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1.0 Introduction

1.1 Background: River tow accidents at or near some bridges on the Mississippi

River have become a concern to the Coast Guard, the River Industry and the

General Public. The possible consequences of a serious ship-bridge collision

can be extremely severe, causing economic loss in the hundreds of thousands of

dollars, environmental damage and loss of life. Some barges carry gasoline,

fuel oil and other hazardous chemicals such as liquid chlorine which pose a

significant threat of fire, contamination of drinking water and toxic gases to

the thousands who live near our waterways.

In an effort to improve the level of safety of push tow operations on the upper

Mississippi River, the Second Coast Guard District identified six bridges that

have been sites of numerous ship bridge collisions and requested a study of

these bridges be conducted using the Coast Guard Maneuvering Simulator, located

at the Coast Guard Headquarters in Washington, DC.

The purp6se of the study is to systematically analyze conditions (e.g.

environmental, type/size of Tow) under which ship bridge collisions occur in

r.rqer to oetermine what factors contribute most to reduced safety and identify

possible steps that may be taken to increase the level of safety. A secondary

-:.pose is to evaluate the maneuvering simulator's capabilities as a research

Aar, training d d.

q first bridrje sttdOd was the Acthison-Topeka and Santa Fe Railroad Bridge at

t. Mddi iorn Iowa.
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2.0 BRIDGE AND CHANNEL CHARACTERISTIC

2.1 Bridge - The Atchison, Topeka and Santa Fe Railway & Highway bridge* crosses

ths: Mississippi at mile 384 between East Fort Madison, Illinois and Fort

Madison, Iowa. liridge characteristics are shown in figures 2.1., 2.2. and

appendix A.

Figure 2.1

"Ft. Madison Bridge Characteristics*

Built - July 1928

Type - Highway/Railroad Swing Bridge

Length - 3346' 60

Horizontal Clearance - 200' (Between Piers)

Vertical Cle'arance Highwater (closed) - 6.U'

Vertical Clearance Normal condition (closed) - 12' 8'

Marine traffic passage - North West end of bridge (Ft. Madison side) between

Pier 15 and 14 and between 13 and 14 (North to South Passage - Between

Pier 15 and Pier 14)

Bridge vs. projected sailing line - 65 degrees (see Appendix A)

Effective span width Between Piers for Marine Traffic - 181'

Protection - Three large cells Pier 15

Draw Protection-Pier 14

*(Referred to in remainder of Report as the Fort Madison Bridge)
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2.2 River Characteristics - The upper Mississippi River at Fort Madison is

very wide an has a number of dikes. There are several stump fields in this

iarea. The downbound approach to the bridge is an S-shaped approach and begins

approximately five miles upstream. Although the turns are gradual, during high

flows it is reported to be difficult to maintain the tow in proper alignment for

passage through the bridge. There is a constriction in the river about 1.5

miles above the bridge with two islands on the right descending bank. Flow can

pass around the lower island and reenter the navigation channel between .5 to

1.0 mile (2 1/4 to 4 1/2 tow lengths) above the bridge. The constriction caises

.dn increase in current velocities and the back channel flow causes a

crosscurrent at critial points in the approach to the bridge.

In addition, the bridge is built on a landfill extending from the left

pdescending bank that partially blocks the flow of the river and creates a second

constriction in the river. This occurs right at the bridge and creates an

increase in the current velocities within the navigation opening.

4.3 A hydrographic survey of the Ft. Madison Bridge area was conducted by

S. Geological Survey June 25-28, 1984 in support of this study. This

:;.r'vey wa3 useo to provide data for the development of the mathematical model of

the river flow for the simulator by the U.S. Army Corps of Engineers Waterway

Experiment Station. The data included a plot of the stream bottom, profile of

a, 4er --irface, and discharge under the bridge.
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2.4. Maps describing the current patterns and velocities were developed for

flows of 225,000, 175,000, and 125,000 cubic feet per second (see Appendix A).

These rates represent high to very high flow conditions at the bridge. It

should be noted that flow of this magnitude is not an uncommon occurence. The

current maps reveal that even though velocity of the current increases during

high flow, there is no appreciable change in the direction of the current at

high flow with the existing bottom condition. They also graphically show that

the current flows through the bridge at an angle generally between 17-20 degrees

off the perpendicular to the right (looking downstream) with respect to the

bridge and approximately 6.5 degrees with respect to the line of sail. This

undoubtedly contributes to the difficulty of navigation under the bridge. (See

Figure 2.2)

2.4.1. Currents - In general the current flows from 1.8 mph (125k cfs) to

approximately 3 mph (225k cfs) with a direction of 2490 (as stated above this

is about 6.5 degrees off the line of sail). The modified channel did not

greatly change the magnitude or direction of the current however the reader will

see later that even small changes have a statistically significant impact on

some safety measures. This points out the senitivity of these measures to only

sli- . charn.qs ir. c.rrents.

2.5 History - Accident information concerning Ft. Madison Bridge can be

found in CG Report #D-77-76 'Analysis of Bridge Collision Incidentso (Ft.

* Madison Summaries) describing 10 casualty cases at the bridge between 1971 and

r 1974 and Mississippi River Casualty Analysis, for the years 1981-1983. (Draft).

7

W . r 7,y .. . .. I..?,.-1 * e :Z~ . '1.r



(WEsT BANK)

Pii

ISIs

ILL] NO IS
(EAST

ORIENTATION OF' BRIDGE OPLNINC (eTER 14)- 2560

- -- - INTENDED (DESIGN) LINE 0OF SAIL - 2560

%%LINE OF SAIL (ESTIMATED) ACTUALLY USED- 251-253

jr be D 'g- fIRECTION OF CURRENTS AT BRIDGE.- 24q*

TYPICAL FIFTEEN BARGE TOW

Figure 2.2

8

IC%

Aqt~r__;,fZ 4



Some conclusions can be drawn from these reports. First, nearly all

casualties at Fort Madison occurred going downriver, therefore only the down

river traffic was modelled. Also each casualty was stated to have been caused

by an error in judgement on the part of the operator in that he misjudged the

-,I [ect; o the current on his tow.

The -Analysis of Bridge Collision Incidentsu report also gives

empirical data which indicates a correlation between tow horsepower and length

'Jrinq high water conditions. This shows, as suspected, the longer the tow, the

more the horsepower required to execute safe passage through the bridge.

3.0 TEST PREPARATION

Preparation for the Ft. Madison Bridge study began by obtaining necessary

raw data of bridge and river characteristics at Ft. Madison for generating

mathmatical models of the river current and channel visual scene to program into

the Coast Guard Maneuvering Simulator. Fast time autopilot runs were then

conducted to help determine validity of the model and limit the scope of the

test by identifying the approximate sensitivity of critical parameters and

appropriate ranges of these parameters for testing. Systems Branch, the Second

S5uarj District and river industry representatives then conferred to help

ai(pe Inc Lmit the parameters to be studied. Finally, preliminary real time

run: with "man in the loop" (river pilots) were done to determine the final

purafeters for the study.
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.1 [ Simulator - A mathmatical model of the river beginning 22,300 ft.k
above the bridge and continuing below the bridge was programmed into the U. S.

Coast Guard Ship Maneuvering Simulator, U. S. Coast Guard Headquarters. G-WP

produced the simulation of the visual characteristics of the river and bridge

from information obtained from the Second Coast Guard District and the U. S.

Geological Survey. River current simulation for flow rates of 125K, 175K and

225K cubic feet per second were provided by the Math Modeling Branch of the

Corps of Engineers Waterways Experiment Station (WES). WES also provided

simulated currents for two proposed modified channels. One was a model of

currents which would be produced by constructing a dike between Dutchman's

Island and the Iowa bank. This theoretically would help align the current more

with the direction of the opening of the bridge (see Fig. 3.1). The other

proposal, which was ultimately selected for use in the simulation runs,

consisted of dredging the area between Dutchman's Island and the Iowa bank.

This deepened area would theoretically reduce the velocity of the current coming

around Dutchman's Island and thus reduce the powerful "left hand set" tows

encounter at the bridge.

The 3900 HP, 15 barge push tow model was produced by Hydronautics,

inc., Laurel, MD. The 2400 HP and 5400 hP tow characteristics were approximated

using the 3900 HP tow configuation. Though it would have been preferaLle to use

aata from actual 2400 and 5400 HP tows, it was felt that the 3900 HP tow couir

approximate the other tows using the HP/RPM cubic relationship and adjusting the

available RPM. If anything, the models would produce results worse than actual

2400 and 5400 HP tows because these approximations do not reflect tows optlmally

designed for these horsepowers.

10i.
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3.2 Fast Time - Several fast time simulated runs using the autopilot

were conducted using each of the 2400, 3900 and 5400 HP tows at each of thi,

jflow:, (i 123K, 175K and 225K CFS. The fast time runs produced real time dati

but accompi ishod a run approximately seven times faster than normal. 'I II

enables collection of real time data in a much shorter time period. The

autopilot was used because there is no visual simulation in the fast time mode

and thus there can be no operator interaction at this speed. The tow's desired

course was plotted into the computer and could be adjusted by moving the

Trackline. The data obtained helped produce a preliminary analysis of

conditions tows face at the bridge and their effects on safety. It also gave an

idea of the proper strategy to use going through the bridge and ultimately

helped to limit the scope of the study.

3.3 scoping the Project - After the fast time runs were completed a

conference involving representatives of G-WP, the Second Coast Guard DistrictS.

and the river industry was held to determine the scope and parameters of the

real time pilot simulations. Due to time and money constraints and based on the

fast time results, it was decided to study only the 125K and 225K CFS flows. It

~. .,was also decided to limit the study to the 3900 and 5400 HP tows. The 2400 HP

tow was omitted from the study because very few 2400 HP tows pass through Ft.

MadI son.
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4Four well qualified, experienced pilots from the River Industry

Action Committee (RIAC) then visited the simulator facility to help further

limit the scope of the test and assess the value of participation in the study.

Based on their qualitative judgement the proposed Dike was omitted from the

study because of the two options, dredging behind the island seemed to have the

greatest positive impact. They also gave a commitment to provide as many pilots

as possible for the study.

4.0 TEST PROCEDURES

The real time simulation test was conducted by G-WP-2 at the U. S. Coast

Guard Ship Maneuvering Simulator located in room 1204, U. S. Coast Guard

Headquarters, Washington, DC 20593. Eight well qualified river pilots with

,A experience operating at Ft. Madison participated in the test as well as CPT D.

Dickey, G-WP-2. These pilots were different than the four pilots from RIAC who

conducted the pre-test assessment.

4.1 Each pilot participated in two days of testing and evaluation.

The pilots were required to make 24 randomly selected real time runs (4 runs

each of six different scenarios). The six scenarios were the 3900 and 5400 HP

tows maneuvering in 125K CFS, 225K CFS and the modified (dredged) channel at

225K CFS. The test began at an area approximately one mile above the bridge,

13
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near Dutchman's Island, at a speed of 5 mph and a heading of 255 . Because

pilots use different strategies approaching the bridge, we did allow pilots to

move the tows starting position laterally in the channel so that each felt min

shape' for his particular strategy. (Note - It is interesting that the last

five pilots did not change the starting position of their tow indicating some

consistency in strategy approaching the bridge).

After an initial briefing covering the purpose and objectives of

the project, Ine area to be studied and simulator operation, each pilot was

given adequate time to familiarize himself with the system so that he felt

comfortable operating it. The average familiarization time was 1 1/2 hours.

4.2 Simulation Runs: Before each run the pilot was told which specific

scenario he would be operating under. During the run he was observed by staff

personnel.

Data from each run was collected for analysis. This data included

the recording of the following information every 2 seconds: ship's position in

X and Y coordinates, ship's speed, RPM used for left and right engine, depth

under the bow, rudder angle, drift angle, rate of turn and port and starboard

clearance to the bank or bridge pier. After each run the pilot was given a

short debriefing described in chapter 7. These debriefings were conducted to

obtain pilots comments on the simulator and the run as well as to obtain pilots

subjective evaluation.

14
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4. '['..t nq ProheIF-a: - Dur ing the fir ;1 tour pi lotzs1 runs, it was

noteil that under certain flows the currents did not seem to depict what the

pilots normally experionce al Ft. Madison. In particular there was a strong

right hand draft experienced approximately 1/2 to 3/4's ot the way through the

oriuje opening that should not ha :! been there. As a result, the first four

river pilots "hiLt the bridge about 30% of the time. G-WP workeo on the current

problem along with WES. Initially all the current and bottom contour data was

checkea ano found to be correct. Finally the simulator programs were recompiled

to permit a detailed data check of the instant by instant forces/currents acting

on the tow. Apparently the recompilation, in and of itself, corrected the

problem ,ecau.e the tow immediately began to react correctly. The cause rnas

never been determined. Due to this problem the data obtained from the first

four pilots was not used tor analysis. Four other pilot's did generate valid

data. in order to tnc:ease the statistical base CPT D. Dickey, G-Wp, also made

4b run:i through the bridge. The data analysis of his runs showed very little if

• ny ;iqnificant difference between his performance vs. the other pilots'

performance. Where there is a difference it will be pointed out.

5.U RESULTS, ANALYSIS AND DISCUSSION

The results of each pilot's run were stored for statistical analysis. The

analysis was produced using version 2.1 of the SPSSX statistical package. This

ar~y::ia wa carried out to determine differences between parameters which are

relatec to safety at the bridge. A discussion of the statistical analysis of

;,,-rforzriance and the effects of horsepower, current, or channel design and their

interdct ions follows.

15
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'.I Saftey Parametrfs - The following parameters were considered the most

n;ignificant or, primary measures of safety of navigation at the bridge. All the

data for the statistical analysis was taken from the area which includes the

left and right boundaries (pier 15 and pier 14) of the bridge opening.

5.1.1 - Minimum Clearance - This parameter is defined as the distance

metween the tow and either the left or right hand pier where the tow passes

,:losef;t to the pier, or, in other words, the minimum distance away from the

iriage. It the value becomes negative it means part of the tow has "hit, the

bridge. The Minimum Clearance safety parameter is the most important measure of

%afety, because it is a direct measure of how close the tow came to hitti!,, the

br idge.

5.1.2 Maximum Percent Channel Used - This parameter can best be defined

oy a drawing (see Figure 5.1). It is a measure of the projected width or area

used oy the tow compared to the width of the opening of the bridge. Its value

,j% a 7afety imeasure ts important because it helps give an idea ot how much of a

rr;irgin of safety, or available room, is left for the tow. The larger the

,ercent Channel Used, the smaller margin of safety is available. This value is

-ess important than Minimum Clearance because it is possible to hit the bridge

'ithnout using a large percent of the available channel. This parameter can also

:e used to help determine optimal design of a navigation span.

5.1.3 Maximum Width Used - Like Percent Channel Used, Width Used can

r(,-:-t hr described by a diagram (see Figure 5.2). Like Percent Channel used, the

i .ith Used by the tow as it passes through the bridge helps give an idea of how

riti h available channel is left. The larger the width used, the less margin of

:;dfety available. However, just as Percent Channel Used, it is not as important

,i.; Minimum CLearance.
16



cier Pier

t=Pro jectedI Tow width (f t) m A v

h=' Width or opening between piers (f t)

Miimij Poerc(n t Ch annelI Used (PC UI= a/ b

Figure 5. 1
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P Pier vr

a= Width or opening between piers (rt)
h= Distance from left hand pier to closes poiit on Tow (ilt"-- Distance from right hand pier to closest point on ['ow (ft

Width Used= a-(b+c)

Figure 5. 2



5.1.4 Maximum Rudder Angle: Measuring the amount of rudder used helps

(ive an idea of how hard the pilot is working and maneuvering his tow. It is a

:;aolty measure because it .a iarge amount of rudder is used there is less

r;rineuiering capability left for use if the tow gets in trouble.

5.1.5 Minimum Hleading - A secondary safety measure, Minimum Heading

helps give an idea ot pilot strategy and how the tow is approaching the bridge

relatkve to the current. It can also be used in navigation span design, since

tnis parameter gives us the relative orientation of the tow through the bridge.

5.1.6 Other - Horsepower and speed were measured to help better

understand pilot strategy and determine their relation to the magnitude of

flow. Available horsepower is a safety measure because if a pilot uses all

avialable HiP he will have none left to help him if he gets in trouble near or at

the bridge.

5.2 Scenario - The first statistical procedure was an analysis of variance

and multiple range test comparing performance under each of the scenarios.

5.2.1 The primary, but by no means ily, measure of safety at the bridge

is the Minimum Clearance from the tow to the bridge during a passage. The

- .'-ults of the statistical analyses were plotted to display differences between

tre various scenarios.

kFigures 5.3 - 5.8 show some of the results of the statistical

analysis. These graphs have plotted the normal distribution of minimum

clearance for each of the scenarios.
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Figure 5.3 - 5.8 indicates poorest performance using both the 5400

and 3900 HP tow at the highest [low rdte (225k cfs). The best [,erlotmancdv i:;

obtained by a 5400 HP tow under the modified channel conditions.

As you can see from these figures, the mean Minimum Clearance for

the worst case scenario, a 5400 HP tow operating in 225k cfs, is 13.5 feet

between tow and pier, and the mean Minimum Clearance for the best case, a 5400

HP tow operating in the modified channel, is 24.9 feet, an improvement in this

primary safety measure of over 10 ft.

Table 5.9 indicates there is a statistically significant difference in

Minimum Clearance between the 5400 HP tow operating in 225k cfs and all other

scenarios but one, the 3900 HP tow at 225k cfs. Thus, the 5400 HP, 225k cfs

scenario does produce significantly lower clearances than every other scenario

but one, and the 5400 HP tow operating in the modified channel produces

significantly better results than both the 3900 HP and 5400 HP tows operating in

225k cfs.

26
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Variable MINIMUM CLEARANCE (FT)

By Variable SCENARIO NUMBER

MULTIPLE RANGE TESTUC) DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.050 LEVEL (95%

confidence)

HHHHHH

533355

499944

CCCCCC

2 221M1M

2 222020

5 5 5 D 5 D

Mean Scenario

13.5157 H54C225

14.9646 H39C225

20.3262 H39C125 *

20.5325 H39CMOD *

21.2054 H54C125 *

I-. 24.9115 H54CMOD * *

H Horsepower

54 - 5400

1. - -900

% % - Cdrrer~t

i25 - 125,000 cfs

'Z5 - 225,000 cfs

:1OD - Modified Channel with a flow of 225,000 cfs

Table-5.9

27



% I .

The question then is, what are the chances of hitting the bridge. In this study

the bridge was *hite once (-9.93 Ft into the bridge) and 'brushed" once (-.03

feet into the bridge). However inspection of Figures 5.3 thru 5.8 shows that

however slight and under the conditions tested, for a large number of runs

through the bridge there is a chance of hitting the bridge (i.e. a negative

clearance) for 3 out of the six scenarios. These occur when the 3900 and 5400

HP tows are operating in 225,000 cfs and for the 3900 HP tow operating in

125,000 cfs.

S 5.2.2 Maximum Percent of Channel Used and Maximum Width Used - Two other

5 primary measures of safety comparable to Minimum Clearance that were analyzed

are Maximum Percent of Channel Used and Maximum Width Used, both comparable but

slightly different from each other. (See Figures 5.1 and 5.2 for description)

Uata in figures 5.10 thru 5.15 seem to contradict the trend noted in the

analysis of Minimum Clearance. As seen in Table 5.16 the two worst cases

occured under the modified channel conditions, with mean value of 86.5% and

84.4% of the channel used by the 3900 HP and 5400 HP Tows respectively. The

lowest mean value for Maximum Percent Channel used is 80.55% for a 5400 HP tow

operating in 225k cfs operating in the regular channel. Though smaller than the

figures obtained for Modified Channel conditions, it is important to note that

80.5% of channel used is not a small percentage. This will be discussed later.
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Variable MAX % WIDTH USED

by Variable SCENARIO NUMBER

MULTIPLE RANGE TEST

(') DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.050 LEVEL

(95% confidence)

An * indicates that performance was statistically significantly different

between a particular scenario and each of the scenarios where an * appears in

a column.

HHHHHH

533553

499449

CCCCCC

2211MM

222200

5555DD

Mean Scenario

.Percent C.U.

80.5500 H54C225

80.8942 H39C225

80.9071 H39C125

82.7529 H54C125

84.3808 H54CMOD * * *

86.4938 H39CMOD * * * *

Table-5.16
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One possible, and probable explanation for the apparent contradiction in trends

noted between Minimum Clearance and Percent Channel used can be gleaned from the

graphs. You can see that for most of the scenarios except the modified, most of the

runt; are gathered in a tight group with little deviation from the mean. However for

both of the modified scenarios (5400 & 3900 HP) there is a wide deviation between

pilot performance. This is most likely due to the pilots unfamiliariaty with these

currents and their inability to pick out a consistant path or strategy. One other

possible explanation is the increased drift angle under the modified conditions.

Table 5.16 shows a significant difference in the performance of the tow under the

modified channel conditions versus all other scenarios. This statistical difference

however is not that great in absolute terms and should not be considered a

contradiction to the MINCL values, or as having more significance than MINCL.

Width used, a secondary safety measure, was analyzed against channel design, HP,

and current. As in MAXPCU design affects the width used more than any other factor.

The modified channel had the largest width used figure, over 143 feet. The

explanation for the apparent contradiction is the same as that for MAXPCU. Minimum

clearance is the point where the tow passes closest to the bridge and is therefore the

most important safety parameter. Under regular channel conditions the tow approached

the bridge much closer but used less channel.

5.2.3 Maximum Rudder Angle and Minimum Heading - Two secondary safety

measures analyzed were Minimum Heading and Maximum Rudder Angle. The minimum heading

reips determine differences in pilot strategy as he approaches the bridge, and the

a Maximum Rudder Angle needed gives an indication of how much control, or available

rudder, the pilot has to make his passage. Generally the more rudder used, the less

remaining control the pilot has over the tow.
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There was a difference in the Minimum Heading for each scerario indicating the

pilots adjusted their strategy as the current increased.

The average Minimum Heading was lower for the two 225k cfs scenarios, 251.b arna

251.9 °. (see Table 5.17) These figures are close to the current angle (2490) artu

verify the generally accepted strategy of trying to run with the current under high

flow conditions to avoid being pushed into the swing span. What is interesting here

is that the modified channel scenario produces minimum heading angle closer to the

angle of the opening of the bridge (2550). The figures indicate that the strategy

used by pilots for the modified channel scenario, even in the high flow condition, is

closer to the approach they would use under low flow and generally safer conditions

than under similar conditions in the existing channel configuration.

The figures for Maximum Rudder Angle used indicate that the pilots use more ruoder

under the modified channel scenario. (see Table 5.18) The general trend was to use

less rudder with the 3900 HP tows and more with the 5400 HP tow. This is another

indication of the pilots' strategy which is to get lined up or "in shape" for the

approach and then use very little rudder in order to have available ruader in case it

is needed. It is probable that the larger horsepower boat used a littl more rudder

because the pilots felt they did not have to save as much. It is difficult to

ascertain why the pilots' used more rudder under the modified channel scenario. One

possibility is, as mentioned previously, is that they simply were not familiar with

the modified channel.
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Variable HEADING (DEGREES)

By Variable SCENARIO NUMBER

MULTIPLE RANGE TEST

1") DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.050 LEVEL

(95% confidence)

H H H H H H

> 5 5 3 5 5 3

499449

n C C C C C C

.,,:.2 2 1 1 M K

. '.2 2 2 2 0 0

5 5 5 5 D D

Mean Scenario

251.8001 H54C225

251.9610 H39C225

252.4870 H39C125

252.7025 H54C125 * *

253.4595 H54CMOD * * * *

* 253.5773 H54CMOD * * * *

Table-5.17
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4.

Variable MAX RUDDER ANGLE

By Variable SCENARIO NUMBER

MULTIPLE RANGE TEST

(*) DENOTES SCENARIOS SIGNIFICANTLY DIFFERENT AT THE 0.050 LEVEL

(95% confidence)

HHHH HH

335553

9 4994449

CCCCCC

2112MM

2 2 2 2 0 0

5555DD

Mean Scenario

5.9001 H39C225

8.3583 H39C225

10.8875 H39C125

11.0043 H54C125

14.6125 H54CMOD

16.4917 H54CMOD

KTABLE-5.18
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The modified channel conditions used the greater percent of the

channel going through the bridge and required greater rudder angle, indicating

possibly less control. One other interesting result is the difference in

heading. There is a significant difference in heading as the currents change.

j. The lowest heading at 251.80 degrees is at the high flow and out of line with

the bridge opening by approximately 5 degrees. Low flow brings the heading more

in line with the bridge and the modified flow appears to bring the tow even more

.1* 0in line with the angle of the bridge opening at a mean of 253.6

% 5.2.4 In summary there is a significant improvement in the primary
s

.P.? safety measure, Minimum Clearance, when the channel was modified. However, in

the Secondary Safety measures of Percent Channel used and Rudder Angle the

pilots performance was worse under the modified channel scenario. It is

believed that this is due to the pilots' unfamiliarity with the modified channel

conditions and therefore is less of a significant result as the primary safety

measure Minimum Clearance.

5.3 It appears, based on the initial statistical analysis that current

is more of a factor than horsepower and that the modified channel design may

. provide a safer passage through the bridge. However, other factors such as

pilot performance, different performances for each replication and finally an

analysis of horsepower, current. and design separately, must be performed prior

to making any conclusions.

5.3.1 Pilot Performance - The same analysis of variance and multiple

range tests were conducted using the pilot as the deper,,dent variable.
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These tests were conducted to determine if there were any

significant differences in pilot performance which may affect the validity of

the results. They were also run to determine if CPT Dickey's performance was

significantly different than the other pilots. CPT Dickey's performance (PLLN

7) was ironically, somewhat better than the other pilots.

The measures examined against pilot performance were the same as those for

scenario, minimum clearance, maximum width used, maximum percent of the channel

used minimum heading and maximum rudder angle. If one or more pilots were

consistently an outlayer in these categories it would be one indication that the

4. data could be skewed and therefore not be valid. On the other hano this might

imply that we had not selected a representative sample of the total population

of pilots. Differences in pilot performance are to be expected. They have

different strategies and capabilities. These differences, it should be

emphasized, are not a major concern unless they are shown to be of such a

magnitude and consistency that they prove to be statistically significant, thus

raising the issues mentioned above.

The statistical analyses indicate that there are no significant

differences in pilot performance across the board, for the major and secondary

measures of safety.

5.3.2 Replication - Replications were scrutinized using the same

- statistical tests to see if there were significant differences in performance

*' based on scenario replication. Replication played no significant role. This

means that during the period that data was being collected for analysis (post
IV

familiarizations) that their performance was not changing as a result of

continued learning.
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Though CPT Dickey achieved the "best" minumum clearance data, he

was only significantly different from pilots 9 and 10. When the runs were

statistically analyzed without CPT Dickey's data there were no major differences

in the results, with the exception of the effect of scenario and replication on

maximum rudder angle used. CPT Dickey used more rudder than the other pilots.

It is also possible that pilot performance could be a major

contributing factor to lack of safety at the bridge. The results of the

statistical analysis indicate that the pilots, though different at times in

strategy such as heading, speed, RPM, etc., do not differ significantly in their

.' d ability to clear the bridge. Each pilot was able to pass through the bridge

opening with average minimum clearances of about 19 feet.

* N 5.4 - Horsepower, Current and Channel Design vs Minimum Clearance - The

final analysis of variance test was conducted to determine which of the factors

that make up each scenario, horsepower, current, or channel design, had the

greatest effect on each performance measure. Each performance measure (e.g.,

minimum clearance) was the dependent variable while horsepower, and current were

used as continuous explanatory variables, and channel design was used as a

category variable. This test produced some very interesting results.

5.4.1 - Horsepower - The statistical analysis run told us that current

and channel design both have a significant affect on performance, i.e., there is

at least a 95% chance that current and channel design caused a difference in the

performance measure minimum clearance. Surprisingly, under the conditions

tested, horsepower did not have a major affect on performance at the bridge.

(see Tables 5.19 and 5.20)
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17
Significant Effect

MINIMUM CLEARANCE

BY CURRENT

HORSEPOWER

DESIGN

Significant

Source of Variation Effect on Mincl

Effects

CURNT Yes

HP No

DESN Yes

~Table 5.19
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Variable MINCL MINIMUM CLEARANCE (FT)

ANAI.YSIS OF~ VARIANCE

STANDARD STANDARD 9 PCT CUNF INTERVAL

GROUP COUNT MEAN DEVIATION ERROR MINIMUM MAXIMUM FOR MEAN

HP 5400 71 19.9670 8.3668 .9930 -9.9300 32.7300 17.9867 TO 21.9474

HP 3900 72 18.6078 6.4634 .7617 -0.0300 32.0100 17.089C TO 20.1266

TOTAL 143 19.2827 7.4740 .6250 -9.9300 32.7300 18.0471 To 20.516-

-. 44
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This seems to contradict previous assumptions that greater

horsepower would provide better performance. The explanation most likely lies

in pilot ability and familiarity with the conditions at the bridge. Some pilots

comnenLed LhdL Ifl, is really ,j critical Lactor when you are tryiniqlo v(, your

tow out of trouble, e.g. if a tow is out of shape going into the bridge the

extra horspower would help get the tow back in shape. During our test runs all

of the pilots were good pilots with experience at Fort Madison. Therefore, not

surprisingly, they all approached the bridge in good shape and required little

adjustment in their approach and therefore did not need the extra HP to get

themselves out of trouble. A significant improvement can be seen in HP vs

Minimum Clearance when you look at only the modified channel configuration, a

situation the pilots were unfamiliar with. The following figures give a better

understanding. The first figure 5.4.1 shows a comparison of minimum clearance

vs HP for all 225,000 cfs conditions (This includes the modified design). Here

you see an improvement in the minimum clearance of I ft. for each 1000 HP

added. When you separate the regular and modified conditions out there is a

striking contrast. Under regular conditions (figure 5.4.2) there is actually a

negative value, i.e., the minimum clearance gets worse as HP increases. Under

the modified conditions (figure 5.4.3) there is a 3 ft. increase in minimum

clearance for every 1000 HP added.
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5.4.2 Current - The effect of current and channel design on the value of

minimum clearance was examined. Table 5.21 shows us that, as expected, there is

a greater clearance distance obtained under a low flow, 125K CFS, than under a

high flow. It sroU'ld be noted that the high flow contains both moditied and

regular channel design data. As in Horsepower, when you look at only the

regular channel configuration we see an interesting trend. When considering

only regular channel flow, Table 5.21 indicates a mean MINCL value of 20.76 ft

for 125,000 cfs flow, 6.5 feet better than the 14.25 ft mean MINCL value for

225,000 cfs flow. Figure 5.4.4 graphically depicts the decrease in minimum

clearance as the current increases (This graph is only for the regular

channel). It shows that for each 1,000 cfs increase in flow, the average

minimum clearance decrease by .065 ft. Note that the 95% confidence limit gets

very close to 0 ft. minimum clearance at 225,000 cfs. Under regular channel

conditions an increase in current significantly reduces the level ot safety of

operation at the bridge.

5.4.3 Channel Design - We see an even greater difference in minimum

clearance values between the modified and regular flow conditions. Table 5.22,

shows a substantial improvement under the modified design. The mean minimum

clearance under modified design is 22.7 feet, 5 feet better than the 17.5' mean

for regular chanrJl design. More significant is the 8 foot improvement over the

regular design channel at the same Flow Rate (225,000 cfs).

It is interesting to note that the bridge was hit under the

regular channel design, under high flow, using a 5400 horsepower tow. The value

of -9.9 feet indicates that the tow would have hit the bridge 9 feet into the

pier, a major collision. The bridge was hit by the leading edge of the tow on

the starboard side, the area most often hit. This is due to the pilots approach
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Vat iabIe MINC , MINIMUM (i.II;AAN('I.: (IT)

IIy Vdr jAbI e CURNT CURRENT

/. .' ANALYSIS OF VARIANCE

0 STANDARD STANDARD 95 PCT CONF INTERVAL

COUNT MEAN DEVIATION ERROR MINIMUM MAXIMUM FOR MEANJ

CURRENT 125 48 20.7658 6.1901 .8935 6.3700 32.0100 lb.9684 TO i2.5o32

CURRENT 225 95 18.5333 7.9710 .8178 -9.9300 32.7300 16.9095 TO 20.1570

MODIFIED (225) 22.7219 21.U67 TO 24.3763

' REGULAR (225) 14.25 11.9 TO 16.5

TOTAL 143 19.2827 7.4740 .6250 -9.9300 32.7300 18.0471 TO 20.5182

-5

5/).

Table 5.21
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Variable MINCL MINIMUM CLEARANCE (FT)

By variable DESN CHANNEL DESIGN

ANALYSIS OF VARIANCE

MEAN STANDARD STANDARD 95 PCT CONF INTERVAl4

DESIGN COUNT MINCL DEVIATION ERROR MINIMUM MAXIMUM FOR MEAN

MODIFIED (225) 48 22.7219 5.6972 .8223 10.6400 32.7300 21.0678 TO 24.3762

REGULAR (125+ 95 17.5449 7.6854 .7885 -9.9300 32.0100 15.9794 TO 19.1105

225)

TOTAL 143 19.2827 7.4740 .6250 -9.9300 32.7300 18.0471 TO 20.5182

REGULAR (225 ONLY) 14.25 11.9 TO 16.5

.42

i; Table 5.22
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to the bridge. In order not to be pushed by the current into the swing span, they

approach the bridge very close to the starboard or Iowa side, and try to

line up as best as they can with the current. A contributing factor to the

performance with the simulation was the lack of information concerning distances

that pilots receive under real conditions. On the river, deck hands call off

clearance distances to the pilot as he approaches the bridge, telling him how far

away he is from the pier. Not having this information available contributed to

tne difficulty of using the simulator. Therefore the absolute values measured in

tnis study (e.g., minimum clearance) might be considered conservative. Relative

values between conditions should not be seriously affected.

5.4.4 In Summary - The difference in the performance involving horsepower

is minimal (see Table 5.20) However as mentioned previously some effect was noted

under the modified channel condition. Current and channel design have a greater

impact on Minimum Clearance values than horsepower. The modified channel produces

significantly better results in Minimum Clearance. High flow in the existing

channel produces significantly worse values for Minimum Clearance.

5.5 OTHER SAFETY PARAMETERS EXAMINED

5.5.1 Percent Channel Used (PCU) - Percent Channel Used, was also most

significantly affected by channel design and current. The modified channel

* required on the average 85% of the available opening. The regular channel

requirea 4% less or 81%. This difference was explained in 5.2.2. Current also

affected the MAX PCU, with the mean value of 83.1% for high flow and 81.8% for low

flow. There was no appreciable difference in the PCU values relative to

horsepower.
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5.5.2 Heading - As previously discussed the heading of the tow changed with

each scendrio. However, once again, channel design and current tlow hdd d friocrf

significant effect than horsepower. The minimum and maximum values of heading

2. 249 to 2540 were similar to those achieved in the fast time autopilot runs.

0
The lower the heading angle, 249 , the more in line with the current, the higher,

the more in line with the bridge opening.

5.5.3 Rudder Angle - Maximum Rudder angle used at the bridge, which can be

a measure of control of the tow is significantly affected by the channel design,

with the modified design requiring more rudder angle than the regular design. As

previously stated, this can probably be attributed to the pilots' unfamiliarity

with the modified design conditions.

C 5.5.4 Speed - As expected current and horsepower were significant factors

aftecting speed with the high horsepower, high current averaging a maximum speed of

over IJ MPH over the bottom and low horsepower low current averaging just over 9

*MPH. These results are due to the majority of the pilots using a strategy of

getting in shape for the bridge and the using all available HP in order to outrrn

the current.

5.6 - In summary, current and channel design, at least under the conditions

tested were the primary factors contributing to safety of operation at the bridge.

N?
The modified channel gave the best overall improvement in the primary safety

measure, Minimum Clearance. Even though modified channel produced worse results in
.,

some secondary safety measure, the improvement in Minimum Clearance is far more

important. We have also shown a corrolation between current and safety at the

*. bridge with the high flow producing less safe results. Though horsepower did not

S.2 affect performance across the board, we did note some improvement in safety with

increased horsepower in conditions unfamiliar to the pilots.
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-' 6.0 BRIDGE ALTERATION

We have shown that a significant improvement can be made in safety of navigation

through the bridge by modifying the channel design. One logical question to

ask, assuming the bridge could be changed, is how big should the opening of the

bridge be to insure safe navigation. The data collected for this study can be

used in this analysis. There are two approaches that can be used. The first is

by using a set of design guidelines, in this case, Corp of Engineers Engineering

Manual 1110-2-1611, dtd 31 December 1980 entitled "Layout and design of Shallow

Draft Waterways". The second method, is to determine what flow rate and HP

(scenario) is considered to be a safe operating condition at the bridge, develop

a statistical histogram of minimum clearances under these conditions and simply

ad3ust the bridge opening width under other conditions to fit into the limits of

the "accepted3 safe base line conditions.

,
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6.1 Design Criteria - Paragraph 4-13, Engineering Manual, 1110-2-1611

states

"Clearances - The navigation span (horizontal clearance between piers)

should be somewhat greater than the designed width of the channel in the reach

depending on the alignment and velocity of currents in the reach, alignment of

the channel approaching the bridge, particularly from upstream, and the probable

effect of the prevailing winds.'

Since design of a bridge opening should be somewhat greater than the channel

*+ design width, we next need to determine the channel design width.

in this case we will assume a straight reach with one way traffic through

-% the bridge. Paragraph 4-5 in EM 1110-2-1611 states

"Operating experience has indicated that the minimum clearance required for

reasonably safe navigation in straight reaches should be at least 20 ft. between

tow and channel limits for two-way traffic, 40 feet for one way traffic, and at

least 50 feet between tows when passing." It goes on to say "Also, additional

clearance should be provided in channels with restricted cross-sectional area or

where adverse currents would be encountered".

The guidance in paragraph 4-5 given for minimum width of a channel for one way

traffic for a 105 ft wide tow is 185 ft.

56

-p%



An; ;een in kigure 2.1 ot this report the effective width between piers is only 181

feet, four feet less than minimum requirements. We have also shown that under all

of the scenarios tested, the mean minimum clearance falls well under the 40 feet

required by one way traffic, and in the high flow conditions the mean minimum

clearance falls under the 20 ft. design criteria for two way traffic.

The final step is to determine how wide the bridge opening should be. The best

approach is to use the Percent Channel Used. To determine the design width we

take the worst case Maximum Percent Used figure and multiply it by the effective

width of the span to determine the maximum area used by the Tow in feet. In our

study the worst regular channel design max PCU figure was 82.75% for the 5400 HP

Tow operating in 125,000 cfs flow. Therefore our Tow used .8275X181 ft or 150

feet of the span. Since the design criteria for oneway traffic calls for 40 ft

clearance on either side we simply add the required clearance to the max PCU value

to determine the design or required width. Thus, the optimal design width is 150'

+ 40' + 40', or 230 feet, 49 feet more than the existing opening.

A more conservative approach would be to use the design minimum clearance for two

way traffic. Following the same procedure above the optimal design width based on

two way traffic criteria is 150 ft + 20 + 20, or 190 feet, 9 feet more than the

existing opening. In both cases crab angle effect is not accounted for.

In summary we see that in order to meet minimum design guidance in EM 1110-2-1611

an effective oridge opening anywhere from 190 to 230 feet is required. It is

emphasized that conditions at Fort Madison Bridge, especially due to the cross

current, probably require more than these minimum design clearances.
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6.2 Histogram - The data for an analysis based on a Histograms is also

available. It would be necessay for the appropriate agencies to determine what

existing conditions at Fort Madison Bridge are considered acceptable, or safe

before an analysis based on histograms can be used. Once this baseline has been

established an analysis based on statistical histogram is possible in order to

determine either operating limits or bridge opening requirements. For example,

lets suppose that the Coast Guard and River Industry were to state that the

conditions of operating a 5400 HP Tow in a flow of 125,000 cfs were arcepted as

usafe" operating conditions at the bridge. We have developed a histogram of

minimum clearances for this scenario with 2.5% limits. It is then possible to

adjust bridge opening widths to insure the histograms developed for all other

scenario would fall within the same minimum clearances boundaries as the base

line or "safe" condition.
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7.0 SUBJECTIVE EVALUATION

In addition to the objective evaluation based on quantitative data

which was described previously, a subjective evaluation, based on data collected

from pilot ratings, was also conducted. This evaluation is described below.

7.1 Pilot Ratings - During the study, the pilots were requested to

subjectively evaluate each run. The questions asked were:

o "On a collision danger scale of 1 to 10, 10 being extremely

dangerous or actually collided, how would you score this rune What features

contributed to the danger/lack of danger?"

o "On a realism scale of 1 to 10, 10 being precisely like actual

runs at Ft. Madison, how would you score the realism of this run? What

particularly made this run realistic/unrealistic?"

The results of their evaluations is located in Annex C.

In our analysis of the pilots' scores, we were not only interested

in the pilots' rating by scenario, but how the pilots' compared among themselves

and how the pilots' ratings of difficulty, realism and danger compared with the

values of horsepower, channel design, current, replication, and pilot number.
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7.1.1 Difficulty - As expected, the pilots' ratings were different with

pilots 9 ana 10 giving very low Scores of 1.6 and pilot 5 and 6 giving higher

scores but still relatively low scores of 4.2. This indicates that across the

board the pilots did not consider the runs difficult. There may be certain

situations they found more difficult than others. When difficulty is tested

against horsepower, channel design, current and replication the scores do not

appear significantly different. The low horsepower, high flow, and modified

4 channel averaged a difficulty rating from less than I point to a little over 1

point more difticult than their counterparts. The statistical figures indicate

that pilot number has the greatest effect on the difficulty rating with the flow

rate also having some affect. Because each pilot had his own subjective opinion

scale it is not surprising that pilot number would have a significant affect.

It is important to note that flow rate did have a significant affect, though

less than pilot number, on the pilot's subjective ratings. They found the high

flow conditions more difficult.

7.1.2 Danger - We see the same trend in the danger rating with again

relatively low scores. Here pilot number and current have the greatest affect

*. on the scores with high current being rated more dangerous than low current, but

still with a relatively low score of 3.13. In the case where the pilot hit the

bridge his stated reason was a combination of high flow and getting in "too

deep" towards the right hand pier.

V.
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7.1.3 The final analysis was done on the pilot's ratings of now

realistic he thought the system was. Here we see only the pilot's :-ujectivtty

as the major variable affecting the scores. The relatively high score average

of 7.08 would have been 8.07 had pilot number 6 not been included. This

indicates that the pilots thought that the system was fairly realistic.

- 7.2 Final Subjective Ratings - Each pilot was given a final debriefing

and requested to answer the following questions:

, o "On a scale of I to 10, with 10 being precisely equivalent to

the real boat, please rate the tow boat handling characteristics in the

* cnannel. What problem, if any, did you note and how severe were they?'

o On a scale of I to 10, 10 being exactly realistic, please rate

the current effects as simulated. What problems, if any, and how severe?

o on a scale of 1 to 10, 10 being exactly as on the river itself,

please rate your tow's handling going past the bridge. What problems, it any,

did you observe and how severe were they?

o On a scale of I to 10, 10 containing all information useful for

navigation but no unrealistic or excessive information, please rate the visual

scene. Any problems? How severe?

o Please rate the tow boat control station on a scale of I to 10,

10 being precisely realistic. Any problems? How severe?
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TM

o Wertv you able to adapt to the simulator so that your responses

were the same as they would be or the river? Comments.

o Was the familiarization adequate?

o How many runs did you make after the familiarization before you

felt comfortable and proficient with the simulator?

0 What changes would you like to see to make this simulator a

more realistic or useful research tool?

0 DO you feel a simulator like this could be useful in training

-" tow boat operators? Comments.

o What would be the best type of material to teach on the

simulator?

o Tow boat handling, generally

o Rules of the Road
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o Local area familiarization

o Instruments and procedures

o Night navigation

o Locking, docking and fleeting

o All of the above

o None of the above

We also asked the pilots for comments on the currents and their

strategy as well as any general comments.

7.2.1 Debriefing results - Listed in Table 7.1 is a matrix of the pilots

final ratings:

As you can see, the high ratings given by the pilots, inaicate

they all considered the simulator, the modelled performance and the currents to

be realistic. They all considered the tow simulator to be a useful training

*tool.
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8.U CONCLUSIONS

Several conclusions can be drawn from this study. They involve further

validation of the usefulness and accuracy of the simulator as well as the primary

purpose of safety improvement at the bridge.

8.1 Safety at the Bridge - As far as the primary purpose of this study,

improved safety of operation at Ft. Madison, the following conclusions can be

made.

o Based on historical data and the results of this study, it appears

that under the conditions tested, Ft. Madison Bridge does pose a higher risk than

is acceptable to experienced pilots with a knowledge of local conditions. Pilot

knowledge of the area is extremely important and contributes to safety of

operation at the bridge. Since all pilots in this study were very able,
p..,

*experienced pilots no conclusion can be reached concerning pilot ability.
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o Of all of the factors we tested which affect and detract from

safety of operation the primary contributing factors are high flow and the

design of the channel. In the case of regular design, the left hand set

encountered at the bridge poses the greatest problem. Though Horsepower does

not appear to have any major affect under the conditions tested or in cases

where emergency maneuvering is not required, we have shown some correlation to

HP and safety with an increase in the margin safety as Horsepower increases. In

general the margin of safety decreases as flow increases and the margin of

safety increases as HP increases.

o The safest conditions at the bridge exist under low flow

condition, or the modified channel. Both of the low flow, regular design

minimum clearance values were 6 to 8 feet better than each high flow condition.

The minimum clearance values for each of the modified channel scenarios were 6

to 11 feet better than each of the high flow regular design scenarios, and up to

3 feet better than the low flow scenarios. The best MINCL values were obtained

in the modified channel.

.6
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o Based on the results of this study, under the conditions tested

and on criteria found in EM 1110-2-1611 the navigation span opening is not

adequate for this size barge and should be anywhere from 9 ft. to 49 ft. wider.

This finding should be considered in any program undertaken to improve safety of

operation at the bridge.

o Pilot knowledge of the area and pilot ability appear to be a

major factor in safety of operation at the bridge.

8.2 Simulator: It appears that the ship maneuveting simulator tow

accurately and correctly simulates conditions at Ft. Madison Bridge as well as

tow boat handling characteristics. There is room for improvement and each of

the pilots' comments are valid. However, for the purposes of this study we can

conclude that under the conditions studied the simulator realistically portrayed

,i events as they actually would occur at Ft. Madison.

The simulator has been judged by the experienced river pilots who

participated in this test to be a valuable training device. It is also a

valuable analytical device as can be seen by the data obtained from this test.
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9.01 RI'COMMENDATIUN

%" The final recommendations of this report are:

--*o Second Coast Guard District and River Industry use results of

this study to aid in improving safety at Ft. Madison Bridge.

0 Based on the results of this study, under the conditions testedII, it appears that dredging behind Dutchman's Island would promote safety at the

bridge. The Coast Guard in conjunction with the Corps of Engineers conduct

further investigation into the feasibility and costs of dredging behind

Dutchman's Island. Further tests may also be conducted on the dike alternative

to prove or refute subjective analysis done in conjunction with this test.

o The Coast Guard investigate further the need for alteration of

the navigation span at Ft. Madison Bridge. Bridge alteration to enlarge the

navigation span would promote safety at the bridge.

o Upgrade tow simulator and include information for pilots on

necessary landmarks and visual aids necessary for any further test. This may

- also be helpful, particularly if the dike alternative is nearly as effective as

the dredged alternative but has a lower life cycle cost.

o Continue testing of other unsafe bridges, with St. Louis Harbor

reirv4 next.

.9

o Coast Guard, in conjunctlon with appropriate agencies should

et, rmnrie :riterid for allowable minimum clearance or percent channel used

'I eito safe.
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19-SEP-85 FT MADISON PILOT RATINGS

15:l,:4o G-W/M VAX SIMULATOR iaX-11/7 -D VvS ,4.'

PILN HP DESN CURNT REFL DIFF ONGR REAL

2 2 2 1 6 4 8
, 1 1 1 2 1 1 1 8

". i 1 1 1 8

.2 1 C 2 3 3 8
Y 1 2 2 2 3 8

S? 2 2 2 1 1 8

2 2 8~ 2 1 1 2 1 1 8
Q. e 1 1 1 2 1 1 S

1 2 3 1 1

1 2 3 1 1s
9 1 1 2 3 1 1 8
~2 1 3 1 1 8
'o 1 1 2 3 1
9 2 2 2 3 1 1 8

Q 2 1 1 4 1 1 8

9 1 1 - 4 1 1
9 2 2 2 4 1 1 8

2 1 2 1 1

1 1 2 2 4 1 1 8

9 1 1 2 4 1 1 9
1C 13 1 1 1 4 2 9

" -2 1 2 1 5 2 9

19 1 2 2 1 2 0 9
12 2 2 2 1 1 0
lq 1 1 2 1 0 0 9
10 2 1 1 1 1 0 9
11 2 1 2 2 4 2 9
10 1 2 2 2 4 3 9

""I 9 2 2 2 2 2 2 9

J 1 1 2 0 2 9
S 2 1 2 0 0

-c~ 1 1 1 2 0 9
S1 1 2 3 2 2
1' .] 2 " 3 2 2 9

1? 4 2 C

1 1 1 0 9

" ;;; 2 2 3 3

4 2 0 9

#C I
1, 1 . ,. 2 0 9
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7 AD-168 26 FT MADISON BRIDGE 
STUDY - EFFECTS OF CURRENT 

4ORSEPOUER 2/2
AND ALTERNATE CHA (U) CORST GUARD MASHINGTON DC
SYSTEMS BRANCH D E DICKEY ET AL. MAR 86 USCG-W-8i-86

UUCLASSIFIED F/G 13/2 NIIMIEE.
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1y-SEP-85 FT MAnIION PTI.OT kATIN;,'

|':11:41 ,-W/M VAX 'i tIIATOR i[.r vAX-11/73f VMS V4.1

-.ILt HP DESN CUN1 P[FL DIFF CNGP R.AL

1 1 1 1 3 2 7
, 1 2 1 1 10

1 2 7 1 7 5 -

2 . 2 1 5 3
1 1 2 1 7 6 6

2 1 1 1 2 2 7
S 2 12 2 4
1 2 2 2 7 7

? 2 2 2 6 4
2 4 4

1 l 1 2 2
1 1 2

1 6 2 7

4 3
1 1 4

*1 72 4 6 6.Z.

44: . 1 1 1 : ' t

1 2 4 5
, , 2 1 4 4 9

o. 1 1 1 1 4 4 5

6 1 2 2 1 4 4 5
z 1 1 5 7 4

"1 1 2 1 6 7 4
1 1 1 4 4 4

? 1 2 2 6 5 4

2 2 8 7 4
? 2 4 4 4

2 4 4 4

AI 1 2 4 4 4
' ? 1 2 3 4 4 4

'. 1 1 4 4 4
2 1 3 4 4 4

S1 3 4 4 4

21 4. 4 4

. - 4 4 4

- - - 4 4 4

'~ 2 1 4 4 4 4
- 1 1 4 4 4 4

2 12 4 4 4 4
k 2 1 2 4 4 4 4

. 2 I 2 4 4 4 4
S 1 27 4 4 4

1 1 1 1 2 1 7
S 2 12 1 5 5

- 1 . 2 1 2 3
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Pilot Comments
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Appendix D

Pilot comments - The pilots did have comments on several of the

aspects of the test. Listed below are some of their actual comments or trends in

their comments:

o Tow boat handling - PILN 9 - "The tow (simulator) turned a little

quicker (than an actual tow)." PILN 5 - "It may have answered the rudder a bit

quick and you didn't get quite as much slide after making an extra hard steer."

The primary trend of comment in this area concerned the quickness of tows

response to the rudder.

o Current - PILN 5 "They were pretty much realistic." All the pilots

thought the currents were realistic. They did mention that the simulator picked

up the left hand set closer to the bridge than really occurs. Under real

conditions the tow picks up the left hand set earlier (further from the bridge)

than the simulated scenario.

o Tow's handling going past bridge - PILN 10 - "The tow was easier to

break off the swing span. A real tow would have taken a little longer to break

away after steer."

D-1



PILN 9 - *The steering was a little faster.0

Again the pilots seemed to think the tow responded a little more

quickly than actually occurs.

o Visual scene - PILN 6 - "There needs to be more detail in background

down below the bridge. The picture should be clearer and more detailed.'

PILN 5 - "The right pier needs to be more clearly defined. The smoke

stacks at the power plant above the bridge need to be added. The edge of the tow

needs to be a little more defined."

PILN 10 - 'There is a move or jerk in the picture as tow approaches the

bridge.'

The major concerns with the visual scene were the lack of some

features that the pilots use to help them navigate such as the smokestack above

the bridge as well as the clarity and detail. They did think that what was on

the simulator was adequate and were impressed with it. Changes are now in

progress that....)

o Changes to make simulator more realistic - PILN 10: 'Cleanup the

movement in the picture. Should add a rear scene.'

D-
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PILN 6 - "Add something that lets you know if you hit.,

PILN 9 - *Help if I had some way of knowing how far off the right hand

pier I was."

The pilots main concern, unamiously, was not having a way of

determining how far off the right hand pier they were. They believed this

significantly affected their ability to navigate through the bridge.

o Training - PILN 9 - Olt definitely would help.*

PILN 6 - "Useful for someone who dosen't know the area. It would help him

know what to expect.9

o Strategy - All of the pilots held to the right hand pier closer and

longer when in the high flow condition.

o Current changes - All pilots noticed change in the magnitude of the

current with each different flow pattern.
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