q00E°¢E J8°wi6
(PIST°E )8'L5
(1Z52°E 10709

(8L6C°E 154607
(£06C°F 116007
(084271 )IES0”
(S5BI°E )vogl”

(1262°¢ H1T° 1
(0TéZ g Y0'g)

(£1L2°1 )E°LS)
(448 ST Ara N Y
(E1LE7E )07€SH
(PISE T )T 1SS
(0562°E )8 ¥SI
(60£2°E )T E9S

(pE8T°C WpLST°8
(¥EBC°C )6011°L1L
(PEBC™L )léBC" 1
(PEBCT )EBSS™9I

(SSRUH KH) NARIXYN

§7CH5E
ST 14bS
' 444
"LSIA WAL3Y

(WISC L 26" 14L) £°4481 zrivoe 67144
(S 23708 S0 A 4:18 £758¢L 07206 A 1
(9502°f )6°05 b8 cU0s 8°(8
(950E°F )I"b5 v 98 (B8 2N 8765
(S08C°E ) L0007 £L20° 4020° lgio-
(908C°E )1900°- 0000° £000° 200"~
(¥EBC"E )EvBO"- 1000° 62807 SIE0°
(RNLE'E N ILLS"E- 889¢° 1~ 19487 ¢- 6LV T~
CIr0E°g )it A (3] "l
(IvSi°g )8°gl- = 5 4"
(PE4Z°E )B8°06I 07261 zrest 07251
(960€°C )87 v0LL 6041 8°v011 0" 111l
(BLOC L )6°Bvl 0°151 £7151 )
(E282°L H0°8¥S 1765 L°BVS LA 1N
(£58C°F )9°161 67251 1 E61 6°CSH
(950£°F 12" 988 £°098 2°98s 9685
(OL41°E HS0VP°L 1§ 74 4 sgil°e evé L
(OE&C"E )LTI6701 £569° 11 £986° 11 96¥9° L1
(OL&C°E )E64E°01 8810° L1 SHe0° Lt 06%0° 11
(0f6C°¢ )ETST S 6091°914 9492791 2502791
(SSHH HHIRNWININ 39v430Y (N3 1yv1s
59255 LA R4 14/ £7460828 €205y 0°9€845
8°9¢ss LA 2144 ¥ B6L1S 0°STSCY 0°ETELE
PR AN 9°8LvIY b liBes 9 4Ly 8°LvE8S
*ASHI ININTLS  UN3‘A aN3‘x 14Y15°A 13915

(1334)3ANYE°3

(L3344N98° 0 440 " LSIQ
(1334)N¥31S LV HLd310
(1334)008 1V H1d30

(335/338/14)13339 AX
(335/338/930)71327Y MY A
(GNG335/930)34VY nv A
(1404 ND+53¥°930)141¥0

(+1404°930) 40Ny ANYTS
(+1404°930) 4000y ¥331S

Wd¥ 13VHS "3AV
dHS 3INIIN3 H109
Hd¥ L4YHS
dHS INIGN3 Q445
Wd¥ 13VHS
dHS 3NION3 Ldod

(HdH)
(§44)"#°1 ALIDOT3N
(HdW)
(§44)°970 ALIJ0T3N

fSJIUSILVIS JINUNY04Y3d

“AVY9 °INID
UNNILINY  n0d
UNNILNY “H'd
$(1334)S31¥NIA¥00D

£rf =SON0D3S 1v10lL

i b P e o

Aciatd

950£°E = dwd vISCE =1yvis

(SSHN HH)SINIL ANYWKNS

98ano) 3ydreais Jo BT Yyjnog JeA0 uny Jemod JFTeBH
f UnY uweaJ}SUMOQ - SETHVHD ANXVI NOXXH
d'8 @19y

112




IX. BACKING AND STOPPING TESTS

In addition to the turning and speed-power previously described,
a number of additional tests were performed on the EXXON NASHVILLE
and EXYXON LAKE CHARLES to determine other characteristics of impor-
tance to both tow operating and design personnel. There were three
types of tests included: 1) both tows were operated at full power
astern, downstream, and then had their engines brought ahead to estab-
lish both astern power and stopping capability; 2) both tows completed
two downstream maneuvers going from full ahead to full astern, then
bringing the tow to an approximate stop relative to the ground, and
3) Dboth tows completed one upstream maneuver going from full ahead
to full astern bringing the tow to an approximate stop relative to the
ground. Tables 9.A through 9.E in the last of this section contain
summary statistics for the EXXON LAKE CHARLES astern run and the four
downstream stopping tests.

9.1 Backing Tests

The first backing test performed on the EXXON NASHVILLE measured
the downriver movement of the tow away from a Miniranger transponder.
Both channels of the pilothouse Miniranger recorded the ranges. As a
result, tow speed astern was obtained directly as the slope of a linear
least square regression line fitted to the range values. . When the tow
was up to full power astern, speed over the ground was 14 fps or 9.5
mph. River current was 2.9 mph which gave the tow a speed of 6.6 mph
through the water at about 3460 SHP and 216 RPM. The engines were
then brought ahead and the tow slowed to 5 fps over the ground within
a 3 minute period.

Table 9.A shows the full astern backing test and subsequent full
ahead stopping test summaries for the EXXON LAKE CHARLES. The tow
obtained an average speed astern of 7.6 mph over the ground (approxi-
mately 4.7 mph through the water) at 192 RPM and 2101 SHP during a
256 second run. Approximately 15 seconds later the engines were
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brought ahead and the tow slowed for 211 seconds (1800 feet) to 1.1
mph over the ground (1.8 mph through the water).

9.2 Upstream Stopping Maneuvers

Two upstream crash stops were performed - - one by the EXXON
NASHVILLE and one by the EXXON LAKE CHARLES. Each test was done after
the completion of an upstream turn around the bend on Run 1. Figure
9.a shows the EXXON NASHVILLE's stopping maneuver in which the track
of the pilothouse antenna was plotted at 30 second intervals. The
description below Figure 9.a describes the sequence and shows the
tow virtually stopped relative to the ground after 1% minutes.

The EXXON LAKE CHARLES upstream stopping maneuver took place ap-
proximately 2000 feet further west and was equally effective. The

tow was brought to a complete stop within 2% minutes and approximately
1500 feet.

9.3 Downstream Crash Stops

The most important maneuver in terms of safety to towboat person-
nel, waterway facilities, and the environment is the ability of a tow
to make emergency stops when moving downstream. Four separate tests
were performed to compare the stopping performance of the EXXON NASH-
VILLE and EXXON LAKE CHARLES as shown in Tables 9.B through 9.E.

There are two primary ways of measuring braking performance; one,
from the time the pilot first moves the throttle until the tow is
stopped relative to the ground, and two, from the time the propellers
start turning astern until the tow is stopped. The difference is ap-
proximately 15 seconds and 300 feet depending on tow speed. Based
upon the data obtained from the tests, it takes about 30 seconds for
the tow to go from full ahead RPM to full astern RPM in an emergency
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Figure 9.2 EXXON NASHVILLE - Upstream Run 1
Full Ahead Stopping Test Above Bend

Notes to Figure 9.a: The position of the pilothouse antenna
was plotted at 30 second intervals. At second 241, engine
RPM's were reduced for astern power. At second 271, the
engines were turning at about 90 percent of their rated

full astern speed. Initial speed when the engines were
reversed for the stopping test, tow speed was 11.88 fps
(7.42 mph) over the ground. At second 361, tow speed was
2.89 fps (1.97 mph) over the ground.
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mode. There is some question as to whether it is better to go dir-
ectly to full astern or more advantageous if the engine is quickly
put astern and then gradually increased to full astern RPM depending ‘
on the "feel" of the tow. !

Table 9.B lists the braking summary data for the first downstream
braking test performed on the EXXON NASHVILLE. The events at the time
noted that the crash stop began at 16:05:29. Table 9.B shows that at
this time the tow was actually turning about 45 reverse RPM and that
approximately 15 seconds earlier the engines were slowed from full
ahead. Even so, the tow travelled approximately 2500 feet in about
4 minutes before its forward speed was down to 2.4 mph over the ground.

Table 9.C shows the downstream braking performance of the EXXON
NASHVILLE after Run 6 when the maneuver began with engines still turn-
ing ahead and the tow's forward progress at full ahead level. The tow
took approximately 5 minutes and 3000 feet to slow to a speed of 1.6
mph over the ground.

Table 9.D and 9.E show results of the two braking tests performed
by the EXXON LAKE CHARLES. The comparison between the two tests is
important because the stopping test after Run 2 employed the more
gradual astern RPM method described earlier. Table 9.D shows that
the tow took about 7?7 3/4 minutes to reduce speed from 14.0 mph to 0.8
mph over the ground during which time the tow covered 4700 feet. The
timing sequence for this manuever was: 1) 00:23:35, slow engines;

2) 00:23:59, engines going astern; 3) 00:24:30, engines turning

about 120 astern RPM; and 4) 00:28:40, engines turning full astern

at about 180 RPM. Table 9.E shows the braking maneuver completed by

the EXXON LAKE CHARLES after Run 6 in which the traditional emergency
stopping procedure was employed. In this case the tow was brought to

a near stop in 6 minutes and 15 seconds over a distance of less than
3400 feet. The easier stopping procedure required an additional tow
length to stop. Since the displacement of the EXXON NASHVILLE and EXXON
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LAKE CHARLES tow was the same and the speed at the beginning of the
two braking maneuvers commenced after Run 6 was nearly the same as
well, the additional power of the EXXON NASHVILLE made approximately
500 feet difference in the respective stopping distances.

Figure 9.b shows the stopping performance of the Exxon tows
plotted with initial speed as 1.0 and with time in minutes along the
horizontal axis. The figure shows the relatively constant performance
of the two tows performing an upstream crash stop and the relativély
similar shape to the stopping time curves for the downstream maneuvers.
Assuming a different constant for deceleration for each tow from
Tables 9.B through 9.E, the distance covered during braking can be
estimated from Figure 9.b using classical methods. This constant is
given as the average value for "XY ACCEL (FT/SEC/SEC)".
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T‘ble 9.A
EXXON LAKE CHARLES - Crash Stop Executed from Full Astern to Full Ahead

#% Tow Moving Full Astern ##
SUMMARY TIMES(HH.MNSS) START=21,4430 END =21,4845 TOTAL SECONDS: 256

CODRDINATES(FEET): X.STARTY Y.START X,END Y.END ACTUAL DIST.
P.H. ANTENNA 53100.0 43653.4 $0250.6 43597 .1 2846.3
BOU  ANTENNA 53999.6 43585.8 S1167.6 43638.1 2857.2

CENT. GRAV. 53606.9 43615.9 50758.2 43619.8

..........................................................................................

FERFORMANCE STATISTICS: START END AGE&AGE KINIMUN(HH.MNSS) MAXIHUM(HH.MMSS)

VELOCITY D.6.(FPS) 9.2154 11.9560 11.2164 5.8B40(21.4501) 14.8479(21.4£20)
(MPH) 6.2832 8.1518 7.6475 4,0118(21.4541) 10.1372(21,4620)

FORT ENGINE SHP 1075.1 939.2 1007.4 939.2(21.4845) 1075.1(21.4430)
SHAFT RPH -188.5 -149.7 -188.1 =191,3(21.4731)  -149.7(21.4845)
STBD ENGINE SHP 1196.7 1007.0 1101.6 1007.0(21.4845)  1196.7(21.4430)
SHAFT RPH -197.0 -145.9 -196.2 -199.9(21,4452) -145.9(21.4845)
BOTH ENGINE SHP 2271.8 1946.2 2109.0 1946.2(21.4845)  2271.8(21.4430)

AVE. SHAFT RPM -192.8 -192.1 -194.9(21.4735)  -147.8(21.4845)

STEER RUDDR(DEG,PORT+) 3.

3.3 3.2 3.0(21,4434) 3.3(21.4710)
FLANK RUDDR(DEG,PORT+) =3

1
3 =7 . -.7(21.4832) -.2021.4458)

DRIFT(DEG,RES+ON PORT) 151.7221  -178.7330 ~72,4860 =179.9707(21.4731) 179.7266(21.4730)
YAW RATE(DEG/SECOND) -.5373 L0592 0258 -.5373(21.4430) .2825(21.4516)
YAW ACCEL (DEG/SEC/SEC) 0073 L0079 .0023 -.0491(21,4528) L0816(21.4440)
XY ACCEL(FT/SEC/SEC) . 2540 L0318 L2169 .0180(21.4602) .5594(21.454%)

*% Tow Executing Crash Stop *#
SUMMARY TIMES(HH.MHSS) START=21.4900

COORDINATES(FEET): X,START Y,START ’ ACTUAL DIST.
P.H. ANTENNA 50068.1 43588.5 48641 .1 43827.2 1804.7
BOW  ANTENNA $50982.8 43644.3 49804.7 435435.3 1200.3
CENT. GRAV. 50575.5 43619.4

PERFORMANCE STATISTICS: START AVERAGE  MINIMUN(CHH.MNSS) MAXINUM(HH.MNSS)

VELOCITY D.G.(FPS) 12.2551 1.5722 8.2005  1.2209(21.5229) 12.2351(21,4900)
(MPH) 8.3558 5.5912 .B8324(21.5229)  0.3558(21.4900)

PORT ENGINE SHP * ¥ * * -

SHAFT RPH 58.7 187.0 179.7 58.7(21.4900) 193.1(21.492%)
STBD ENGINE SHP * » - * -

SHAFT RPN 66.9 169.0 163.0 66.9(21.4900) 174,0021,5033)
BOTH ENGINE SHP » * - * -
AVE. SHAFT RPH 62.8 178.0 171.3 62.8(21.4900) 181.6(21.4922)

STEER RUDDR{DEG,PORT+) 3.3 3.4 3.3 3.1(21.5031) 3.4(21,5054)
FLANK RUDDR(DEG,PORT+) e =7 =7 ~.8(21.4117) =.5(21.503%)

DRIFT(DEG,RES+ON PORT) =176.1358 -98.3062 -179.9392(21.5113) 179.9647(21.4939)
YAW RATE(DEG/SECOND) L0191 -.0973 ~,0812 -.3395(21.5204) 2474215219
YAW ACCEL(DEG/SEC/SEC) ~.0156 -.0149 -.0006 -.0549(21.5158) L0627(21.5213)
XY ACCEL(FT/SEC/SEC) L0574 L6345 .3844 0099(21.4510)  2.3105(21,5212)

* No SHP Data.
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X. DATA PROCESSING ACTIVITIES

This section of the report describes the computer processing and
related activities required to transform the tow test data collected
during the Exxon trials into logical records for evaluating tow and
waterway interactions. The methodology employed by RMSA was to deve-
lop a list of tow performance parameters which would be measured or
calculated during the Exxon tow trials, field'survey, or data reduction
tasks of the study. This list of performance variables, given in Table
10.A, was based on the test data developed during the November 1976
Exxon trials [1]. ' :

The majority of performance data was generated from the Miniranger
ranges obtained as described in Section 4.4. Of the 42 variables shown
in Table 10.A, 24 of them were obtained directly from the Miniranger
data. The range data were also the only data kept as originally re-
corded (except for editing) as part of the final computer files on
tow trial performance. Rudder angle voltages obtained by RMSA as des-
cribed in Section 4.1 were converted to degrees for inclusion in the
data base. Shaft revolution voltages were adjusted to reflect voltage
to RPM ratios different from that specified by the manufacturer. Cur-
rent, depth, and distance off data were included by combining published
survey data with the data obtained by RMSA during the current measure-
ment activity described in Section 3.3.

Prior to the data reduction activity, the times recorded by RMSA
and Exxon were compared and discrepancies rationalized. Of major
concern was the time relation between the SHP measurements and the
Datalogger shaft tachometer voltage recordings so that the more
accurate measurements could be used to normalize RMSA's more frequent
recording of shaft tachometer voltage.

Key event times such as the time when abeam the straight course
range markers, were independently recorded by the participants and of
congiderable use after the tests in correcting for the different clock
error rates of the two Miniranger units and Datalogger.
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The remaining sections describe the specific activities required
to provide values for the 42 performance variables given in Table 10.A.
In order to put the magnitude of this activity in perspective, Tables
10.B and 10.C 1list the data files developed from the two Exxon tow
tests. The EXXON NASHVILLE tests shown in Table 10.B spanned 2 days,
covered over a dozen types of tests, and resulted in 19 data files
with over 43 hours of dynamic parameter data. The EXXON LAKE CHARLES
because of its slower speed, made fewer test runs but generated over
90C more seconds of data. 3

10.1 Range Measurement Data Processing

The most critical portion of the data processing activities re-
lated to the reduction of the range data recorded during the trials
into smoothed X, Y coordinates. To accomplish this, the processing
sequence shown in Figure 10.a was employed using computer algorithms
to perform the necessary computations. This section discusses the
statistical and analytical considerations employed to transform the
raw range data into a second-by-second mapping of tow positions and
attitudes. Examples of the resulting computerized data are given in
tppendix F which contains a listing of the 42 variables generated dur-
ing Run 1, Part 2 (Table 10.B) of the EXXON NASHVILLE trials. The
listing is given at 30 second intervals so as to fit on four pages.

Figure 10.a shows two large blocks on the left indicative of the
effort required to provide an ordered array of range data indexed ac-
cording to the time and test number of each trial run. The first block
rortrays the manual editing procedures taken to prepare the recorded
range measurements for data entry and computer storage prior to analy-
sis. The second block indicates the on-line editing procedures required
to check the computer data, correct errors, and monitor processing
activities.
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A series of twelve numbered blocks follow which describe the
algorithmic sequence of the calculations. The critical nature of this
processing sequence ig demonstrated by the fact that four range mea-
surements from the trials generated numeric values for 12 dynamic
parameters which describe tow motions. Figure 10.b lists and describes
the parameters computed from the initial range measurements together
with the associated Table 10.A variable number.

The range processing sequence and underlying rationale was pat-
terned after the methodology used to process data in the first Exxon
test [1]. Generally, the data were manually edited to discard ob-
viously bad range values. The valid data were then entered into the
computer and then smcothed using a linear least-square regressions.
The initial smoothing usually resulted in a standard error for the
sample of between 1 and 2 meters. After the X, Y antenna coordinates
were calculated, the linear smoothing regression usually resulted in
standard errors between 1 and 2 feet. Subsequent linear regressions
fitted the X, Y values against time with the first differential gen-
erating coordinate velocity. The slope of the linear regression line
fitted to the coordinate velocity became tow acceleration. As a re-
sult of using this technique, the velocity and acceleration data are
instantaneous values and can be used later as part of integral ex-
pressions to describe tow behavior.

10.2 Horsepower, Rudder, and RPM Data Processing

The horsepower data were tabulated at about 1 minute intervals and
provided after the tests. These SHP values were inserted into the data
base at the corresponding second of time based upon the measurement tech-
nique used during the trials (See Section 4.3). The RPM values fur-
nished to RMSA were used to normalize the Datalogger voltages recorded.
That is, the first RPM value measured during a given test run segment
was used by RMSA to calibrate the average voltage recorded during the
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ensuing minute - usually 16 values for each shaft. The actual volt-
ages recorded during the trials for RPM were entered into the data
base. These values were then adjusted by multiplying by the RPM/

4 voltage calibration fraction.

The rudder angle voltages were similarly entered into the program
as voltages and then became the independent variable for the equations
given in Table 4.A, page 36. A nominal smoothing linear regression
equation was used to fit 3 points and calculate intermediate values.

Tested SHP values which were entered into the data base were
fitted to three points and used to compute intermediate SHP values.
Where the data base extended outside of the test measurements, a limited
amount of extrapolation was done. However, where extrapolation did
not fit the known test circumstances, the SHP variable was left at
2ero.

10.3 Current, Depth, and Distance Off Calculations

The waterway profiles and current tests described in Section 3.3
form the basis for current, depth, and distance off bank values entered
into the data base. The X,Y coordinates for the bow and pilothouse
antennas were used to place the tow at one of the river cross-sections
(A through N) from which the depth at that point, distance to each
bank, and current velocity were measured. These values were then inter-

1 polated between cross-sections by fitting 3 points to a polynomial and
calculating intermediate values as a function of time. Where too few
cross~-section data could be developed, constants were entered.

It should be noted that although this method only approximates
depth, width and current effects along a tow's path, the Batan Rouge
area would be difficult to model more definitively because of the
numerous structures and contour irregularities.
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Variable

Number

O OO\ W N

e o N e
O FWN O

17

18

19
20
21

22

23

24

25
26

Table 10.A

Tow Performance Variables

Variable Description
Pilothouse antenna range, Miniranger channel A, meters
" " g i 3 channel B, .
Bow antenna range, Miniranger channel A, meters
= * Lt . channel B, *
Ad justed pilothouse range, channel A, meters
" il " , channel B, meters
3 bow range, channel A, meters
3 2 * , channel B, meters
Geographic X position of pilothouse antenna, feet#
. 5 4 " - ” » , feet#*
Geographic X position of bow antenna, feet*
" Y " " " " ; feet®*
Geographic X position of tow center of gravity, feet*
" Y " " " " " " 3 feet#*
Tow heading, Y/ , degrees*
Tow velocity at center of gravity, X direction, X, feet/
second
Tow velocity at center of gravity, Y direction, ¥, feet/
second
Resultant velocity at center of gravity, U, U2=X2+%2,
feet/second
Yaw rate, d/. degrees/second*
Drift angle, B8 , Sin-1 (-X/U), degrees
Tow acceleration at center of gravity, X direction, X,
feet/second/second
Tow acceleration at center of gravity, Y direction, ¥,
feet/second/second
Resultant acceleration at center of gravity, ¥2+Y2, feet/
second/second
Yaw acceleration.q} , degrees/second/second
Steering rudder angle, 8 , degrees, positive to port
Flanking rudder angle, 8y , degrees, positive to port
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27
28
29
30
3
32
33
34
2
36
37
38
39
Lo

41

L2

Table 10.A (continued)

Port engine shaft horsepower, SHP

Port shaft revolutions per minute, RPM#*#*

Starboard engine shaft horsepower, SHP

Starboard shaft revolutions per minute, RPM¥*#

Total shaft horsepower, SHP

Average shaft revolutions per minute, RPM#**

Current velocity at stern, X direction, Xc, feet/second

¥ e PLeR e B o Y
. " " bow, X direction, X, feet/second
. b " 5, . Y "t ’ YC’ 4 / f
Depth of water at stern, feet
e - " " bow, feet

Pilothouse antenna distance off west or south bank, feet
" " " "

east or north i i
Bow antenna distance off west or south bank, feet

" " " " east or north bank, o

* Based upon a Lambert Plane Coordinate grid, Lambert

grid positive Y, assumed as true north. Variables

are transormed with X being positive north. (Lambert

Y minus 6x105 feet) and Y being positive north. (Lambert
minus 2 x 105 feet). The Z axis (depth) positive down.
Rotation positive clockwise about Z axis.

Shaft revolutions per minute, RPM, are positive ahead
and negative astern.

*%
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A AR
itiirs | [ e
Height CGX, Y
Differences Coordinates
Y ¥
Manually Edit, Smooth Compute
Collate and Enter Transponder X, Y Velocity
Range Data Range Data At GG
(2 ¥
Compute Smooth
Manual X, Y Antenna Xy X
4::? Coordinates Velocities
] : :
Smooth Compute
s bl o3 P. H. And Bow X, ¥
Coordinates Acceleration
v ¥ ¥
Edit and Test Compute Compute

Computerized True Heading Drift Angle
Data And Yaw Rate
¥ T
Compute vcimPUte
elocity
06 X, X Acceleration
Coordinates Resultant
I
Figure 10.a Range Measurement Processing Sequence
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TablelO.A Table 10.A
Variable variable
Input _Number Output
ot . §1’§2'§3'ﬁh 5! 6, 7, 8
: Rl 1 Range e XP.YP.XB,YB 9.10,1;,12
o Rz 2 M Measurement p o V¥, ,,, ,g; 15,19, 24
s . pii';’i’“i” * XgiXerXe 13,16,21
. RLI» L PR ° YG'YG'Y.G 11"_,17.22
(See Figure 10.2) . Hill, 0 20,18,23
Description
= time(seconds)
= Range(meters) between antenna and transponder
= Geographic north-south axis, positive northward(feet)
= s east-west axis, positive eastward(feet)
= dx/dt = velocity(feet/second)
= dY/dt = LA " )
= d2X/d1:2 = acceleration(feet/secondz)
a%y/at? = " .. )

1}

true heading angle of the tow(degrees)

dy¢ /dt = yaw rate(degrees/second)

d2¢'/dt2 = angular acceleration(degrees/second2)
(Xz + Yz) = resultant velocity(feet/second)

(X% + YZ)% = . acceleration(feet/secondz)

drift angle(degrees) measured from U to the tow's heading,
positive clockwise

N R

WS E s &P g R o
i

Notation
B, subscript denoting bow antenna
) X n pilothouse antenna

G, L = center of gravity
~, denotes revised or smoothed value

Figure 10.b Computed Tow Parameters
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Shapes

APPENDIX A
EXXON NASHVILLE TEST SEQUENCE

RUN 1 (11-8-77) UPSTREAM - FULL POWER STRAIGHT COURSE - HALF POWER

14:27:18
14134426
1414112

14148147
14:52113
15:00:15

15:107:53
15:09:01
15:111:31

TURN - CRASH STOP

Pilothouse abeam South Range nark.
" Mid »
" s Noptl " -
Reduced speed for half {ower turn.
Pilothouse abeam 190 BS dge.
Pilot placed rudder 15Y to port. .
Pilot began steering as current caught bow of tow. Began
to accelerate for full power upstream stop.
Preparing for crash astern.
Began crash astern.
Tow apparently dead in water.

RUN 2 (11-8-77) DOWNSTREAM - HALF POWER TURN - FULL POWER STRAIGHT

15136141 Began downstream run around bend with engines at 590 RPM.
Various rudder angles used.

15:45:38 Turn completed. Began accelerating for full power run,

15:52:28 Pllothouse abeam 190 Bridge.

15:55:148 "  North Range mark.

16:00:05 . » Mid "

16104132 - o South "

16:05:29 Began crash stop.

16109:30 Tow apparently dead in water.

RUN 3 (11-8-77) UPSTREAM - 3/4 POWER STRAIGHT COURSE - HALF POWER

TURN

16159156 Started recording trial run data.

17:12:12 Pilothouse abeam Scuth Range mark.

17:20:113 - Mid »

17127141 . " North o a*

17136124 " " 190 Bridge.

17:22:28 Pilot put rudder 15° to port.

17:44:28 Pilot stopped turn maneuver due to traffic in bend. Various

COURSE - CRASH STOP

rudder and engine maneuvers used as the tow was maneuvered
clear of second tow downbound in the channel.
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EXXON NASHVILLE TEST SEQUENCE (cont.) !

RUN &4 (11-8-77) DOWNSTREAM - CONTINUOUS HALF POWER RUN - AROUND ;
BEND - STRAIGHT COURSE 5

18:50:17 Began downstream run with 555 RPM on starboard and 580 RPM
on port engine. Various rudder angles used around bend.
19:13:27 Pilothouse abeam North Range mark.
19:18:46 3 i Mid o »
19:24:116 » ¥ - South . " "
- - Tests secured after completing course due to rain.

RUN_A (11-9-77) DOWNSTREAM - FULL POWER ASTERN - CRASH STOP

09:28:05 Began recording tow position with pilothouse miniranger
unit. Engines and tow moving full astern.

09:31:23 Began crash stop. :

09:31:53 Engines put ahead.

09:33:17 Tow apparently dead in water.

- - A steady speed, full power astern run was made at the start
of the tests to determine the power developed astern. Only
the pilothouse miniranger unit was employed to track the
tow. After the tow had reached a steady astern speed, the
engines were brought ahead to see how rapidly the tow could
be brought dead in the water.

RUN 5 (11-9-77) UPSTREAM - FULL POWER ZIG-ZAG - HALF POWER TURN

10:05:46 Began accelerating for upstream zig-zag test.

10:16:49 Pilothouse abeam South Range mark - 100 to starboard.

10317:55 10° left heading achieved - rudder put 10° to starboard.

10:20:56 10° right " " - " " %« 5ort,

10:23:46 100 left . * - » ®ooomC W starboard.

- 10:125:03 Pilothouse abeam Mid Range mark.

10:26:143 100 right heading achieved - 10¢ left rudder used to bring
tow to original course.

10:32:30 Pilothouse abeam North Range mark.

e A - S{eed reduced for half power for turn.

10341117 Pilothouse abeam 190 Bridge.

10:43:30 Pilot put rudder 15° to port.
- - About 55° of the turn were completed before the tow was
out of shape and rudder and engine maneuvers were required.
10:59:08 Test run ended.




EXXON NASHVILLE TEST SEQUENCE (cont.)

RUN 6 (11-9-77) DOWNSTREAM - HALF POWER TURN - FULL POWER ZIG-ZAG -
CRASH STOP

11:41:56 Began half power downstream turn using approximately 565 RPM
and variable rudder.

11:51:24 RPM increased as tow cleared bend.

11:55:49 Pilothouse abeam 190 Bridge.

12:00:41 Pilothouse abeam North Range mark - rudder put 10° to port.

12:02:30 Not quite 10° left heading achieved as _traffic on port side
required course change. Rudder put '10° to starboard.

12:05:03 109 right heading achieved - rudder put 10° to port.

12:05:09 Pilothouse abeam Mid Pange mark.

12:08:16 100 left heading achieved - rudder put 10° to starboard.

12:09:52 Pilothouse abeam South Range mark.

12:10:28 Began crash stop.

12¢15¢23 Tgw apparently dead in water - EXXON NASHVILLE tests com-
P eted.
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APPENDIX B
EXXON LAKE CHARLES TEST SEQUENCE

RUN A (11-10-77) DOWNSTREAM - FULL POWER ASTERN - CRASH STOP

21:43:42 Beginning astern run,
21:48:45 Engines put ahead,
21:52:20 Tow apparently dead in water - test stopped.

RUN 1 (11-10-77) UPSTREAM - FULL POWER STRAIGHT COURSE - HALF POWER
TURN - CRASH STOP

22119:12 Began accelerating for upstream run.
22132:09 Pllothouse abeam South Range mark.
22:40:32 o Mid "
22:48:15 " ¥ Noxrth * »

- - Slowed for half power turn.
22:58:59 Pilothouse abeam 190 Bridge.
23:03:30 Began steady turn using 15° port rudder.
23:18:26 Over 90° of left turn completed. Tow began to accelerate

to full ahead for crash stop.

23:128:21 Began crash stop.
23:31:11 Tow apparently dead in water.

RUN 2 (11-10-77) DOWNSTREAM - HALF POWER TURN - FULL POWER STRAIGHT
COURSE - CRASH STOP

23:57:40 Half power turn underway using variable rudder and constant
throttle.
00:107:42 Pilothouse abeam 190 Bridge. Began accelerating for full
power run.
' 00:13:19 Pilothouse abeam North Range mark.
- 00:117:46 o o Mid 2

00u2212b " by oL o S ”
00:23: Began crash stop.

00:31: 19 Tow apparently dead in water - test stopped.

RUN 3 (11-11-77) XﬁSTREQM - CONTINUOUS 3/4 POWER STRAIGHT COURSE
D TURN

01:28:00 Began recording data.
01:35:57 Pilothouse abeam South Range mark.

01:45:41 " Mid " : ;
01:54:37 i 8 North * &

02:05:05 % ¥ 190 Bridge.

02:09:26 Pilot put rudder 15° to port - constant throttle.

02:20:50 Began rudder movements - constant throttle.

02122100 Turn ended. i

PO
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EXXON LAKE CHARLES TEST SEQUENCE (cont.)

RUN 4 (11-11-77) DOWNSTREAM - 3/4 POWER TURN - HALF POWER

STRAIGHT COURSE

03:00:00 Began downstream turn at 3/4 power using 665 RPM on port
and 648 RPM on starbgard engine.

03:04:30 Tow in turn using 10° to 20° right rudder and constant
throttle.

03:13:33 Pilothouse abeam 190 Bridge. Power reduced to half throttle
(580 RPM port, 585 RPM starbnard).

03:19:36 Pilothouse abeam North Range mark,

"

03:25:14 L . "
03:30:56 " * . South - " i
- - Tow data recorded until pusher joined bow of tow well south

of I-10 Bridge.
RUN 9 (11-11-77) UPSTREAM - FULL POWER ZIG-ZAG

'ou:38:19 Began upstream run.

04:51:02 Pi%othouse abeam South Range mark. Rudder put 10° to port.
04:52:21 10  left heading achieved - rudder put 10" to starboard.
Olkd554310 o wight - = - N . » * port.
04:58:03 " 1left o v i, A b - " starboard.
05:00:18 Pi%othouse abeam Mid Range mark,
05:00:46 10° right heading achieved - rudder put 10° to port.
05:03: 44 e lett i s - w i i " starboard.
05:0€:122 o right > oy - 5 ¥ o * port.
05:09:08 Pilothouse abeam North Range mark.

- - Test completed and tow turned south of 190 Bridge.

RUN 6 (11-11-77) DOWNSTREAM - FULL POWER ZIG-ZAG - CRASH STOP

- - Tow backed upriver to allow for acceleration into full
power downstream zig-zag run. Data recorded during backing
and acceleration. "

05: 5454 Pi&othouse abeam North Range mark - ruddep put 10~ to port.

05:56:31 10" left heading achieved - rudder put 10° to starboard.

05:59:17 v right » % - zig-zag test abandoned due to
anchored vessels in path of tow. Tow straightened on course
and test continued as full power straight course run.

06:04:47 Pilothouse abeam South Range mark.

06304155 Began crash astern,

06111:11 Tow apparently dead in the water. EXXON LAKE CHARLES tests
completed.
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DATE

TEST
RUN

TIME

APPENDIX C
EXXON NASHVILLE SHAFT HORSEPOWER MEASUREMENTS

PORT ENGINE

SRPM

SHP

STBD.
SRPM

ENGINE
SHP

BOTH ENGINES

SRPM

SHP

11-§—7? %

11~

"
"
"

2 33 223223

8-77

2 3 2 2 3

P et et et e B B 0 B b B e e e et et R e et e e e e e

oD N

14:17:41
14:18:58
14:20:110
14221 s 44
14:22:58
143124504
14:25:20
14:27:18
14:27:23
14:28:36
14:29:30
14:30:44
14531:57
14:33:11
14:34:13
14:34:26
14:35:28
14:36:24
14:37139
14:38:40
14:39:56
1bsh1:12
14:41:20
14342122
144 8:49
14:49:58
14:51:54
14:53:104
14:53:58
14:55:08
14:56:10
14:57:19

‘1415811

14159131
15:09:00
15109331
15.09;3&
15:10:44

15137114
15:138:21
15139122
15340428
15141130
15¢42135

21315
214,00
213.57
213.00
213.00
213.00
213.00
213.00
213.00
213.00
213.00
213,00
213.00
213.00
213.00
212.88
212.43
212.00
212,00
212.00
212,00
212,00
212,00

166.00
165.62
165.00
165.00
165.00
164,00
164,56
165.00

1715.38
1712.79
1715.93
1720.02
1704.39
1690.26

211.05
208.70
206.47

20733

1699.03

1712.54
171312
1708.68
1705.47
1709.10
1712,68
1712.67
1712.66
1711.69
1707.86
1704,22
1700.20
1696.99
1700.40
1703.99
1704,17

784,67
785,11
785.83
782.49
779.91
798,65
815.39
843.78
866,11

208,00
208.00
208.00
208.31
208.32
208.51
208,72
209.9%
209.01
209.01
209.24
209.30
209.52
209.74
210.03
210.48
211.05
210.49
210.03

146,91
146.30
146.46
146,68
146,97
146.97
146.97
147.39
147.99

START AHEAD CRASH STOP

CLUTCH CHANGE FROM AHEAD

200,00

160,00
160.00
160.00
160,00
160.00
160.00

1708.96

861,06
840,97
822.39
816,82
811.50
797.13

192.33

134.77
135.01
13527
43527
135.27

1642.74
1616.81
1592.40
1594.75
1596.56
1596.59
1596.63
1599.12
1599.23
1200.;9
1605.53
1612.16
1612.20
1612,24
1617.53
1618.82
1623.88
1622,33
1620, 24
1623.74
1628.18
1628.11
1628.11
1628.04

502.66
510.44
517.00
529.51
545.43
557.93
571.85
566.95
559.89

1£07.26

505.26
471,02
L34 44
429,64
424,62

212.10
211.35
210.02
210.17
210.50
210.50
210,50

155.77
156.20

147.38
147.51
147.63
147,63
147.63

3358,12
3329,59
3308.33
3314.77
3300.95
3286,85
3295,66
3311.66
3312.34
3309 .46
3311,00
3321.27
332,88
3324,91
3330,20
3330:51

3332.10
3332.28

1287.78
1296.27
1299.49
1308.42
1344.07
1373.32
1415.62
1433.06

TO ASTERN MODE COMPLETED

1346.23
1293.42
1251.26
1241 .14
1221.75




EXXON NASHVILLE SHAFT HORSEPOWER MEASUREMENTS (CONT.)

TEST PORT ENGINE STBD. ENGINE BOTH ENGINES
DATE _RUN TIME SRPM SHP SRPM SHP SRPM SHP

11-8-77 2 15:43:38 160.00 783.42 135.27 433.65 147.63 1217.07
. 2 15:44 51 135.27  4hhL,29

15155:50 211.00 1732.87

15:157:00 211.50 1725.75 206,98 1583.87 209.24 3309.61

15:58:10 212,00 1718.67 207,49 1591.59 209.74 3310.26

1515919 212,51 1722.83 208.00 1599.32  210.26 3322.16

16:00:05 212.87 1725.67 208,00 1599.35 210.43 3325.02

16:00:25 213.00 1726.76 208.00 1599.36 210.50 3326.11

16:01:34 213.00 1722.73 208.00 1599.39 210.50 3322.12

16:02:37 213.00 1719.11 208.96 1606.81 210.98 3325.92

16:03:46 213,00 1723.03 210,03 1615.07 211.51 3338.09

16:04:32 213,00 1725.80

16:04:52 213.00 1726,.72

16:05:29 START CRASH STOP

16:05:59 CLUTCH CHANGE FROM AHEAD TO ASTERN MODE COMPLETED

16:06:35 195.00 1570.35

16:07:36 197.09 1622.89 193.25 1533.73 195.17 3156.62

16v0B:31 '199.00 1671.67

16:09:30 NEAR END OF CRASH STOP

"

17:00:21 198,00 1402.33

17:01:31 198.00 1388.36 190.71 1213.75 194.35 2602.11
17:02:40 198.00 1374.59 190.47 1218.75 194.23 2593.34
17:03:57 198.00 1374.54 190.20 1224.23 194.10 2598.77
17:105:03 198.00 1374.49 190.20 1223.11 194.10 2597.61
17:10:55 198.00 1374.26 190,20 1217.16 194.10 2591.42
17:12:12 198.00 1374.20 190.20 1210.46 194.10 2584.66
17:12:15 198.00 1374.20 190.20 1210.19 194,10 2584.39
17:13:36 198.00 1365.14% 190.20 1203.14 194.10 2568.27
17:14:17 198,00 1360.66 190.20 1198.50 194,10 2559.16
17:15:35 198.00 1372.75 190.20 1189.29 194.10 2562.04
17:16:29 198.00 1381.12 190.63 1189.05 194.31 2570.18
17:17:45 198,00 1384.58 191.22 1188.71 194.61 2573.28
17:18:54 198,00 1387.75 191.47 1186.74 194,73 2574.49
17:20:05 198.00 1383.75 191.72 1184.69 194.86 2568.45
17320315 198000 1383019 191072 1185-78 1914’- 86 2568|97
17:20:56 - 198,00 1380.94 191.72 1190.10 194.86 2571.04
17:22:14 198,00 1374.10 191.72 1198,54 194.86 2572.65
17:23:35 198,00 1367.01 191.46 1196.83 194.73 2563.84
17:24:50 198,57 1378.88 191.22 1195.27 194.90 2574.15
17325345 199,00 1387.72 191.43 1196.51 195.21 2584.23
17:27:04 198.44 1383.55 191.72 1198.26 195.08 2581.81
17:27:46 198.14 1381.31 191.72 1202.63 194.93 2583.93
17:28:05 198.00 1380.29 191.72 1204.60 194.86 2584.89
17:129:16 191.72 1211,.98

17:37:42 170.46 856.96 161.21 663.83 165.83 1520.80
17:38:28 170.13 849.33 161.21 679.61 165.67 1528.94
17:38:46 170.00 846,35 161.21 685.79 165.60 1532.1
17139358 170.00 855.97 161.21 710.17 165.60 1566.1
17:40:59 170.00 864,23 161.21 726.30 165.60 1590.53
17142110 161,21 745.10

WLWLWLWLWLWWLWWWWWWLWLWLLLWLLLWLLWLWLLWLWLWWLWWWWWWW WD DNDND NN
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EXXON NASHVILLE SHAFT HORSEPOWER MEASUREMENTS (CONT, )

TEST PORT ENGINE STBD. ENGINE BCIH ENGINES
DATE _RUN _ TIME SRPM SHP SRPM SHP SRPM SHP

11-8-77 4 18:55:44 163,50 811,68

" 18:56:57 163.50 827.39 158.67 712.50 161.08 1539.89
18:57:57 163.50 840.29 158.67 709.82 161.08 1550,11
18:59:06 163,50 823.99 158.67 706.73 161.08 1530.72
19:00:00 163,50 811.24 158.67 704.30 161.08 1515.54
19:01:18 163.27 823.18 158.67 700.84 160.97 1524,02
19:02:49 163,00 837.26 158.37 716.29 160.69 1553.55
19:03:54 163.26 829,86 158,16 727.28 160.71 1557.15
19:04:56 163,50 822.79 157.92 726.07 160.71 1548,.86
19:06:05 162.89 803.48 157.65 724.72 160.27 1528.20
19:07:45 162,00 775.71 157.65 711,11 159.82 14B86.82
19:08:54 162,60 781.68 157.65 701.71 160.12 1483.40
19:09:40 163.00 785.68 157.65 695,05 160.32 1480.72
19:10:53 162.84% 779,48 157.65 684,49 160.25 1463.97
19:13:27 162.50 766,44 157.65 692.16 160.08 1458.60
19:113:29 162.50 766.27 157.65 692,25 160.07 1458.52
19:14:38 162.79 767.60 157.65 695,69 160.22 1463.29
19:15:28 163.00 768,56 157.65 688,50 160.32 1457.06
19:16:37 163.00 768.52 157.65 678,58 160.32 1447.10
19:17:43 163,00 768.49 157.41 677.50 160.21 1445.99
19:18:47 162,79 767.46 157.19 676.48 159.99 1443.94
19:19:00 162,74 767.24 157.1h 676,27 159.94 1443.51
19:20:13 162,50 766,05 157.39 677.28 159.94 1443.32
19:21:30 162.24 764,79 157.65 678.34 159.95 1443.14
19:22:43 162,00 763.61 157.65 661,45 159.82 1425.05
19:24:17 162,95 764.33 157.65 639.68 160.30 1404,.02
19:24:22 163,00 764.37 157.65 638.53 160.32 1402.90
19:25:12 163,50 764.74 157.65 647,44 160.57 1412.18
19:27:132 157.65 672.42

9:25:34 217.00 1875.83 2

9326134 217.33 1848,23 212,00 1732.78 214.67 3581.01
9:28:34 218,00 1792.76 214,00 1687.72 216.00 3480.48
9:31:23 START ASTERN CRASH STOP

9:31:53 CLUTCH CHANGE FROM ASTERN TO AHEAD MODE COMPLETED
9:33:19 ASTERN CRASH STOP COMPLETED

L1-9'FY

e FFFEFEFEFEFEFEFFEFEESEEFEEEFEEFEEEEEERFE

10:10:16 211,00 1723.22 ;

10:11:29 211,00 1723.02 208.00 1615.58 209.50 3338.61
10:12:41 211.00 1722.84 208.52 1627.35 209.76 3350.18
10:13:51 211.00 1715.82 209.00 1638.33 210.00 3354.14
10:15:04 211,00 1708,50 210.19 1641.56 210.59 3350.06
10:16:52 211.58 1708.80 212.00 1646,39 211.79 3355.19
10:18:13 212,00 1709.00 212.00 1646,32 212.00 3355.33
10:19:22 212,49 1724.12 212.00 1646.26 212.24 3370.39

wmnnibnbnlbniain
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DATE

EXXON NASHVILLE SHAFT HORSEPOWER MEASUREMENTS (CONT.)

TEST
RUN

TIME

PORT ENGINE

SRPM

SHP

STBD.
SRPM

ENGINE
SHP

BOTH ENGINES

SRPM

SHP

11-9-77 5

"

wmnnnnnnbinrnnnnnin bl iniinin

(oo Yo e Vo Vo Vo Vo e Ne No Vo No Mo Yo Yo Yo Yo Vo No Yo N

10:20:36
10:21:52
10:23:06
10:25:07
10:26:22
10:27:31
10:28:52
10:30:05
1013122
10:41:23
10:42:36
10:43:57
10:45:09
10:46:27
10:47:40
10:49:01
10:50:10
10:51:24
10:52:41
10:53:58
10:54:34
10356134
10:57:34

11:45:13
11:¢46:30
11:47:43
11:48:52
11:50:09
11:51:24
11:57:08
11:59:00
12: Os:l4l
12: 1:09
1252422
12: 3:39
12: 5100
12: 5:09
12: 6105
12: 7:21
12: 8138
12: 9152
12:10:28
12:10:58
12115123

213.00
214,54
216.00
212.88
211.00
211.93
213.00
219,89
212.00
165.00
165.00
165,00
165.00
165.00
165.47
166.00
166.00
166.00
165.50
165.00
165.00
165,00

166.00
167.00
167.48
168.00

212.00
212,00
212.00
212.00
212.00
212.00
212.14
212.93
214.00

1739.96
1744,66
1749.00
1728.26
1715.69
1726.80

1739.58

1732.00
1724,.21
759.84
776.51
795.01
795.01
795.01
808.24
823,01
850,68
880.34
825.86
771.68
771.58
771.38

811.50
853.31
892.62
919.98

1725,14
1728.75
1729475
1732435
1728,70
1724,76
1725.89
1732.13

211.03
210.00
210.37
211.00
209.97
209.00
209.52
210.00

167.00
167.00
167.00
167.52
168.00
168,27
168.50
168.74
169.00
168.46
168,00
169,00

167 ° Ll»9
167.00
167.00
167.00
207.00
209.76
211.39
213,00
213,00
213,00
210.23
209.88
208.00
208,00
208.00

ABEAM SOUTH RANGE MARK
START CRASH STOP

CLUTCH CHANGE FROM AHEAD
CRASH STOP COMPLETED

1642.32
1638.12
1635.34
1630,67
1626.53
1622.57
1626.54
1630.21

807.61
807.62
807.62
841.26
872.90
874.31
875.52
888.50
902.07
863.51
830.21
837.45
841.07

791.64

826,24

859.18

877.59
1609.91
1627.91
1638.48
1648.91
1652.60
1656.40
1626.26
1622.57
1602.24
1602.17
1602.11

212,01
212.27
213.19
211.9%
210.49
210.47
211.26
211.25

166.00
166.00
166.00
166.26
166.74
167.13
167.25
167.37
167.25
166.73
166.50
166.83

167.26
167.24
167.24
167.50

210.88
211.70
212.50
212.50
212.50
213.11
211.01
210,46
211,00

3382.27
3382.78
3384.33
3358.93
33k42.21
3349.38
3366.13
3362.21

1584.11
1602.62
1602.63
1636.27
1681.13
1697.32
1726.19
1768.85
1727.92
1635.19
1601,78
1608.83

1644,94
1718.86
1779.16
1827.88

3353.05
3367.23
3378.66
3384.96
3385.10
3351.02
3348.46
3334.37
3342.82

TO ASTERN MODE COMPLETED

e — -
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APPENDIX D
EXXON LAKE CHARLES SHAFT HORSEPOWER MEASUREMENTS

TEST PORT ENGINE STBD. ENGINE BOTH ENGINES
DATE _RUN _ TIME SRPM SHP _SRPM SHP SRPM SHP

11-10-77 A 21:43:42 START BACKING DOWNSTREAM ASTERN AT MAXIMUM POWER
" 2145130 188.50 1075.09

21345:46 189,25 103%.93 19%.00 1139.79 191.62 2174.73

21:147:02 190.00 994,47 193.36 1083.21 191.68 2077.68

21 147 bkt 193,00 1052.08

21148145 START ASTERN CRASH STOP

21:49:10 CLUTCH CHANGE FROM ASTERN TO AHEAD MODE COMPLETED

21152120 CRASH STOP COMPLETED

22:244101 200.00 1290.34

22125114 200.00 1287.41 190.0C 1117.74 195,00 2405.15
22126126 200.00 1284.52 191.04 1130.00 195.52 2414.53
22127132 199.53 1276.06 192.00 1141.,31 195.77 2417.36
22328148 199.00 1266.33 192.00 1135.59 195.50 2401.92
22330:04 199.00 1251.87 192.00 1129.88 195.50 2381.74
22:31:16 199.00 1238.17 192.00 1130.02 195.50 2368.19
22:32:47 199.00 1221.04 192.00 1130.20 195.50 2351.24
22133152 199.00 1208.79 192.47 1133.06 195.74% 2341.85
22135105 199.00 1208.73 193.00 1136.26 196.00 2345.00
22136114 199.00 1208.68 193.00 1136.41 196.00 2345.09
22137122 199.48 1223.11 193.00 1136.55 196.24 2359.66
223138135 200.00 1238.66 193.49 1139.42 196.74 2378.08
22:139v51° 199,02 -1229.90 19%.00 1142.41° 196.51 2372.31 ° |
22:41:10 198.00 1220.83 193.47 1139.45 195.73 2360.28 |
22:42:20 198.45 1218.45 193.00 1136.83 195.73 2355.28

22143144 199.00 1215.55 193.55 1140.17 196.27 2355.72

22:144:53 198.51 1209.77 194,00 1142.92 196,26 2352.69

22146406 198,00 1203.68 194,00 1143.05 196.00 2346.73

22148141 194,00 1143.33

22¢58:01 156,00 570.73

22:59:18 156.00 570.69 158.00 587.54 157.00 1158.23

23:00:45 156.00 570.66 158.64 611.29 157.32 1181.95

23:01:58 156,00 582,16 159.00 634.52 157.50 1216,68
23103110 156.00 593.52 158.54 632.85 157.27 1226.36
23104123 156,00 588.75 158.00 630.87 157.00 1219.61
23:105:46 156.00 584,78 158.00 637.86 157.00 1222.65
23107302 156,00 587.14 158.00 645.34 157,00 1232.48
23108114 156,00 589.38 158.50 647.44 157,25 1236.82
23109127 156.00 602.67 159.00 649.58 157.50 1252.24
23110343 156,00 616.93 158.49 672.11 157.24 1289.04
23111156 156,49 600.95 158.00 693.58 157.25 1294.52
23113:08 157.00 584,52 158.00 660.99 157.50 12%5.20
2311424 156,52 582,83 158.00 626.58 157.26 1209.41
23115148 156.00 580.96 158.00 629,14 157.00 1210.10
23117105 158,00 631.49

"
"
"
"
"
"

11-10-77

"
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EXXON LAKE CHARLES SHAFT HORSEPOWER MEASUREMENTS (CONT.)

| TEST
DATE _RUN _ TIME

PORT ENGINE STBD.ENGINE
SRPM SHP SRPM SHP

BOTH ENGINES

SRPM

SHP

11-10-77 1 23:28:21
" 23128:46
23131:11

23154211
23155:30
23156144
23:58:01
23159:15
00:00:35
00:01:56
00:03:08
00:04:20
00:05:33
- 00:106:53
00:10:32
00:11:52
00:13:23
00:14:35
00:15:48
00:17:01
00:18:18
00:19:34
00:20:50
00122106
00:23143
00:24:08
00:31:19

01:31:39
01:32:52
01:34:05
01:35:59
01:37:09
01:38:18
01:39: 34
01:40:47
01:42:00
01:43:10
0l:l44:27
01l:45:36
01:46:49
01147358
01:49:14
01:50:34
01151155
01:53:15

=

; 11-10-77

11-11-77

"
L1
"
"
"
"
"
“w
n
"

WWWLWWWWWLWLWLWWWLWWWWWWWW DN DN D NN

START CRASH STOP

CLUTCH CHANGE FROM AHEAD TO ASTERN MODE COMPLETED

CRASH STOP COMPLETED

152.00 585,94
152.26 577.81 159.50 673.90
152.50 - 520.17 159,70  675:10
151.99 584,16 160.00 656,80
151450 597.50 159.76 . 679.13
150.75 594.76 159.50 703.19
150.00 591.98 159.50 718.57
150.00 578.88 159.50 732.24
150.00 565.78 158.75 705.08
150,00 559.62 158.00 = 677.77
150,00 552.87
199.00 1298.27 START DOWNSTREAM
199,00 1276.86 190.00 1126.02
199.00.  1252.51 < 19Y.67 - 1136.12
199,25 1253.87 193.00 1144.12
199.50 1255.24 193.00 1147.11
199,50 1246.73 193.00 1150.09
199,50 1237.77 193.50 1150.27
198,75 1218.59 194,00 1150.44
198.00 1199.53 194,00 1150.54
194,00 1150.64

155.88
156.12
155.99
155.63
155.13
154,75
154,75
154,38
154,00

AHEAD AT MAX.POWER

194.50
195.34
196,12
196.25
196.25
196.50
196,37
196.00

START AHEAD CRASH STOP (EASY STEPS)
CLUTCH CHANGE FROM AHEAD TO ASTERN MODE COMPLETED

CRASH STOP COMPLETED

178.50 901,63

178.50 868,43 177.00 869,37
178.50 880.98 177.00 871.40
177.88 874.08 177.00 874,57
177.50 869.86 177.00 879.92
177.50 B77.59 .177.00 . 885.20
177,50 886,10 177.00 874.27
Y7775 874.13 177.00 863.78
178.00 < 862.11  177.51  871.66
178,00 867.43 178.00 879.25
178,00 - 873.05 1P72.7h  B2.23
178,00 872.77 177.50 865.94
178.00 872.48 177.24 875.68
177.76 873.84 177.00 884.85
177.50 - 875.33 177.00 B8A4.81
177.75 874,02 177.00 884.76
178,00 872.69 177.00 882.04
178,16 874.9% 177.00 879.36

177.75
177.75
177.44
177.25
177.25
177.25
177.37
77075
178.00
177.87
177.75
177.38
177.25
177.37
177.50
177.58

1251.70
1245,27
1240.96
1276.63
1297.95
1310.55
131) 11
1270.86
1237.39

2402,87
2388.63
2397.99
2402, 35
2396.83
2388.04
2369.03
2350.07

1737.80
1752.38
1748.65
1749.79
1762.79
1760.37
1737.91
1733.77
1746.68
1745.28
1738.72
1748,16
1758.69
1760.14
1758.78
1754.74
1754.30
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EXXON LAKE CHARLES SHAFT HORSEPOWER MEASUREMENTS (CONT.)

TEST
DATE _RUN

TIME

PORT ENGINE

SRPM

SHP

STBD.
SRPM

ENGINE
SHP

BOTH ENGINES

SRPM

SHP

11—1}-77 3

3
3
3
3
3
p
3
3
3
2
3
3
3
3
%)
3
3
3
3
L
L
L
L
L
L
i
L
L
4
iy
L
4
L
L
L
L
M
L
L
m
5
5
5
5

01:56:01
01:57:13
01:58:22
01:59:31
02:00:47
02:02:41
02:04:101
02:05:25
02:06:38
02:07:55
02:09:08
02:10:28
02:11:45
02:13:02
02:14:22
02:15135
02:16:59
02:18:27
02:19: 44
02:21:05

03:02:34
03:03:46
03:05:04
03:06:20
03:07:40
03:08:57
03:10:09
03:11:29
03:12:45
03:16:54
03:18:02
03:19:49
03:21:02
03:22:14
03:23:27
03:24:40
03:25:57
03:27:10
03128123
03:29:39
03:31:122

04:43:139
Ol bl s 48
04146153
04148101

178.50
177.99
177.50
177.98
178.50
177.62
177.00
172753
178.00
177.49
177.00
177.00
177.00
177.00
177.00
177.23
17750
17777
178.00

176.00
176.00
176,00
176.00
176,00
175.74
175.50
176,01
176.50
153.00
153.19
153.50
153.50
153.50
153.50
153.50
153.50
153.50
153.50
153.50

200.00
199.64
199.00
198.53

879.64
893.35
906.40
911.36
916,84
899.91
888,10
882,36
87733
874.92
872.64
872.49
872,34
875.06
877.90
879.03
880.35
931,61
976.57

1156.77
934,80
980.68
995.58

1011.28
975.17
941 .47
925.93
911.05
570.41
574,60
581.23
574,37
567.61
563,10
558,60
560,95
563.18
560,91
558.55

1299, 54
1309.14
1269.70
1247.68

177.00
177.00
177.00
177.20
177.50
177.26

177.00 -

177.00
177.00
177.24
177.50
17725
177.00
177.00
177.00
176.5%
176.00
176.49
177.00

169.00
168,49
168.00
168.00
168,00
168.24
168.50

152560
151.50
151.50
151.50
151.50
151.26
151.00
151.25
151.50
151.07
150.50

192.00
192,65
193.00

890.73
895.66
895,46
895.26
887.65
876,18
877.53
878.93
871.09
862.81
871.58
881.23
898.41
916.22
913.34
910.71
965.71
1023.00
965.78
905,21

770.55
801.87
832.17
835.25
837.32
833.54
829.33

547.37
543.65
544,37
552,75
551.78
550.76
549.36
547.96
548,31
548.77

1150.52
1143.03
1138.91

177.75
177.49
177.25
177.49
177.85
177.56
177.13
177.27
177.50
177.24
177.12
177.25
177.00
177.00
197.:12
177.01
176.88
177.24

172.50
372.25
172.00
172.00
171.87
171.87
172.26

152.35
152.50
152.50
152.50
152.50
152.38
152.25
152.37
152.50
152.29

195.82
195.82
195.76

1770.37
1789.00
1801.86
1806.62
1804.48
1776.10
1765.63
1761.29
174842
1737.73
1744,22
1753573
1770.75
1791.28
1791.24
1789.75
1846,05
1954.60
1942.35

1705.36
1782.54
1827.76
1846.54
1812.49
1775.02
1755.25

1127.42
1128.59
1118.02
1111.98
1115.85
1110.38
1111.71
1112.55
1108.88
1106.86

2459,66
2412,73
2386.59




EXXON LAKE CHARLES SHAFT HORSEPOWER MEASUREMENTS (CONT.)

TEST PORT ENGINE STBD, ENGINE BOTH ENGINES
DATE _RUN _ TIME SRPM SHP SRPM SHP SRPM SHP

11-11-77 5 O04:49:17 198,00 1223.18 193.38 1145.51 195.69 2368.70

" 04:51:21 198,61 1222,91 194,00 1156.32 196.30 2379.23
04152141 199,00 1222.73 195.09 1153.14% 197.04 2375.87
O4:53:48 199.00 1230.92 196,00 1150.40 197.50 2381.31
04:55:05 199.00 1240.32 194.97 1147.38 196.99 2387.71
O4:156:18 199,00 1223.44% 194,00 1144.49 196.50 2367.94
04:57:35 199.00 1205.65 192.99 1144.38 196.00 2350.04
04:58:51 199.50 1226.18 192.00 1144.22 195.75 2370.40
05:00:07 200,00 1246,80 190.47. 1126.20 195.23 2372.99
05:01:20 199.50 1226.,17 189,00 1109.03 194,25 2335,19
05:02:32 199.00 1205.89 190,38 1119.80 194.69 2325,69
05:03:56 199.00 1246.14 192,00 1132.40 195,50 2378,54
05:05:09 199.00 1281.12 191.51 1129.44 195.25 2410,56
05:06:24% 199.00 1287.16 191,00 1126.40 195.00 2413.56
05:07:37 199.00 1293.04 191.39 1128.66 195.19 2421.70
05:09:31 192.00 1132.18

05:35154 STARTING UPSTREAM ASTERN RUN AT MAXIMUM POWER
05:40:05 187.00 1044,73

05:41322 187.25 1059.49 192.00 1054.01 189.62 2113.50
05:42:39 187.50 1074.27

05:51:36 189.00 1249.66 START DOWNSTREAM ZIG-ZAG RUN
05:52:48 191.90 1266.18 184.00 1105.68 187.95 2371.86
05:54:05 195,00 1283.74 187.92 1123.63 191.46 2407.37
05155125 196.48 1273.22 192.00 1142.03 194.24 2415,26
05:56:47 198.00 1262.13 193.06 1142.09 195.53 2404.23
05157159 198.47 1265.43 194.00 1142.08 196,24 2407.51
05:59:19 199.00 1269.09 191.97 1133.07 195.49 2402,16
06:00:37 199.00 1251.70 190.00 1124,24 194,50 2375.94
06:01:56 199.00 1234.11 191.03 1124,33 195.02 2358.43
06:03:10 192.00 1124.35

06:04:55 START CRASH STOP

06:05:20 CLUTCH CHANGE FROM AHEAD TO ASTERN MODE COMPLETED
06:11:11 CRASH STOP COMPLETED

aoaoononononononONOnONONONONONOVOY nninnlnnnninlnbnn nlnin




APPENDIX E

FUEL CONSUMPTION MEASUREMENTS
(DIESEL O0IL)

EXXON NASHVILLE TESTS

: ELAPSED FUEL CONSUMPTION
DATE TEST RUN START TIME TIME PORT STBD. BOTH

(hh:mmiss) (mmsss) (1bs) (1bs) (1bs)
14:27:18 13150 148 147 295
15:37100 8:00 85 38 93
15155148 8147 95 90 185
k7332012 15:30 129 118 247
17:38:28 8:20 43 34 77
19113127 10:54 54 50 104
10:16:49 15:40 168 162 330
12:00:41 9:11 98 95 193

11-8-77

OMA FWW N N -

EXXON LAKE CHARLES TESTS

11-10-77 22132109 16:07 129
11-11-77 00:13:19 9:23 7
. 01:135:57 18146 105
03:19:36 11:20 42

04151102 18107 147

C5: 54154 9153 82




APPENDIX F
Sample of Tow Performance Date Base
(From EXXON NASHVILLE trials - Run 1)

The following 4 pages show the tabular format containing the tow
data. Page F-2 should be consulted as to the meaning of the column
numbers on pages F-3 through F-5.

The data is from the first EXXON NASHVILLE full power run over
the straight course area and is printed at 30 second intervals. The

sample output is included to assist the reader in understanding the
numeric character of the data base.




1333 *NHVE HINON/1SVI 430 3IMVISIC #08°°°2 335/335/13 ‘QNY9 ¥3n0 ‘NOILIIWIC X ‘NOILVN3TIIIY 83 ROL"°"IT

1333 “anve HIN05/18§3n 420 3INYISIT AOI""" 1y 5333930 “3719Ny L418Q°°°0T
1334 “HNVE HLYON/L1SVI 320 IINVISIC LY0GHOL" "0 UN0JI3S/533¥930 ‘I1¥Y N9A" "6l
1334 “MNVE H100S/1S3IN 340 JONVISIC 1V0INDL™""4E J35/14 ‘UNNOY¥Y ¥3A0 ‘92 LV MOL 40 ALIJ0I3A LINYLINS3IY* "8l

1334 ‘N0 LY ¥3LYM 20 HLI43Q°"°BE  03S/14 ‘ONAOYY ¥3A0 ‘NOILII¥IQ X ‘90 LV £0L 40 ALIDOIIAT""LL
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Schulz, Roger M

River tow behavior in waterways; Report 2: Second Exxon test
program / by Roger M. Schulz, R. M. Schulz Associates,
Lafayette, Calif. Vicksburg, Miss. : U. S. Waterways Experi-
ment Station ; Springfield, Va. : available from National
Technical Information Service, 1978.

xii, 134, [19] p. : i11. ; 27 cm. (Technical report - U. S.
Army Engineer Waterways Experiment Station ; H-78-17, Report 2)
Prepared for Office, Chief of Engineers, U. S. Army, Wash-
ington, D. C., under Contract No. DACW39-77-C-0086.

References: p. 134.
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