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NOTICE

This technical study examines traffic management
alternatives as a means to reduce or eliminate
casualties contributing to pollution of the marine
environment. Nothing contained in this report
should be construed as affecting or changing the
Administration's position on offshore claims in
general or at the Third United Nations Conference
on the Law of the Sea in particular.

NOTICE

This document is disseminated under the sponsorship
of the U.,S., Department of Transportation in the
interest of information exchange. The United States
Government assumes no liability for its contents or
use thereof,.

NOTICE

The United States Government does not endorse prod-
ucts or manufacturers. Trade or manufacturers'
names appear herein solely because they are con-
sidered essential to the objectives of this report.
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PREFACE

The Offshore Vessel Traffic Management (OVIM) Study was per-
formed in response to Presidential Initiatives issued in March
1977 which were a result of the Argo Merchant o0il spill and several
other tanker casualties that occurred in the U.S. offshore waters
during the winter of 1976-77. These initiatives called for the
Secretary, U.S. Department of Transportation, to perform several
studies and take other actions to prevent or reduce the effects of
0il spills from tank vessel casualties in the U.S. offshore waters.
The OVTM Study was referred to in the Presidential Initiatives as
'a study of long range vessel surveillance and control systems,"
The Transportation Systems Center performed this work in support of
the U.S. Coast Guard and the Office of the Secretary of Transporta-
tion. The study effort was initiated in August 1977 and completed
in June 1978.

This study was directed by the Coast Guard Port Safety and
Law Enforcement Division with specific guidance by the following
individuals: CAPT Richard A. Bauman, USCG; CDR Eugene J. Hickey,
USCG; Mr. Don Ryan, and LCDR John Bannan, USCG. Special recogni-
tion is given to the Coast Guard Project Manager, Don Ryan, for
his many helpful contributions to, and close association with, the
TSC study team., Other contributors were: CAPT (Ret. USCG) Harold
Lynch, CAPT Arthur Knight and CAPT William Mitchell, all of the
Boston Marine Society; John Devanney of the Massachusetts Institute
of Technology Center for Transportation Studies; and Patricia
Concannon and Jeanette Collier of TSC.
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APPENDIX A
EXAMPLES OF MERCHANT VESSEL CASUALTY REPORTS

Two representative merchant vessel casualty reports, Tepro-
duced in toto, are included on the following pages.

The first report, case serial number 72865, contains (1) the
endorsements of the Marine Inspection Officer In Charge and the
Coast Guard District Commander, (2) a letter of transmittal from
the Investigating Officer, and (3) U.S.C.G. form CG-2692 prepared
by the vessel master. This report is most typical of the scope
and depth of information available for each incident. If more
than one vessel is involved in a casualty, each vessel master will
prepare a form CG-2692.

The second report, case serial number 71355, contains the
same enclosures. The significant difference is the extensive nar-
rative contained in the Findings of Fact prepared by the investi-
gating officer. This sort of detailed analysis is generally docu-
mented in cases where pollution resulted, deaths occurred, or a
collision between vessels resulted in extensive damage.
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16732/:441S 21879
18 October 1977

FIRST ENDORSFMFNT on I, O., Philadelphia, PA report 16732/MMIS 21879 of
18 October 1977

From: Officer In Charge, Marine Inspection, Philadelphia, PA
To: Commandant (G-MVI-1/83)
Via: Commander, Third Coast Guard District (mvs)

Subj: M/ WS, (SC), O.N, @; Grounding, entrance to Delaware

Bay on 19 September 1977, with no personnel injuries and no pollution

l., Forwarded, approved,

2, A copy of this report has been forwarded to Commander, Third Coast Guard
District (oan),

3. The original form CG~-2692 for the GNP vwas forvarded with the

year-end report. ;i

D. V. SMITH
&

(mvs)
27 October 1977

SECOND ENDORSEMENT

From: Commander, Third Coast Guard District
To: Commandant (G-MMI-1/83)

1. Forwarded approved.

&-/’//ﬁ///_'{:&/ <-

A. N.-SCHROEDER
By direction

Copy to:
MIO Phila.



DEPARTMENT OF TRANSPORTATION .
MAILING ADDRESS
UNITED STATES COAST GUARD o0fficer in Charge
o ol . Marine Inspection
RECEIVEU 801 Custom House
Philadelphia, PA 19106

(215) 597-L337
0CT 26 977
16732/MMIS 21879

MA " 4 VSR D, 18 October 1977

R h

Froms Investigating Officer, Philadelphia, PA

To: Cormandant (G-1MI~1/83)

Via: (1) Officer In Charge, Marine Inspection, Philadelphia, PA
(2) Commander, Third Coast Guard District (mvs)

Subj: M/A SN, (5G), o.N. @; Grounding, entrance to Delaware

Bay on 19 September 1977 with no personnel injuries and no pollution

1, The investigation of the casualty has been completed; a narrative report
will not be submitted,

2., The proximate cause of the casualty was an error in judgement on the
part of the Master, in that he underestimated the effect of current on his
vessel, The vessel had slowed to L to 5 knots to pick up the pilot and was
set to the right by the tidal current, grounding softly on the starboard
bow, shortly before the pilot arrived on board,

3. The vessel was boarded by personnel of the Marine Inspection Office, Phila=
delphia, Captain of the Port, Philadelphia, and Atlantic Strike Team, There
was no apparent damage and no loss of oil,

L. The vessel was refloated at 1200, 19 September 1977 and continued
lightering to Interstate Oil Barge @B, The vessel was unable to get under-
way because a mud-clogged strainer caused the loss of a generator. The
vessel regrounded in the same position on the port quarter at 1630, The
vessel continued lightering until high water at 0150, 20 September 1977 when
the vessel was again afloat, The vessel was moved under its own power and
without incident to Big Stone Anchorage in the Delaware Bay,

5. The aids to navigation in the area were checked on 19 September 1977 and
were found to be watching properly.

6. The Master's comment in block 3L poirts to a need for action on the part
of the Coast Guard for a change in aiding deep draft vessels enterirg Dela-
ware Bay. The Master's recommendation would present one approach which might
help to reduce the possibility of groundines. An alternative wculd be to
move buoy R "2A", light list number 2095.10, approximately 1.2 miles to the
west, which would prevent traffic from being led into the vicinity of the 37
foot shoal area, one mile west of the buoy's current position. This recom-
mendation has the support of the Captain of the Port, and the Mariner!s
Advisory Committiee,



16732/vMIS 21879
18 October 1977

Subj: MV G, (Sc), O.VN, @; Crounding, entrance to Dela-
ware Bay on 19 September 1977 with no personnel injuries and no
pollution

The Master's comment that deep draft tankers should not enter the bay
after dark is not concurred with, Pilots routinely bring vessels in withe=
out incident., The movement of vessels during periods of poor visability
is already adequately controlled by Navigation Rules,

Te It is recommended that a copy of this report be forwarded to Commander,
Third Coast Guard District (oan),

8. There is no evidence of actionable misconduct, inattention to duty,
negligence, or violation of law or regulation on the part of licensed or
certificated persons, nor evidence that failure of inspectea material or
equipment, nor evidence that any personnel of the Coast Guard, or any other
government agency or any other person contributed to the cause of this casu-
alty. Therefore it is recommended that this casualty investigation be closed.

DM

D, J., MARTYN

Encl: (1) COTP 221810 Z Sep 77
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DEPARTHENT OF
TRANSPORTATION
U. S. COAST GUARD
CG-2692 (Rev. 12-700

REPORT OF VESSEL CASUALTY OR ACCIDENT

Forma Approved
OMB No. 04-R3003

REPORTS CONTRCL 8YMBOL
HY!-4017

. An original and two coples of this form ghall be submitted,
without delay, to the Officer in Charge, Hearice Inspection, in
whose diatrict the casualty occurred, or ln whose district the
vessael firot arrived after such casuaity.

. If the person making the report is a licensed officer on a ves-
sel required to be manned by such officer, he must make the
report in writing and in parson to the proper kiarine Inspector.
If because of distance it inuy be inconveniznt for such an offi-
ceor to submit the report in porson, he may sebmit the required
pumber of copies by mail. Howaver, to avoid delay in investi-
gations, it is dealred that reporta be submitted in person.

INSTRUCTIONS

3. This form should be completed in full; blocks which do oot
apply to o particular case should be indicated as 'RA'".
Where answers &re unknaown or none, they should be indi-
cated as such. All coples should be signed.

NOTE: (1) Report all deaths and icjuries, which incspacitate
in excess of 72 hours, on CG-924E whether or not
there was 8 vessel casualty.

(2) Attach separate Form CG-924E to this report for
each persor kilied or injured and incapacitated in
excess of 72 hours as a result of the veasel
casualty reported herein.

-

—~ . "

- BATE SUBMITIED
Officer in Charge, Marine Inspection, Port of Philadelphia 19 Sept 1977
I PARTICUL ARS OF VESSEL
1. NAME OF VESSEL 2. OFFICIAL NUMBER 3. HOME PORT & NATIONALS TY
| SRt | Singapore Singapore
S. YYPE OF VESSEL(Fri.,pass.,tkr., alc) |6.PROPULSION(Steam. diesel,0tc)|7 GROSS TONNAGE . REGISTERED LENGTH OR L.0.A.
tanker Diesel 51,501 797.24! loa
9. HULL MATERIALS 10. YgA %4 IT RADIO EQUIPMENT
steel ié'ﬂ
X Transmrt X recuive (X] vorce X] v (Rew
12. (&) RADAR EQUIPPEC ?‘Z_-;fi;;,{._;z;ﬁ_m:. RADAR OPERATING AT TIME OF CATEf: £y -0 .4 11
3 ves O w & ves [ wo e L e
13.(a) CERT.c 2o7% 7 1ySPECTION ISSUEQ JT PQRT OF () DATE CERTIFICATE OF INSPECTION 1SSUED
Civ e 3 e Lemans L RN

2/26/16

gapOre
14. (&) NAME OF MASTER OR PERSON IN CHARGE (Indicate which)

(b} DATE OF BIRTH

(c) LICENSED BY COAST GUARD

9/ 4/30 [ ves K] wo

15¢a; K&ME OF PILOT (I on board &t time of accident)
none

€5) PILOT SERVING/LNDER AUTHORITY OF LICENSE (SSUED 8Y

[J uscs ] svare

[ Foreron

L N crorator

1€. (&) NAME OF OWNER{S) oPERATOR(S] OR AGENT (Indicate which)
owner

i
(b) ADORESS OF OWNER(S),L OPERATOR(S). OR AGENT

Singapore

H PARTICUL

ARS OF CASUALTY

17.(e) DATE OF CASUALTY (b)TluE)oF CASUALTY(Local or |(c)ZONE DESCRIPTION (D TIME OF DAY
043 DAY NIGHT ™ T
9/19/11 0435_EDT Do & [ miLsen

Latitude 38%47.9' Longitude 75 00.8

.18. LOCATION OF CASUALTY (Latitude and longltuds; diafance and TRUE bearing irom charteod object; dock; anchorege; otc.)

{S. BODY OF WATER (Qeographical neme)

20" RULES OF THE ROAD APPLICABLE | ] IMLAND

{J omear Laxes 3 wesvem. rivers

entrance to INTERNATIONAL OTHER (Spocify)
Delaware Bay @ O &
2%. (a) D10 CASUALTY OCCUR WwrlLE UNDERWAY: E3I YES {J No

(b) IF YES, LASY PORY OF DEPARTURE )
Ras Tanura, Saudi Arabia

(c)IF YES. WHERE BOUND WHEN CASUALTY OCCURRED

Mobil Paulsboro (Philadelphia)

22. (a) WEATHER CONDITIONS WHEN CASUALTY OCCURRED:

(3 cesr [ earmy clovoy KR overcast [} fos  [C] Rain O swow (] omier (Sooctty)

() VISIBILI T (3ftlew, yde. i, 0tC.) (c) WIND DIRECTION (D FORCE (N KHOTS  l(a) GUSTY (0 AIR TEMP ERATURE
2-4 miles west 4 kts |01 ver e | 22¢

23 .(a) SEA CONDITIONS WHEN| (L) SEA WATER TEMP  |(G)HEIGHT OF SEA |(c) DIRECYION OF SEA [(@)HEIGHT OF SWELL | () DIRECTION OF-$aELL

CASUAL TY OCCURRED (if avaliable)

light 21 C 1l to 3 ft. SW none none

24.(a) NATURE OF CARGO (Specify) (b)m;;l;;:) oRY Cﬁs_aéso (<) ?ﬁf,:’,,%‘:)w“ L1auip (d)a;g‘u‘:'”t:;)czcx LOAD
light Arabian Cryde RBIBYBXFXEEIE 678,513 bbls none

25.(e) ORAFT FORWAR

47 osn

() DRAFT A”T

48t08"

L

26.(a) TYPES OF LIFESAVING EUUIPNENY USED, IF ANY

none

LLIVES SAVED WiTh LIFE-
VING SQUIPMENT

N7A

(d) NO (c)LIFESAVING EQUIPMERT SATLES-
SA FACTCRY

K] ves

] no (it 1o, explain in
itemn $4)

PREVIOUS EDITION MAY BE USED

A

(Over)

-5



{leverse of CG+2692 (Rev. 12-70)

INCAPACI TATED (over 3 daya)

27 CREW  PASSENGERS OTHER(Spqcify) |28 ESTIMATED LOSS/DAMAGE TO YOUR VESSEL $ N
NUMBER ON EOARD 20 0 0 ESTIMATED LOSS ‘DAMAGE TO'YOUR CARGO $ fﬁ]ﬁ
DEAD/MISSING 0 ESTIMATED LOSS/DAMAGE TO OTHER PROPERTY §

Y none

(Specily whother vessel, dock, bridge, etc.)

29. NATURE OF THE CASUALTY ( Check one or more of tho following. Give pertinent details in item 30.)

COLLISION WITH OTHER VESSEL(S) (Specify)

EXPLOSION/FIRE (Other)

X | GRouNDING

FOUNDER (Sinking)

COLLISION WITH FLOATING OR SUBMERGED OBJECTS CAPSIZING WiTHOUT SINKING

COLLISION WiTH FIXED 0BJECTS (Piera, bridges, etc.) FLOODING. SWAMPING. €TZ . WITHOUT SINKING
COLLISION WITH ICE HEAVY WEATHER DAMAGE

COLLISION WITH AIDS TO NAVIGATION CARGO DAMAGE (No vessel damago)
COLLISIOK (Other) MATERIAL FAILURE (Veasel etructure)

EXPLOSION/FIRE (Involving cargo)

MATERIAL FAILURE (Engineering machinery, including main

EXPLOSION/FIRE (Involving vesael’s fuel)

propul eion, auxiliaries, boilers, evaporators, deck machinery,
eloctrical, etc.)

FIRE (Veaael's structure or equipment)

EQUIPMENT FAILURE

EXPLOSION (Bofler and associated parta)

CASUALTY NOT NAMED ABOVE

EXPLOSION (Presaure veseels and compressed gaa cylinders)

sheets, if necesasry)

30. DESCRIPTION OF CASUALTY (Events and circumstances leading to casualty and prosent when it occurred. . Attach diagram and additional

Vessel was approaching Delaware Bay through Delaware to Cape Henlopen traffic LanL.

The engine was put slow ahead waiting for the pilot at 0425 due south 180° .9 mile
from buoy R2A (radar fix), and course was changed to 292°, Speed at slow ahead is
4 to 5 kta, The strong tidal current set the ship to the right grounding softly
at 0435 due west of buoy R 2 A (2709 .85 miles., Vessel grounded on Sthd bow,

Vessel floated free at 1206.

Generator undergoing repair not related to grounding, :

Regrounded at 1600 as tide went out. Vessel at anch

'Te

3.

DAMAGE (Give briet general description and state if vesscl is a total [oss.)

No apparent damage, pending bottom survey.,
tanks, took ullage in cargo tanks, No leakage found,

Sounded forepeak, cofferdams, ballast

11} ASSISTAMCE AND RECOMMENDATIONS

32. AUTO ALAPL TRANSMITTED BY YOUR VESSEL:

3 ves X3 wo

33(a) ASSISTANCE RENDERED BY STATIONS‘,MD VESSELS (Include Coast
Qu

(b) OTHER ASSISTANCE RENDERED
&rd and othar stations and vessel

Lightering by Interstate 0il barge

140 and tug Ranger none
34. I£C;.‘WENSATIONS FOR CORRECTIVE SAFETY MEASURES PERTINENT TO THIS CASUALTY (Include expl tion of tiefactory lifeaaving
equipsnen

Recommend that pilots board ship at thé end of the traffic lane "DC" buoy.
Deep draft vessel with cargo oil should not enter channel to Bay after dark
or in poor visability,.

TITLE.

S1GHATURE
Master

A-6

oM ney 249
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16732/C-47-77
9 August 1977

FIRST ENDORSEMENT on Investigating Officer CG MSO Juneau ltr 16732
of 22 March 1977

From: Commanding Officer, CG Marine Safety Office, Anchorage, AK

To: Commandant (G-MMI-1)
Via: Commander, Seventeenth Coast Guard District (m)

Subj: MV (IS, O.N. WEN; orounding off East Forelands,
Cook Inlet, AK., on 5 October 1976, without loss of life.

l. Forwarded approved.
2. MSO Anchorage Case Number C-47-77 has been assigned.

3. A report of violation has been submitted concerning Capt.
action in this incident.

4. A Water Pollution Violation Report has been submitted for the
spill resulting from this casualty.

5. A source-fact letter will be forwarded to OCMI Houston, TX.,
the port of Captain P last known permanent home address,
for such action as that office may deem appropriate.

Copy to:
MSO Juneau

16732
12 August 19717

SECOND ENDORSEMENT

From: Commander, Seventeenth Coast CGuard District
To: Commandant (G-MMI-1)

1. Forwarded approved.

2. Alleged violation is under review. / (7711/////

By direction



DEPARTMERT OF TRAMNSPORTATION
UNITED STATES COAST GUARD

MAILING ADDRESS

Commanding Officer
Marine Safety Office
612 Willoughby Ave
Juneau, Alaska 99801
*TELE: (907)586-7288

16732
22 March 1977

Officer-in-Charge, Marine Inspection, Anchorage, AK

(2) Commander, Seventeenth Coast Guard District(m)

From: Investigating Officer, MSO Juneau
To: Commandant (G-MMI)

Via: (1)

Subj: M/V

out loss of life

, O.N. @»; grounding off East
Forelands, Cook Inlet, Alaska on 5 October 1976, with-

FINDINGS OF FACT

1. The M/V GNP crounded off East Forelands on
5 October 1976 in the approximate position of 60-~48.9N,

151-29W.

As a result of this casualty extensive bottom

damage was incurred and approximately 9421 bbls of JP-4
cargo was lost or not accounted for.

2. Vessel data:

NAME

OFFICIAL NUMBER
SERVICE

GROSS TONS
NET TONS:
HULL MATERIAL
LENGTH:
BREADTH

DEPTH
PROPULSION
HORSEPOWER
HOMEPORT:
OWNERS
MASTER

LICENSE

TANKER
17,134.15
11,886
STEEL/WELDED

OIL SCREW
14,000
WILMINGTON, DELAWARE

TRUSTEE

LICENSE NUMBER ,
MASTER OF OCEAN STEAM OR
MOTOR VESSELS ANY GROSS
TONS, RADAR OBSERVER, FIRST
CLASS PILOT OF TAMPA AND



16732
22 March 1977

Subj: M/V P 0.N. GEMMED: srounding off
Fast Forelands, Cook Inlet, Alaska on 5 October 1976,

without loss of life.

LICENSE(CONT.) : HILLSBOROUGH BAYS AT
TAMPA FLORIDA, AND FROM
JUNCTION OF "K" CUT
CPANNEL, FLORIDA POWER
CORPORATION PLANT, WEEDEN
ISLAND, FLORIDA, AND
DELAWARE BAY FROM LEWES,
DELAWARE TO CAPE MAY, NEW

JERSEY.
USMMD : Z-245 539-D2
CERTIFICATE OF INSPECTION : ISSUED 18 AUGUST 1976 AT

LOS ANGELES, CALIFORNIA

As a result of this casualty the vessel received extensive
bottom damage and all cargo tanks were holed with the excep-
tion of 3C, 4P, 5P, 6P, 7P, 7C, and 7S. The field survey,
conducted in Seattle, Washington by U. S. Salvage, dated
October 29, 1976 lists the extent of damages found when the
vessel was drydocked (EXHIBIT Z). All repairs were completed
to the satisfaction of the Officer-in-Charge, Marine Inspection,
Seattle, Washington.

3. The weather at the time of the casualty was as follows:
wind northerly force 3 (Beaufort Scale), temperature 50

degrees Fahrenheit, Barometer 29.76, seas slight with a

light chop, sky overcast with a light drizzle and visibility
8-10 miles. The tide opredictions at 0912 for 5 OCT 76 were
taken on Seldovia for East Foreland and was a plus 1.7 feet.
The current was taken off Wrangell Narrows for Nikiski and

the predicted velocity at 0912 for 5 OCT 76 was 3.344 knots.
One radar (3 Centimeter) was operating normally and was in

use at the time of the casualty. The other surface radar

(10 centimeter) was inoperable. The mate on watch used the
radar to obtain ranges and bearings from fixed objects and
relied soley on this method to fix the vessels position. All
other navigating equipment on the bridge was operating normally.
All times used in this report are Alaska Daylight Saving Time
(ADST) (+9), unless otherwise indicated. Navigational equipment
particulars aboard the vessel are as follows:

RADAR (3cm)

RAYTHEON SELENIA

Model 1645/6XB

16 inch cathode-ray tube

Built 1972

True and Relative bearing capability
Bearing resolution--17% or better

Range resolution---better than 75 yards
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Subj: M/V GEESEEENNEEND. O.N. @B frounding off
Fast Forelands, Cook Inlet, Alaska on 5 October 1976,
without loss .of life

RADAR(3cm) (CONT.)
Range Scales--%-1%-3-6-12-24-48 miles

RADAR(10cm)

RAYTHEON SELENIA

Model 1660/12SB

16 inch cathode-ray tube

Built 1972

True and Relative bearing capability
Bearing resolution--1% or better

Range resolution--better than 75 yards
Range Scales--%-1%-3-6-12-24-48 miles

LORAN--ITT MACKAY Model 4207 with "A" and''C" capability
Radio Direction Finder--ITT MACKAY Model 4004
OMEGA--SPERRY Model SR-500

4. The M/V G cormenced the voyage at San Pedro,
California on 26 SEP 76. As was the usual practice, the vessel
engaged and embarked a pilot for the waters expected to be

traversed prior to departure. For this specific trip the vessel
engaged Captain . Captain @i holds U. S. Coast
Guard license number endorsed as Master, Ocean Steam or

Motor vessels of any gross tons: Radar Observer; Also First
Class Pilot of the waters of Southeastern and Southwestern
Alaska. This license was issued to Captain @) on 19 OCT 73
in Seattle, Washington and is valid for a period of five
years. Captain @i also holds a State of Alaska, Department
of Commerce, license which states on the face:

"This certifies that QU NENEGNGENENED "2s fulfilled

all the requirements of the laws of Alaska, and possessing
the prescribed qualifications, is hereby authorized to
practice as a marine pilot of the Southeastern and Southwestern
Inland Waters in the State of Alaska, any gross ton.'" This
license expired on December 31, 1976.

5. The first port of call was Kodiak, Alaska where the vessel
discharged a partial load of JP-5 jet fuel cargo. The vessel,
having completed discharging cargo at Kodiak, had 18 of the

21 cargo tanks filled. The three empty tanks were number
fours across. The M/Vd departed Kodiak at
about 0930 on 4 OCT 76 and was bound for the Tessoro Pet
Company Terminal at Nikiski, Alaska and had approximately
175,000 bbls of cargo remaining on board. The vessel's draft

reading just prior to departure was 27 feet 2 inches forward,
32 feet 9 inches aft. The master estimated burnoff and water
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subj: M/V il NS, O.N. GEEP; frounding off
East Forelands, Cood Inlet, Alaska on 5 October 1976,
without loss of life

usage in any 24 hour period would not exceed one (1) inch per
day. The purpose of the call at Nikiski was to load 25,000
bbls of diesel. After the vessel had taken devarture at Kodiak
and was outside pilot waters, Captain @i, the pilot, was re-
lieved of all navigating responsibilities by other ship's offi-
cers. As was discussed between the master, Captain (D,
and the pilot, Captain @i}, it was determined the vessel was
to proceed at slow speed with one engine (Starboard) in order
to arrive alongside the pier at Nikiski at about 1000. This
would be approximately low slack water on the morning of the
S5th of October 1976. During the course of this conversation
the pilot requested that he be permitted to anchor the vessel
before going into Nikiski because of the long period of time
his services would be required. The Master, Captain

told Captain this would not be possible. The master ad-
vised that union regulations required the vessel to provide a
liberty launch if they anchored. Condescending to the Masters
wishes, Captain agreed to remain on watch and take the
vessel into Nikiski even though the watch would be more than

8 consecutive hours.

y

6. The vessel proceeded without incident and at 0110 on the
Sth of October 1976 Captain @i again assumed the con of the
vessel upon entering pilot waters. The vessel progressed into
Cook Inlet and at about 0800 the third mate, Mr. Wi, re-
lieved the mate on watch and noted that Captain @) was con-
ning the vessel. Mr. R fixed the vessel's position at
0806 by using a radar range and bearing. At 0825 another en-
gine was placed on the line to speed up the vessel and provide
sufficient power for maneuvering the vessel when coming along-
side the berth at Nikiski. With both engines on the line the
vessel was placed in the cruise mode which gave the vessel full
speed of 16 knots.

7. Captain (R came on the hridge at about 0845 and look-
ed at the position that had just been plotted by Mr. (NN
The master conversed with the pilot concerning the arrival

time and directed the Chief Engineer to provide the water and
fuel report so that it could be included in the arrival message.
It was the master's intention to take arrival at 0930. The
master drafted a message after obtaining the essential inform-
ation and decided he would personally take the message to the
radio-room in view of the time remaining before he would be
needed on the bridge. The master in Kodiak, and again on the
morning of 5 October directed Mr. B to pay specific and
particular attention to the pitch control when the vessel
began to maneuver. The purpose of this was to observe any
malfunction in the pitch control immediately in order that
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Subj: M/V GEENEES, O.N. W :rounding off East
Forelands, Cook Inlet, Alaska on 5 October 1976 with-
out loss of life

corrective action could be taken in time to avoid any casual-
ties. The pitch control had previously malfunctioned during
the approach to Kodiak and the master wanted to avoid a repeat
of this incident. The Chief Engineer repaired the previous
minor malfunction in the system and there had not been a re-
currance since the Kodiak incident. Captain (Il order
to pay particular attention to the pitch controls required the
mate on watch to be in almost constant attendance at the pitch
control panel. As a consequence, the mate had little time
available for other required navigational duties. Having
given specific instruction, and drafting the message, the
Master proceeded below to the radio-room at about 0900 to
deliver the arrival report.

8. At about 0906, when buoy 2 was just abaft the beam, the
pilot, Captain @i, ordered the helm to be put right 15 degrees.
When the vessel had changed course from about 010 degrees (GYRO)
to about 060 degrees (GYRO) the pilot ordered the helmsman to
steady-up. When the helmsman called out 064 degrees the pilot
ordered the helmsman to hold course. This course was maintained
for approximately 6 minutes when the pilot gave the order to
come right with 15 degrees rudder and to come to a heading of
090 degrees (GYRO). When the vessel was passing about 080
degrees the vessel began to vibrate. The helmsman described
the vibration as feeling the engines or the pitch control

had reversed. The helmsman visually observed the pitch control
and revolution gages and both appeared to be normal. Having
observed this, his first impression was that the vessel had

run aground. Approximately 30 seconds or less after the first
vibrations, the vessel again started to shudder and at this
time the helmsman was positive the vessel had grounded. The
vessel came to a stop a short time later and the Mate on watch
Mr. ., directed the helmsman to put the rudder amidships.
The helmsman noted the vessel had reached approximately 085
degrees (GYRO) and more or less steadied up on this heading
after the vessel had come to a complete stop. The mate, Mr.

, noted a strong smell of cargo (JP-4) and observed a
black streak in the water up forward on the port side and also
‘noted the surrounding water was somewhat discolored which he
assumed to be the vessels cargo (JP-4). Having observed the
water amd smelled the strong odor of the vessel's cargo, the
mate directed the helmsman to leave his post and proceed below
to tell the cook and other crewmembers to put out any cigar-
ettes or open fires and to secure the galley. He was also to
advise other crewmembers that cargo had spilled and to exercise
all necessary precautions to prevent a fire or explosion.
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Subj: M/VGEEEEEED. O.". G ; :srounding off East
Forelands, Cook Inlet, Alaska on 5 October 1976, with-
out loss of life

9. Captain (R, vho was at the radio-room with the Chief
Engineer, felt the vibrations and proceeded immediately to the
wheelhouse. The Chief Engineer noting the same vibration de-
parted immediately to the engineroom. Upon arrival in the
wheelhouse, the master inquired as to what had happened and
assumed control of the vessel's operations. Captain {¥iiNED
noticed the engines were stopped but were still engaged and
that the vessel had taken a pronounced starboard list and had
reached an attitude of almost 12 degrees. Captain
simultaneously pushed the appropriate buttons to disengage the
engines and called the engineroom to confirm the engines were
not engaged. Having spent a few moments assessing the situa-
tion, the master went to the port wing of the bridge and not-
iced a black streak in the water up forward and also noted

the strong, pungent odor of the vessel's cargo. Having brief-
ly assessed the situation, Captain Gl directed the Chief
Mate and the pumpman to commence gravitating cargo into

number four port tank. The purpose of this was to ascertain
if the cargo lines were still intact and to take the list off
the vessel. A short time after gravitation began and the lines
were found intact, the master ordered the cargo pump started
to transfer oil to number four port tank. After about 20
minutes enough cargo had been transferred to bring the vessel
back to an approximate even keel. The master then directed
the third mate, Mr. @, to obtain a bearing and distance
from East Forelands Light and directed the radio operator to
notify the U. S. Coast Guard in Anchorage, Alaska of the cas-
ualty and of the pollution. At about this same time, the
master noted the vessel was going down by the head as he was
attempting to level the vessel. He then ordered that soundings
be taken of all tanks and spaces to better assess the damages.
It was reported that NO4C and NO4S were holed and taking on
water. The master calculated this flooding of empty tanks

is what caused the vessel to be down by the head. At about
this same time, 0930, Mr. (i advised the master the vessel
was drifting and had way on. Captain (Nlll# continued with
his damage control efforts for a short time and at 0957 ordered
the port anchor let go. A fix of the vessel's position at the
time of anchoring was 60-51.5N, 151-27.8V.

10. The pilot, Captain (), had been on watch continuously
since 0110 in the morning without any relief whatsoever.
Captain @) testified that he had had much previous experience
in the area and was very familiar with all of the surroundings
and waters. While Captain @i} was piloting he last noted

the radar at about 0705 in the morning and more or less took

a range off Kalgin Island end noted the vessel was about 4.8
miles distant. Based on his experience in the area and his
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subj: M/V GEEEEED. O.1. G srounding off East
Forelands, Cook Inlet, Alaska on 5 October 1976, with-
out loss of life

local knowledge, the pilot also testified that he had not

used the chart and was relying solely on seaman's eye as his
means of fixing the vessels position. Captain @i} stated the
position placed on the chart by the third mate Mr. (NN, at
0906 was in error. Captain did not question any other
position placed on the chart by Mr. Gl and assumed they
were all correct. Captain Jlil} offered into testimony exhibit
AA which was chart 16660. On this exhibit Captain WM} had
drawn a reconstructed course line from the 0845 position to

a 0901 position. 1In his reconstruction, it brought the vessel's
position, with a course of 010 degrees True, to the point where
the vessel made its turn at time 0901. Captain GllJi# recon-
struction of the trackline placed the vessel in good water and
clear of the known charted shoal area. However, upon further
inquiry and reconstructing the vessel's position and a track-
line a second time and using the vessel's speed of 16 knots,
which previous testimony stated the maximum speed of the vessel
to be, and using a current of 2 knots, which the vessel would
have to stem and which approximated the actual conditions en-
countered, this second reconstruction of the vessel's track-
line by Captainﬂ caused the trackline to traverse over the
known and charted shoal area. The depths of water in this
known shoal area range from 24 feet to 30 feet at Mean Lower
Low Water (MLLW).

11. The vessel having anchored, commenced pollution and damage
control efforts. A lightering operation was set up to discharge
the remaining cargo aboard the vessel. After a concerted effort
onthe part of ship's personnel, assisting agencies, owners and
other persons, it was ascertained that all cargo had been re-
covered with the exception of about 9421 bbls which either spill-
ed into Cook Inlet or was otherwise not accounted for. There

was no apparent visible damage to the environment as a result

of this spill. However, efforts are still ongoing by appropriate
agencies to evaluate the affects this spill may have caused.

12. Having completed all lightering operations satisfactorily,
the vessel, using the ship's own propulsion and in escort of
tugs, departed Nikiski at about 1042 GMT on the 18th of October
1976 bound for Resurrection Bay off Seward, Alaska. The purpose
of proceeding to this area was to get into clear water, since
Cook Inlet is heavily silted. This would then enable divers

to obtain a more unobstructed view of damages and permit respon-
sible persons to evaluate the hull girder for seaworthiness.
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Subj: M/V O.N. G ; crounding off East

Forelands, Cook Inlét, Alaska on 5 October 1976, with-
out loss of life

CONCLUSIONS

1. It is concluded the M/V NN :rounded in the
approximate position of 60-42.9N, 151-29W.

2. It is concluded the cause of this casualty was the pilot's
failure to correctly and accurately ascertain in the vessel's
position as well as take into consideration the effects of

the current, while making an approach to Nikiski. By such
failure, a course change was initiated which took the vessel
over a known and charted shoal area.

3. Contributory to this casualty was the fatigue of the pilot
from having stood watch for over 8 continuous hours without
relief.

4. Contributory to this casualty was the mate's compliance
with the Master's order to pay particular attention to the
pitch controls and to the extent that almost all other nav-
igating duties were excluded.

5. It is concluded the vessel grounded twice and came to a
complete stop and was hard aground after the second grounding.

6. It is concluded that Captain did not take into con-
sideration the affects the current had on the vessel and
therefore anticipated the vessel was north of the actual
position at the time the turn toward Nikiski was made,

7. It is further concluded that the position at 0901,

as reconstructed by Captain , was in error because
Captain { ) allowed a speed of 18 knots through the water
when the approximate actual conditions encountered was 14
knots or less.

8. It is concluded that the ballasting of the vessel by the
master in order to place the vessel on an even keel, combined
with the effects of the wind and current, caused the vessel to
become adrift.

9. The master used poor judgment when he ordered ballasting

the vessel without first having completed a full damage survey.
Had there been additional damage to the vessels stability the
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Subj: M/V NS O.Y. S srounding off East
Forelands, Cook Inlet, Alaksa on 5 October 1976, with-
out loss of life

vessel would in all probability have come adrift and sumk.

10. The pilot, Captain W}, was operating under the authority
of his Alaska State Pilots License in that the vessel was sailing
under register.

11. There is evidence of negligence on the part of the master
in that he failed to provide sufficient personnel on the bridge
to safely navigate the vessel in that he ordered the mate to
watch the pitch control to the almost absolute exclusion of
other navigating duties.

12. There is evidence of negligence on the part of the master
in that he failed to provide sufficient relief for the pilot
or otherwise stop the vessel to provide relief and rest.

13. There is evidence of negligence on the part of the pilot
in that he failed to correctly and accurately ascertain the
vessel's position prior to commencing the approach to Nikiski
thereby taking the vessel over a known charted shoal area.

14. There is evidence of violation of 33 USC 1321 in that
about 9421 bbls of petroleum was spilled into Cook Inlet as
a result of this casualty.

15. There is no evidence that any person of the Coast Guard,

or any other government agency or any other persons contributed
to the casualty.
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Subj: M/V oY O.N. GEED; crounding off East

Forelands, Cook Inlet, Alaska on 5 October 1976 with-
out loss of life.

RECOMMENDATIONS

1. It is recommended that further investigation under the
Suspension and Revocation Proceedings be initiated in the

case of Captain WS concerning his part
in the casualty.

2. Recommend that evidence of negligence on the part of-the

Pilot Captain (iR be processed under the Administrat-
ive Penalty Procedures.

3. Recommend the casualty aspect o .s case be closed with
the submission of this report.
ﬂ {/k"
¢ / o
K. H. SPOLIMAN %
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LIST OF ENCLOSURES AND DISTRIBUTION FOR IO, MSO JUNEAU LTR
16732 DTD 22 MAR 77

Encl: (1) C€G-2692
(2) Convening Order
(3) Verbatim testimony of witnesses (except Captain

D
(4) Verbatim testimony of Captain G
(5) Exhibits (A through AA--xerox copy)
(6) Vessel Certificate of Inspection (xerox copy)
(7) Vessel Document (xerox copy)
(8) Copy of order to Testify and Grant of Immunity

Distribution:

MSO Anchorage w/encl (1)
CCGD17(m) w/o encl (1)
COMDT (G-MMI) w/encl (&)
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.ENCLOSURE 1

P

§ TEPARTNENT OF Form Rppraved
TRANSPORTATION OMB No. 04-R3003
U. S, COAST GUARD REPORT OF VESSEL CASUALTY OR ACCIDENT T T T ST
CG-.692 (Rev. 12-70) MV1-407
INSTRUCTIONS

1. An original and two coplea of this form shall be submitted, 3. This form should be comploted in full; blocks which do not
without delay, to the Officer in Charge, Marine Inzpection, in apply to a particuler case should be indicated as ‘*NA'’.
whose district the casualty occurred, or in whose district the Where answers are unknaown or none, they should be indi-
veseel firet arrived after such casualty. cated as such. All coples should be signed.

2. If the person making the report i a licensed officer on & ves- NOTE: (1) Report all deatha and injuries, which incapacitate
sel required to be manned by such officer, he must niake the in excess of 72 hours, on CG-924E whether or not
report in writing and in person to the proper Marine Inapector. there was a vessel cazualty.

If because of diatance it may be inconvenient for such an offi- (2) Attech separate Form CG-924E to this report for
cer to submit the report in person, he may submit the required each poroor kilied or injured and incapacitated in
number of copies by mail. However, to avold delay in Investi- excess of 72 hours as a result of the veasel
gations, it ia dasired that reporis be submitted in person. casualty reported herein.

"Yo: DATE SUBMITIED

Officer in Charge, Marine Inspection, Port of ;ﬁ'CHOf?;‘x’gé ALASKA 0C70&f7? /8, 1976

! PARTICULARS OF VESSEL

1. NAME OF VESSCL 2. OFFICIAL NUMBER 3. HOME PORT A NATIONALITY
WILMINGTON, DFL, USA

S. TYPE OF VESSEL(Frti.,pass.,tkr., efc) ;6. PROPULSION(Stoam,dlesel,etc)!?7 GROSS TONNAGE 8. REGISTERED LENGTH OR L.O.A.

MOTOR_TAVKER DIESAL : (734 15 587 F4

9. HULL MATERIALS 0. YEAR BUILY IT RADIO EQUIPMENT

STEFL KEEL 1972 sEZ) TRANSMLT Greceive B voice £33 e» (Ko

12. (a) RADAR EQUIPPEC (b) 1¥ YES, RADAR OPERATING AT TIME OF CASUALTY -

X ves O wo A ves O we
13. (o) CERT{FICATE OF INSPECTION ISSUED AT FORT OF (b) OATE CERTIFICAYE OF INSPECTION 1SSUED
LONG BAAH, (A, 9/24/76
14 (a) NAME OF MASTER OR PERSON IK CHARGE (Indicate whiclh) (b} DATE OF BIRTH (c) LICENSED BY COAST GUARD
AIGUST 31,1923 &Y ves [ wo
15Ca; HAME OF PILOT(If ot board at time of accident) (5) PILOT SERVING UNDER AUTHORITY OF LICENSE ISSUED BY
?7. (XX usce XX svare [ roreron

1€. (o) NAME OF OWNER(S) ,OPERATOR{S) OR AGENT (Indicate which) (b) ADDRESS OF OWNER(S), OPERATOR{S).OR AGENT

1l PARTICULARS OF CASUALTY

17.(a) DATE OF CASUALTY (8) TIME OF CASUALTY(Local or 1(:) IONE DESCRIPTION () TIME OF DAY

05 0(7, 1976 ABOXINATELY 091318 2.0.2 9 § oo OJiont [ miLious

-18. LOCATION OF CASUALTY (Latitude end longitude; distance and TRUE bearing from chartod object; dock; anchorege; etc.)

EAST OF SAST FORFLAND, NIKISKL, ALASKA QVE 70 700 MILES

1S B0DY OF WATER (Goographical name) |20 RULES OF THE ROAD APPLICABLE @ INLAND [ oRreat Laxes [ wesvern Rivers
CO?/( I/V 7]4/( [ mremiationa [ ovHER (Specity)
LET, K
21. (a)DID CASUALTY OCCUR WWILE UNDERWAY: PAK ves 3 wo
(b) IF YES. LAST PORT OF OEPARTURE (c)IF YES, WHERE BOUND WHEN CASUALTY OCCURRED

KODIAK, ALASKA PHILLIPS DOCK, NIKISKI, K

2. (a) WEATHER CONODITIONS WHEN CASUALTY OCCURRED:
XX a&rs  [] parmy cLouoy [YX overcast O ros [] rain [[] swow (] OTHER (Soscify)

(b) VISIBILITY (Atiloe, yda. lt., 82c.) {c) WIND DIRECTION () FORCE IN KNOTS (o) GUSTY (0 AR TERPERATURE

APPROXIBATELY 8 MILES Ny /) O ves Cipe | XU 48

23 (a) SEA CONDITIONS WHEN| (k) SEA WATER TEMP (Q)HEIGHT OF SEA () DIRECTION OF SEA |(e)HEIGHT OF SWELL | (0 DIRECTION OF S®WELL

CASUALTY OCCURRED (1f availabie)
small H'1Y 47 oVf FOO7 N1y OV FOO7 MY
24.(a)NATURE OF CARGO (Specify) (n)m::;:)onv CARGO (2) mnw“rwc‘)lzjwu LIQUID (wanozrb%r.)ozm LOAD
P-4 95T FUFL A APPROXIRATELY 22,500 WA
2% (@) DRAFT_FORWARD , (b) DRAFT AFT . u
27 F7 02 INCHES REEET 07 INHES !
26.(a) TYPES OF LIFESAVING EQUIPMENT USED, IF ANY (b)NO . L1SCS SA7E0 miH LIvEr | I Llircods inG Louls <ol aatese |
SAVING EQUIPKENT @ACTORYD . i
YES NO e
M M item 30
PREVIOUS EDITION MAY BE USED (Over)
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Reverse of CG-2692 (Rev. 12-70)

27 o 4 CREW  FIPASSENGERS OTHER(Specify) |28 ESTIMATED LOSS/DAMAGE TO YOUR VESSEL 3‘2 e 9 0L
NUMBER ON EOARD =¥y ESTIMATED LOSS /DAMAGE TO® YOUR CARGO $ ’: ) aeo
DEAL/MISSING { ESTIMATED LOSS/DAMAGE 10 OTHER PROPERTY § ’
INCAPACI TATED (o ver 3 days) /) (Specily whether veasel, dock, bridge, etc.) -
29 NATURE OF THE CASUALTY ( Check one or more of the following. GQive pertinent dotails In item 30.)

COLLISION WiTH OTHER VESSEL(S) (Specify) EXPLOS |ON/F|RE (Other)
GROUND ING
FOUNDER (Sinking)

/| COLLISION WITH FLOATING OR SUBMERGED OBJECTS CAPSIZING WiTHOUT SINKING

COLLISION WITH FIXED OBJECTS (Plera, bridgeas, etc.) %; FLOODING. SWAMPING, FTZ . WITHOUY SINKING

COLLISION WITH ILE HEAVY WEATHER DAMAGE

COLLISION WITH AIDS TO NAVIGATION CARGO DAMAGE (No vesso! damage)

COLLISION (Othor) MATERIAL FAILURE (Veasol afructure)

EXPLOSION/F I RE (Involving cargo) MATER!IAL FAILURE (Engineering machinery, Including maln
propulsion, auxiliaries, boilers, evap e, dock ¥,

EXPLOSION/FIRE (Involving veasel’s fuel) electrical, otc.)

FIRE (Vessol’s structuro or equipment) EQUIPMENT FAILURE

EXPLOSION (Bofler and sseociated parta) & : CASUALTY NOT NAMED ABOVE

EXPLOSION (Proasure voseols and compressed gas cylindera)

30. DESCRIPYION OF CASUALTY (Events and circumstances leadlna to casualty and prosent when it occurred. . Attach diagrem and additioneal
sheete, If necossary)

{HILE RGROING FOR GOT FORELAD POINT LIGHT VESSEL STRUCK SUTGRGED OL5(T.

\ !.\‘ ' . . Cae e
DAMAGE (Give briet genesal doncdpﬂon and atate if veseel i a total loses.) *
VESSEL SEEEAED (U110 Bivs A5 ER LIVERS REPORT
PRI o N

11 ASSISTANCE AND RECOMMENDATIONS

32. AUTO ALARM TRANSMITTYED BY YOUR VESSEL: D YES D NO
33(-) ASSISTANCE RENDERED BY STATIONS AND VESSELS (Include Coast (bLOJ'HER ASS’SJ’%CE RENDERED
L ,ondoun: ations and vesaale) Ty hy
/ G e Tk WA WAy
Loy Mo Ll
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APPENDIX B
MERCHANT VESSEL CASUALTY COMPUTERIZED DATA BASE

The following data parameters are coded for entry into the
computerized data base:

GROUP I - VESSEL CHARACTERISTICS

Vessel Identification - Official U.S. or State number, name
if unnumbered, country of registry, if foreign.

Type of Vessel - Tankship, tank barge, freighter, passenger,
foreign flag tanker, etc.

Specific Type Vessel - Construction, usage, type of cargo.

Gross Tonnage - Not over 15, 15-100, 100-300, 300-500, 500-
1000, 1000-5000, 5000-10,000, 10,000-15,000, over
15,000.

Length in Feet - Not over 65, 65-100, 100-200, etc.
Propulsion - Steam, diesel, gasoline, etc.

Age of Vessel - Less than 5 years, 5-10, 10-15, etc.
Hull Materials - Steel, wood, etc.

Coast Guard Inspected - Applies to U.S. flag tankers,
freighters, passenger ships, and ocean going tugs.
It does not apply to inland tugs, fishing vessels,
or foreign flag vessels.

Person in Charge of Vessel Maneuvers - U.S.C.G. licensed
master/pilot, State licensed pilot, foreign master,
etc.

GROUP II - TIME, LOCATION, ENVIRONMENT
Year of Casualty

Month of Casualty



e ———

Body of Water where Casualty occurred -

Inland - Atlantic, Gulf, Pacific (all waters covered by
Inland Rules of the Road)

Western Rivers (all waters covered by the Western Rivers
Rules)

Gulf Inland Rivers and Waterways

Great Lakes (all waters covered by the Great Lakes Rules)
Ocean - Atlantic, Gulf, Pacific, Caribbean

Ocean - Other

Foreign Waters

Specific Location of Casualty

Coastal Waters - identified by Bowditch number (coastal
segment)
Western Rivers - identified by river name/segment

Gulf Inland Rivers and Waterways/Intracoastal Waterway -
identified by name/segment

Great Lakes - identified by lake/connecting waterways
and nearest degree of latitude, longitude

High Seas - identified by worldwide rectangular grid
(15° longitude x 5°-10° latitude)

Time of Day - Day, Night, Twilight

Weather - Clear, partly cloudy, overcast, fog, rain, snow,
other

Visibility - Less than 1/4 mile, 1/4-1/2 mile, 1/2-1 mile,
1-2 miles, over 2 miles

Wind - Calm, 1-3 kn, 4-10 kn, 11-16 kn, 17-27 kn, etc.

Sea Conditions - Calm, 5-15 ft. swell, 16-20 ft. swell,
21-40 ft. swell, over 40 ft. swell, ice



GROUP IIT - CASUALTY CHARACTERISTICS

Case Serial Number - assigned in sequence received by fiscal
year

Marine Inspecting Office Investigating Casualty

Type of Investigative Report - Letter of transmittal, narra-
tive, Marine Board

Month Investigation Completed
Nature of Casualty

Collisions - meeting, crossing, overtaking

Collisions anchored, docking, undocking
Collisions - fog

Collisions - minor bumps tug and vessel
Rammings - fixed objects, offshore rigs

Rammings - floating or submerged objects, ice, aids to

navigation
Explosions/Fires
Groundings - with damage, without damage
Founderings/Capsizings/Floodings
Heavy weather damage
Cargo damage (no damage to vessel)
Materiel failure - vessel structure, machinery, equipment
Other
Cause/Factor

Personnel fault - licensed master, pilot, foreign
master, etc.

Storms/Heavy weather/Adverse weather
Unusual currents

Sheer/Suction/Bank Cushion



Depth less than charted
Restricted maneuvering room
Structural failure
Equipment failure
Unseaworthy/Improper Maintenance
Fault other vessel/personnel
Floating debris/submerged object
Insufficient horsepower/Inadequate tug assistance
Unknown/Gther
Area of Causal Connection/Additional Contributing Factors
Hull
Steering gear
Diesel engines
Propellers
Pumps
Boilers

Navigation equipment, etc.

Rules of Road Violations - rule number, comments

Number of Deaths/Injuries - crew, passengers, dock workers,
others

Estimated Dollar Value of Loss/Damage - vessel, cargo,
other property

Vessel Total Loss

Special Indicator - degree of o0il pollution, bridges/locks/
dams involved, etc.



APPENDIX C
INDEX AND LISTING OF THE DATA BASE CASES

*
Period Covered: FY 1972 - FY 1977.

Number of incidents:

55 Groundings (47 Tank Vessel, 8 Non-Tank Vessel)
17 Collisions (10 Tank Vessel, 7 Non-Tank Vessel)
6 Rammings ( 6 Offshore Rigs)

78 Total (63 Tank Vessel/Offshore Rigs,

15 Non-Tank Vessel)

E3
FY 1976 contained 15 months.
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APPENDIX D
VESSEL TRAFFIC SERVICES

D.1 BACKGROUND

A vessel traffic service (VTS) is defined in this study as an
integrated system encompassing the variety of technologies, equip-
ments and people employed to coordinate vessel movements in or
approaching a port or waterway. The first VTS of any consequence
was the system installed for the Port of Liverpool, England, in
mid 1948. This system pioneered the use of shore-based radar and
VHF communications to assist vessels entering port.

By 1964, the ports of Hamburg and Rotterdam both had fully
developed systems in operation, each comprised of a series of
shore-based radars and a VHF communications network. These systems
have been successful in reducing accidents. The rate of vessel
collisions 1in the approach to Rotterdam was reduced fourfold, in
spite of significant increases in port tonnage generated by the
rapid economic expansion of the Common Market.

Canadian authorities report that since the inception of their
traffic control system on the St. Lawrence Seaway in 1968, the
number of collisions has been reduced to an average of three per
year, compared to an average of 12 serious collisions per year
recorded during the period 1964-1967.

The United States, despite the large number of ports and a
high volume of waterborne commerce, has been quite conservative
toward entry into systems intended to provide some form of marine
traffic control.

Table D-1 is a list of some rather basic traffic systems that
were being operated in United States ports and waterways prior to
1972. The only Coast Guard operation was in the St. Marys River.
Legislation for this dates back to 1896.



TABLE D-1. EXISTING VESSEL TRAFFIC SYSTEMS IN U.S.
PORTS AND WATERWAYS PRIOR TO 1972

Port or Waterway Type Operator

St. Marys River Vessel Movement U.S. Coast Guard
Reporting System
(VMRS), TV

New Orleans Traffic Lights Corps of Engineers

Cape Cod Canal Traffic Lights, VMRS, Corps of Engineers
Radar and TV

Chesapeake § Traffic Lights, VMRS Corps of Engineers

Delaware Canal TV

St. Lawrence VMRS St. Lawrence Seaway

Seaway Development Corp.

Honolulu Signal Tower Harbor Master

Los Angeles/ Harbor Radar, teletype LA/LB Pilots

Long Beach net

Baltimore VHF-FM Communications Private

Portland, Oregon VHF-FM Communications Private

Boston VMRS Private

In November 1968, the Coast Guard formulated plans for a
Harbor Advisory Radar Project. In January 1970, the Coast Guard
began operating the San Francisco Harbor Advisory Radar Project on

an experimental basis.

In July 1971, the Coast Guard Office of Marine Environment
and Systems was established. One function of this office was to
prepare and implement a national plan for vessel traffic systems.

On 10 July 1972, the Ports and Waterways Safety Act (PL 92-
340) was signed into law by the President. This authorized the
Secretary of the Department of Transportation and through him the
U.S. Coast Guard to establish, operate and maintain vessel traffic
services and systems for ports, harbors and other waters subject
to congested vessel traffic. Since 1972 the Coast Guard has




commissioned five major services located in San Francisco, Houston-
Galveston, Puget Sound, Price William Sound (Valdez), and New
Orleans.

D.2 CASUALTY CONSIDERATIONS

A summary of casualty data for fiscal years 1968 through 1971
is shown in Table D-2. Collisions, rammings and groundings are
potentially preventable by vessel traffic systems. In fiscal year
1971 alone, there were 1460 accidents of this type that resulted
in $31.2 million dollars damage to vessels, $1.9 million dollars
damage to cargo and $8.5 million dollars damage to other property.
In addition, 75 persons were killed and 62 injured.

In calendar year 1971 there were 116 polluting incidents
caused by collisions or groundings, which spilled 2.35 million
gallons of pollutants into U.S. waters.Z Much of the active pres-
sure for vessel traffic services stems from the need to reduce
pollution caused by shipment by water of petroleum and other haz-
ardous polluting substances.

D.3 SERVICES AND FUNCTIONS

D.3.1 Services

Vessel Traffic Services (VTS) being implemented under the
authority of the Ports and Waterways Safety Act of 1972 (Public
Law 92-340) encompass a wide range of techniques and capabilities
primarily aimed at preventing vessel collisions, rammings, and
groundings in the port and waterway environment. They are also
designed to expedite ship movements, increase system capacity,
and improve all weather operating capability. Based on local

needs and safety requirements, such services may vary in design

1U.S. Coast Guard Commercial Vessel Casualty Reports, FY 1971
2U.S. Coast Guard Pollution Incident Reports, CY 1971
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and complexity from passive services such as traffic separation
schemes and regulated navigation areas to manned services with
communications, electronic surveillance, and automated capabilities.
Although the specific services vary from area to area, nearly all
the services of any VTS, present or planned, are included in

Table D-3.

A VHF-FM communications network forms the basis of most
major services. The services listed under "Information" in Table
D-3 are generally provided each vessel when it enters the VIS area,
with updates as needed during transit. Transiting vessels make
position reports to an operations center by radiotelephone and are
in turn provided with accurate, complete, and timely navigational
safety information. The addition of electronic surveillance and
computer assisted capabilities allows the VTS to play a more sig-
nificant role in marine traffic management; thereby decreasing
vessel congestion, critical encounter situations, the probability
of marine casualty and the resulting environmental damage.

The user community is advised on its privileges and responsi-
bilities through the distribution of printed materials (such as
procedures manuals) and through visits by VTS personnel to discuss
services with interested persons and groups.

Four of the operational services are described briefly since
they represent typical systems of varying degrees of sophistication.

D.3.1.1 San Francisco Vessel Traffic Service

The San Francisco VTS incorporates high resolution radar sur-
veillance of San Francisco Bay and approaches, with a VHF-FM com-
munications network, a vessel movement reporting system, and a
traffic separation scheme (TSS).

D.3.1.2 Puget Sound Vessel Traffic Service

The Puget Sound VTS provides coverage of the eastern portion
of the Strait of Juan de Fuca, Rosario Strait, Admiralty Inlet,

and Puget Sound. This service incorporates a mandatory traffic
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TABLE D-3. SERVICES PROVIDED BY A VTS

e INFORMATION

— Position of Vessels
— Intentions of Vessels
— Special Operations

Fishing Vessel Traffic
Marine Events

Towing

Dredging

— Emergency Operations

Collisions, Groundings, Fire
Spills
Search and Rescue

— Status of Aids to Navigation
— Hazards to Navigation
— Weather

e COORDINATION

— Conflicting Vessel Movements
— Vessel-to-Vessel Communications

e RECOMMENDATIONS#*
o COMMANDS*

— Conflict Resolution
— Lane or Channel Stray
— Separation Assurance

e ANCHORAGE ADMINISTRATION
e ASSISTANCE TO COTP

— Resolving Emergencies
— Enforcing Regulations
e OPERATION AND MAINTENANCE OF EQUIPMENT

— Communications
— Surveillance
— Data Management/Computer

e RECORDS

e PUBLIC RELATIONS

*

USCG policy is to recommend rather than command. Authority to
command exists in VTS's established by Federal Regulations and is
generally delegated to the VTS by the COTP in "voluntary'" VTS's,
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separation scheme and vessel movement reporting system, a VHF-FM
communications network, and radar surveillance of high traffic
density areas in Admiralty Inlet and Elliott Bay (Seattle Harbor).
The traffic separation scheme has been expanded into the Strait
of Juan de Fuca as far west as Cape Flattery, in cooperation with
Canada.

D.3.1.3 Houston/Galveston Vessel Traffic Service

The Houston/Galveston VTS provides coverage of the Houston
Ship Channel from Galveston and its approaches, to Houston, Texas.
This service incorporates a vessel movement reporting system VHF-
FM communications network and a low light level, closed circuit
television surveillance system in the Houston Ship Channel north
and west of Morgan Point. A high resolution radar surveillance
system covering lower Galveston Bay, Bolivar Roads, and Galveston
Bay approaches, and a computerized vessel traffic display system
was incorporated into the manned vessel traffic center during 1977.

D.3.1.4 New Orleans Vessel Traffic Service

The New Orleans Vessel Traffic Service (NOLA VTS) has been
operational since October 1977, providing a continuous advisory
service to vessel traffic on the Mississippi River from the Gulf
of Mexico to north of New Orleans at Mile 159 AHP. The service
is based on a voluntary Vessel Movement Reporting System in which
vessels report their position and intentions at specified locations
over VHF-FM Radio-Telephone. Although the Center has no direct
surveillance of traffic movement on the River, a sophisticated
dead-reckoning computerized display system provides the watch-
stander with the information needed to monitor the traffic and to
give advisories to the vessels.

D.3.2 VTS Functions

By "functions" we refer to what is done by VIS's in order to
provide the services noted in Section 2.1. These functions are
accomplished by watchstanders and watch officers.
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Table D-4 lists the principal watchstanding functions common
to all VTS's and some of the principal aids used by watchstanders
in accomplishing the functions.

TABLE D-4. BASIC VTS FUNCTIONS AND AIDS

Functions Aids

e Surveillance Radio, Radar, TV. Magnetic Sensor
— Monitoring
— Detection

e Information Processing

— Identification Radio, TV

— Tracking Radar, Plotting Board, Computers

— Extrapolation Plotting Board, Computers

— Hazard Assessment Unaided Watchstander, Computers

— Decision Making Standard Operating Procedure (SOP)
e Communication Radio, Telephone, Teletypewriter,

Direct Voice

e Recording Logs, Reports, Cards, Magnetic Tape

Four basic functions are recognized: surveillance, information

processing, communication, and recording.

Surveillance involves keeping track of what is happening in

the system through monitoring incoming information and detecting
information requiring attention. Watchstanders use both hearing
and seeing to monitor the system. They listen to all transactions
on radio Channels 13 and 16 (possibly also Channel 12 in the
future) and detect messages addressed to the VTS or of concern to
the VTS (such as a distress call). When such aids are available,
they visually monitor traffic in the system as represented on radar
displays, television monitors, and indicators for other sensing

devices (such as magnetic sensors and radio navigation systems).

Information Processing involves the integration of incoming

information from all sources, as well as information in storage in
the VTS (e.g., in directives, bulletins, charts, tables, and the
watchstanders' memories), to identify and locate positions of



traffic elements, to predict future positions, to assess potential
hazards, and to decide what actions are appropriate to the situa-

tion.

Identification of vessels in the system is achieved by the
watchstander, primarily through radiotelephone communication with
the vessel, verified by information reduced from visual displays
(radar, TV, etc.), when available.

Tracking (keeping track of present position) and extrapola-
tion of data to determine future positions are accomplished by a
variety of techniques, varying from arranging an array of data
cards to represent relative vessel positions, through hand place-
ment of vessel models on a plotting board, to reading information
from a computer-prepared situation display. Tracking (by human or
computer) may be accomplished by dead-reckoning or by continuous
following of radar returns. Aids to extrapolation include simple
dead-reckoning devices, calibration marks on vessel models, or
complex electronic digital computers.

Similarly, a watchstander may estimate hazardous developments
by eye from the plots and displays, or a computer may calculate
and display such indices as closest point of approach (CPA) or
time to CPA (TCPA).

Decisions are always human functions, deriving from regula-
tions, standard operating procedure (SOP), and the judgement of
the watchstander (based on training and experience). Decisions
generally lead to provision of one or another of the services
described in Section 3.1.

Communication is primarily by human voice and, when outgoing,

constitutes the act of providing most VTS services. The principal
means of communication with vessels in the VTS area is the radio-
telephone. Communication with other agencies may be by telephone
or teletypewriter, or (when not urgent) by written reports.
Communication within the VTS is by voice, person-to-person.

Recording is initiated by watchstanders but often continued
by clerical or other personnel. In all VTS's the Watch Supervisor

is responsible for maintaining a log of traffic during the watch,
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and often several additional logs are maintained, from some of
which daily reports to other agencies may be prepared. Generally,
too, a data card is maintained for every vessel on which identi-
fying information and major events and times are entered, mostly
by hand.

Although all functions are performed at all VTS's, the way in
which they are performed and the aids available may vary consider-
ably. Table D-5 illustrates this variability for four VTS's, show-
ing currently operational functions and techniques.

D.4 WATCHSTANDER ACTIVITIES

The services provided by VIS's (Section 3.1) through the per-
formance of a number of basic functions (Section 3.2) are accom-
plished by assigning various activities (or duties) to duty
positions. The principal positions are: Watch Supervisor, Primary
Communicator, External Communicator, Radar Monitor, Plotter, and
Sector Watchstander. Not all positions are used at all VTS's, as
illustrated in Table D-6.

The Watch Supervisor is generally a commissioned officer who

is responsible for the total VTS operation during a watch. The
Watch Supervisor's duties include supervision of all activities,
preparation of a log of activities, and preparation of reports.

In unusual or emergency situations, the Watch Supervisor has the
authority and responsibility to make necessary decisions and take
necessary actions, including issuing of commands to vessels. The
Watch Supervisor may, and at least in San Francisco regularly does,
perform as a watchstander.

The Primary Communicator talks to the vessels in the system

via radiotelephone, receiving information on position and inten-
tions and issuing advisories and other information as required.

The Primary Communicator maintains a data card on each vessel tran-
sit, entering vessel identification and descriptive data, expected
and actual times of arrival at key checkpoints, and such additional
information as violations of traffic rules and other unusual events.



TABLE D-5.

DIFFERENCES IN FUNCTION MODES AT FOUR VTS's

Function and Mode

San Houston-
Puget | Fran- | Galves- New
Sound | cisco ton Orleans
SURVEILLANCE
Vessel Reporting by Radiotelephone o o o} o
Radar o} o} o}
Television 0
INFORMATION PROCESSING
Tracking and Extrapolation
Card Array o) o}
Plotting Board o}
Radar Plot ) 0 o)
Computer Dead-Reckoning o} o}
Hazard Evaluation
Watchstander Judgement 0 0 ) o}
Computer Assistance 0 o}
COMMUNICATION
Radiotelephone o 0 ) 0
Telephone 0 0 0 o}
Teletypewriter o o} o o
RECORDING
Logs and Reports 0 o} o o
Manual Entry on Cards o] 0 o}
Time Stamping on Cards 0 o}
Manual Entry into a Computer 0 o]
Voice Tapes 0 (c} o) o}
o = Operational
TABLE D-6. DUTY POSITIONS AT THREE VTS's
Position
San Houston-
Puget | Fran- | Galves-
Sound | cisco | ton
Watch Supervisor X X X
Primary Communicator X
External Communicator X X X
Radar Monitor X
Plotter X
Sector Watchstander X X




The Primary Communicator continually monitors the traffic situa-
tion as presented by available aids and interchanges information
with the other watchstanders.

The External Communicator handles telephone and teletypewriter

communications, informing the Watch Supervisor and watchstanders
as necessary and answering routine inquiries for information from
other agencies and the general public. The External Communicator
will usually maintain a log of communications, prepare advisories
for general broadcasting, and oversee the preparation and filing
of magnetic voice and video tapes for VTS records.

The Radar Monitor maintains a continuous watch over traffic

as displayed on radar scopes, coordinating the radar information
with other plots of traffic and ddvising other VTS personnel as
necessary.

The Plotter maintains a picture of traffic in the VTS area by
placing some representation of each vessel in the system on a map
or plotting table and regularly updating the positions either by
dead-reckoning or from information received from the Primary Com-
municator, the Radar Monitor and such aids as television monitors.
If a model is used to represent each vessel on a plotting table,
the Plotter prepares the model, manually entering the necessary
data on the model and placing the model on the table. Sometimes
the data card is used as a model; sometimes a grease-pencil entry
is made on a map or on a radar scope.

The Sector Watchstander does not represent an additional duty

position but a different way of dividing duties. If the VTS area
is divided into sectors, generally a Sector Watchstander is
assigned to each sector. The Sector Watchstander performs all of
the monitoring, primary communications and plotting duties for the
given sector. An External Communicator position may be maintained
in a sectorized center; if not, the Watch Supervisor may perform
this function.



VTS watchstanders are trained and qualified for all positions
and regularly rotate through all positions during a watch. Thus
in actual operations, a single watchstander can be assigned more
than one position when traffic is light; or any watchstander may
assist at another position if the work becomes heavy there. For
example, when traffic is usually heavy in the Puget Sound VTS, the
area is divided into two sectors, the Radar Monitor becomes a
second Primary Communicator, and the Plotter monitors the radar as
well as the plotting table. Similarly, when traffic is very light
in the San Francisco VTS, a single watchstander handles all sectors.
Such flexibility permits the system to adapt to the traffic condi-
tions, avoiding boredom of watchstanders during quiet periods
while avoiding overloading at busy times.

D.5 REFERENCES
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APPENDIX E
EASTERN CANADA TRAFFIC REGULATION
"ECAREG"

E.1 INTRODUCTION

On Wednesday, February 4, 1970, the Greek tanker Arrow, of
Liberian registry, went aground on Cerberus Rock in Chedabucto Bay,
Nova Scotia. She was bound for the docks of Canadian Pulp, Ltd.,
near Port Hawksbury, with a cargo of 16,000 tons of bunker oil.

The vessel ran aground in a bay almost completely surrounded by
land, thus reducing considerably the dispersion of oil at sea by
natural forces. Air and water temperatures were near freezing and
thus the o0il could not be pumped. The beaches were shingle and
boulder which made cleaning very difficult. Pollution clean-up
measures cost an estimated $4.M2;

The vessel ran aground in limited visibility at about 13 knots
speed3 on Cerberus Rock, a well marked rock close to a channel five
miles wide. No reason was given for the grounding and no distress
call was made, merely a wire to the pilot that the vessel would be
"a little late arriving."3

An investigation carried out after the Arrow incident revealed,
among other defects, that the only radar unit on board was inoper-
able and that the charts used for navigating the vessel were un-
suited to the area in which the ship was operating.

In hind sight, it would have been safer if the vessel had
remained 12 miles, or more offshore until visibility permitted the
visual identification of conspicuous objects on shore. Addition-
ally, the grounding of the Arrow could have been prevented if

1W.L. Stuart, Regional Superintendent, Maritimes Region, Presenta-

tion File, 8100-7-0; April 3, 1978.

2Communication with Capt. W.L. Stuart, of ECAREG Canada.

3Report on the Sinking of the Tanker "Arrow" by Edison Water

Quality Laboratory. NTIS-PB-216-566.



authorities on shore, upon contact with the Arrow while in offshore
waters, had introduced other compensatory measures for the vessle's
entry into port. This casualty highlighted the need for some sys-
tem to require vessel masters to advise authorities onshore, in
advance of the vessel's arrival, of defective or deficient equip-
ment and other information about the ship's condition to proceed
safely to port. In response, the Canadian vessel traffic manage-
ment system (VTMS), of which ECAREG is the most significant pre-
vention measure, was instituted for eastern Canada.

E.2 THE EASTERN CANADA VESSEL TRAFFIC MANAGEMENT SYSTEM (VTMS)
The objectives of the Canadian VTMS are:
e To facilitate the flow of vessel traffic
e To insure vessel safety
e To protect the Canadian Maritime environment.

The operating components of the Canadian VIMS, all under the
authority of the Transport Ministry, Canadian Coast Guard are:

o ECAREG, the Canadian two-way communication system for the
clearance of vessel traffic from and to offshore waters
outside the 12 mile zone of the Canadian territorial

waters.

e The Canadian Traffic Coordination Centers located in
Dartmouth, Nova Scotia, St. John's, Newfoundland, and
Montreal, Quebec.

e A comprehensive marine communications system which handles
almost all civilian and governmental marine communications.

e A pilotage board which is responsible for all pilotage

services in Canadian waters.

e Vessel traffic service centers which manage traffic in
selected harbor and harbor entrance waterways.

e Aids to navigation in the form of light beacons, RACONS,
and buoys.

@ Ice breaker service.



All vessel traffic service and traffic coordination centers are
manned on a 24-hour basis throughout the year.

The seaward limits of the Eastern Canada Traffic Regulating
Zone follow the contour of the 12-mile territorial sea 1limit
beginning at 60°N off the coast of Labrador. The limit is con-
tinuous off the east coast of Newfoundland; across the Cabot
Strait; along the east and south coasts of Nova Scotia; across the
entrance to the Bay of Fundy; and, thereafter follows the U.S.-
Canadian border limits to a position in the vicinity of St.
Stephens, New Brunswick.

The western limit of the Zone passes through the meridian of
66° 23'W in the Gulf of St. Lawrence.

Figure E-1 depicts the approximate limits of the Eastern
Canada Traffic Regulating Zone.

All vessels of 500 gross registered tons and over are covered
by the traffic regulations.

Authority is vested in the Canadian Coast Guard to regulate
the movement of vessels in waters within the 12-mile territorial
sea limits and to enforce regulations applying in these waters.
Canadian Coast Guard Pollution Prevention Officers are designated by
the Minister of Transport and are authorized to exercise authority
outlined in Part XX, section 732 of the Canada Shipping Act.

Within the 12-mile territorial waters of Canada, summary
convictions and fines not exceeding $100,000 are prescribed for

persons and/or ships found guilty of violations (Part XX, sections
752, 753, 754 and 755).

With the enactment of the marine environmental law, the ECAREG
system in operation, and a number of Vessel Traffic Services oper-
ating at major harbors, the Canadian Government has gone a long
way in responding to the grounding of the Arrow in February 1970.
The integration of all vessel traffic activities under the Canadian
Coast Guard has resulted in a highly effective overall Vessel
Traffic Management System. The introduction of ECAREG, which is
a voluntary system, in July 1976, has been a success in terms of
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acceptance, cooperation and even praise on the part of vessel
operators and the marine industry. The non-cooperative crew or
vessel, the "ROGUES" as the Canadians call them, very soon learn
that evasion of the rules does not pay. Such vessels are assumed
suspect and are inconvenienced by boardings and inspections.

E.3 ECAREG

E.3.1 General

ECAREG stands for Eastern CAnada (traffic) REGulation System
and is the call sign for the system. ECAREG is the two way report-
ing and communication system used by the Canadian Coast Guard to
monitor and issue clearance to all tankers and vessels, 500 GT or
larger entering or leaving the 12-mile Canadian territorial waters.

While the avowed aim of ECAREG is the prevention of vessel
casualties and the resulting environmental damage by defective
ships, especially loaded tankers, entering the 1Z-mile Canadian
territorial waters, the current ECAREG operation has become the
principal bond and backbone of the whole Canadian VIMS. The
reasons for this are simple: the information content available to
ECAREG, as will be shown later, is such that all components of
the VIM System receive handover information and thus are able to
plan efficiently their manpower and logistics including emergency
operations and contingency measures in the event of an o0il spill.
At this time the ECAREG clearance system is voluntary. The
Canadian Coast Guard personnel believe that it would be better
if ECAREG were compulsory.3 It is likely that the present volun-
tary system will be found very efficient (80% participation in
1977) as time goes on, and the private users see their interest
being served by the system.

E.3.2 The Operation

Twenty four hours, or as soon as practicable prior to arrival
at the 12-mile zone limit, a radio message is sent from the vessel
to ECAREG Canada. The message is a clearance request and contains

E-5



the information listed in séction 7(3) of Notice to Mariners No.
561/77 as follows:

a.

b.’

name of ship and radio call-sign;

name of master;

position and, if applicable, speed;

as applicable, the estimated time of:

(1) entry into the Eastern Canada Traffic Zone, or
(ii) departure from a berth;

destination, estimated time of arrival and intended
route through the Eastern Canada Traffic Zone;

last port of call, if applicable;
draft;

brief description of main cargo and pollutant cargo or
dangerous goods by classification;

deficiencies, if any, with respect to the requirements
of the Charts and Publications Regulations;

defects, if any, in the ship's hull, main propulsion
machinery, steering gear, anchors and cables, radar,
compass or essential radio communication equipment;

any release of pollutants from the ship or any damage
sustained which may result in pollution;

name of Canadian or United States agent, as applicable;
and

date of expiration of the Non-Canadian Ship's Compliance
Certificate, if issued (For Tankers ONLY).

Upon receipt of the message, the Coast Guard Traffic Coordination

Center (TCC), enters the message data into the vessel information

computer system (similar to the Marine Safety Information System

MSIS in the U.S.) to check the given vessel and master for records

of the past. 1In addition, the TCC may receive the following

information from the central computer:
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Vessels underway in the region of interest are listed in
alphabetical order, and along side each vessel's name is
the position of the vessel; the call sign and marine
identifier; the port or country from which the vessel
departed and, the vessel's destination and Estimated Time
of Arrival (ETA). Vessels which comply with regulation
standards for Canadian 12-mile territorial waters are
granted clearance and the master is requested to contact,
if applicable, the Vessel Traffic Service Center on VHF
at a position outside the 12-mile zone.

If a vessel is found non-complying by the TCC, the master
of that vessel will be informed of the conditions or pro-
visions under which his vessel could proceed into Canadian
territorial waters.

Similar clearance is requested from vessels two hours prior
to departing Canadian ports. This clearance is intended

to verify that vessels which were conditionally cleared

to enter have made repairs and have complied with Canadian
regulations.

The ECAREG clearance process does at times involve the use
of compensatory measures, when in the judgement of the Canadian
Coast Guard there is potential danger above and beyond the non-
complying aspect of the vessel or master. Examples of compen-
satory measures are given below:

° Clearance to enter Canadian Territorial Waters is
withheld. Vessel should remain outside Canadian
Territorial Waters and await further communication.

° Clearance to enter port is contingent upon your
agreement to enter in daylight hours only and in
clear visibility.

® Clearance to enter port is contingent upon the
Master agreeing to employ the services of two
tugs at position indicated.



] Clearance to enter Canadian Waters is contingent upon
the vessel rendezvousing with CCG Ship ih position
indicated. CCG Ship will provide escort to your vessel
to position indicated.

° Clearance to proceed from berth is withheld until repairs
have been effected to equipment indicated and inspection
conducted.

® Clearance is withheld for your vessel to enter Canadian

Waters until a technician has been placed on board your
vessel and repairs to equipment indicated have been
effected.

e Clearance is withheld for your vessel to enter Canadian
Waters. Arrangements have been made for a Coast Guard
Ship Surveyor to board your vessel at time and position

indicated.
) Clearance is given for your vessel to proceed through
channel indicated between the hours of ---- and ----

when sufficient depth-under-keel clearance will be
available.

° You should proceed to port indicated and there have
repairs to equipment indicated carried out to satis-
faction of Canadian Coast Guard Ship Surveyor.

The traffic clearance compensatory measures, the 12-mile
territorial waters, and the potential imposition of fines of up
to $100,000, are at the core of the casualty prevention protection
of the Canadian Vessel Traffic Management system.

E.3.3 Offshore ECAREG Function

It may seem that the planners of the Canadian VTM System have
shown little concern for vessel traffic casualties in offshore
waters beyond the 12-mile territorial waters. However, ECAREG
does accord special handling to large tankers greater than 100,000
DWT when moving towards Canada in offshore international waters.
First all vessel traffic is informed of the tanker route and time
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of passage, and second, the tanker is informed of vessel traffic
and conditions along its route.

E.3.4 The Rogue

Those vessels which do not cooperate with ECAREG are called
Rogues by Canadian Coast Guard personnel. There are two kinds of
rogues challenging the Canadian VTM system.

a. Vessels which enter the Canadian 12 mile territorial
waters but do not get near the major harbors equipped
with offshore radar installations. These are the
vessels which are not detected unless they make exces-
sive use of their communication system. They are mainly
fishing vessels and do not pose a significant environ-
mental threat. These vessels are looked after by the
Canadian Fisheries Service with help from the Canadian
Navy.

b. Vessels which do not receive clearance instructions and
yet attempt to enter Canadian harbor facilities or to
solicit shorebased support from civilian interests. In
time these rogues are detected by the Canadian Vessel
Traffic Management System.

The diligence of the Canadian Coast Guard in handling the Rogues
is only matched by the diligence and hard work of the Canadian
Coast Guard personnel put into their VTM services for the benefit
of the 80%5 cooperative traffic. The wrath of the Canadian Coast
Guard is in fact reserved for those Rogues which either do not
make even a feeble attempt at obtaining clearance and/or ignore
entirely Canadian Coast Guard instructions. 'The Rogues must show
good faith.

5Private Communication with Capt. W.L. Stuart of ECAREG Canada.
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The Rogues are caught because the Canadian VTM system is fully
integrated, all marine services are under the jurisdiction and
management of the Coast Guard and especially including the Pilot-
age Service. In addition, the Canadian government operates the
marine communication system and any communication attempts by the
Rogue vessel to obtain private sector support is intercepted and
reported to the Coast Guard.

E.3.5 ECAREG Communications

The ECAREG clearance process is implemented mostly by HF
radio communications. The HF ionospheric channel does not give
reliable communication compared to the VHF line of sight commun-
ications or communications through a satellite transponder.
Another general difficulty with the communication requirements of
ECAREG involves the manning of the radio room on board the vessel.
The radio is not manned at all times by all ships while the vessel
is in open waters.

However, ECAREG experience with the communications for the
24 hour clearance process is entirely satisfactory in relation
to the objectives and the message content of the communications
involved.

° The clearance message format listed in section 3.2
looks voluminous but the vessel message is relatively
brief because it contains only the positive responses
to that format.

® The 24 hour time frame is taken only as a reference
time intended to compensate for any communications
difficulties. The vessel is required to complete
the clearance process prior to crossing the 12-mile
boundary. In the limit it is even sufficient that
the vessel is aware of ECAREG and, on his own, stops
the vessel outside the 12-mile boundary and communi-
cates via VHF with the local Canadian Coast Guard
Station.



Communication technology and communication load factors are
not an issue in the ECAREG system.

E.3.6 The Marine Industry and ECAREG

Introduction

The genesis and planning of the ECAREG system is a product of
common sense used by field personnel of the Canadian Coast Guard
in Eastern Canada. The incoming ship and the crew have been
through a long voyage, therefore both can use all the help they
can get from the shore facilities and personnel.

The Canadian ECAREG provides two positive interactions with
the crew:

a. The 24 clearance exchange between the vessel and the
shore system.

b. The positive contact with Canadian harbor services and
facilities outside of the 12 mile 1limit.

These two positive interactions, coupled with Canadian Coast
Guard Compensatory measures, potentially can adapt to any sequence
of events that might lead to a vessel casualty.

® The potential accumulated navigation error due to long
open water navigation.

° Any potential difficulties with crew and ship.

® Any potential misinformation available to the ships'
crew (ex. Charts, notice to mariners).

° Any potential habits of malpractice on the part of the
ships' crew or the ships' operator.

° Any 'sudden' changes in the configuration of the harbor
and aids to navigation.

The Canadian ECAREG system provides relief from the institu-
tional difficulties among crew, operator, owner and trader:



° The Master is relieved from decision making in his trade-
off of time delays versus safety.

° Those owners who value safety can depend on ECAREG to
get the crew to practice safety precautions.

Finally, the Canadian Vessel Traffic Management System, includ-
ing ECAREG, provides the video and/or voice, morse, teletype and
other communications records which contribute a major incentive of

compliance on the part of all participants.

While many use the phrase 'Human Error' indiscriminately and
at times as a slogan for tactical advantage, the Canadians use
the ECAREG system to represent the positive response to the "Human
Error" factors from the point of view of the State and the pro-
tection of the marine environment.



APPENDIX F
THE LORAN-C SYSTEM AND APPLICATIONS TO THE OVTM STUDY

F.1 INTRODUCTION

The LORAN-C system is being examined for possible application
to Offshore Vessel Traffic Management (OVIM) and is given special

attention in this report for the following reasons:

a. LORAN-C has been designated as the primary navigation
system for the United States Coastal and Confluence Zone
cczy.t

b. LORAN-C coverage is or will soon be available for most of
the area of interest for OVTM applications.

c. One of the ground rules for this study was to assume that
all vessels over 1600 gross tons will be required to carry
LORAN-C or comparable long-range navigation equipment.

A description of the system, including plans for expansion and
expected coverage limitations, is presented in this section.

F.2 GENERAL DESCRIPTION

LORAN-C is a pulsed hyperbolic electronic navigation system
that allows a user to determine his position accurately and inde-
pendent of other equipment. LORAN-C is based on measurement of
the difference in time of arrival of pulses of RF energy radiated
by a chain of synchronized transmitter stations spaced several
hundred miles apart. The effective range (of ground waves) for
making a measurement from individual stations is typically 600 to
1400 nautical miles (NM) over seawater, and depends on station
power and the capability of the receiver. LORAN-C can be used for
navigation in all conditions of visibility and weather. LORAN-C
operates in the radio frequency band of 90 to 110 kHz.

Assuming LORAN-C equipment is on-board the vessels navigating
in U.S. waters, it may be advantageous to use the vessel position
information that is available from the LORAN-C system on these



ships for Offshore Vessel Traffic Management (OVTM) applications.
The important factors under consideration in terms of possible
OVTM applications are:

a. coverage, accuracy, and repeatability of LORAN-C,

b. availability/cost of the various types of shipboard
. LORAN-C equipment, and

c. implication of impending navigation requirements for
large vessels.

These factors and other considerations are discussed in the
following sections.

F.3 LORAN-C COVERAGE

LORAN-C 1is presently available for position determination
over much of the coastal and confluence zone (CCZ). '"Available"
means that the necessary radiated signals exist for a vessel to
detect the master and two secondary stations within a LORAN-C chain
and to make a position measurement. This availability is normally
identified as coverage, with charts available to show existing
LORAN-C coverage. The present coverage areas are depicted in
Figures F-1, F-2, and F-3 by the heavy lines. The coverage area
indicated in these figures is based on the assumption that the re-
ceiver being used can acquire and track LORAN-C signals when the
signal to atmospheric noise ratio is at least 1:3. The usable
coverage from a LORAN-C chain is determined by the rated power of
the stations, atmospheric noise, geometric relationship of the
stations, and the specific capabilities of the receiver. LORAN-C
signals with signal to noise ratios as low as 1:10 are usable by

some receivers but with a loss in accuracy, repeatability and re-

liability of the measurement. Use of these lower level signals
greatly increases the coverage area beyond that shown.

Within the coverage areas shown in Figures F-1, F-2 and E-3,
the user can make reliable and repeatable measurements of position
with an accuracy of 0.25 NM (Z-drms).2 The repeatable accuracy
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(ability to return to the same position) of the system is between
60 and 300 feet (2-drms) depending upon location in the service
area.

As can be seen LORAN-C coverage presently exists for most of
the areas of interest to this study with three notable exceptions,
namely, the coastal areas of

— southern Florida and parts of the Gulf of Mexico
— southeast of Hawaii
— Puerto Rico and the Virgin Islands

This situation will change, however, in 1978 and 1979. In mid-
1978 two new LORAN-C chains will begin operations and this will
significantly improve the eastern and southeastern U.S. LORAN-C
coverage. At that time the Northeast U.S. chain and the Southeast
U.S. chain will begin operation, with the present East Coast chain
remaining on until July, 1979 at which time it will cease opera-
tion. The coverage over the eastern half of the conntry as it will
exist in Spring 1980 is shown in Figure F-4. (Refer to the DOT
National Plan for Navigation, Report No. DOT-TST-78-4, Nov. 1977
for more information.)

It is clear that the Florida and Gulf of Mexico coverage
problems will be solved after July 1978. There are no plans at
this time to remedy the Hawaii, Puerto Rico and Virgin Islands
coverage void. The radionavigation requirements of these areas
are under study.2 The present Hawaiian Islands chain will be
studied to determine whether the existing LORAN-C coverage of the
major islands can be improved enough to justify the cost. The
results of this OVIM study indicate the Hawaiian Island area does
not currently pose a significant risk of an oil spill from tank
vessels. Because of the geographic location of the Hawaiian
Islands relative to the commonly used ship routes in the Pacific,
the lack of coverage around the Hawaiian Islands is not cansidered
to present a significant likelihood of o0il spillage by tank vessels
in the offshore waters.
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However, the study results indicate there is a high risk of
0il polluting casualties occurring in the waters offshore of Puerto
Rico and the Virgin Islands because of the incidence of casualties
in the past and the high volume of traffic. Sixteen of the 55
groundings in the data base (FY72-FY77) occurred in this area. In
nine of these cases improved navigation capability, such as
LORAN-C, could have provided the position information needed to
avoid the casualty. Three of these casualties would likely have
been prevented if LORAN-C were in use. It appears, upon cursory
examination, that three or four additional LORAN-C stations would
be needed to provide coverage in this area. A detailed analysis
of costs and benefits is needed in order to determine the appro-
priate course of action.

A factor to be considered in LORAN-C performance is that prop-
agation perturbations do occur in areas close to the coastline.
LORAN-C groundwaves suffer perturbations at the land/sea interface.
Although it is possible to use LORAN-C for close in shore naviga-
tion extensive calibration and charting efforts would be required.
This has not been accomplished and the Coast Guard is not consider-
ing undertaking such an immense task, with the exception of a few
harbors such as San Francisco. Therefore, it should be recognized
that LORAN-C has limitations in the case of close to shore naviga-
tion and is not adequate as currently implemented to meet OVTM
requirements. There are techniques which reduce the effects of
land/sea perturbations and these are discussed below.

By monitoring LORAN-C signals at a fixed site, the received
time delay (TD) can be compared with the expected TD based on the
known locations of the site. A correction for the area can then be
broadcast to users. This technique whereby real-time corrections
are applied to LORAN-C TD readings has been demonstrated to provide
improved accuracy. This is one method that shows promise of pro-
viding the higher precision needed for marine navigation in harbor
and harbor entrance areas. Another technique involves installing
short baseline, low-power chains to serve specific restricted
areas. Such a chain is being evaluated on the St. Marys River in



the Great Lakes. In other locations a low-power transmitter can
be added as an additional secondary station to improve the grid
geometry and coverage in a local area.

The LORAN-C propagation mode most frequently used for naviga-
tion is the ground wave. Sky wave navigation is feasible but with
some loss in accuracy. Both ground waves and sky waves may be used
for measuring time and time intervals. Although it is designed
for use, and normally operated in the hyperbolic mode, LORAN-C can
be used to obtain accurate fixes by determining the range to
individual stations. This is accomplished by phase comparison of
the station signals to a known time reference to determine propa-
gation time, and therefore range from the stations. This is refer-
red to as the range-range (rho-rho) mode. It can be used in situa-
tions where the user is within reception range of individual sta-
tions, but beyond the hyperbolic coverage area. This method of
using LORAN-C requires that the user have a very precise and stable
time reference. The high cost of equipment of this type limits the
use of this mode.

F.4 VESSEL LORAN-C EQUIPMENT CONSIDERATIONS

Use of the LORAN-C system basically requires a receiver to
determine the LORAN-C coordinates of TD numbers (time delay), and
charts or tables to convert the LORAN numbers to latitude and long-
itude position information. There are some receivers which have
the capability for direct conversion to latitude and longitude.

A LORAN-C receiver which will be useful to the limits of the
advertised coverage areas for the U.S. coastal and confluence
zone (CCZ) has the following characteristics:

a. It acquires the LORAN-C signals automatically, without
the use of an oscilloscope.

b. It accomplishes cycle matching on all pulses to take
advantage of the maximum accuracy of the system.

c. It automatically tracks the signals once they have been

acquired.



d. It displays at least two difference readings, with a
resolution of at least 0.1 mic;osecond.

The type of LORAN-C equipment required on-board a vessel
depends on what the LORAN-C information output will be used for.
If the vessel is to use LORAN-C strictly for position determination
then only a basic receiver is necessary. There are many such in-
struments on the market, with cost of an automatic acquisition and
tracking receiver varying from $2,000 to $6,000.*%* Models at the
lower end of the cost spectrum in general can receive signals and
make TD measurements from one chain, and have little or no flexi-
bility. Those receivers at the higher end have more capability
and flexibility - such as automatic selection of the optimum signals
for best accuracy. In some receiver systems a limited navigation
capability is included.

There are also shipboard LORAN-C and hybrid navigation systems
on the market. In general, these systems consist of a LORAN-C re-
ceiver with a computer to do data conversion, vessel tracking, and
position prediction. The current cost of such systems vary from
$25,000 and up. However it is highly likely that new systems with
this capability will be on the market in the near future for less
than $10,000.

If a LORAN-C retransmission system is considered then the
vessel equipment required becomes more complex. Not only is a
basic receiver necessary, but a means of accessing the receiver
data and a device or modem to convert the data into a form suitable
for transmission are required. In this type of LORAN-C application,
the ship-to-shore communication requirements must be evaluated in
terms of range limitations, RF 1link availability and spectrum
crowding and interference.

Only certain receivers are presently configured to provide a
remote signal output. In those receivers with this capability
there is no standardization in the type of output available. The

necessary interface devices to properly convert the receiver output

*An up-to-date listing of LORAN-C receivers on the market is given
in the 1977 Wild Goose Radionavigation Journal.
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to a form suitable for transmission is available off-the-shelf in
only a limited number of receivers. (Teledyne, for instance,
markets devices for their 701 and 708 receivers to allow remote
monitoring of the receiver by utilizing a mobile radio 1link.)

F.5 PRESENT USAGE/IMPENDING REQUIREMENTS

In 1974, LORAN-C was designated as the U.S. Government pro-
vided system for the CCZ (coastal and confluence zone).1 Imple-
mentation of the program, authorized at that time, is now underway.
The coverage of the LORAN-C system based in Alaska, western Canada,
and the contiguous 48 states as it now exists is shown in Figure
F-1. The coverage planned by 1980 is shown in Figure F-4. The
U.S. operated chains of LORAN-A which are being replaced by LORAN-C
are scheduled to cease operation on or before December 31, 1980.1

Since the LORAN-C stations must be land based and they have a
useful range of about 1000 NM, it is not feasible to provide a
worldwide system utilizing this technique. This coverage is fixed
by the area where an adequate signal-to-noise ratio is available;
i.e., the system is noise limited.

Overseas there are a number of LORAN-C chains in operation to
serve U.S. military requirements for navigational service. Some of
the stations are operated by the U.S. Coast Guard, while others are
operated by the host country under international agreement. The
service is available to all users, military and civilian, of all
nations. Other than the United States, however, Canada is the only
country that is committed to the operation of LORAN-C service for
general use by all navigators. One Canadian station has been built
in British Columbia. It will act as master to a combined U.S./
Canada chain serving the U.S. northwest, southern Alaska, and West
Coast of Canada. In the U.S.S.R. there are two LORAN-C chains
operating; one in the southwestern part of Russia, the other in
eastern Siberia. Their coverage is mostly over land.

The United States plans no additional development of LORAN-C
specifically for use in the high seas environment. The Coast Guard
plans to continue its program of expanding LORAN-C service



throughout the CCZ of the contiguous 48 states and southern
Alaska, and the Great Lakes. Additional expansion, if any, de-
pends upon future decisions concerning the navigational require-
ments of Hawaii, northern Alaska, and territories and possessions
of the U.S.

The LORAN-C system currently being installed will satisfy
most known requirements for the U.S. coastal and confluence zone
(CCZ). The RD§D effort to extend the usefulness of LORAN-C to the
harbor and harbor entrance will improve the accuracy and stability
of the system, thus providing a corollary improvement to service
in the CCZ.

Based on a U.S. Coast Guard random sampling survey of 300
vessels in 1975, it has been estimated that 50% of U.S. and 20% of
foreign vessels (calling at U.S. ports) greater than 1600 gross
tons are presently equipped with LORAN-C receivers. It may also
be assumed that almost all new vessels of this size will have
sophisticated hybrid navigation systems which include LORAN-C.

The announced intention of the Coast Guard, relative to navi-
gation gear for large tankers entering U.S. waters, is to require
use of LORAN-C or a satellite hybrid system of equal accuracy.3

Pertinent to the impending tanker requirement, a Minimum
Performance Standard for Marine LORAN-C Receiving Equipment has
been drafted by the Radio Technical Commission for Marine Services
(RTCM). 1In the proposed rule for tank vessels,3 the Coast Guard
has referred to this RTCM specification as a potential aid to the
purchaser of LORAN-C equipment.

F.6 REFERENCES
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14, 1977.



APPENDIX G
SHORE-BASED SYSTEM DESIGN CONSIDERATIONS

G.1 FEATURES OF THE IDEAL SYSTEM

Anticipating that practical constraints usually preclude the
possibility of achieving an ideal OVTM system, it is still benefi-
cial to state what an ideal system would be. This helps focus
attention on the areas where tradeoffs must ultimately be made.

An ideal shore-based OVTM system would have the following
features:

a. It would require no additional equipment beyond the exist-
ing radio links, radar, and navigation gear.

b. It would make minimal demands on the vessel watchstander
(VWS)* to communicate by voice, teletype, or other device.

C. It would provide the vesselmaster with the following

services:

1. Collision alert (a warning that another vessel will

pass close by, giving name, course, and speed) .

2, Overtaking alert (enabling coordination of a
passing).

3. Grounding/ramming alert (warning of approach to
shoals, aids-to-navigation, oil platform, etc.).

4, Waypoint ETA adjustment (coordinated arrival at a
check point, intersection, traffic lane entrance, etc.).

5. Emergency communications and services.

6. Weather, tide, current data; buoy outages or dis-
placements; traffic conditions.

7. Coordination of pilot acquisition and boarding.

*

The vessel watchstander (VWS) performs the onboard duties of com-
munication and logging. The vesselmaster (VM) is responsible for
the ship's actions; he may or may not be performing the watch-
standing duties.



d. It would provide 24-hour service to 200 nm from the

coast.

e. Initial acquisition would be simple, preferably
automatic.

f. Shore operators (SO's)* would spend most of their time
assessing conflict situations and optimizing traffic flow.

g. Shore stations would be located only at existing Coast
Guard facilities.

h. The system would allow evolutionary growth.
i, The shore stations would be simple to operate and
maintain.

While even an ideal shore station concept that met all of the
above criteria would not eliminate the risk of o0il spills in the
area of concern, it would provide all the services that are possi-
ble from shore. It will be seen that no practical systems meet
all the criteria: the systems that provide the most services
require complexity of shore station design and on-board equipment.

G.2 SYSTEM DESIGN CONSIDERATIONS

G.2.1 Communication

All shore-based systems require a two-way voice link between
ship and shore. Coded systems additionally require the transmis-
sion of data, which may or may not be over the voice link. Sur-
veillance systems which require a signal from each ship in order
for the shore station to establish ship's position can use the data
link transmission for that purpose.

The term shore operator (SO) is used to denote a Coast Guard
officer monitoring offshore traffic. In practice, a division
of duties might segregate the watchstanding duties from other
operator tasks.



The system range requirement is a key parameter in determin-
ing the communications to be used. If system range is only 30
miles or less, the VHF radio telephone frequencies can be used.
Ground-wave propagation at MF and HF frequencies can be used beyond
30 miles, and out to 100-200 miles. For ranges of more than 200
miles, buoy relays, high-altitude platforms, or use of sky-wave
frequencies would be required. Any system which has an inherent
range significantly larger than the system requirement is subject
to interference by vessels within the radio range, but beyond the
system range (overcoverage).

These problems are specifically addressed in the next sections.

G.2.1.1 Frequency

While only a few frequencies are available in practice for a
monitoring or surveillance system, it is helpful to point out some
general considerations. There are several possible methods of
communication:

a. Direct communications by line-of-sight propagation.
b. Direct communications by ground-wave propagation.
c. Direct communications by sky-wave propagation.

d. Relayed communications by buoys (ground-wave).

e. Relayed communications by airplanes (line-of-sight,
elevated platform).

f. Relayed communications by satellite (line-of-sight,
elevated platform.).

Ground-wave propagation over the ocean provides reliable com-
munications out to 300 miles for frequencies near 50 MHz, and to
75 miles for frequencies up to 5 MHz. At longer distances and
higher frequencies, signal attenuation is higher and sky-wave
propagation can cause signal fading. If the shore station is set
back several miles, the signal is further weakened by conductive
losses in the earth.



Sky-wave propagation is the dominant mechanism in communica-
tion from 5 to 25 MHz beyond 100 miles. In this transmission mode,
radio waves are reflected back down to earth from ionospheric
layers which provide a sharp dielectric gradient to the transmitted
wave, Unfortunately the layers vary in location and strength
diurnally, seasonally, and with sunspot activity. A communications
link in this frequency band would be subject to frequent loss of
contact with ships beyond 100 miles range. Fades resulting from
out-of-phase interference between ground-waves and sky-waves would
cause loss of contact closer in for higher frequencies. In addi-
tion, interference from ship and non-ship transmitters several
hundred miles away would be problematical.

Line-of-sight propagation considerations apply to frequencies
above 30 MHz, although sky-wave signals are occasionally experi-
enced at these frequencies as well. Reflections from the ocean can
occasionally result in severe fading under smooth sea conditions;
this effect is most noticeable at short ranges (less than 5 miles)
and high frequencies (greater than 3 GHz). At frequencies above
10 GHz, horizon communication is often lost due to attenuation by
rain; X-band radars (9.4 GHz) suffer reduced range due to heavy
rainfall. High altitude platform relays could be used to 150 miles
(blimps), or even out to 500 miles (high-altitude aircraft), with
similar rainfall limitations. Satellite communication, on the
other hand, can be attained up to 15 GHz, since the vertical thick-
ness of the attenuating medium is small, typically less than 2
miles; even with satellites, attenuation by rain can cause signal
dropout at low elevation angles.

In order to provide vessels with emergency and traffic control
services, it is necessary to have a continuous shore/ship communi-
cation link to the bridge of each participating vessel; interrup-
tions (e.g., by fades) of more than a few seconds would not be
tolerable. Therefore, the frequency band from about 4-20 MHz would
not be adequate. Likewise the .use of communication by meteor
trails (Sites, 1977) would not be adequate for this purpose.
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For obtaining initial information about the ship, this limita-

tion does not apply, because the information is not time-critical.

G.2.1.2 Use of Existing Coast Guard Radio Systems

The maritime mobile radio telegraph segment, from 415 to 490
kHz, is used for distress alert, AMVER messages, and meteorological
messages from merchant ships by CW. It is possible that this fre-
quency could be used to transmit initial ship data, since the data
are similar in content to the AMVER data. However, it is unlikely
to be available as a voice link, or for coded data transmissions.

The LORAN-A system is presently being phased out in favor of
the more reliable LORAN-C system, which operates at 100 kHz.
LORAN-A frequencies occupy the band 1800-2000 kHz, which is excel-
lent for achieving range of 100-200 miles from the coast. Half of
the band (1800-1900 kHz) has been promised as an amateur radio
band. The decommissioned facilities (particularly the antennas)
could be used for communications which require much less main-
tenance than the former navigation stations. (See Table G-1.)

There are several maritime mobile radio telephone segments in
the 2-4 MHz band, including the 2,182 MHz international distress
and calling frequency (see Table G-2). Many vessels have used AM
radios in this band for short range communication, but these are
being phased out in favor of SSB equipments. The band is considered
reliable out to 75 miles, and usually exhibits a larger range.
There is competition for this frequency band: the commercial
Coastal Harbor Radiotelephone Service operates ship interconnections
to the public telephone system; the Coast Guard uses it for
communication; and meteorological broadcasts are made in this band.
In spite of the competition, this band can be considered for the
purpose of ship/shore voice and data communications.

Long range radio telegraph communications via sky-wave propa-
gation is obtained for Coast Guard and merchant ships at 4,6,8,



TABLE G-1. LORAN-A STATIONS

Nantucket, MA
Sandy Hook, NJ
Cape Hatteras, NC
Folly Beach, SC
Jupiter, FL
Venice, FL

San Blas, FL
Grand Isle, LA
Galveston, TX
Port Isabel, TX
San Mateo, CA
Point Arguello, CA
Point Arena, CA
Cape Blanco, OR
Point Grenville, WA
Biorka, AK

Ocean Cape, AK
Spruce Cape, AK
Atta, AK

Adak, AK

Cape Sarichef, AKX
San Juan, PR




TABLE G-2.

VHF AND 2182 kHz STATIONS

VHF kHz
Location Station Identification Ch 16 | 2182
State of MAINE
Quoddy Head Jonesport Station X X
Jonesport Jonesport Station X X
Mt. Cadillac Group Southwest Harbor X
Bass Harbor Group Southwest Harbor X
Owls Head Rockland Station X X
Rockland Rockland Station X X
Brunswick Group Portland X
Mt. Independence Group Portland X
Cape Elizabeth Group Portland X
Mt. Agamenticus (York) Group Portland X
State of VERMONT
Mt., Mansfield Burlington Light Station X
State of MASSACHUSETTS

Newburyport Merrimac River Station X X
Gloucester Gloucester Station X X
Eastern Point Gloucester Station X X
Boston Group Boston X
Pt. Allerton Pt. Allerton Station X X
Scituate Scituate Station X X
Race Point Race Point Station X X
Pilgrim Monument Race Point Station X

(Provincetown)
Cape Cod Canal Cape Cod Canal Station X X
Chatham Chatham Station X X
Nobska Point Group Woods Hole X X
Menemsha Menemsha Station X X
Nantucket Brant Point Station X
Brant Point Brant Point Station X X

State of RHODE ISLAND
Jamestown Bridge Castle Hill Station X
Castle Hill Castle Hill Station X X
Point Judith Point Judith Station X X
Block Island Block Island Station X X
State of CONNECTICUT

Connecticut River Group Long Island Sound X
Waterford

(Millstone Pt.) Group Long Island Sound X
New Haven Group Long Island Sound X
Fishers Island Group Long Island Sound X
Millford Group Long Island Sound X




TABLE G-2. VHF AND 2182 kHz STATIONS (Cont.)
VHF kHz
Location Station Identification Ch 16 | 2182
State of NEW YORK
Eatons Neck Group Long Island Sound X X
Montauk Group Shinnecock X X
Shinnecock Group Shinnecock X X
Moriches Group Shinnecock X
Fire Island Group Rockaway X
New York City Group New York X
Mt. Beacon (Hudson R.) Group New York X
Saugerties (Hudson R.) Saugerties Sta. or
Group New York X
State of NEW JERSEY
Sandy Hook Group Sandy Hook X X
Manasquan Group Sandy Hook X
Barnegat Group Atlantic City X
Atlantic City Group Atlantic City X X
Cape May Group Cape May X X
Fortescue Group Cape May X
Dela. Memorial Bridge Base Gloucester X
Burlington Bristol Br. Base Gloucester X
State of DELAWARE
Dela. Memorial Bridge (See '"New Jersey')
Rehoboth Beach Group Cape May X X
State of MARYLAND
North East Group Baltimore X
Catonsville Group Baltimore X
Annapolis Group Balitmore X X
Crisfield Group Chincoteague X X
Ocean City Group Chincoteague X X
State of VIRGINIA
Alexandria Group Baltimore X
Oak Grove Group Baltimore X
Chincoteague Group Chincoteague X X
Parramore Beach Group Chincoteague X X
Cobbs Creek Group Hampton Roads X
Newport News Group Hampton Roads X
Portsmouth Group Hampton Roads X
Cape Henry Group Hampton Roads X X
Pungo Group Hampton Roads X




TABLE G-2. VHF AND 2182 kHz STATIONS (Cont.)
VHF kHz
Location Station Identification Ch 16 | 2182
State of NORTH CAROLINA
Elizabeth City Eliz. City Air Station X
Edenton-Midway Eliz. City Air Station X
Oregon Inlet Group Cape Hatteras X X
Englehard Group Cape Hatteras X X
Cape Hatteras (Buxton) Group Cape Hatteras X X
Hatteras Inlet Group Cape Hatteras X
Hobucken Group Fort Macon X X
Cedar Island (Lola) Group Fort Macon X
Croatan National Forest Group Fort Macon X
Holly Ridge Group Fort Macon X
Carolina Beach Group Fort Macon X X
State of SOUTH CAROLINA
Myrtle Beach Group Charleston X
Mt. Pleasant Group Charleston X
Sullivans Island Group Charleston X
Parris Island Group Charleston X
State of GEORGIA
Tybee Island Group Charleston X
St. Simons Island Group Mayport X
Jekyll Island Group Mayport X
State of FLORIDA
Mayport Group Mayport X
Jacksonville Beach Group Mayport X
Jacksonville Beach Group Mayport X
Flagler Beach Group Mayport X
Cape Kennedy Group Mayport X
Cape Kennedy Group Mayport X
Fort Pierce Fort Pierce Station X
Fort Pierce Fort Pierce Station X
Jupiter Group Miami X
Lake Worth Group Miami X
Delray Beach Group Miami X
Fort Lauderdale Group Miami X
Miami Beach Group Miami X
Princeton Group Miami
Card Sound Group Miami X
Islamorada Group Key West
Islamorada Group Key West X
Marathom Group Key West X X




TABLE G-2. VHF AND 2182 kHz STATIONS (Cont.)
VHF kHz
Location Station Identification Ch 16 | 2182
State of FLORIDA (Cont.)

Key West Group Key West X X
Naples Group St. Petersburg X

Fort Myers Group St. Petersburg X
Venice Group St. Petersburg X
Mullet Key Group St. Petersburg X
Seminole Group St. Petersburg X
Clearwater Group St. Petersburg X
Tarpon Springs Group St. Petersburg X
Crystal River Group St. Petersburg X
Yankeetown Group St. Petersburg X
Steinhatchee Group St. Petersburg X

St. Marks Group Mobile X

Cape San Blas Group Mobile X
Panama City Group Mobile X X
Fort Walton Group Mobile X

State of ALABAMA
Spanish Fort Group Mobile X X
State of MISSISSIPPI
Gulfport Group Mobile X
(See Western Rivers Section, Mississippi River)
State of LOUISTANA

Venice Group New Orleans X
Chalmette Group New Orleans X
Leeville Group Grand Isle X
Southbend Group Grand Isle X

Pecan Island Sabine Station X
Cameron Sabine Station X

State of TEXAS

Sabine Sabine Station X X
Morgan Point Group Galveston X X
Houston Houston Station X X
Galveston Group Galveston X
Freeport Group Galveston X X
Port O'Connor Group Port Aransas X X
Robstown Group Port Aransas X

Port Mansfield Group Port Isabel X

Port Isabel Group Port Isabel X
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TABLE G-2.

VHF AND 2182 kHz STATIONS (Cont.)

VHF kHz
Location Station Identification Ch 16| 2182
State of CALIFORNIA

Point Loma Group San Diego X
San Clemente Island Group San Diego X
San Clemente Island Long Beach Radio Station X
San Pedro Hill Long Beach Radio Station X
Point Vicente Long Beach Radio Station X
Laguna Peak Channel Island Harbor Sta. X
Oxnard Channel Island Harbor Sta. X
Pt. Conception Channel Island Harbor Sta. X
Tranquillon Mt. Channel Island Harbor Sta. X
Cambria Group Monterey X X
Point Sur Group Monterey X X
Point Pinos Group Monterey X
Mt. Umunhum Group Monterey X
Mt. Diablo Group San Francisco X
Bethel Island Group San Francisco X
Hamilton AFB Group San Francisco X
Point Reyes San Francisco Comm, Sta. X
Rio Vista

(Sacramento R.) Rio Vista Station X X
Jenner (Seaview) Group San Francisco X
Point Arena Group Humboldt Bay X
Cahto Peak Group Humboldt Bay X
Samoa Group Humboldt Bay X
Trindad Head Group Humboldt Bay X
Point St. George Group Humboldt Bay X
Lake Tahoe#* Lake Tahoe Station X

State of OREGON
Cape Sebastian Group Coos Bay X
Port Orford Group Coos Bay X X
Seven Devils Group Coos Bay X
Heceta Head Group Coos Bay X
Yaquina Head Group Coos Bay X
Cape Meares Group Astoria X
Portland (Sky Line) Group Portland X
Rainier Group Portland X
State of WASHINGTON
Jump Off Joe Mt. Kenniwick Station X
Cape Disappointment Group Astoria X
Grays Harbor Group Astoria X X
Kalaloch Group Port Angeles X
—
Seasonal
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TABLE G-2, VHF AND 2182 kHz STATIONS (Cont.)
VHF kHz
Location Station Identification Ch 16 | 2182
State of WASHINGTON (Cont.)
Bahokus Peak Group Port Angeles X X
Port Angeles Group Port Angeles X
Gold Mountain Group Seattle X
King-TV Tower Group Seattle X
Mt. Constitution Group Seattle X
State of ALASKA
Ketchikan Ketchikan Radio Station X X
Five Finger Five Finger Station X
Lean Point Juneau RCC X
Juneau Juneau RCC X X
Biorka Island Biorka Is. Station X
Cape Spencer Juneau RCC X
Ocean Cape Ocean Cape Station X
Middleton Island Kodiak Communication Sta. X
Site Summit Kodiak Air Sta. X
Kodiak Kodiak Cummunication Sta. X
Pillar Mountain Kodiak Air Station X
Sitkinak Sitkinak Station X
Cape Sarichef Cape Sarichef Sta. X
Port Clarence Port Clarence Sta. X
Saint Paul Island St. Paul Island Sta. X
Adak Adak Island Station X
Attu Attu Island Station X
State of HAWAII and PACIFIC

Upolu Point, Hawaii,| Hi. Upolu Point Station X
Mt. Haleakala, Maui,| Hi. Honolulu Radio Station X
Mt. Kaala, Oahu, Hi. Honolulu Radio Station X
Kauai, Hi. Kauai Station X
French Frigate

(Tern Isl.) French Frigate Sta. X
Finigayen, Guam Guam Radio Station X
Orote Point, Guam Guam Radio Station X

Area of PUERTO RICO

San Juan Base San Juan X
E1l Yunque Base San Juan X
Cerro De Punta Base San Juan X
Monte del Estado Base San Juan X
Crown Mountain,

St. Thomas, V.I. Base San Juan X
Signal Hill,

St. Thomas, V.I. Base San Juan X




12, 16, and 22 MHz. Fax and teletype data are now transmitted, and
could be used for initial communication of ship data. While radio-
telephone and radiotelegraph channels are also identified in the
4-25 MHz band, problems of overcoverage and coverage gaps make this
band appear unattractive for voice and data communications in a
monitoring and surveillance system.

VHF (156-162 MHz) could be used for short range ship-shore
communication, e.g., out to 20-40 miles from the station. Channels
11, 12, 13 and 14 are now used in VTS's for ship/shore communica-
tions. While there would be problems with overlapping VTS/OVTM
channel usage, it is worth consideration for some areas -- most
vessels have these radios now (see Table G-2).

G.2.1.3 Voice/Data Multiplexing

If data were transmitted over the same channel as voice, it
could occupy one of three audio bands within the channel: sub-
audible (0-300 Hz), audible (300-3000 Hz), or superaudible (3000-
10,000 Hz). Subaudible data multiplexing is limited to low data
rates, namely 100 BAUD. Audible data multiplexing would result in
"beeps" being heard each time a data transmission from a neighbor-
ing ship or shore station occurs -~ this is potentially irritating.
Superaudible data multiplexing is technologically feasible now, due
to the availability of inexpensive crystals which have good fre-
quency stability. Up to now the frequency drift of receivers
limited the useful bandwidth of a 25 kHz channel to about 12 kHz
(double sideband AM). This capability should be considered in any
system design requiring data transmission.

G.2.1.4 Satellites

Satellite communication is finding wider application and
increased usage in the civilian sector. Costs per message are
decreasing every year, and reliability is high; availability is con-
tinuous. Satellite terminals can be leased as well as purchased,
so that the capital investment of a shipping company need not be
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high during a trial period. While this alternative has the initial
appearance of an '"overkill" approach, the fact that it has appli-
cation in other areas of the maritime industry, and for other Coast
Guard missions, renders it worthy of further consideration.

Satellite communication can be used by equipped vessels to
transmit initial ship data from out at sea, i.e., beyond line-of-
sight communications. The expense of the equipment is still too
high for use by smaller vessels, so that satellite communication
cannot be chosen as the exclusive means of communication for any
function.

G.2.1.5 Problems of Overcoverage

If the communications range significantly exceeds the system
range requirement, transmissions by vessels (or by ground stations,
vehicles, or aircraft) can cause interference in several ways:

a. The unwanted transmissions may obscure or overpower

transmissions from ships within the coverage zone.

b. Delays in voice communication may result from non-
availability of the channel.

c. Shore personnel and computer efforts required to
distinguish between desired and undesired messages
may prove bothersome.

Of course, if the channel is dedicated to ship/shore voice
and data communication, this problem can be controlled: ship reports
would only be transmitted where required, roll-call systems would
only interrogate vessels in the coverage zone, etc. The problem
would be most serious in the case where the channel was shared
with other maritime or with land based or aircraft functions.
Satellites have a scheduling problem which is solved by frequency
and time multiplexing techniques.

G.2.2 System Range

The system range requirement depends on the results of the
casualty analysis: where do casualties occur, and what is the
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casualty type? If all casualties occur within 50 miles of the coast,

there is little need to have 200 miles of coverage. The casualty
analysis of Section 4.4 shows that all groundings except three
occurred within 20 miles of the shore. One of these three was the
Argo Merchant (27 miles from Nantucket); the other two involved
"lumps' in fairways - accumulations of sand in the Gulf of Mexico.

Of 17 collisions, 13 were within 20 miles of shore. However, only

one of the 6 rammings took place within 20 miles. Only one casualty,

a collision, occurred further out than 100 miles (108 miles). All

0oil platforms are within 100 miles of shore.

Thus, most accidents occur within VHF range of shore stations
(20-40 miles). Furthermore, there is little justification for pro-
viding the services in Section G.1 beyond 100 miles; thus MF fre-
quencies are quite adequate for OVTM stations, if service beyond
VHF range is desired. Systems which provide coverage beyond 100
miles cannot be justified solely for the purpose of providing OVTM

services.

It is a truism, but worth stating, that there is no point in
requiring the shore station to accurately know vessel position
beyond the range of immediate communications. That is, even if the
shore station knew of a potential collision at 100 miles, it would
be useless if communication with the bridge were only available to

20 miles.

G.2.3 System Capacity/Data Update Rate

System capacity is like the strength of a chain: it is con-
strained by its weakest link. There are several factors, any of

which may limit the capacity:

a. The number of shore operators.

b. The number of vessels each operator can readily manage.

c. The memory capacity of the shore-based computer, if one
is used.

d. The communication channel capacity.




e. The average channel communication time required per voyage
for each vessel.

The degree of system automation affects the shore operator's
efficiency and the communication time. It is the key variable in
determining the capacity of the system.

It will be assumed in this analysis that it will always be
possible to hire enough operators, purchase enough computer memory,
and sectorize the coverage zone into small enough areas that a.
through c. will not ultimately limit the system capacity. The
following cautions should be noted, however:

a. If too many sectors are required, SO's will spend an
undue amount of time in handoff procedures, distracting them from
their primary traffic control duties.

b. If too much time is spent in bookkeeping duties (i.e.,
obtaining ship's positions and course data, keying in data, writing
data on logs, advancing plotting board targets, etc.) the SO's
effectiveness will be reduced.

In VTS stations at Houston, San Francisco, and Puget Sound,
the capacity per operator is 20-30 vessels, with the higher figure
able to be sustained for limited periods of time. As a rule of
thumb for all-verbal type systems, about N/20 operators would be
required to man a station whose coverage incorporated N vessels on
the average. Thus if a station were expected to have 200 vessels
at a time within its coverage, about 10 operators would be required.
Of course, as more SO duties are automated, each SO can handle more
traffic confortably.

Complications stemming from the fact that all SO's may be using
the same channel, and from the fact that adjacent shore stations
will have overlapping coverage areas, must be considered in the
final assessment of system capacity. For the purposes of this dis-
cussion, these complications will be ignored.

The capacity of a communications channel depends on the average
message length per vessel, the number of minutes between position
reports (update period), and the utilization factor. The
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utilization factor is the acceptable fraction of time that a given
channel can be in use before users begin to encounter excessive
waiting time. In a study for the New York VTS, Armacost (1977)
developed a useful model for the purpose of assessing this problem.
He showed that for that system, a utilization factor of 0.50
resulted in an expected waiting time of 17 seconds, while a factor
of 0.66 resulted in a 33-second waiting time. Waiting times of more
than 15 seconds will be irritating to vessel watchstanders, so that
utilization factors higher than 0.5 are to be avoided. Message
length for position and course reporting is expected to be 20-30
seconds, about the same as for VIS's (a study for the San Francisco
VTS indicated 27 seconds as an average message length (Brown, et al,
1973)).

Figure G-1 shows a plot of capacity versus update rate for a
message time budget of 50% for bookkeeping (position, course) and
50% for advisories from shore. It shows that verbal systems in
general have severe capacity limitations, if updates are needed
more than hourly. Also, specific advisories to vessels are limited
in heavy traffic. It shows as well that ship data, which could
take 1-3 minutes to report verbally, should not be sent on the
same channel.

G.2.4 Initial Check in to the System

Vessels planning to enter a U.S. port from abroad are required
to notify the Captain of the Port at least 24 hours in advance of
arrival. Since this information can be sent by an agent several
days in advance, it is not useful as a check in to a traffic
system.

Neither is it acceptable for tanker and other vessels to

wait until they are within VHF range, partly because of the channel
congestion problem that would be caused by the glut of ship infor-
mation, but also because of the fact that this allows insufficient
time to review the ship information contained in the Marine Safety
Information System (MSIS). Therefore tank vessels and hazardous
cargo vessels, in particular, should be required to provide ship
information at an initial check in beyond VHF range. The present
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24 hours requirement can simultaneously be satisfied by a report

via present radio telegraph or teletype services at 24 hours out.
The information should include the nine items required by the MSIS:
Name, flag, call sign, official number, propulsion, length, gross
tonnage, net tonnage, and horsepower. In addition it should include
the master's name, owner's or lessee's name, draft, cargo, ship type,
and destination. Finally, it should include the present position,
ETA at the destination port, a list of waypoints (if appropriate),
and a statement either stating that all navigation and control gear
are working, or a list of deficiencies. A form such as that shown
in Figure G-2a should be printed and made widely available to

shipping companies to speed up the transmissions.

If the system design calls for vessels other than tank vessels
to check in, a reduced list can be used for them. Departing vessels
(loaded) should also file a 24-hour notice. Tank barges should be
incorporated into the system--even a 2000 gross ton barge can cause
a massive o0il spill if all the cargo escapes.

Initial check in from sea could also be transmitted by satel-

lite or any AMVER circuit, if other means were unavailable.

G.2.5 Verbal Vs Coded Ship Data-Equipment Implications

Ship's data can be communicated to the shore station in
several ways: by the VWS's verbal message, by a teletyped message,
or by an automatic data transmission. (See Figure G-2b.)

Voice transmission is now used at VTS stations at Seattle,
Valdez, San Francisco, Houston, and New Orleans, and has the advan-
tages of familiarity and human contact. The disadvantage, of course,
is that voice is a relatively inefficient means of communicating
data: what takes a watchstander 30 seconds to describe can be
reliably relayed in a fraction of a second by code.

Teletyped messages that are required more often than hourly
are a nuisance, particularly if the teletype (or telegraph) is
located off the bridge or wheelhouse. The radio officer may not
be on his watch, which means that the watchstander must frequently
perform the duty. This has totally undesirable complications.
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SHIP'S NAME (SNM):
VESSEL MASTER (VM):
SHIP TYPE (TP): TKR BLK LNG LPG CONT FRT

CARGO (CG):

CARGO WEIGHT (CGW): (TONS)
SHIP CAPACITY (DWT): (TONS)
SHIP DRAFT (DR): (FEET)

CALL SIGN (CS):
VHF CODE (VHF):
DESTINATION (DST):
ETA AT DESTINATION (ETA):
CHART OF LARGEST SCALE (CH):
DEFICIENCIES (DEF): LORAN-C or Satellite Navigation (LOR):

X-Band Radar (XRA):

S-Band Radar (SRA):

Collision Avoidance Aid (CAA):

Fathometer (FTH):

Chart Recorder (CHR):

Gyro Compass (GYC):

Magnetic Compass (MGC):
VHF Comm. (VHF):

HF Transmitter (HFT):

HF Receiver (HFR):

Teletype (TT):

Radiotelegraph (CW):

Steering Malfunction (ST):

Propulsion Problem (PP):

FIGURE G-2a. POSSIBLE CHECK LIST

NM-GULFSTAR; VM-SMITH; CS-WXYZ; VHF-WEX5421;
CG-2 OIL; CGW-65000; TP-TKR; DWT-70000; DR-35;
DST-NYC; CH-12326; ETA-1430; DEF-SRA, CHR.

FIGURE G-2b. SAMPLE TRANSMISSION
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The data could be sent manually, using an encoder module as
shown in Figure G-3. At each maneuver or waypoint, the watch
stander would reset the thumb wheels and push the transmit button.
An acknowledgement by the shore station would light up the "acknow-
ledge' lamp. Even this is time-consuming, and is not that much
cheaper than an automatic encoder module.

The most desirable, as well as the most expensive, shipboard
equipment would read time delays from the LORAN-C unit, speed from
the ship's log, and heading from the ship's gyro, and arrange the
data in the proper format for transmission. The transmission could
then be keyed by a shore request, a manual command, or a clock pulse
(see Figure G-4). This has the marked advantage of requiring no
action on the part of the vessel watchstander. At the shore
station, no keying operations would be required. The SO could then
devote most of his time to conflict assessment and traffic flow.

It is therefore concluded that if coded transmissions are used
to report ship's course and speed, it should be done automatically.

G.2.6 Roll-Call Versus Ship-Initiated Transmissions

There are two distinct methods of collecting information from
the vessels: one is the roll-call method, in which vessels are
interrogated one by one by a shore station and respond when
addressed; the second depends on each vessel to send data to shore,
either at regular intervals, or at agreed-upon way points (check-
points, intersections, points of planned course alterations, or at
regular points along a course).

These two methods apply to both monitoring and surveillance-

type systems. Roll-call systems have the following advantages:

a. The data update rate is controlled from shore, and can be
varied for each vessel to account for variations in traffic density,
number of course alterations, and vessel speed. This increases
system capacity, and provides flexibility for emergencies.

b. The system saturates in a "soft" manner: as the number
of vessels begins to exceed a threshold value, the update rate can
be reduced by a small percentage to accommodate the new vessels.
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Roll-call systems do have the disadvantage of being somewhat more
expensive.

Ship-initiated transmission systems have their own peculiar
advantages:

a. For voice-reporting system, VWS's can work the transmis-
sion into their work schedules with more ease, rather than drop
their immediate task to reply to the shore-master.

b. For voice-reporting systems, the transmissions are more
geared to significant events: waypoints reached, course changes,
etc.

c. Entry into the system is performed in much the same way
as updating course data.

Similarly, there are disadvantages as well to ship-initiated
systems:

a. If two ship transmissions overlap, the shore will get, at
most, one ship's data--thus this type system is more likely to

experience interference.

b. In voice-reporting systems, VWS's are more likely to
forget to communicate course changes, waypoints reached, etc.

It is therefore concluded that voice-reporting systems should
be ship initiated, and coded data systems should be controlled from
shore.

G.3 SYSTEM CONCEPTS

G.3.1 Check In Systems

Check in systems (see the Vessel Passport System, Sections
5.2.2 and 7.2) make no attempt to monitor the point-by-point pro-
gress of any vessel, but rather rely on weeding out carelessly
equipped or managed vessels, providing special assistance to defi-
cient vessels, and providing cross-checking and redundancy of func-
tion to ensure the accuracy and correctness of onboard navigation
gear. At initial check in, equipment is turned on and checked for
operational status (see Figure G-5).
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A second check in about an hour out from the internal waters
provides a mandatory check on navigation gear against a known refer-

ence. Weather, tide, current and buoy information is provided at
this time.

The total amount of time required is about 2-5 minutes at the
initial check in, and 1-3 minutes at the second check in. This ser-

vice could be provided to all tankers, and to others upon request.

This system would not provide the collision prevention service
directly. Strayings from traffic lanes (e.g., to avoid a collision)
would likewise not be detected. Poorly equipped vessels would be
detected, however, and careless navigational errors would be avoided.
Table G-3 shows a list of suggested RACON locations. Table G-4
is a list of possible vessel passport stations.

G.3.2 Monitoring Systems

Monitoring systems can be ship-initiated or roll-call; they
can use verbal or coded interrogations; or they can use verbal or
coded replies. However, from the discussions of Section G.2, there
are only two which are viable: ship-initiated verbal position
reporting, and automatic roll-call coded position reporting. In
all cases a voyage plan, either submitted in advance, or at the
time of entry to the system, is assumed. The voyage plan would con-
tain vessel information and the planned route (refer to Figure G-2).

G.3.2.1 Ship-initiated Waypoint Reporting--Verbal

In this system, the vessel watchstander calls the shore sta-
tion when a course maneuver is being initiated, when an agreed upon
waypoint is reached, or when the voyage plan is altered. The
initiative is left primarily with the vessel master; however, if no
report has been received within a short time after a scheduled way-
point should have been reached, the shore operator will initiate
the call.
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TABLE G-3.

SUGGESTED RACON LOCATIONS

Mississippi

Location Identifying Feature Latitude Longitude
(Atlantic)
Portland Exists
Boston-Mass. Bay R" B" 42°-22.5'| 70°-47"
Cape Cod BW "BD" 42°-8" 69°-53"
Great South Channel| PA 40°-48" 69°-0"
Nantucket Lightship 40°-30" 69°-30"
Rhode Island Sound | BW "A" 41°-71 71%-24"
Long Island Sound Plum Island 41°-11" 72°%-13"
New York Ambrose Light 40°%-78" 73°%-50"
Delaware Bay R "F" 380-471 74°-34.5"
Delaware Bay R "D" 389-271 74%-421
Chesapeake Bay RB "CBJ" 36°-56" 75%-57.5"
Cape Hatteras Diamond 35991 75°-18"
North Miami Beach Outfall 25°%-54" 80°-7"
(Gulf of Mexico)
Ft. Jefferson Loggerhead Key 24°-38" 82°-55"
Nat. Mon.
Tampa Bay Egmont Key 27°-36" 82°-46"
South of Mobile Platform 29°%-27" 87°-49"
Point
Breton Sound Exists
Southwest Pass, Exists
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TABLE G-3.

SUGGESTED RACON LOCATIONS (Cont.)

Location Identifying Feature Latitude Longitude
East of East Flower | Platform 289-7" 92°-50"
Garden Bank
South of Calcasieu Platform 28°-40" 93%-13"
Pass
Calcasieu Pass BW "CC" 299-27" 93°-13"
Sabine Lake R 4" 29°-291 93%-40"
Galveston Bay R m2" 29°-5" 94°-14"
South of Galveston Platform 28%-5" 94°-27"
Aransas Pass New Buoy 27°-41.5'| 96%-47.5"
Port Isabel New Buoy 26%-41 96°-57"
(Puerto-Rico)
Puerto Rico (South) | Guayanilla/ Erect Land Station on
Tallaboa Bay Punta Guayanilla
Puerto Rico (North) | San Juan 189-28.5', 66°-7"
(Pacific)
San Diego Point Loma 32%-40" 117°%-15"
Los Angeles Catalina Island 33°9-21" 118°-20"
Santa Barbara Anacara Island 349-17 119°-22"
Channel
San Francisco R "SF'" - Exists
Cape Mendocino R "B" 40°-26" 124°-30"
Cape Blanco 42°-50" 124°-34"
Cape Disappointment | Lightship Columbia 46°-11" 124°-11"

Strait of Juan
De Fuca

2 Exist
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TABLE G-4. POSSIBLE VESSEL PASSPORT STATIONS

1. Portland

2. Boston

3. New York City#*

4., Delaware Bay Entrance

5. Chesapeake Bay Entrance
6. Miami

7. Tampa/St. Petersburg

8. New Orleans*

9. Houston/Galveston*

10. Los Angeles/Santa Barbara
11. San Francisco¥®

12. Puget Sound*

13, Valdez*

14. San Juan

15. Guayanilla/Tallaboa Bay Entrance

*
VTS locations.

In this system the procedure for acquiring new information and
assessing the situation would typically consist of the following
steps (approximate times, in seconds, are included parenthetically):

a. VWS calls the shore station (3)
b. SO acknowledges call (5)

C. VWS reports th, tg (LORAN-C coordinates), course, speed,
and ETA at the next waypoint (20)

d. (Optional) SO reports data back, receives acknowledgement
(20)

e. SO keys in data (15)

f. Computer compares ddta with projections (5)

g. Computer updates display (5)

h. S0 reassesses conflict situation (7)

G-28



The total time involved for this exchange is typically 70-90
seconds, depending on whether the verification step (4) is included.
In VTS systems, this is not normally performed, unless there is an
uncertainty on the part of the SO.

The shipboard equipment needed to function in the system con-
sists of a LORAN-C receiver (or equivalent), ship's log, compass,
and communications gear (see Figure G-6). All of these will nor-
mally be on-board, but the communications gear may be new. The
ship's navigator has to use his skill to correct the heading infor-
mation to estimate his ship's track, or course over ground. In high
winds and heavy seas, the vessel courses so estimated are subject
to errors of several degrees, so that the shore station should not
expect highly accurate predictions of position based on reported
course and speed.

The shore station equipment consists of communications gear,
a plotting board or other display, handwritten voyage plans, and a
computer with a keyboard console. For each vessel the computer
keeps a ship's file on her progress, corrects ETA's, and searches
for possible conflicts. In a "barebones'" version, the operator
would perform all functions, without a computer or computer-driven
display.

This system has the advantages of familiarity, simplicity of
concept, minimal shipboard equipment, and moderate demands on the
vessel master for communications. Since the shore operator acts
as a backup by calling up the vessel if a waypoint ETA has been
exceeded, there is some desirable redundancy in the system.

On the other hand, the system is limited in capacity, and
forces the SO to spend an excessive portion of his time performing
bookkeeping duties (the means to the ends), rather than assessing
problems and promoting efficient traffic flow (the ends). As
increased traffic causes the communication load factor to increase,
the VWS's will encounter frustrating delays in relaying their posi-
tions. Also, shore operators will find themselves competing for
access to the channel (assuming one common frequency).
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From Figure G-1 it is apparent that requiring position reports

more than once per hour limits the
To
enable a shore operator to provide

handled to 30 vessels at most.

period of 15 minutes or less would
capacity to 7-8 vessels - it would

amount of traffic that can be
get an update rate that would
collision assistance, an update
be required. This would limit

be most effective precisely where

it is least needed, i.e., in areas of low traffic density.

From these considerations, and others involving the different
purposes of VIS and offshore systems (see Section 5.3.13), it is
therefore concluded that there is no case that can be made for moni-
toring systems using verbal reports of position.

G.3.2.2 Automatic Coded Roll Call, Coded Reply

In this system it is assumed that the onboard encoder module
is driven directly by the LORAN-C navigation unit, the ship's log
and a heading indicator; the vessel master and vessel watchstander
are not involved in the transmission. Course is calculated on shore
using consecutive fixes and appropriate tracking filter algorithms:
heading and speed are checked for consistency and to indicéte course
changes. The entire traffic population is automatically interro-
The

updates are no longer geared to significant waypoints, but are

gated one-by-one at a rate such as once every 5-20 minutes.

updated more often than with reporting systems, so that some missing
or garbled shipboard transmissions can be tolerated. In the case of
confusing or missing data, the SO can call up the VWS and obtain a

verbal clarification.

Since the updates are not related to waypoints, both the com-
puter and the operator must scan the situation and assess -the dangers
in a periodic fashion. This has an advantage: the operator can
give each vessel the appropriate amount of time for assessment,
rather than having to interrupt one assessment to acknowledge another
vessel's transmission. The computer plays a central role in this

system, since it can perform routine monitoring:

G-31



a. Comparing actual with intended tracks, and alerting the

SO if the deviation exceeds some predetermined value.

b. Projecting tracks and alerting the SO if predicted course
would cause a grounding or ramming; even if the voyage plan calls
for a turn, the SO may wish to remind the VM of a crucial maneuver.

c. Calculating ETA's to planned course change points, check-
points, and destination.

d. Calculating CPA's for crossing vessel tracks, and alerting
the SO if the CPA is projected to be less than two miles, for exam-
ple, in the next 20 minutes.

In this system, each SO can handle a large number of vessels.
He would spend most of this time performing separation assurance at
harbor or fairway entrances, issuing advisories on potential colli-
sions, rammings, or groundings, and communicating with unequipped
vessels or those with malfunctioning gear.

The demands on the VWS are minimal, limited mainly to providing
data at initial entry, and responding to shore advisories by minor
alterations of speed to control arrival time at a harbor fairway
entrance, or intersection. The responsibility for collision assess-
ment and avoidance maneuvers, and for avoidance of rammings and
groundings would remain completely with the VWS. Advisories would
provide helpful information which might not be available or known
to him.

The capacity of this system is limited by the time spent in
communications with unequipped vessels, and with logging new entries
into the system.

The equipment implications are shown in Figure G-7. The ship
must have navigation gear, interface equipment, an encoder module,
and a data transmitter and receiver (if separate voice and data
channels are required).

This system has a high inherent capacity, and enables a high
operator workload; it makes minimal demands on the vesselmaster. . It
does, however, require sophisticated equipment. The automatic moni-
toring system described in Section 5.2.3 is a system of this type.
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G.3.3 Surveillance Systems

Surveillance systems can be ship-initiated or roll-call; their
detection can be cooperative or non-cooperative; they can use radar,
range/range, or multilateration techniques to establish ship's posi-
tions. Fundamentally, however, there are two surveillance system
types:

a. Those in which the surveillance position measurement is
primary, and the ship's reported position is used only for verifica-
tion, if at all.

b. Those in which the surveillance data is used as a check
and a backup in case of ships' failures, and the ship's reported
position is primary.

As stated earlier, the surveillance system range must be
matched by communication range to be useful. Thus if a satellite
system enabled the shore to know ship position accurately anywhere
on the globe, it would be of limited usefulness if immediate radio
contact were limited to VHF. Therefore a satellite surveillance
system must have the capability of rapid selective calling via
voice circuits to be effective.

There are several other considerations. One is that with the
requirement of LORAN-C or satellite navigation, ships will know
their own position quite accurately; a surveillance system would
only help establish position where coverage gaps exist or where
onboard gear is malfunctioning. Another is that the loss of posi-
tion information by a ship is not the critical situation it is for
an aircraft in an air traffic system; ships have several ways of
navigating. In fact, only a minority of ships have accurate navi-
gation gear today.

These considerations all indicate the limited additional ser-
vice provided by surveillance. However, the three systems discussed
below could offer some real benefits.
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G.3.3.1 Direction - Finding (DF) Surveillance

This is a cheap system which can be used as a backup where
ship's navigation equipment is questionable. Figure G-8 shows a
DF system which provides cross-bearings upon receiving a VHF trans-
mission from a vessel. A vesselmaster requesting such assistance
would radio the shore station. The shore operator would set up the
DF switches and ask the master to key his VHF transmitter on a
particular channel. The SO would then provide the master with
LORAN-C time or latitude/longitude coordinates or references to
radar targets or visual cues.

DF systems are now being used (single-bearing) to determine
the identity of radar targets (Thompson and Reame, 1978).

G.3.3.2 Radar

Radar are used in VTS systems to provide shore operators with
a display of vessels and land/buoy echoes. They are expensive to
install and maintain, and are limited to 20-30 miles of range.
Their biggest advantages are the update rate (typically 15-20 scans
per minute) and the references provided to coastal features. Thére
is also the subjective confidence that "you know it's there if the
radar says it's there," whereas a synthetic display of data
obtained in an automatic monitoring system would occasionally
exhibit jumps in ship's positions.

Radars can be used to advantage where they already exist in
VTS installations.

As transponders are introduced on board ships, they will pro-
vide radars with identity of ships; this is not possible at present.

G.3.3.3 Satellite Surveillance

Since there is presently considerable interest in the applica-
tions of satellites to the civil sector, a discussion is included
here (see also Appendix H). Figure G-9 shows how a typical-satel-
lite surveillance system would operate. Interrogations from shore

would trigger a shipboard transponder; the replies would be
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received and the time-of-arrival (TOA) measured. The shore station
would calculate the ship's position, knowing the TOA's and the
satellites' positions. Clearly, this information is of no value
without the capability of immediate communications with the inter-
rogated ship. Thus, either a satellite or other long-range commu-
nications system is also required.

The reasons why this kind of system is not given more attention
are as follows:

a. The expense of a satellite transponder/communication sys-
tem would be prohibitive for any except large ships. Thus the
anticollision prevention would be small.

b. It provides no additional navigation service to the ship
(which usually knows where she is).*

C. If the transponder (but not a communications set) were
required on smaller vessels, it would only protect them where VHF
shore/ship communication existed; or, if a dedicated communication
channel were provided at MF, it would be better to spend about the
same (or less) money on an automatic monitoring set.

d. The shore costs, including satellite costs, would be
significantly higher than for an MF system, which would be needed
anyhow for communications.

*Satellite navigation offers improved accuracy over LORAN-C and
other current navigation aids but the presently operational system,
Transit, has outages of 1 to 2 hours which reduces the effective
accuracy. Also, the study indicated no need for accuracy better
than LORAN-C in the offshore areas. The advantage of higher
accuracy provided by satellites for the close quarter navigation
in ports and harbors, and near the coast are recognized.



G.4 REFERENCES

1. Armacost, R.L., 1977: "A Queuing System Approach for the Design
of Coast Guard Vessel Traffic Services Communications,' IEEE
Trans. Vol. Tech, Vol. VT-25, No. 4, August 1977, p. 239-246.

2. Brown, J.H., Kim, M.C., McGregor, D.N., and Patton, E.D., 1973:
"Vessel Traffic Systems Communications Study,'" ORI Report -
CG-D-20-74, 1973.

3. Sites, F.J., 1977: "Communications Via Meteor Trails,' 23rd
Symposium of the EM Wave Propagation Panel, AGARD, October,
1977.

4., Thompson, P.M., and Reame, J.C., 1978, "Identification of Vessels on
a Radar PPI by VHF Direction Findings," 1978 RTCM Assembly Mtg,
Paper 48.

G-39/G-40



APPENDIX H
SATELLITES FOR OFFSHORE VESSEL TRAFFIC MANAGEMENT

H.1 INTRODUCTION

In the wake of the Argo Merchant incident and the rash of
tank vessel casualties in the U.S. offshore waters during the
winter of 1976-1977, recommendations came from several government
leaders to use satellites for surveillance and control of these
ships. The terms surveillance and control can have several mean-
ings covering the range from the simplified concept of a vessel
issuing a once-a-day position report by teletype to a service
agency like AMVER* to the sophisticated '"spy in the sky" systems
which can determine the vessel's identity, position, cargo, and
other characteristics down to minute detail. To clarify the
point, the terms surveillance and control are defined for pur-
poses of this study to include the following: 1) tracking of
a vessel's course either from vessel reports or independent
measurements with sufficient frequency and position accuracy to
assess the potential risk of a collision, grounding or ramming,
and 2) issuing advisory communiéations, both in general to all
vessels and to specific vessels, regarding unusual local conditions
and approaching encounters with other ships or other objects
which are a potential hazard to the safety of the vessels.

The objective of managing vessel traffic in the offshore waters
out to 200 miles is to ensure the safety of the marine and coastal
environment without detering the flow of merchant vessels.

The two functions identified above may be performed with several
different tools, one of which is a satellite system. Satellites
should not be arbitrarily selected as the best tool for this task
unless the benefits warrant the cost.

e
Automated Mutual-assistance Vessel Rescue.



The purposes of this appendix are to summarize the available
satellites that are potentially applicable, identify satellites
that are planned for the future, describe the features of those
most applicable to maritime needs, discuss the costs of satellites
and shipboard hardware and attempt to identify the future trends
in satellite services. The objective is to portray satellites as
a tool that should be carefully examined for the specific task
to be performed and their use clearly justified, either on the
basis of their capability as it applies to the mission to be per-
formed, or their cost effectiveness versus other alternatives.
This technology has developed to the point where there are no
mysteries and no 'magic'" in what satellites can and cannot do.

On the other hand, there will likely be surprises in the areas

of commerce and business where they can be applied, how well

they can perform a task and the cost per user as new applications
and market areas are developed in the future.

H.2 SURVEY OF SATELLITES

H.2.1 SATELLITES CURRENTLY AVAILABLE

The term satellites is used in this appendix to mean both
individual satellites and satellite systems. Satellites that
are currently in orbit and are applicable in some way to the OVIM
study are listed in in Table H-1. This table includes a summary
of the service available, lifetime of the satellite and cost to
the user. It should be noted that both government-owned and
commercial satellites are included. Also this includes operation-
al satellites as well as scientific/experimental satellites.

As shown in this table there are only two operational satel-
lite systems - one with communication capability and the other with
position-fixing (navigation) capability. The ATS-6 experimental
satellite is of limited usefulness because its small coverage area
and far westward location provides only West Coast and Pacific
Ocean coverage. Also, it is nearing the end of its expected life.
The Marisat and Transit satellites have adequate capacity and



*juswaBeumy D13jB1] (28837 210YSIIO
*

s§sauajatdwod 103 aiay
paucTiuam 8T I pajTwI] ST

W00Z$

*KALO 103 uotiediidde pajtury
K135 ‘21qeasals sT 98eian0D

‘yanos o3 yiliou sITW QQ§
‘pue 353M O3 18B2 SITIW (QOC

3wT39317 51533 AIT[1qISEa] *xoadde 3s0d 231[[231FS 31910 +xoxdde st a8eiaao)y Tauueys

SUOTIPDITUNMWOD 10J [njasn %05¢ ‘xoadde 3so) snoucaydouisoad Mg ZHR 0z 3up -elep 23ex y3yy

211112385 (eR3usmTIadxa Teutwial umo sapiacad 6L=9L61 ‘apnitduo] ‘arTwrsdoey ‘xaya3 ‘eiep ‘s3toa
uo1jduUNi-T13[NW © ST STYL 138 *1S0D IDTAIIS ON VSVN ‘sieak ¢ M of51 'xoaddy :suoTIEdTUNLWOD [ejuawiiadxy 9-5.LY

* (2pn378u0T 80T ©3 ,26) EBOTIAUY

‘2R 0091/00S1 yInog jO 153MYINOS pue OITX3W 3O

satousnbaay Surjeiadp -sysuumyd J1no uiaisam jo seaae 3dadxa

a3eaedas sasn yodsTym AABN °"S°Q 28232400 SNONUTIVO) "UEBIDQ uUPTpUI

Yita paieys a1e s3IT[[33eS adroa pue ‘o13jIoBg ‘dTIuUEIV 13A0D

*aloys o3 dtys ‘juiy E3ep 103 ‘uTw/pO'0T4 PuE 111 S2111(231B8 221yl -2311[238S

gdqy 9 103 sueyd aining X31231 103 utw/pQ 9% pue ‘uotup §31930 1ad syauuByd X2[3L %y PUE

-peuueld sB ST 3JueWIO]Iag 192TA135 " UOTIBT[RISUT u1aisay ‘vou snouoiyduksoald sTauueyd 2310A g ST K31dedE)

"§L61-PTW UT 3JuUWOD 03 snyd }z9¢ jrUTWIal snid -diop 18-9£61 3 ,CL pue *sdq Qoyz - ®IEQ pue ‘a[TWISORY
uBadQ UBTPUI I3a0 23e13A0) drys :31sop 13s *uag LVSWOD ‘sieak ¢ T ,6°9LT ‘M 61 ‘83104 ‘X33l :SUOTIBITUNUO) o~.mh<muz<:

“IWD - Aep 3o auwig r8utaow jou pue

pue ‘-8uoq ‘-3e7 jo Indut quawdinbs yerdads yiwm 33 057 i0

1eT13TUT sairnbai 2aataday uoTIoW UT TASSIA YItm (SWIp-7) WN

‘WN 6Z°0 -xoadde s1 sax1j “HWYS 8961 ut 1'0 :4Aseandde ‘poraad -utw g1 103

usamiaq AdBindoy - 83109339 *xo1dde s1 2311193LS8 3asn jpIdiduW KN 009 @pmaTal® ‘xew ‘utw Q7] £I19A9 2dUO IIBI XIF

o1asydsowie 03 aNp POUBQGINISTP yoes jo 1s0) ‘1801 *1o3raado -wod uedag #o1 ‘sitqao uo131sod ‘waysAs aarssed ‘sa3TI]

{2UOTSEEDD0 3WOS  *ZHH 0GY 2014128 ON *NGE-GT$ PUE I2uUMO 5,0861 238 zerod Jualiajjrp -123®s ¢ ‘apimpliom ‘aduaIazylp
pue g1 sa1ouanbazg Surieiaadg sT 31503 Jw8y 1as AaeN °S°0 ojut (njasn uy S233TI23ES § aduea 1s1ddog £q BurxTy UOTITSO4 m.n.ohumz<=H
SYVRIY 838N o0y AONTOY 411 (S)NOILYDI0T 2OVHAA0D ALITTALVS

SOLVLS TVILINI HIANMO 031334X4 Amu~>ﬁmw

«WIAO OL HT4VOI'TddV

SALITTHLYS LNIHAND

"T-H 97T4dVL

H-3



accuracy, respectively, to meet the current projected needs (through
1990) of the merchant vessel fleet operating in the U.S. offshore
waters. However, it does not appear from an examination of the
casualty date that any additional capability over present communica-
tions and LORAN-C navigation is needed for reducing casualties in
the offshore waters due to collisions, groundings or rammings.
Therefore, the added expense of these satellite equipments and ser-
yvices does not appear to be warranted at the present time for safety
applications. There are potential economic benefits that accrue to
the user due to increased efficiency of operations and management

of resources by having better, more timely communications over great
distances. Both systems are currently being used by several firms
in the maritime transportation industry and the number of users is

increasing.

H.2.2 PLANNED AND PROPOSED SATELLITES

Planned satellites are those which are either under construc-
tion or on the "drawing board.'- Proposed satellites are those
which have been recommended for future service, but have not
received funding or authorization. This latter group also includes
proposals to change the design and function of planned satellites
to serve the needs of the maritime transportation industry. The
planned and proposed satellites applicable to the OVIM are listed
in Table H-2.

The GPS-NAVSTAR program is currently in the concept valida-
tion phase. These tests include flying user equipment and making
measurements of acquistion time, position determination accuracy
and tracking capability using a satellite system of two in-orbit
satellites plus an array of ground terminals which simulate
orbiting satellites. The tests are limited to the west coast of
the U.S. and to only short periods of time that the satellites
are in view. However, it is reported by the Department of Defense
that these tests successfully demonstrate the basic capability of
the scheme. This system must pass several hurdles before it will
be adopted as a national standard for navigation. Two major
hurdles are: 1) currently the GPS-NAVSTAR is identified as a
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military system with control of operation under the Department of
Defense and the needs of the civil user community are of secondary
importance, and 2) the cost of user equipment is significantly
greater than LORAN-C, the alternative system, such that a large
part of the small ship and tug/barge owners are likely to oppose
making such a great financial investment considering the benefits
derived. Currently there is effort in the Department of Transpor-
tation and National Aeronautics and Space Administration to
develop techniques and hardware that will lower the cost of user
hardware to a competitive level.

The MAROTS satellite system, as indicated in Table H-2, is
under construction and will be available for launch over the next
two years. Consideration is being given to modifying the ground-to-
satellite links to operate at C-Band so as to be compatible with
the MARISAT Ground Terminals. This would allow the MAROTS satel-
lites to serve as direct replacements for the MARISAT satellites
and preserve the continuity of maritime satellite communications
which is greatly needed for acceptance and growth of the user
population. One service which is not provided in the same package
is position fixing. While accurate position fixing is available
with the Transit satellites, this requires separate receiver
hardware because of the difference in operating frequencies. A
consolidation of functions and services into one satellite-user
package would likely increase the interest of ship owners.
However, to provide position-fixing service would require a mini-
mum of six satellites in orbit which is a substantial increase in
system investment and would only be justified if the user market
is favorable.

INMARSAT is intended to be an operational system to follow
the MARISAT and MAROTS satellites in the 1980's. This progran
is currently bogged down in organizational, management and finan-
cial debates which are complex and difficult to resolve in a
timely manner because of the international nature of the system.
These issues should be resolved soon or the program may die and
the only option left open to the mariner for satellite service



may be the Russian aeronautical and maritime satellite system
currently being planned. It is in the interest of the U.S. and
the western countries to push the development of the INMARSAT
system.

The Seasat-A satellite offers the potential for passive
detection and surveillance of tank vessels and hazardous cargo
ships which approach the U.S. coasts. This capability does not
currently permit identification of the vessel, but it does plug
a hole inherent in many techniques for monitoring and management
of vessel traffic in the U.S. offshore waters by providing informa-
tion about the presence of ships that may avoid reporting and
complying with a system such as the "Passport" system discussed in
the main text. Two types of vessels are likely to avoid reporting:
1) those called "innocent passage vessels' which are passing near,
but not bound for, a U.S. port, and 2) those called "rogues' who
refuse to be a part of any system. Statistics show about 5 percent
of the merchant vessels are of the '"rogue' category. A satellite
of the Seasat-A type could potentially detect and report the
presence and location of these types of vessels to a monitoring
facility which could then employ local-aircraft or inspection
vessels to investigate and take appropriate action. Further analy-
sis is needed to determine if this is a cost-effective approach,
but the concept is appealing and may be a low-cost fallout of the
ocean monitoring meteorological satellite program.

H.3 TRENDS IN FUTURE SERVICES AND COSTS

H.3.1 TECHNOLOGY

Technology advancements in satellites and user equipment are
likely and can be expected to occur in the next decade. These
advancements will occur in the satellite booster with the advent
of the space shuttle, in the spacecraft with more efficient prime
power systems, RF systems and higher gain antennas, and in user
equipment with improved voice and data modems using advanced
multiplexing and modulation techniques, with increased capacity
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microprocessors, and with higher power, more efficient RF

transmitters.

The primary communications methods between ship and shore
in the past were telegraphy and voice telephone, with the later
addition of telex. Communications of the future will be heavily
oriented to high-speed data via a teletype terminal for operator
access. High-speed data is feasible, practical and cost-effective
with continued development of high-capcity, high-speed mircropro-
cessors coupled with wideband satellite channels which greatly

reduce the cost per message unit.

One example of new technology that could significantly lower
the cost and attract mariners to use satellites for communications
is an Adaptive Multibeam Phased Array spacecraft antenna which is
to be tested on the Spacelab. This is called the AMPA experiment
and will be conducted by the National Aeronautics and Space
Administration.1 This satellite antenna offers the capability of
high-quality communications (voice and data) while only requiring a
small user terminal. This antenna is designed to operate in the
L-Band (1.5 GHz) allocated for maritime mobile salettile communica-
tions. With this antenna on a satellite, the ship terminal is
estimated to cost between $5,000 and $10,000 for voice and data
communications (not including installation). This is considerably
lower than the current $62,000 cost of a MARISAT ship terminal.

H.3.2 CAPACITY AND COST

The advent of the space shuttle will permit the launching
of large payloads at lower cost than conventional boosters. Thus,
much larger capacity satellites will be common in the next decade
and this increased capacity will result in lower cost to the
individual user. A large capacity satellite will serve a large
number of users with different communications requirements the
same as terrestrial circuits do today. To illustrate the point,
one need only to look at the history of Intelsat. Intelsat I,
launched in 1965, had a capacity of 240 voice circuits, while
Intelsat IV-A, launched in 1975 has a capacity of 24,000 voice
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circuits.2 In this same time period the user charge went
$32,000 in 1965 to $8,460 in 1975 for a one-way telephone
In 1976, the Intelsat organization projected that by 1994
requirements for satellite communications will be greater
300,000 channels.4 This will be accomplished by advances
lite antenna dual-polarization and spot beam, use of wide

from
channel.3
the

than

in satel-

band

channels and advanced digital modulation including forward error

correction and bandwidth conservation techniques.

Commercial satellites are also employing small rooftop user

terminals costing approximately $50,000 which permit direct access
from the corporate plant to the satellite, thus saving the costs of
leased land lines from the plant to a centralized satellite ground

terminal which is currently the most common practice.

Analysis of the relative cost of satellite versus telephone
land lines for intra-continental U.S. communications indicates
that satellite circuits (for voice and data quality) save money
over ATET circuits when the distance exceeds 600 miles. The
result is that satellites are increasing for business communica-
tions between terrestrial points within the U.S.

H.4 SUMMARY

Satellites will play an important role in ship-to-shore
communications in the future. Currently the larger vessels are
the only ones that realize a cost advantage in using satellites
for communications. Widespread use of satellites on merchant
maritime vessels will depend on: 1) the development of low cost
user equipment, 2) multiple services by one set of user equipment
and 3) low user charges. As indicated earlier, satellite
technology appears to be on the horizon which will greatly reduce
the cost of user equipment. Multiple services by one set of
user equipment is defined as equipment that will serve both
communications and position fixing functions. From the viewpoint
of investment costs, maintenance, equipment space and operator
staffing and training, it does not make much sense to have two
sets of satellite equipment on a ship, one for communications and
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a second for position fixing, (e.g., Marisat and Transit), when one
set of equipment could do both jobs. Effort is needed in planning
and designing future operational maritime satellites, such as
INMARSAT, to provide both communications and position fixing ser-
vices that are cost beneficial to the user.

The results of the study indicate the present VHF, MF and HF
communications systems and the LORAN-C navigation system are suf-
ficent for offshore vessel traffic management requirements until
at least 1990. However, the greater demand and poor reliability
of HF communications will very likely call for the improvement
available by the use of satellites. Therefore, it would seem
essential that a future operational satellite be fully developed
and ready for use by the early 1990's. INMARSAT is an attempt at
filling this need but a strong push is needed to get agreement on
the program and management organization so progress can be made
before nations give up in futility and the world finds itself
dependent on a Russion-owned satellite system for maritime services
in 1990-2000.
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APPENDIX 1
EVALUATION OF OPERATIONAL FEATURES AND SYSTEMS

I.1 INTRODUCTION

This Appendix contains the detailed scoring of the 55 ground-
ings, 17 collisions, and 6 rammings that comprise the casualty data
base (see Appendix C). Only the scores of the OVIM team at TSC are
included. Members of the Boston Marine Society, the Coast Guard,
and the Massachusetts Institute of Technology independently
assessed the casualties. Their comments and observations were
compared, and where differences existed, the differences were dis-
cussed with them. Their inputs were invaluable in placing the
scores in the proper perspective. Location of instruments on the
bridge, attitudes toward new instruments or new requirements, train-
ing and workload requirements, and port versus drydock repairs
were all considerations where their experience helped shape the
recommendations.

The first section deals with operational features: services
available to the mariners. The second section deals with systems,
from rules and procedures to sophisticated on board and/or shore-
based equipment. Some operational features appear in several
systems, and some systems incorporate several operational features.

The final section is an example showing the evaluation technique.

1.2 OPERATIONAL FEATURES

The scores of the operational features were based on the
assumption that any equipment involved was on board and working,
and that any required procedures were, in fact, followed. Each
casualty in the data base was evaluated against the list of
operational features. Scores were assigned on a scale of 0-10
points, where each point represents a probability measure of about
10%. That is, a point score of 7 means that the team (by con-
sensus) believed that the operational feature had about a 70%
chance of preventing the casualty. It was not felt to be realistic
to assess probabilities to any finer degree than this.
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Subjectively, scores of 9-10 meant "highly likely'", 6-8 meant
""probably'"; 2-4 meant "possibly'; 1 meant "unlikely'"; 0 meant
""highly unlikely'. The score of 5 was a compromise score. Often
the question was phrased, "if 10 bridge officers in this situation
had such-and-such a feature available, how many would have used it
and avoided the accident?"

There are several ways in which data are presented to a
bridge officer that need to be considered in determining the most
effective operational features. In approximate order of increasing
sophistication, they are:

Checking Requirement - A requirement that the conning

officer make a record of, or report on, specific data. This serves

as a reminder.

Advisory - A general broadcast from shore giving weather,
tidal, or congestion information.

Ability to Obtain - Indicates availability of information,

but requiring effort to operate instruments to get it.

Display - A continuously updated, visual presentation of
data; available without effort.

Alert - An audible sound or flashing light which attracts
the attention of officers on the bridge, indicating that a situa-
tion exists which might be dangerous.

Warning - An audible sound which attracts the attention of
officers on the bridge, indicating that instruments have determined
that a dangerous situation exists.

In addition, there are other features that might reduce the
probability of a casualty, which do not fit the previous
definitions:

Incentive - An instrument, regulation, or procedure which
improves bridge discipline.

Training - A period of education, initially and/or period-
ically, which familiarizes bridge officers with instruments and
procedures.



Visual/Audio - Aids-to-navigation that are visible, and may

have identifying bell, horn, or whistle.

Charting - Restrictions on vessel movement, indicated on
Charts or Aids to Mariners,

The list of 34 operational features is given in Table I-1,
along with the scores assigned by the OVIM team for each casualty
in the data base. The numbering is sequential, so that the charac-
teristics of each case can be traced by using Appendix C.

The remainder of Section I-2 is devoted to a description of
each operational feature and the scores and their rationale.
Specific factors are cited which are relevant in assessing the
feature, such as geographical location, visibility, etc. Each
subsection consists of (1) a description of the operational feature,
(2) a scoring summary, (3) specific issues that shed light on the
application of the feature, (4) the histogram of scores with point
totals in the legend, and (5) further explanations in some cases,

On each histogram, collision bars are cross-hatched, ramming
bars are dotted, and grounding bars are plain.

The Specific Prevention Index (SPI) is defined as the total
point score divided by the number of cases where the feature point
score was non-zero (defined for groundings, collisions, rammings,
or combinations, depending on the context). While the number of
cases provides a measure of the frequency that a particular feature
shows up as being helpful, the SPI provides a measure of effective-
ness for those cases where it was at all beneficial.

The Probability of Prevention (PP) is defined as the total

point score divided by the total number of cases in the category;

it is the basic measure of effectiveness. Thus two features could
have the same probability of prevention, and have widely varying
SPI's. For example, suppose that of 17 collisions, feature A had a
point score of 3 in each of 10 cases, while feature B had a point
score of 10 in each of 3 cases. Each would have an overall PP of 18%
(30/170); feature A would have an SPI of 3, while B would have an
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TABLE

I-1.

OPERATIONAL FEATURE SCORES FOR EACH CASUALTY

GROUNDINGS (1-17) 1] 2| 3] 4 6| 71 8} 91011 |12 |13 [14[15 |16 17
1. Training 1| 2] 3 2| 1 2|5 11 1 2
2. Rules of the Road
3, Prohibited Zones 2 3
4., Traffic Separation 2 5
5. Buoy Improvements 3* 6 ¢ 9 9 1
6. Pilotage Improvements 9 9 10 9|8
7. Equipment Standards 7 7
8. Incentive to Repair 1
9. Mandatory Recorder 1 1
10. High Accuracy Navigation 2 1
11. Dependable Position Fix 7 1
12. Navigation Display 9| 7 1 3|6 2
13. Deviation from Track g 9 1 3|6 3
14. Alert of Deviation 10 |10 1 7 3
15. Maneuver Alert 7 1
16. Improved Depth Detection 2
17. Depth Alert 2| 8 1 913 3(8(2 1
18. Forward Fathometer 810 8] 9 6 9l1{9f|7]9 2
19. Depth Mapping Alert 8110 6 (10 71619191070 4 7
20. RACONS 1 517 4
21. Dependable Radar Returns
22. Stationary Radar Targets
23. RACONS on 0il Platforms
24. Radar Alert
25. Proximity Warning
26. Radar Plotting
27. Conflict Alert
28. Radio Contact
29. Maneuver Intent
30. Communication
31. General Advisory 1 10 10 4 |6
32. Checklist 3 4 5 9
33. Manual Monitoring 6 7 70017 9 3
34. Automatic Monitoring 4110 9110 7 101094 L0 3

*Not included in system scores.
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TABLE I-1. OPERATIONAL FEATURE SCORES FOR EACH CASUALTY (continued)

GROUNDINGS (18-34) 18(19}20121)22|23|24|25126|27(28129130{31]32 (33 |34

1. Training 3] 2 4] 2 2 1| 2{ 3] 3] 1] 1 1
2. Rules of the Road 6

3. Prohibited Zones 3 21 4 9

4, Traffic Separation

5. Buoy Improvements P ﬂ 10 6

6. Pilotage Improvements 7 8 7

7. Equipment Standards 101 9 3

8. Incentive to Repair

9. Mandatory Recorder 2 4l 1] 1 1] 1] 1 1
10. High Accuracy Navigation 7 1
11. Dependable Position Fix 7 9

12. Navigation Display 4 7 3(10] 6 9 3

13. Deviation from Track 4 7110| 3|10 9 3

14. Alert of Deviation 4 7110| 3110] 6] 6 9| 9110 3

15. Maneuver Alert 6 3

16. Improved Depth Detection 4

17. Depth Alert 2] S 41 3 319 2

18 Forward Fathometer 8 10| 7] 8| 8| 8 7 9| 9 2
19. Depth Mapping Alert 71 4| 9 8| 8 6 9 6|10 2
20. RACONS 9] 9 5 1
21 Dependable Radar Returns

22. Stationary Radar Targets

23. RACONS on 0il Platforms

24. Radar Alert

25. Proximity Warning

26. Radar Plotting

27. Conflict Alert

28. Radio Contact

29. Maneuver Intent

30. Communication

31. General Advisory 2 3 8 3
32. Checklist 9] 6 5 3

33. Manual Monitoring 6 4 7110] 3| 2 2 3| 6 5

34. Automatic Monitoring 9 gl ol 7l10| 9] 6! 3|10 910 5

*Not included in system scores.
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TABLE I-1.

OPERATIONAL FEATURE SCORES FOR EACH CASUALTY (continued)

GROUNDINGS (35-51) 35| 36| 37| 38| 39|40/ 41|42|43|44|45|46|47|48[49|50 |51
1. Training 71 1 1| 4| 4] 2| 4| 2| 1| 3| 2| 3
2. Rules of the Road
3. Prohibited Zones 2
4. Traffic Separation 6
5. Buoy Improvements 1 o 7 10 s o F 10
6. Pilotage Improvements 10 9 8| 9
7. Equipment Standards 2 6
8. Incentive to Repair 3 1
9. Mandatory Recorder 1 2
10. High Accuracy Navigation
11. Dependable Position Fix 10 1 1| 8| 7
12. Navigation Display 6| 8|10 2 41 8) 7] 3} 41 7
13. Deviation from Track 7| 810 2 21 6 8| 8| 3| 5| 7
14. Alert of Deviation 8 9f10 3 2(10| 8|10 6| 9
15. Maneuver Alert 1 4
16. Improved Depth Detection 3
17. Depth Alert 8 1 9 6| 4 8 4| 6
18. Forward Fathometer 8 8| 9| 8 91 91 9| 2| 6 2| 6 7
19. Depth Mapping Alert 71 910 10f10]| 9} 4| 7] 7] 3] 6 8
20. RACONS 5 2(10| 2 3 2
21. Dependable Radar Returns
22. Stationary Radar Targets
23. RACONS on 0il Platforms
24. Radar Alert
25. Proximity Warning
26. Radar Plotting
27. Conflict Alert
28. Radio Contact
29. Maneuver Intent
30. Communication
31. General Advisory 2 7
32. Checklist 10 6
33. Manual Monitoring 3 91 7 6 41 4| 9| 8| 61 5} 7 101 6| 3
34. Automatic Monitoring 10] 10| 8 8 6[10]10] of 7] 8]10] [10] 610

*Not included in system scores.
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TABLE I-1. OPERATIONAL FEATURE SCORES FOR EACH CASUALTY (continued)

GROUNDINGS (52-55) 52| 53| 54| 55
1. Training il 1) 2} 2
2. Rules of the Road
3. Prohibited Zones 6
4, Traffic Separation
5. Buoy Improvements 10
6. Pilotage Improvements 10 7
7. Equipment Standards
8. Incentive to Repair
9. Mandatory Recorder 2
10. High Accuracy Navigation
11. Dependable Position Fix
12. Navigation Display 2 2
13. Deviation from Track 21 71 4] 2
14. Alert of Deviation 2| 910l 2
15. Maneuver Alert 7
16. Improved Depth Detection
17. Depth Alert
18. Forward Fathometer S 9
19. Depth Mapping Alert 8| 6/ 9
20. RACONS
21, Dependable Radar Returns
22, Stationary Radar Targets
23. RACONS on 0il Platforms
24. Radar Alert
25. Proximity Warning
26. Radar Plotting
27. Conflict Alert
28. Radio Contact
29. Maneuver Intent
30. Communication
31. General Advisory
32. Checklist
33. Manual Monitoring 3 7 3
34, Automatic Monitoring 3l 9f 71 6
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TABLE I-1. OPERATIONAL FEATURE SCORES FOR EACH CASUALTY (continued)

COLLISIONS (1-17) 1 2} 3% 4] 5] 6 7| 8| 9({10(11|12]13|14]15|16 (17
1. Training 3 3 2y 4 3] 3/ 3| 2| 2f[2]2]2[2[3]1
2. Rules of the Road 3
3. Prohibited Zones
4. Traffic Separation 9 7 9
5. Buoy Improvements
6. Pilotage Improvements 3 7 9
7. Equipment Standards 9
8. Incentive to Repair
9. Mandatory Recorder
10. High Accuracy Navigation
11. Dependable Position Fix 3
12. Navigation Display 3
13. Deviation from Track 3
14. Alert of Deviation 3
15. Maneuver Alert
16. Improved Depth Detection
17. Depth Alert
18. Forward Fathometer
19. Depth Mapping Alert
20. RACONS
21 Dependable Radar Returns 10
22, Stationary Radar Targets 8
23. RACONS on 0il Platforms
24, Radar Alert 4| 4 6] 3 4 4
25. Proximity Warning gliol 6| 4 9 21 1 3 6
26. Radar Plotting 1 4 2]l 6] 1 6 3 3
27. Conflict Alert 9/10| 6| 5 9(10| 6| 5[ 6] 7 7(10] 7
28. Radio Contact 8 6 3|1 a4l 3| 4al10 8l 6| 7
29. Maneuver Intent 8 7 9| 7 21 a4l 3
30. Communication 101 9f 9| 1} 9| 2| 4| 9| 9|10]| 9 8|89
31 General Advisory 7
32. Checklist
33. Manual Monitoring 6| 8| 4} 3| 7 71 7] 9l10] 8| 81 71 6] 9/ 6
34. Automatic Monitoring 10| 9|10} 7 9(10]10{1010) 8| 7 [ 6| 9]10
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TABLE I-1. OPERATIONAL FEATURE SCORES FOR EACH CASUALTY (continued)

RAMMINGS (1-6) 1| 2] 3] 4| 5{ 6
1. Training 7 1 2
2. Rules of the Road
3. Prohibited Zones
4, Traffic Separation
S. Buoy Improvements
6. Pilotage Improvements
7. Equipment Standards
8. Incentive to Repair
9. Mandatory Recorder
10. High Accuracy Navigation
11. Dependable Position Fix 9 10} 6
12. Navigation Display g 1110 7
13. Deviation from Track 9 21101 9
14, Alert of Deviation 9 4110 |10
15. Maneuver Alert 10
16. Improved Depth Detection
17. Depth Alert
18. Forward Fathometer
19, Depth Mapping Alert
20. RACONS 10| 4
21. Dependable Radar Returns 9
22, Stationary Radar Targets
23. RACONS on 0il Platforms 9 10 10
24. Radar Alert
25. Proximity Warning 7 910 10
26. Radar Plotting
27. Conflict Alert 7 9 [10 [1o
28. Radio Contact
29. Maneuver Intent
30. Communication
31 General Advisory
32. Checklist
33. Manual Monitoring 4
34. Automatic Monitoring anol 3] 3|90
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SPI of 10. This would imply that while feature A would have fre-
quently been beneficial, it would not have been too helpful in a
particular case; feature B would not usually be helpful, but would
be extremely effective when it was needed. Features that have
high SPI's are those that are best in combinations with other
features. SPI's above 5 are considered good, while SPI's below 5
are less so,

The overall probability of prevention is the total point score
divided by 10 times the number of casualties in the data base
times 100%. It should be interpreted within a context, however,
Collision avoidance aids can't usually be expected to prevent
groundings, while a depth sounder can't usually be expected to
prevent collisions.



I.2.1 MORE INTENSIVE AND PERIODIC TRAINING

This operational feature was postulated in order to obtain
an indication of careless navigating, i.e., where a well-trained,
conscientious and alert seaman would probably not have had an
accident., Human error was noted in 74% of the cases, which
suggests that training would have been helpful. The kinds of
human errors that occurred were:

(a) Gross Inattention (8 cases)

(b) Infrequent Position Fixing (7 cases)

(c) Misjudging of Currents (7 cases)

(d) Failure to Use depth sounder (7 cases)*

{(e) Poor Handling of Barge (5 cases)

(f) Poor Use of Charts (3 cases)

(g) Failure to Cross~-Check Instruments (9 cases)
(h) Passing Too Close to Known Reef or Shoal Area (6 cases)
(i) Poor Radar Usage (17 cases)

(j) Lack of Proper Lookout (4 cases)

(k) Lack of Defensive Seamanship (4 cases)

The fact that 80% of the casualties took place at night or
in reduced visibility underscores the lack of proper navigation
procedures. The lack of properly licensed mates was noteworthy.

It is clear that much can be done in this area,

The TSC team, while citing lack of good bridge discipline in
58 of 78 cases, gave training low scores: the specific prevention
index (SPI) was 2.4. This results in an overall probability
of prevention of 18%. The reason why the scores were so low was
primarily the doubt that a training course, a refresher course,

*Since the use or non-use of depth sounders was rarely mentioned
in the accident reports, this figure may well have been higher,
A depth sounder is also called a "Fathometer" which is the
registered trademark of a Raytheon depth sounding instrument.
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or a tough written licensing examination would overcome bad habits
acquired during the mariner's experience at sea. The three
members of the Boston Marine Society, on the other hand, believed
that training would have been quite helpful, and gave this feature
much higher scores. They were, however, skeptical whether foreign
flag vessel owners would go to the expense of properly training
their officers,.

The question of implementation of a training system is
treated in Section 5.2.7.



OPERATIONAL FEATURE 1: MORE INTENSIVE AND PERIODIC TRAINING

(1} SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 90/41
— COLLISIONS 37/14

— RAMMINGS 10/3

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 41 75% 16% 2.2
Collisions (17) 14 82% 22% 2.6
Rammings (6) 3 50% 17% 3.3
Overall Rating 58 74% 18% 2.4

(2) SPECIFIC ISSUES

Gross Inattention: G-1, 4, 25, 35, 39, 54; C-7, 15

Infrequent Position Fixing: G-20, 23, 36, 43, 45, 47, 52

Misjudging of Currents: G-15, 16, 29, 34, 53; C-13, R-1

Failure to Use Fathometer: G-2, 9, 12, 13, 21, 29, 35

Poor Handling of Barge: G-15, 40; C-17; R-1,
Poor Use of Charts: G-7, 15, 32

Failure to Cross-Check Instruments: G-2, 6,
29, 35, 42, 44

Passed too Close to Known Reef or Shoal Area:
30, 38, 41, 55

Poor Radar Usage: G-2

, 3, 8, 17, 25, 28, 29,
3, 8, 11, 14, 15, 16; R-6

Lack of Proper Lookout: G-46; C-7, 15; R-6

Lack of Defensive Seamanship: C-5, 6, 9, 12

3

8, 9, 21,

G-24, 27,

35, 47; C-1,
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I.2.2 REVISED RULES OF THE ROAD

The 1972 International Convention for the Prevention of
Collisions at Sea drafted some major changes in the Rules of the
Road, which have since been adopted internationally, and are
called the '"1972 COLREGS".* This system feature was included to
pick up cases where the present Rules might have caused confusion.

In only 2 cases in the data base was it cited: in the first,
a 1971 collision, it was noted that the same vessel operating
under the new 1972 COLREGS might have taken earlier action as the
priveleged vessel in a crossing situation.

Only the second case might involve further changes: there a
vessel inbound in a traffic lane, being the burdened vessel in a
crossing situation, went out of the traffic lane and subsequently
grounded. One suggestion resulting from the study was that a
vessel crossing a traffic lane always be the burdened vessel. In
the future some on-board instruments may achieve sufficiently
widespread usage that rules for their usage may be incorporated
into the Rules of the Road, but there were none identified that
were certain to hold this potential in the 1985/1990 time frame.
However, some ship/ship communication schemes may prove inexpensive
and reliable enough to warrant such incorporation at same data in
the future.

In sum, this operational feature does not appear to hold
promise for reducing collisions, rammings, or groundings.

*These are incorporated into present navigation rules.
(U.S. Coast Guard, 1977)



OPERATIONAL FEATURE 2:

(1) SCORING SUMMARY

REVISED RULES OF THE ROAD

POINT SCORE/NO. OF CASES:
— GROUNDINGS 3/1
— COLLISIONS 6/1
— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 1 2% 1% 3
Collisions (17) 1 6% 4% 6
Rammings (6) 0 0 0 -

Overall Rating 2 3% 1% 4.5

(2) SPECIFIC ISSUES

None
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I.2.3 CHARTING OF RESTRICTED ZONES

One suggestion that appeared to have merit at the beginning
of the study is to indicate areas on charts that are off limits,
either to all vessels, or to deep draft vessels. In 8 of the 55
groundings this system feature appearéd to have some effect, but
in only two was it considered a probable cure. Four were in the
Chesapeake and Delaware Bays, both of which have gradually varying
shallow ocean floors.

In areas of gradually varying ocean floors, charting of
forbidden zones has a major drawback when it is recognized that
deep-draft vessels come in a continuum of drafts, depending on
size, shape, and cargo load. Thus a 30-foot draft vessel might
safely pass through large areas that a 40-foot draft vessel could
not; likewise a 40-foot vessel might safely navigate areas where
a 50-foot vessel could not; and so forth.

In 5 of the eight grounding cases, pilot transfer procedures
were involved; i.e., the ship grounded while awaiting or meeting
a pilot. In these 5 cases, improved pilot transfer procedures
would have been more effective. In the other 3 cases, the base-
line system was superior.

Adding to these considerations the tidal variations in water
depth, restricted zones did not appear to offer much help beyond
the printed depths on the charts.

The probability of prevention was estimated at 6% for ground-
ings 4% overall, and the SPI was 4,

It is therefore concluded that the added stimulus of clearly
demarcated restricted zones on the charts will not appreciably
reduce groundings.
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ORERATIONAL FEATURE 3:

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

CHARTING OF RESTRICTED ZONES

— GROUNDINGS 31/8
— COLLISIONS  0/0
— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 8 15% 6% 3.8
Collisions (17) 0 0 0 =
Rammings (6) 0 0 0 -

Overall Rating 8 15% 45 3.8

(2) SPECIFIC ISSUES

Location:

Guayanilla Bay - G-18, 24, 27
Delaware Bay - G-1, 4
Chesapeake Bay - G-23

’

44




(3) HISTOGRAM OF SCORES
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I.2,4 NEW TRAFFIC SEPARATION SCHEMES

Traffic separation schemes have been in operation for several
years at the approaches to New York Harbor, Delaware Bay, Portland,
Boston, Chesapeake Bay, Los Angeles/Long Beach, San Francisco, in
the Santa Barbara Channel, and recently in the Straits of Juan
de Fuca. Of the 16 collisions, only one occurred in a traffic
land, and that was a crossing situation where the crossing vessel
was burdened, and failed to give way.

Five collisions were determined to be preventable by traffic
separation schemes, Two of them took place in the Straits of
Juan de Fuca, prior to the establishment of a traffic separation
scheme, Two collisions took place in fairways in the Gulf of

Mexico. One took place in a narrow passage in Long Island Sound.

There were two groundings were modifications to the traffic
separation schemes might have been of some value, both occurring
in Delaware Bay. In one case, a deep draft vessel in-bound from
Five Fathom Bank grounded in the precautionary area. This type of
problem (see I.2.3) is a good reason for routing loaded tanker
traffic through the southern traffic routes approaching Delaware
Bay. The other grounded while awaiting a pilot. (Modifications
to the traffic separation schemes are closely tied in with pilot
transfer areas; the problem is discussed in I.2.6 and 5.2.10).

The nature of the fairway collisions suggests that fairways
pose hazards of their own--they were both end-on situations. In
one case one vessel was streaming to the left of the fairway; in
the other, one vessel, a shallow draft, was also on the left,
passing parallel to a channel in the fairway. This suggests that
vessels should not travel in the left half of the fairway, except
in overtaking situations.

The collision in Long Island Sound was at Barker Point, where
a narrow passageway exists, apparently less than 1000 feet wide.
From the chart it is not apparant why the westward-bound barge
could not have passed well to the right of Gangway Rock without



great delay. Situations like this should be explored to see if
one-way traffic limitations through such passageways could be
imposed.

In summary, the data suggest that the existing traffic
separation schemes are beneficial, but that new traffic separation
schemes are not required. However, improvements in the use of
traffic lanes and fairways should be explored. Some suggested
measures are discussed in Section 5.2.8.



OPERATIONAL FEATURE 4: NEW TRAFFIC SEPARATION SCHEMES
(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 8/2
— COLLISIONS 36/4
— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 2 4% 1% 4
Collisions (17) 4 24% 21% 9
Rammings (6) 0 0 0 . -

Overall Rating 6 8% 6% 7.3

(2) SPECIFIC ISSUES

Juan de Fuca - Two collisions occurred in the Straits of Juan de
Fuca prior to the establishment of a traffic
separation scheme there,

Collisions in a Traffic Lane - One: <crossing situation.
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I.2.5 IMPROVED LIGHT/BUOY TECHNIQUES

In 19 of the 55 groundings, buoy detection, confusion over
buoy identification and location, and lack of buoys contributed to
the casualties. Of these, 14 were at night, 2 at twilight, and
2 were in reduced visibility (0.1 miles and 0.5 miles, respectively)
during the day; only one occurred during conditions of good day-
time visibility. In three cases, buoys were incorrectly identified;
in each of these the mistake was understandable, because another
buoy with the same visual characteristics was located nearby. In
three cases, the buoys were located quite close to the shoals from
which they were providing protection: the margins may have been
too small for deep draft vessels. In 10 cases, the existence of
additional buoys near shoals would have helped.

With better buoy identification, the addition of lights in the
case of buoys marking dangerous shoals, moving buoys to accommodate
deep draft vessels,* and more frequent buoy monitoring in areas of
frequent tanker traffic and severe weather,** 10 casualties would
have been prevented at the 80% level (SPI=8): i.e., where these
actions might have helped, they would have been very effective.

More buoys might have helped in nine other cases; buoys might
have helped if they had been placed in deeper water at shoal areas
(for added safety of deep draft vessels), marking the outside of
traffic lanes, and to mark fairway boundaries and intersections.

The SPI for these cases was only four. It is even more significant
that baseline system, which incorporates a good navigation unit
aboard, had higher scores in all but one of these cases. Thus, it

is concluded that additional buoys, while helpful, are not essential.

This operational feature is incorporated into the Improved
Aids-to-Navigation System (see Section 5.2.9).

*It is recognized that steep shoals may not permit placement of a
buoy in an optimum location for the deep draft vessels.

**Buoy monitoring is a large and costly part of the Coast Guard
workload, therefore those areas which have continuing problems
of buoy dislocations may need to be examined for means of
improving buoy auditing practices.
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OPERATIONAL FEATURE 5:

(1) SCORING SUMMARY

IMPROVED LIGHT/BUOY TECHNIQUES

POINT SCORE/NO. OF CASES:
— GROUNDINGS 113/19
— COLLISIONS /0
— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev Spec. Prev. Index
Groundings (55) 19 35% 21% 5.9
Collisions (17) 0 0 0 -
Rammings (6) 0 0 0 -
Overall Rating 19 24% 14% 5.9
(2) SPECIFIC ISSUES

Buoy ID: G-3, 36, 46

Add Light: G-39

Add Buoys: G-1, 6, 18, 23, 28, 35, 37, 42, 43, 44

Move Buoys: G-7, 11, 53

Monitor Buoy

Locations: G-17, 26

If additional buoys are eliminated, the scores are changed:

GROUNDINGS

OVERALL

10

18%
13%

12%
9%

o
(]
0

8.0
8.0
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DISCUSSION

In the evaluation process, the question was frequently posed,
"if a buoy had been located nearby, would the accident have
been prevented?'". The 10 cases where the answer was affirma-
tive are open to dispute, since there is no guiding principle
other than "if it happened here once, it could happen again."
That is, in the case of additional buoys, the guidelines are
unclear. On the other hand, for buoy identification, addition
of a light, buoy relocation, and monitoring of buoy locations,
reasonable guidelines can be offered. Eliminating the cases
where additional buoys were considered leaves nine cases, and
a total point score of 74; this gives a specific prevention
index of eight. Of the nine cases, seven were given "highly
likely" scores of 9 or 10, It is therefore concluded that
this operational feature is still significant.



I.2.6 IMPROVED PILOT TRANSFER PROCEDURES

One of the problems that emerged from the casualty reports is
that of pilot transfer operations. In 14 of the 55 groundings and
in 3 of 17 collisions, the casualties occurred inbound after the
ship had slowed to take on a pilot and before the pilot had boarded
and safely established the course for entrance to harbor or river.

There were two typical situations, accounting for all ground-
ings: either the ship proceeded into unfamiliar waters to meet the
pilot boat, or drifted while moving dead slow in the water awaiting
the arrival of the pilot. Every one of the 14 groundings could have
been prevented (at an SPI of 9) by moving the pilot pickup point
further out.

The objection raised to this suggestion is that in rough seas
there is considerable danger to the pilot, and pilot boat capsizings
have been reported even in the presumably safer pilot transfer
zones; thus, it appears that under the conditions where it is the
most desirable to have the pickup point further out, it is the least
acceptable.

The counterarguments to this are: first, 8 of the 14 ground-
ings occurred in light seas, (i.e., less than three-foot waves)
and so would not have presented a danger to the pilot or pilot
boat (the other six took place in moderate seas, three to six-foot
waves); second, there is no fundamental reason why the pilot boat
cannot act as escort to loaded tankers, especially in moderately
rough seas.

Two collisions occurred in limited visibility while awaiting
a pilot. In each case an assigned waiting station could have
helped. Such a system feature will become more feasible when
LORAN-C is required on ships; this will assure their separation --
the relative, or rendezvous, accuracy of LORAN-C is about 300 feet
or better (i.e., two receivers placed at the same point will agree
to within about 300 feet).

I-28



Another alternative is to arrange for a more timely arrival
of the pilot at the vessel, thus reducing the waiting time and the
likelihood of the vessel drifting into a shoal while waiting for
the pilot.

Of the 17 cases involving pilot transfer, 11 occurred in two
areas: Delaware Bay (4), and Guayanilla Bay, Puerto Rico (7); of
the others two occurred in Chesapeake Bay, one off Savannah, Geor-
gia, and one outside San Juan Harbor. Thus, there are two "hot
spots' where special attention needs to be focused - Delaware and
Guayanilla Bays.

Thirteen of the 17 cases occurred at night or in reduced
visibility, emphasizing the need for improved radar and lighting
cues -- Delaware, Guayanilla, and Chesapeake Bays, where there is
lack of radar coastline definition and good targets.

The probability of prevention of this operational feature is
estimated to be 22% for groundings, 18% overall, and the specific
prevention index is 8. Pilot transfer is definitely an area where
significant improvements can be effected. This operational feature
is incorporated into the vessel passport system of Section 5.2.2,
as a separate system in Section 5.2.10, and in the recommended
actions of Section 7.4.5.



OPERATIONAL FEATURE 6:

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES

— GROUNDINGS 120/14
— COLLISIONS 19/3
— RAMMINGS 0/0

.
.

IMPROVED PILOT TRANSFER PROCEDURES

No. of
Cases

Nature of
Casualty

Prob.
of Prev.

Spec.

Prev.

Index

Groundings (55) 14

Collisions (17) 3

Rammings (6) 0

Overall Rating 17

(2) SPECIFIC ISSUES

Location:

Delaware Bay - Groundings:

Cheasapeake Bay - Collisions:
- Groundings:

Guayanilla Bay - Groundings:

Cc-3, 4

Other - Collisions:

- Groundings:

Inbound: All; Outbound
Weather/Sea State:

0-3 ft:

3-6 ft:

> 6 ft:

G-1,
None

Visibility, Groundings:
Daytime, more than
Night, more than 5
Daytime, less than
Night, less than §

Visibility, Collisions:
Daytime, more than
Daytime, less than

G-4, 14, 18, 38,
7, 13,

G-13,

- None

24,

5 miles:
miles:
5 miles:
miles:

5 miles:
1 mile:

50,
31,

G-1

, 3
c-1
G-4
G-7,

51

51,
36

53,

G-
G-

C-14
C-3, 4

14,

18,

6, 38,53
4

24,

31,

50,

55




Cases where pilot pickup point further out would have helped:

(3)

FREQUENCY OF POINT SCORE

Collisions:
Groundings:

C-14
G-1, 4,
51, 53,

7, 13, 14, 18, 24, 31, 36, 38, 50,
55

Cases involving close anchoring positions:

Collisions:

C-3, &
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1.2,7 IMPROVED EQUIPMENT STANDARDS

In one collision and 6 of 55 groundings, lack of functioning
navigation equipment or proper charts played a prominent role in
the casualty, and figured in two others. In every case, human
errors compounded the problem: 1lack of cross-checking between
instruments, traveling too fast through dense fog, and taking
unnecessary risks. Of the eight groundings, six would probably
not have occurred had a LORAN-C receiver/display or its equivalent
been on-board and in use. In the other two, one had improper
charts, and the other had a gyro repeater error that could have
been detected by comparison with the magnetic compass.

The overall probability of prevention was 8%, and the specific
prevention index was six. In four of the cases, the score was
higher than for the baseline feature. This suggests that some
improvement is possible in this area. Systems incorporating this
features are discussed in 5.2.2, 5.2.3, 5.2.10, 5.2.15, 5.2.16
and 5.3.26-31.



OPERATIONAL FEATURE 7:

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 52/8
— COLLISIONS 9/1

IMPROVED EQUIPMENT STANDARDS

— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 8 15% 9% 6.5
Collisions (17) 1 6% 58 9
Rammings (6) 0 0 0
Overall Rating 9 12% 8% 6.8

(2) SPECIFIC ISSUES

Casualties where LORAN-C display obtained a score of 6 or more:

G-2, 20,

21,

23, 35, 37

Casualty where improper charts were on board: G-7

Casualty where gyro repeater was in error:

G-42

Casualties where radar was out and requirement for two radars
would have helped: G-21, 37; C-3

*These belong in Baseline System.
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I.2.8 INCENTIVE TO REPAIR MALFUNCTIONING GEAR

This operational feature was intended to give a measure of
the effectiveness of strong sanctions against leaving port without
having functioning gear aboard. Making such an assessment is com-
plicated by the fact that in the six cases involving malfunctioning
equipment, it was difficult to determine whether it was operating
when the ship left port. In one case it was highly likely that the
ship left the Bahamas with malfunctioning gear, because it grounded
in Florida with both radars and depth sounder inoperative. In
another case, the sudden loss of a radar at a critical moment caused
a lack of navigation cues. The other cases were ambiguous.

In only two cases was it determined that strong measures would
have prevented the grounding. In both of these cases the require-
ment of navigation gear like LORAN-C would be as effective as this
feature,

The probability of prevention is estimated at 3%, and the SPI
at 4.

Thus, stronger incentives do not appear to offer any promise
of significantly affecting collisions, rammings or groundings.
The present incentive to maintain the safety of the ship appears to
be adequate. A more promising way to deal with equipment outages
is by special shore-based attention to such vessels (see
Section 5.3.3).



OPERATIONAL FEATURE 8: INCENTIVE REPAIR MALFUNCTIONING GEAR

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 23/6
— COLLISIONS 0/0
— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 6 11% 4% 4
Collisions (17) 0 0 0 -

Rammings (6) 0 0 0 -
Overall Rating 6 8¢ 39 4

(2) SPECIFIC ISSUES

None
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I.2.9 MANDATORY COURSE RECORDER

Mandatory course recorders would record gyrocompass readings
and rudder commands and eventually navigation outputs, similar to
flight data recorders on aircraft. The hope is that knowledge
that his actions are being recorded might increase the vigilance
of the conning officer, and make him reluctant to cut corners or
violate rules.

There were 13 groundings in which it was believed that such a
recorder could possibly have prevented the grounding, most with
very low probabilities. The overall rating was 2%, with a specific
prevention index of one. There were several reasons why this sys-
tem feature was not rated highly: first of all, the ship's log
generally contained adequate evidence of human error; second,

course recorders were frequently on-board vessels in the data base.

It is concluded from the data analyzed that this operational
feature is not effective enough to warrant further consideration
as a preventive device.
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OPERATIONAL FEATURE 9:

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 19/13
— COLLISIONS 0/0

MANDATORY COURSE RECORDER

— RAMMINGS 0/0

Nature of No., of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 13 24% 3% 1.4
Collisions (17) 0 0 0 -

Rammings (6) 0 0 0 -
Overall Rating 13 179 28 1.4

(2) SPECIFIC ISSUES

None
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I1.2.10 IMPROVED POSITION ACCURACY OVER LORAN-C

Navigation is now performed largely with celestial fixes,
radar fixes using either recognizable shore landmarks or lights
(or sometimes buoys), and navigation gear when it is available.
Ship positions relative to channel buoys can be accurately deter-
mined to within a few feet with radar, and visually to 100-200 feet
by using lights as references. Celestial fixes are generally good
to within five miles if taken by an expert mariner, while LORAN-C
generally gives 1/4 mile accuracy even fairly close to shore. The
question naturally arises as to whether better accuracy than this
is needed to prevent groundings and rammings.

In the analysis, in only four out of 55 groundings was
accuracy considered a factor, and in only two cases was it estima-
ted that a perfectly accurate navigation receiver would have a
better than 20% chance of preventing the groundings.* In the par-
ticular case where it appeared likely to offer some help, it was the
peculiar situation of a vessel rendering assistance to a burning
ship, where the rescuing vessel was attempting to come as close as
possible to the vessel in distress to minimize the distance that
the unmotored lifeboat would have to row.

Thus, precise accuracy was not a factor in most casualties in
the data base. This system feature achieved an overall prevention
probability of only 3% for groundings, and a specific effectiveness
index of four.

*Groundings in narrow channels were not included in the data base.
The conclusions stated here apply in the offshore area outside
these channels.
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OPERATIONAL FEATURE 10:

(1) SCORING SUMMARY

IMPROVED POSITION ACCURACY OVER LORAN-C

POINT SCORE/NO. OF CASES:

— GROUNDINGS 15/4
— COLLISIONS 0/0
— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 4 7% 3% 3.8
Collisions (17) 0 0 0 B
Rammings (6) 0 0 0 .

Overall Rating 4 55 28 3.8

(2) SPECIFIC ISSUES

None

1-42




FREQUENCY OF POINT SCORE

(3)

HISTOGRAM OF SCORES

] GROUNDINGS
COLLISIONS

b—l—<:

o

-

POINT SCORE

1

I-43

D oy

10




I.2.11 ABILITY TO OBTAIN A DEPENDABLE POSITION FIX

There were 14 cases identified where it was believed that the
capability to reliably determine position to 1/4-mile accuracy
would have helped to avoid the casualty. In every case, there was
no position fixing instrument (other than celestial) on board,
except for radar. In all 14 cases, the additional redundancy pro-

vided by another position-fixing instrument would have helped.

The use of radar as a navigation tool has problems, demon-
strated by the contributing factors in nine of the 14 cases: in
one collision, the conning officer was using the radar to navigate,
and failed to plot a vessel course; clutter problems made it dif-
ficult to take bearings in five cases, resulting in errors in four
of those; the radar was out in three other cases. In each of
these cases, a backup navigation instrument like a LORAN or radio
direction-finder would have been invaluable. Similarly, for two
other cases, where the gyro or gyro repeater had an offset error,

a backup navigation instrument would have been very helpful.

This factor appeared in one collision, three rammings, and
ten groundings; the overall probability of prevention is 11% and
the specific prevention index, six. It is incorporated into the
Baseline System, described in Section 5.2.1.
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OPERATIONAL FEATURE 11:

ABILITY TO OBTAIN A DEPENDABLE POSITION FIX

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 57/10
— COLLISIONS 3/1
— RAMMINGS 25/3

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 10 18% 10% 5.7
Collisions (17) 1 17% 2% 3
Rammings (6) 3 50% 42% 8.3
Overall Rating 14 18% 11% 6.1

(2) SPECIFIC ISSUES

Collision, using radar for navigation: C-14

Navigation Redundancy would have helped: All Cases

Radar Position - fixing error: R-2, 5; G-2, 27, 43

Radar Clutter Problem: R-2; G-2, 27, 43

Radar Outage: G-20, 21, 37

Gyro Error:

G-42, 44
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1.2.12 DISPLAY OF NAVIGATION DATA

Older LORAN receivers require a considerable amount of tuning,
and making choices between auxiliary stations. Direction-finding
likewise requires some effort in selecting stations, finding the
transmitter locations on charts, and plotting bearings. Radar
fixes require establishing ranges (or range and bearing plus com-
pass corrections) to fixed landmarks or buoys. In each case,
several minutes of effort are required to set up the instruments,
and chart the results, The effort required precludes their fre-
quent usage.

There are presently on the market LORAN-C receivers which
automatically acquire and track the signals from the LORAN-C
chains, and display two time measurements. These measurements
can be manually plotted on the appropriate chart to fix position
accurately -- official charts have the LORAN-C grid lines.

Satellite receivers using the military TRANSIT satellite
give similar accuracy (0.1 to 0.25 NM). They are better for open
ocean usage because the satellites provide almost global coverage;
however, for coastal usage a transit satellite receiver is not
adequate by itself because the satellite coverage has periods of
non-availability of one to two hours. The fixes obtained by
this means are used to update and correct dead-reckoning or Omega
methods to estimate position, but cannot be used in close quarters
to avoid shoals.

Assuming that measured positions are available on a continuous
basis (continuous here means at least once every minute or so),
the relative ease of usage of equipment providing a display of time
coordinates (or latitude/longitude) over similar equipment requir-
ing manipulation and timing was found to be significant in 24
groundings. By '"significant'" it is meant that the score assigned
to the "display" system feature under consideration here exceeded
the "availability'" operational feature considered in I.2.11 by at
least two points; i.e., the probability of prevention for that
casualty was deemed to be 20% higher or more.
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In nine cases, undue reliance on huoys to determine position
caused an incorrect assessment of position, which would have been
avoided with a reliable navigation instrument.

Twenty-one of the 24 casualties (87%) took place either at
night, twilight, or in reduced visibility; this compares with 80%
in the entire data base of 78 casualties.

In sum, this system feature would have been helpful in 38
cases (33 out of 55 groundings, four out of six rammings, and one
out of 17 collisions). The overall probability of prevention is
26%, and the specific prevention index (SPI) is five. Ignoring
cases occurring in Puerto Rico and the Virgin Islands where LORAN-C
coverage is not planned reduces the number of groundings to 24,
the overall probability of prevention to 22%, and increases the SPI
slightly to six.

This operational feature is incorporated into the baseline
system (Section 5.2.1) premised on the guidelines of the study
(Section 3.3) and the rules of shipboard equipment requirements
presently being proposed and considered. The baseline system is
the system that is assumed will be in operation by the 1985/1990
time frame.
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OPERATIONAL FEATURE 12:
(1) SCORING SUMMARY

DISPLAY OF NAVIGATION DATA

POINT SCORE/NO. OF CASES:

— GROUNDINGS 174/33(139/24)%
— COLLISIONS 3/1
— RAMMINGS 27/4

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 33 60%(44%) % 32%(25%)* 5.3(5.8)*%
Collisions (17) 1 17% 2% 3
Rammings (6) 4 67% 45% 6.8
Overall Rating 38 49%(37%)*|  26%(22%)* 5.4(5.8)*

(2) SPECIFIC ISSUES
Visibility: Day, > 2 miles - G~ 1, 10, 21, 29, 52
Day, < 2 miles - C-10; G-~2, 20, 23, 37
Night, < 2 miles - R-45, 6; G- 3, 6, 11, 17, 22, 24
26, 31, 35, 36, 39, 42, 44, 45,
46, 47, 55 .
Night, < 2 miles - G-9, 27, 43, 53
Twilight, > 2 miles - G- 8, 18, 28

i.e.

, 87% in reduced visibility or Nite/Twi-

light compared to 80% overall,

Undue Reliance On Buoys: G-
Ease of Usage a Key Factor:
(2 Pt spread over "Avail-
ability'")
Location:
Puerto Rico - G-
45
Virgin Islands - G-
Hawaii ~ No

8, 10, 23, 26, 29, 36, 39, 46, 47
G- 1, 2, 3, 8, 9, 10, 17, 18, 22, 23,
24, 26, 28, 29, 31, 35, 36, 42, 45, 46,
47, 52, 53, 55

18, 24, 26, 27, 31, 39,

, 55

42
ne

*Excluding casualties in Puerto Rico and the Virgin Islands.
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FREQUENCY OF POQINT SCORE

(3)

HISTOGRAM OF SCORES
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%
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T | | i | | 1 |
2 3 4 5 6 7 8 10
POINT SCORE
(4) DISCUSSION

O0f the total number of groundings (55), 13 were in Puerto
Rico, and three in the Virgin Islands. There is no plan

to extend LORAN-C coverage into this area (see guidelines
in Section 3.3). The question arises as to the availability
of this operational feature and the effect on the conclu-
sions. On this feature, the absence of coverage in those
areas involves a total of nine cases and 35 points; this
reduces the number of cases from 33 to 24, the point score
from 174 to 139, the % of cases from 60% to 44%, the
probability of prevention from 33% to 25%, while the speci-
fic prevention index is increased from 5.3 to 5.8.

The specific prevention index for those 9 particular cases
was 3.9, meaning that the system feature would be somewhat
less effective there.



1.2.13 DISPLAY OF DEVIATION FROM INTENDED TRACK

This system feature is an extension of the previous one,
"Display of Navigation Data'. In order to obtain this capability,
it is necessary to have continuous navigation information. It
requires the navigator to plan at least a segment of the voyage in
advance. While in theory the intended track could be any track on
the surface of the ocean, it will usually take the form of a
series of waypoints connected by great-circle or rhumb-line tracks.
By entering, via keyboard, a series of LORAN-C time coordinates®*
representing points where maneuvers are expected to be performed,
a processor can calculate the distance of the ship, via the elec-
tronic navigation unit, from the intended track. This feature has
an important advantage over a display of navigation data: it is
not necessary to walk to the chart and plot the position in order
to know the deviation from intended course - it is continuously
displayed.

This feature would have helped significantly in four rammings
and 34 groundings, two more than the display feature. Of these,
in one ramming and six groundings there was believed to be a slight
advantage to be gained from a display of deviation-from-track,
rather than just a display of position; in one other ramming and in
six other groundings, the deviation-from-track display was con-
sidered to be significantly better (two point spread or more).

The overall ratings for this system feature are: The feature
would have helped in 67% of the rammings and 62% of the groundings;
the probabilities of prevention are about 18% for rammings, 35%
for groundings, and 29% overall. The specific prevention index
was six, a high figure.

*Since charted LORAN-C lines are corrected to incorporate long-term
propagation effects, latitude/longitude coordinates should be
avoided near the coast, because the coordinate conversion algo-
rithms do not usually account for the corrections.
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OPERATIONAL FEATURE 13: DISPLAY OF DEVIATION FROM INTENDED TRACK
(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 195/35
— COLLISIONS 3/1
— RAMMINGS 30/4

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 34 62% 35% 5.6
Collisions (17) 1 6% 2¢ 3
Rammings (6) 4 675 18% 7.5
Overall Rating 39 50% 29% 5.8

(2) SPECIFIC ISSUES

Slight (1 pt) Advantage Over Display: R-4; G-11, 17, 21, 35,
42, 46

Significant (> 2 pt) Advantage over Display: R-6; G-3, 29, 41, 42,
- 53, 54
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] [] GROUNDINGS
15- ,
P4 coLLISIONS
l B rRaMMINGS
=
10—
5 -
o] | o | |
I T | | | | ] T 1
1 2 3 4 5 6 7 9 10

POINT SCORE




I.2.14 ALERT INDICATING EXCESSIVE DEVIATION FROM TRACK

This system feature is an extension of the previous one,
'""Display of Deviation from Intended Track'. Here the navigator
must enter the waypoints as before, and must also enter a number
representing the distance-from-intended-track which, if exceeded,
will trigger an audible alarm. The alarm (not a warning) merely
alerts the conning officer that the ship is off track by some set
amount. Typically this would be 2-5 miles in open waters, but
would be about 0.5 miles near shore. This feature would tell the
conning officer when the vessel strayed from a traffic lane or
fairway. It has the advantage over the display alone in that the
bridge officers do not have to be watching the display - they may
be attending to other duties. Because the alarm may sound in the
case of unexpected maneuvers (such as to avoid a potential colli-
sion), it should be designed so as to not be unduly irritating -
otherwise the device will be switched off and its usefulness
reduced.

This system feature was deemed to be useful in four rammings
and 36 groundings. It was considered to have some advantage over
a display alone in two rammings and 16 groundings. The probability
of prevention for rammings and groundings is estimated to be 42%,
involving 65% of the rammings and groundings in the data base, with
a specific prevention index of 6. The overall PP is estimated at
34%.
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OPERATIONAL FEATURE 14: ALERT INDICATING EXCESSIVE DEVIATION FROM TRACK
(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 226/36
— COLLISIONS 3/1
— RAMMINGS 33/4

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 36 65% 41% 6.2
Collisions (17) 1 6% 2% 3
Rammings (6) 4 67% 55% 8.2
Overall Rating 41 53% 34% 6.4

(2) SPECIFIC ISSUES

Advantage over Display: R-4, 6; G-2, 3,
39, 42, 44, 46,

10, 11, 25, 29, 35, 36,
, 53, 54

£~ 00
~1w
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1.2.15 MANEUVERING POINT ALERT

A maneuvering point alert is an extension of the display of
deviation-from-track discussed in Section I.2.13. Quite simply,
once the navigator has entered waypoints, there is nothing further
needed than to engage the alert. Approximately five minutes before
a waypoint is reached, a gentle bell rings, notifying the conning
officer that it is time to change course. The primary reason for
including this as a system feature was to provide for cases where
the ship might inadvertently proceed beyond a reasonable course
change point and go aground.

In only one ramming and seven groundings was it believed that
this operational feature would have helped; in only four of these
eight cases did the addition of the feature to the deviation dis-
play of Section I.2.13 improve the probability of prevention.

Nonetheless, the feature is so inexpensive to include that it
should be considered. In the case of the Globtik Sun, for example,
which rammed an oil platform, losing seven men and causing a major
0il spill, the ship had just passed a bend in the fairway. Look-
outs on the bridges were unaware of the platform, and the conning
officer apparently failed to maneuver the turn. This operational
feature would have been invaluable in alerting the conning officer
had he plotted a course up the fairway. In two other cases the
vessel proceeded further into shore than she intended.

The overall probability of prevention was estimated at 5%,
with a specific prevention index of five, over and above the per-
formance of the deviation display feature of Section I.2.13.
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OPERATIONAL FEATURE 15: MANEUVERING POINT ALERT

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS  29/7
— COLLISIONS /0

— RAMMINGS 10/1

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 7 134% 5% 4.1
Collisions (17) 0 0 0 -
Rammings (6) 1 17% 17% 10
Overall Rating 8 10% 59 4.9

(2) SPECIFIC ISSUES

Turn in Fairway: R-6 (Globtik Sun); G-6
Too close to shore in poor visibility - G-20 (passenger vessel)

More points than Deviation Alert - G-6, 18, 52
Drift Alert - Awaiting Pilot. - G-18

Did not get to maneuvering point - G-36, 46, 52
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I.2.16 IMPROVED DEPTH DETECTION

The operational feature of improved depth detection was
included in order to determine whether the difficulties in using
fathometers caused them to be ignored, and to ascertain the extent
to which improved methods might help. Unfortunately it was rarely
possible to make such a direct correlation based on the casualty
reports. Contributing to this was the fact that the standard
accident report forms do not require an indication of fathometer
status. The information was rarely volunteered. As a result,
only three cases were identified by the OVTM team, and the prob-
ability of prevention was only 2%.

At the same time, it is believed that the lack of mention of
the instrument, and the apparent lack of usage of the depth sounder
as a navigation device, is a result of the suspicion with which it
is viewed by the mariner. As a result, its importance is probably
quite underestimated by the scoring. This belief is further
enforced by the fact that mémbers of the Boston Marine Society
scored it much higher than the TSC team; they emphasized that a
trained seaman can make good use of the information, but that it
requires interpretation and knowledge of the instrument.

Present fathometers vary in their readability; some are dis-
played digitally in fathoms, feet, or meters; others display a
rotating light of varying intensity; still others use chart
recorders, which provide a helpful history of soundings and show
the contour of the ocean floor just traversed. False alarm and
confusion can be caused by water turbulence, engine noise, sharks,
and schools of fish (one of the chief uses of depth sounders is
the location of fish). Sound waves penetrate mud and sand to some
degree; thus it is sometimes difficult to ascertain the location
of the bottom, particularly where the floor consists of a rocky
bottom covered by a layer of mud. Another problem is caused by
the location of the instrument: it is frequently placed in the
chartroom, aft of the wheelhouse, or in some other location not
easily accessible for constant monitoring. Recent bridge designs

incorporate multiple digital readouts on the wings - a good practice.
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With most large vessels there are usually two officers on the
bridge, while small tankers and tugs may only have one; this
further emphasizes the need for accessibility.

The need for improved depth detection was not considered to
be obvious enough to be incorporated into a system recommendation.
However, in order for the alert features described in Sections
1.2.17-1.2.19 to work properly, better depth-sounding techniques
will be required.
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OPERATIONAL FEATURE 16:

{1) SCORING SUMMARY

IMPROVED DEPTH DETECTION

POINT SCORE/NO. OF CASES:

POINT SCORE

I-62

— GROUNDINGS 9/3
— COLLISIONS 0/0
— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 3 5% 2% 3.0
Collisions (17) 0 0 0 -
Rammings (6) 0 0 0 -
Overall Rating 3 4% 1% 3.0
(2) SPECIFIC ISSUES

None
(3) HISTOGRAM OF SCORES
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I.2.17 ALERT INDICATING SHALLOW DEPTH

The operational feature described here would enable a watch-
stander to select a depth that would result in an audible alert if
the ship passed into waters shallower than that depth. Set at 50
fathoms, it could be used to indicate the Continental Shelf. In
areas where banks are abrupt, it could be used for indicating
proximity to reefs. 1Its chief potential for preventing groundings,
however, is in shallow gentle sloping areas like the approaches to
Delaware and Chesapeake Bays, and in the Gulf of Mexico. By
setting a depth alert at about half the displacement below the hull
or some appropriate figure determined from the charted depths, an
alert would be helpful in calling the watchstander's attention to
the fact that the vessel is in shallower water than he expected.

He would not have to constantly monitor the instrument in order to
benefit from it.

The design of such a system is discussed in Section 5.2,13,

A depth alert was judged to be potentially helpful in about
30 groundings at an SPI of 4. 1In 10 of these, there was considered
to be more than a 50% chance that such a device would have been
used and the accident avoided. The lower scores occurred in cases
where general bridge discipline was so loose that it was not con-
sidered likely that the watchstander would have bothered to set the
depth alert in the first place. The probability of prevention is
estimated to be 24% for groundings. It has no direct applications
to collisions and rammings.
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OPERATIONAL FEATURE 17: ALERT INDICATING SHALLOW DEPTH
(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 132/30
— COLLISIONS 0/0

— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 30 554 244 4.4
Collisions (17) 0 0 0 _
Rammings (6) 0 0 0 -

Overall Rating 30 38% 17% 4.4

(2) SPECIFIC ISSUES

None

(3) HISTOGRAM OF SCORES
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1.2.18 FORWARD-LOOKING SOUNDER

It is possible, in principle, to direct an acoustic trans-
mission forward of the ship and detect echoes off of wrecks,
obstructions, and banks. An alert could be given if any strong
echoes are received within some selectable distance. For example,
one mile would be a reasonable setting for large ships, while
smaller, more maneuverable tankers or slower vessels like tug/
barge combinations would use a shorter range. This operational
feature was evaluated by examining charts at the accident locations,
and ruling out areas where ocean floors were gradually sloped.
High scores were given in cases where the banks were abrupt, where
a distinguishable echo was likely to be obtained.

This feature was thought to be of potential benefit in 45, or
82%, of the groundings, with a specific prevention index of 7.
The probability of prevention is estimated to be 55% for groundings.

The team estimates are probably on the optimistic side,
because there was no measured data found that indicated clear
limits on the practical possibilities of the technique. The
design of such a system is discussed in Section 5.3.10.
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OPERATIONAL FEATURE 18: FORWARD LOOKING SOUNDER
(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:
— GROUNDINGS  300/45

POINT SCORE

I-66

— COLLISIONS 0/0
— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 45 82% 554 6.7
Collisions (17) 0 0 0 -
Rammings (6) 0 0 0 -
Overall Rating 45 58% 384 6.7
(2) SPECIFIC ISSUES
(3) HISTOGRAM OF SCORES
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1.2.19 DEPTH MAPPING WITH ALERT

This operational feature was postulated on the assumption that
it might be possible to receive echoes fore and abeam of the ship,
and to map the depths of the ocean floor over a wide enough area
to detect shoals, reefs, and shallow areas. The embodiment of
such a capability is discussed in Section 5.2.14. As with the
previous two features, conditions could be prescribed which would
cause an alarm to sound. While this feature might seem far-
fetched, equipment is available which performs similar tasks. The
evaluation of the feature was premised on the assumption of a
rather ideal device, unencumbered by practical considerations that
might ultimately 1limit its usefulness.

The question of the timeliness of the information was some-
times difficult to judge. If a shallow rise or reef were detected
about 0.5-1 miles ahead, and an alert sounded, the vesselmaster
would require some time to assess the situation, and in many cases
might be able only to reduce speed somewhat. Even that could
reduce the prospects of a stranding, or reduce its seriousness.

The feature was considered to hold some potential benefit in
50 of 55 groundings at an SPI of 7, resulting in a probability
of prevention estimate of 65% for groundings. If a device could be
developed which reliably maps out depth contours, it would be of
great value in avoiding groundings.
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OPERATIONAL FEATURE 19:

(1) SCORING SUMMARY

DEPTH MAPPING WITH ALERT

POINT SCORE/NO. OF CASES:

POINT SCORE

I-68

— GROUNDINGS 359/50
— COLLISIONS 0/0
— RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Smec. Prev. Index
Groundings (55) 50 91% 65% 7.2
Collisions (17) 0 0 0 -
Rammings (6) 0 0 0 -

Overall Rating 50 64% 46% 7.2
(2) SPECIFIC ISSUES
(3) HISTOGRAM OF SCORES
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1.2.20 RACONS AT FAIRWAY, TRAFFIC LANE ENTRANCES

A RACON (RAdar beaCON) is a transponder placed on a buoy,
lighthouse, or other fixed aid-to-navigation (Henry, 1973). When
a ship's radar transmits a pulse in the direction of the RACON, it
triggers a coded response for the RACON. The watchstander at the
radar will see a Morse figure (e.g., dash-dot-dot) painted promi-
nently on the screen. The RACON location is approximately at the
closest part of the symbol to the center of the sweep. There are
12 Morse figures which can be used (B,C,D,G,K,M,N,0,Q,X,Y,Z).
There are presently about two dozen RACONs now in use in Alaska and
the Great Lakes. There is only one RACON on the East Coast
(Portland), three on the West Coast, and two in the Gulf. They are
used extensively in Europe.

It was pointed out in Section I.2.5 that buoy identification
was a problem in several casualties. If RACONs had been on the
buoys in question, identification would have been easy. However,
it is not practical to recommend RACONs on every major buoy: pur-
chase and maintenance costs would be prohibitive, plus their use-
fulness would be reduced by confusion on radar screens caused by
interference and proliferation of targets. Rather, when this
system feature was evaluated, it was assumed that RACONs would be
placed only at a few locations: near fairway intersections and
entrances to traffic lanes, primarily, and with a few others
judiciously placed to aid coastal and local vessel traffic.

RACONs meeting these conditions were deemed to be helpful in
2 rammings and 15 groundings, with a specific prevention index of
5 overall. In both of the 2 rammings and in 10 groundings, the
RACON would have helped the mariner establish the buoy ID or the
ship's initial entry position. The overall probability of preven-
tion considering rammings and groundings is estimated at 14%, with
an SPI of 5.

While it could not be factored into the assessment, the
amount of concern evident in the casualty reports toward establish-
ing buoy identity, the lack of cross-checking of instruments and
cross-checking capability, and the fact that after days on the high
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seas the approach to the coast represents a radical reorientation
of attitude of the deck officers, suggest that the presence of an
unambiguous, charted radar echo located out from shore would have
a beneficial effect not adequately reflected in the casualty
assessment. It can be used to calibrate navigation instruments,
depth sounder, and radar, and provide the mariner with an added
confidence to proceed. In the Gulf of Mexico this is particularly
important, because of the numerous charted and uncharted oil plat-
forms: when a vesselmaster is not certain he is in the fairway,
he is less likely to be able to identify charted platforms posi-
tively, and to be sure that another platform is uncharted. Given
a positive initial fix, however, such identification is much more

reliable and simple.
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OPERATIONAL FEATURE 20:

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 70/15
— COLLISIONS 0/0

RACONS AT FAIRWAY, TRAFFIC LANE ENTRANCES

— RAMMINGS 14/2

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 15 27% 13% 4.7
Collisions (17) 0 0 0 -
Rammings (6) 2 33% 23% 7
Overall Rating 17 22%(28%%)] 11%(14%%) 4.9

*Groundings and rammings only.

(2) SPECIFIC ISSUES

Better initial position and buoy ID:

23, 24, 31, 35, 36, 43, 47

Puerto Rico and Virgin Islands:

G-18, 24,

R-5,
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I1.2.21 ABILITY TO OBTAIN DEPENDABLE, ALL-WEATHER RADAR RETURNS

This operational feature was included in order to get a
measure of how frequently sea clutter, rain attenuation, and
reflections caused confusion in the interpretation of radar data,
contributing to an accident. Mariners are familiar with the
problem of clutter: when winds cause white caps and choppy seas,
the radar screen fills with clusters of small dots. If the gain
adjustment is turned up, the clusters can merge into a continuous
"whiteout", completely obscuring targets. As the gain is turned
down, strong targets can be distinguished from clutter by virtue
of the fact that they are larger, more intense, and don't vary
from scan to scan the way clutter does. Small targets are
difficult to find; as the gain is turned down further to reduce
the clutter, these targets can disappear. Clutter is most severe
at short ranges.

An interrogator/transponder system (see Section 5.2.18) gets
around this problem by virtue of the fact that the equipped ships
have transponders which reply at a slightly different frequency
than the transmitted frequency. The receiver then receives the
transponder reply with no clutter.

This feature was found to play a significant role in only
two cases: one collision and one ramming. It would have been
very effective (SPI=9.5) in those cases, however. The effective-
ness for collisions and rammings was estimated to be 8%. By
itself, the feature is not highly effective, but it is a valuable
feature for equipment that incorporates several operational
features.



OPERATIONAL FEATURE 21:

ABILITY TO OBTAIN DEPENDABLE,

ALL-WEATHER RADAR RETURNS -
(1) SCORING SUMMARY
POINT SCORE/NO. OF CASES:
- GROUNDINGS 0/0
- COLLISIONS 10/1
- RAMMINGS 9/1

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 0 0 0 -
Collisions (17) 1 6% 6% 10
Rammings (6) 1 16% 15% 9
Overall Rating 2 2.2%(9%%) 2%(8%%) 9.5

*Collisions and Rammings Only

(2)

SPECIFIC ISSUES

None
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1.2.22 ABILITY TO OBTAIN DETERMINATION OF NON-MOVING RADAR TARGETS

Advocates for true-motion radars make much of the capability
of the display to distinguish between stationary and slowly moving
vessels. While there is no doubt of their usefulness in identi-
fying buoys and providing the mariner with a much better sense of
the traffic flow, it was only identified with one accident as an
important feature. 1In this one case, a tanker mistook a slowly
moving tug for an oil rig, and furthermore, mistook the barge for
a second, separate vessel. This was a classic situation where a
true motion display would have helped -- the tug and barge would
have both appeared as moving targets, and their identical courses
and speeds would have identified them as a tug-barge pair.

The overall effectiveness was estimated at 3% for collisions
and rammings. It is probable that the direct benefit of this
system feature is substantially less than the indirect benefits:
the relative ease of distinguiéhing between small boats and buoys,
between o0il platforms and ships, between tug-and-barge combinations
and following vessels, anchored vessels and slow underway vessels
reduces strain and provides added confidence to the conning officer's
decisions.



OPERATING FEATURE 22: ABILITY TO OBTAIN DETERMINATION
OF NON-MOVING RADAR TARGETS

(1) SCORING SUMMARY

- GROUNDINGS 0/0
- COLLISIONS 8/1
- RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 0 0 0 -
Collisions (17) 1 6% 5% 8
Rammings (6) 0 0. 0 -

Overall Rating 1 1%(4%%) 1%(3%%) 8

*Collisions and rammings only

(2) SPECIFIC ISSUES
None
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1.2.23 RACONS ON OIL PLATFORMS *

RACONS were discussed in Section I.2.20. Mounted on oil
platforms, they could provide a strong, recognizable radar symbol
which would be invaluable at night and in reduced visibility.
However, there are hundreds of platforms in the Gulf of Mexico.
Clearly not all should be RACON-equipped. Even to place one per
cluster of platforms would not be particularly effective, because
clusters are in charted locations -- little information would be
conveyed, and the usefulness would be limited to a calibration of
position, as described in I.2.20,

Large vessels will tend to use the fairways, especially at
night and in reduced visibility, while shallower draft vessels
and barges are less restricted. In section 4, it was noted that
in three cases of rammings, the oil platforms were severely
damaged, but lost no oil, due to the safety valve shutdown equip-
ment. While rigorous estimates of the probability of o0il spills
by o0il platforms were not available to the study team, it appears
that a ramming by a vessel is not likely to cause an oil spill
from the platform, but rather from the vessel. Thus it appears

appropriate to confine attention to o0il platforms bordering fair-
ways.

A few RACONS placed on oil platforms bordering fairways
would be helpful in preventing rammings, because they help define
the fairway boundary and provide protection against the most likely
platforms that would be involved in a ramming. If these RACONS
were placed at locations remote from fairway intersections (where
other RACONS should be placed) they could be helpful. This is

discussed further in the Improved Aids to-Navigation System (see
Section 5.2.9).

In the scoring, 3 out of 6 rammings would certainly have been
prevented (specific prevention index: 10) by RACONS on the

*§ince 0il platforms are privately owned, the government/industry
interface problem will need to be addressed to enable installa-
tion and proper maintenance.



platforms. However, one of these was not at the fairway boundary;

the other two were. Of the other four, two occurred in broad day-
light and involved non-tank barges being towed by tugs whose pilots
misjudged the currents. Only one, the Globtic Sun, was a tanker,

and it did ram a platform near the fairway border.
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OPERATIONAL FEATURE 23:

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

- GROUNDINGS 0/0
- COLLISIONS 0/0

RACONS ON OIL PLATFORMS

- RAMMINGS 29/3

Nature of No., of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 0 0 0 -
Collisions (17) 0 0 0
Rammings (6) 3 50% 48% 9.7
Overall Rating 3 4% 45 9.7

(2) SPECIFIC ISSUES

Tankers: R-6

Barges:
Daytime:

R-1,
R-1,

3

I-81




FREQUENCY OF POINT SCORE

(3) HISTOGRAM OF SCORES

[] GROUNDINGS

COLLISIONS

] RAMMINGS

| T I
5 6 7

POINT SCORE

OO0 ==
w




I.2.24 ALERT THAT A NEW VESSEL HAS APPEARED WITHIN ABOUT FIVE
MILES OF OWN SHIP

This operational feature is intended to make the conning
officer aware that a new vessel has appeared, and that the
situation should be checked out. It is designed to eliminate
casualties caused by lack of timely knowledge of the presence of
the other vessel.

Of the 17 collisions, there were only 4 where neither vessel
knew of the other's presence, and 4 others where only one knew of
the other. In 7 of these 8 cases such an alert was felt to be of
some value, but even there the SPI was 5; the reasons why it was
not higher were primarily that even when the other vessel was
detected, there was still time to avoid the collision, so that
it was not certain that the added time available would have been
helpful; also, maneuvers performed after the alert sounded would
have indicated the alert is inadequate by itself. The probabilities
of prevention are estimated at 19% for collisions, 0% for rammings
and groundings, and 4% overall.

It is concluded that, by itself, this operational feature
is not useful. However, combined with other features in a system,
it offers some advantages.
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OPERATIONAL FEATURE 24: ALERT THAT A NEW VESSEL HAS APPEARED

WITHIN ABOUT FIVE MILES OF OWN SHIP

(1) SCORING SUMMARY
POINT SCORE/NO. OF CASES:
- GROUNDINGS 0/0
- COLLISIONS 32/7
- RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 0 0 0 -
Collisions (17) 7 41% 19% 4.6
Rammings (6) 0 0 0 -
Overall Rating 7 8% 4% 4.6

(2) SPECIFIC ISSUES

Visual or Radar Contact by at Least One Ship before 5
miles: C€-1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 13, 15, 17

Both Ships knew of others presence before 5 miles
c-1, 4, 5, 6, 9, 10, 11, 13, 17

Neither knew of others presence before 5 miles
c-3, 12, 14, 16

Only one did
c-2, 7, 8, 15
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1.2.25 WARNING THAT A RADAR TARGET HAS COME WITHIN A SHORT
RANGE OF OWN SHIP

This operational feature, which is embodied in a Radar Peri-
meter Detection Device (see 5.2.16), is similar to the previous
one, except that its range is so short that a danger has
definitely been established. For meeting situations between large
vessels at full steam, the warning is quite late, but for crossing
and overtaking situations, and those involving oil platforms or
anchored vessels, it could provide just the added data and impetus
needed to avert the collision. Frequently targets were sighted on
radar early, but subsequent maneuvers placed the vessels on a
collision course.

In 10 out of 17 collisions and in 4 of 6 rammings, this
feature would have helped avert the accident. Four of the 10
collisions were in meeting situations, where there was considerable
doubt whether the alarm would have occurred in time. For the
others, it was rated higher. This feature appears to be particular-
ly useful in situations involving fixed oil platforms and anchored
vessels, where the closing rate is slow. It was estimated to be
60% effective in avoiding rammings, and 33% effective in avoiding
collisions.

Another relevant factor is the relatively low cost of
implementation, compared to collision avoidance aids, which makes
it more attractive for tugs steering barges. This is discussed in
Section 5.2.16.
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OPERATIONAL FEATURE 25: WARNING THAT A RADAR TARGET HAS COME
WITHIN A SHORT RANGE OF OWN SHIP

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

- GROUNDINGS 0/0
- COLLISIONS 56/10
- RAMMINGS 36/4

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 0 0 0 -
Collisions (17) 10 59% 33% 5.6
Rammings (6) 4 67% 60% 9.0
Overall Rating 14 18%(61%*) 11%(40%%) 6.6

*Rammings and collisions only

(2) SPECIFIC ISSUES
None
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I.2.26 ABILITY TO OBTAIN RELATIVE POSITION AND COURSE PROJECTION
OF RADAR TARGETS

This operational feature, which is embodied in radar plotting
devices, requires constant attention by a bridge officer, who
must take several readings on a target and plot the progress with
a grease pencil or on a plotting board. More sophisticated
collision avoidance aids allow the watchstander to acquire targets
manually, after which the target's progress is automatically
tracked, and the projected positions plotted. It is designed to
help the mariner decide how close the passing will be, and to more
effectively apply the Rules of the Road.

This capability appeared to provide some help in 9 of 17
collisions, in meeting and crossing situations, but at a relatively
ineffectual level (SPI=3). The chief reason why this is not so
effective is that it requires considerable attention and effort on
the part of the watchstander, who is frequently using the radar
for navigation, especially at night and in limited visibility.

This is also indicated by the fact that in several accident reports,
the master was cited for '"failure to plot the other ship's course."
While it can be argued that watchstanders should plot targets,

there is in practice a reluctance to do so, perhaps due to work-
load limitations or to lack of proper attention.

The effectiveness was estimated at 18%, with a specific
prevention index of 3. The feature appears in transponder and
radar-based collision avoidance aids.
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OPERATIONAL FEATURE 26:

(1) SCORING SUMMARY

ABILITY TO OBTAIN RELATIVE POSITION
AND COURSE PROJECTION OF RADAR TARGETS

POINT SCORE/NO. OF CASES:

- GROUNDINGS 0/0
- COLLISIONS 30/9
- RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 0 0 0 -
Collisions (17) 9 53% 18% .3
Rammings (6) 0 0 0 -
Overall Rating 9 12% 4% 3.3

(2) SPECIFIC ISSUES
Meeting Situations and Crossing: C-2, 5, 8, 9, 10, 11,

12,

14, 16




(3) HISTOGRAM OF SCORES
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I.2.27 ALERT IF CONFLICT PREDICTED BY AUTOMATIC EQUIPMENT

The key feature of sophisticated collision avoidance
equipment is the ability to process radar returns from objects
in such a way as to recognize targets such as ships and buoys,
track their motion, and compute the collision parameters, CPA
(Closest Point of Approach) and TCPA (Time to CPA), based on the
previous history of the target. Such computations calculate a
velocity for each vessel and predict future positions based on
straight line projections. It is assumed that the acquisition of
targets is automatic; this is an important assumption because most
CAA (Collision Avoidance Aid) equipments require manual acquisition
of targets. The lack of attention exhibited in many of the
collisions would preclude their effectiveness there. It is
further assumed that the detection of a collision course (CPA
less than 0.5 miles, for example) would cause an audible alarm
to sound. When the watchstander responds by observing the display,
he can immediately ascertain which target on the radar scope
presents the danger, and he can determine its course, speed, CPA
and TCPA. This information (along with other targets displayed)
provides data allowing the conning officer to determine which
rules of the road apply, and what course maneuver to perform.
This warning takes place 5-20 minutes before an "in extremis"
situation occurs.

The effectiveness of this feature is reduced by the fact that
other vessels may maneuver. This possibility was considered in
assessing the effectiveness of the operational feature in each
collision in the data base.

Other factors were not considered: e.g., due to the cost of
the equipment, not all vessels can afford this equipment, especially
tugs. The loss in effectiveness due to this factor is considered
in Section 5.2.15 where system implementations are discussed.

Assuming the operational feature is available to all vessels,
the effectiveness is 62% for collisions, and 60% for rammings.
14 out of 17 collisions would have been less likely, and 4 out of
6 rammings. The SPI for collisions and rammings was 8; thus, where
it would have helped at all, it would have been quite effective.
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OPERATIONAL FEATURE 27: ALERT IF CONFLICT PREDICTED BY

AUTOMATIC EQUIPMENT

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

- GROUNDINGS 0/0
- COLLISIONS 106/14
- RAMMINGS 36/4

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 0 0 0
Collisions (17) 14 82% 625 7.6
Rammings (6) 4 67% 69% 9
Overall Rating 18 23%(78%%)| 18%(62%*) 7.9

#Ignoring groundings

(2) SPECIFIC ISSUES
None
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1.2.28 ABILITY TO OBTAIN IMMEDIATE RADIO CONTACT WITH A
SELECTED VESSEL

This operational feature is the capability for a conning
officer to contact a selected vessel to coordinate a passing.
Presently there is a reluctance on the part of bridge officers to
use the VHF radio telephone to coordinate passing maneuvers in open
ocean (of the 17 data base casualties, in only two was radio contact
made before the collision). 1Inland, on the other hand, the usage
of the radiotelephone for this purpose has increased since the
initiation of the regulations incorporating the provisions of the
Bridge-to-Bridge Radio-Telephone Act (Public Law 92-63, 4 August
1971). It is now routinely used on inland waterways, especially
rivers and channels, where close passings are frequent and necessary.

The reluctance to use the radiotelephone to coordinate pass-
ings appears to be based on three factors:

a. The timé-honored tradition of autonomy of ships on the
high seas leads to an attitude of "I'm navigating my
ship the way I should -- if the other captain does the
same and follows the Rules of the Road, there will be
no collision -- why should I waste my time talking to
him?"

b. It is much more difficult in open waters to establish
with certainty the fact that the communicating vessel
is the correct one.

c. VHF sets are frequently tuned to channels other than
13, the designated bridge-to-bridge channel.

d. The poor English speaking ability of the international
officer population can make such attempts frustrating
or futile.

There is presently no means on board of selectively calling
a particular vessel, i.e., a particular target on the radar. How-
ever, there are experimental systems which can provide target
identification (5.2.17 and 5.2.18), and there is no technological
reason why such a feature cannot be invented.
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Such an operational feature being feasible, its effectiveness
was evaluated assuming that each watchstander had the ability
either to obtain some identifying code of the radar target vessel
that could be used on the radiotelephone to attract the other's
attention, or to selectively ring up that vessel. In either case
the tasks of selecting the target, identifying it, and making the
call, all have to be performed. Thus the second reason for not
using the radio-telephone is obviated. It is assumed, too, that

ships will monitor channel 13, a practice that is increasing.

It is impossible to account for the attitudinal factor in
the evaluation of the operational feature, so that the conclusions
here must be interpreted with this in mind. Through training,
younger skippers will incorporate the use of radiotelephones into
this modus operandi, and others will also, in an attempt to
accommodate the increased national concern over oil spills.

This capability was deemed to be possibly helpful in 12 of 17
collisions, with a specific prevention index of 6. The chief
criterion used in evaluating each case centered on the time
before collision that one captain recognized there was a problem;
the judgment was then made on the probability that communication
at that time would have been helpful in avoiding the accident.

The overall effectiveness was estimated at 44% for collisions.
It clearly has no function in rammings or groundings.



OPERATIONAL FEATURE 28:

WITH A SELECTED VESSEL

ABILITY TO OBTAIN IMMEDIATE RADIO CONTACT

(1) SCORING SUMMARY
POINT SCORE/NO. OF CASES:
- GROUNDINGS 0/0
- COLLISIONS 74/12
- RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 0 0 0 -
Collisions (17)| 12 71% 445 6.2
Rammings (6) 0 0 0 -
Overall Rating 12 15%(71%%) 9%(44%%) 6.2

*Collisions only

(2) SPECIFIC ISSUES

None
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I.2.29 ABILITY TO OBTAIN MANEUVERING INTENT OF OTHER VESSELS

This operational feature is more limited than the previous
one. The question here is "if it were possible to interrogate
the other vessel in some manner, or otherwise determine her
imminent course changes, if any, would that information have been
adequate to enable actions solely on the part of own vessel to
avoid the collision?" This information could be visual ('"turn
signals on ship"), a radar alphanumeric tag (5.2.18), or a
display (5.2.17). This data could be especially useful when planned
course changes occur, and when a course is modified slightly to
increase the passing distance (frequently collisions are caused by
conflicting course changes on the part of both vessels). CAORF
preliminary simulation studies have indicated that such informa-
tion is useful, if it is specific enough (Pollack, 1977).

It was judged to be potentially helpful in 8 of 17 collisions,
with a specific prevention index of 6. The probability of
prevention was estimated at 27% for collisions.



OPERATIONAL FEATURE 29: ABILITY TO OBTAIN MANEUVERING

INTENT OF OTHER VESSELS

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

- GROUNDINGS 0/0
- COLLISIONS 46/8
- RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 0 0 0 -
Collisions (17) 8 47% 27% 5.8
Rammings (6) 0 0 0 -

Overall Rating 8 10% 6% | 5.8

(2) SPECIFIC ISSUES

None
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I.2.30 INCENTIVE TO COMMUNICATE WITH OTHER VESSELS TO EFFECT
PASSINGS

This operational feature was postulated in order to answer
the question, "if vessels had communicated ahead of time, could
the collision have been avoided?" The supposition is that strong
enough sanctions would be imposed to force even the most
recalcitrant ship captain to use VHF channel 13 to coordinate
passings where the CPA is less than one mile (for example).

Generally, this feature is quite effective (64%), as would
be expected. 1In 11 of 17 collisions, it would have virtually
prevented the accident. Of more interest are the cases where it
would not have helped. In 2 cases, it would have been of no use
because the vessels were communicating; in another, a lightering
barge scraped a tanker after misjudging the currents. In the
other 3 collisions it would have had limited value: one involved
a jammed rudder, one involved a vessel with no one on the bridge,
and in the other both masters claimed they had attempted

communication.

In a study of inland (as well as offshore) collisions (ORI,
1975), the usefulness of bridge-to-bridge communications was
assessed. The study concluded that it is effective in reducing
collisions, but noted that since it has become more common to use
the radiotelephone inland, the percentage of collisions potentially
preventable by radiotelephone has decreased. As a result, the
effectiveness of the radio-telephone for offshore purposes noted
in the present study is consistent with the statistics of the
ORI report for the years prior to 1970, namely around 50-60%.

This feature is not as obvious in its application to a
system; it is included rather to clarify the potential for
improved bridge-to-bridge communications.
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OPERATIONAL FEATURE 30:

INCENTIVE TO COMMUNICATE WITH OTHER

VESSELS TO EFFECT PASSINGS
(1) SCORING SUMMARY
POINT SCORE/NO. OF CASES:
- GROUNDINGS 0/0
- COLLISIONS 109/15
- RAMMINGS 6/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 0 0 0 -
Collisions (17) 15 88% 64% 7.3
Rammings (6) 0 0 0 -
Overall Rating 15 19% 14% 7.3

(2) SPECIFIC ISSUES

None
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I.2.31 GENERAL ADVISORY OF CURRENTS, TIDES, WEATHER, OUTAGES

There were 11 casualties where a lack of knowledge on the
vesselmaster's part played a central role in the incidents. In
each case a shore station could have helped by notifying mariners
of the problem. Strong currents played a part in a large number
of cases, but in three it was concluded that more than poor
navigating was involved. In three other cases, buoys were moved,
a radiobeacon was out, and a light was out; in two others, a
recent buoy location change contributed to the grounding. Unusual
and unexpected winds, fog, and low tides were factors in the other
three. There were several other cases where buoy outages were
unknown to the vesselmaster, but where the outages didn't play a
direct part in the accident.

The study team was struck by the inability of the present
communications system to alert mariners to unusual conditions.
Buoy outages apparently went undetected for several days -- although
ships must have passed these points and been aware of outages.
The reporting system proved undependable, because the Coast Guard
was apparently unaware of the buoy outages. Even when the
Coast Guard is aware of such a problem, the means for altering
the mariners are inadequate: notices to mariners don't get
published for several days, and the chance of a vessel arriving
from a distant port having notices issued in the last few days
(or even weeks) is small. Broadcasts are presumably made on a
twice-per-day schedule, but these are often missed -- the ship's
radio officer may or may not be on watch at the time.

There are several approaches to improving the situation:

a. Shipmaster could be strongly encouraged to report any
unusual conditions that the Coast Guard may not be
aware of.

b. Each Coast Guard district could have an officer
responsible for the assimilation of reported conditions,
their broadcast, and their publication, where appropriate.
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C. Broadcasts could be issued at established 6-hour
intervals, and radiotelegraph transmissions at 12-hour
intervals to insure that arrivals from distant ports are
informed.

d. As a further step, tankers specifically could contact,
or be contacted by, a Coast Guard station to ensure that

all such conditions are known.
e. This service could be extended to all commercial vessels.

If such an operational feature were effected, the probability
of prevention is estimated at 8% for groundings, with a specific
prevention index of 6. More significantly, in 8 of the 10
groundings, the operational feature would have provided a better
chance than the baseline system of a navigation display; an
estimated 5% more groundings could be prevented over and above
the baseline system.
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OPERATIONAL FEATURE 31:

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:
- GROUNDINGS 55/10

GENERAL ADVISORY OF CURRENTS, TIDES
WEATHER, OUTAGES

Buoy Change:

G-8, 10

I-107

- COLLISIONS 7/1
- RAMMINGS 0/0

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 10 18% 10% 5.5
Collisions (17) 1 6% 4% 7
Rammings (6) 0 0 0 -
Overall Rating 11 14% 8% 5.6

(2) SPECIFIC ISSUES
Currents: C-13; G-16, 34
Outages: G-43 (MF beacon), 24 (Light); 17 (Buoy moved)
High Water: G-40 (Barge)
Fog: G-20
Abnormally Low Tide: G-32
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1.2.32 VOYAGE PLAN AND CHECKLIST SUBMISSION

The purpose of this operational feature is three-fold:

a. Forcing the vesselmaster to cross-check instruments
and enter chart changes before approaching port.

b. Forcing the vesselmaster to take a fix before
approaching port.

c. Asking the vesselmaster to report to shore on missing

or inadequate charts, or missing notices to mariners.

This feature 1is designed to help focus the attention of the
vesselmaster on his increased responsibility near the shore.
The mechanism for achieving this feature could take several forms:

a. A standard form to be filled out, and a broadcast to
shore only if exceptions are found.

b. A ship/shore voluntary broadcast that the checklist (a
standardized form) has been accomplished, with exceptions
noted.

c. A ship/shore communications in the form of a series of

questions from shore.
If exceptions were noted, some shore actions could be taken:

a. Where charts were inadequate, pilots could be asked to
carry the charts and meet the tankers further out.

b. Where Notices to Mariners were missing from the ship,
the shore station could review them, and inform the
ship of conditions likely to affect her.

c. Where key navigation gear like radars were out, the
shore station could recommend large margins, or daytime
entry to port.

The evaluation of this operational feature is highly subjective,
for several reasons:

a. The reporting and cross-checking could be peremptorily
treated, defeating its purpose.
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b. The effectiveness is highly dependent on sanctions and
enforcement.

c. There could be a reluctance by Coast Guard personnel to
provide information from Notices to Mariners, for
fear it would encourage bad habits on the part of the
ship's officers, and further increase workload.

Assuming that a satisfactory arrangement could be worked
out, the probability of prevention was estimated at 9%, with a
specific prevention index of 6, which is fairly high. Thus,
while only 22% of the groundings (12 cases) would benefit by
such an operational feature, it would be quite beneficial for
those cases.

The application of this operational feature is discussed
further in Section 5.2.2.
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OPERATIONAL FEATURE 32:

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

- GROUNDINGS 73/12
- COLLISIONS 0/0
- RAMMINGS 0/0

VOYAGE PLAN AND CHECKLIST SUBMISSION

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 12 22% 13% 6.1
Collisions (17) 0 0 0 -
Rammings (6) 0 0 0 _
Overall Rating 12 15% 9% 6.1

(2) SPECIFIC ISSUES
Radar Out: G-2°, 20, 21
Radar Turned Off: G-3
Navigation Gear Out: G-23
Fathometer Out: G-20, 23
Gyro Error: G-42, 44
Gyro Reporter Error: G-29
Inadequate or Missing Charts: G-7, 38
Notices to Mariners Missing: G-8,
Forced to Establish Position Before Entering: G-23

*Did not score - X-band radar was workinyg, but S-band wasn't.
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1.2.33 MANUAL MONITORING STATIONS

This operational feature assumes a shore-based station obtain-
ing periodic reports from each vessel, citing her position, course,
and speed. These reports would be used to project future positions
of ships, either by moving targets manually by dead reckoning along
a plotting board, or by a computer-driven display which accomplishes
the same function.

This feature would provide services similar to the present
Vessel Traffic Services (VTSs) in Houston, New Orleans, San Francisco,
Valdez, and Puget Sound. The ways in which an on-shore station
could provide help are numerous, including facilitating vessel-to-
vessel communications and forcing the conning officer to cross-
check his instruments and take a fix.

The system feature was assessed by assuming that the services
shown in Table I-2 were available -- it was assumed in all cases
that shore-to-ship contact was always available, and that vessels
would report their positions every 15 minutes or so within 25 miles
of the 3-mile territorial limit, and every half-hour or so out to
200 miles. All ships of 1000 gross tons or more are assumed to be
part of such a system. Problems with implementation were ignored
for this assessment -- such difficulties are covered under the
system implementations.

Table I-2 shows the services that a manual monitoring station
would provide in the case of the casualties in the data base; it
also shows the number of casualties that would have been influenced
by the particular service. Also shown is the specific prevention
index (SPI) which provides an indication of that service's relative
effectiveness for those cases, on a scale of 0-10.

.Manual monitoring stations would have some effect in a total
of 59 out of 78 casualties™with a total probability of prevention
of 44%, and a specific prevention index of 6. In rows 5-8, and
row 17 of Table I-2 are indicated several causes of casualties
where a manual monitoring station would not have been helpful:

a. Collisions where one vessel is not in the system
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TABLE I-2. NUMBER OF CASES WHERE SERVICES PROVIDED BY A
MANUAL MONITORING STATION WOULD HAVE PROVED USEFUL

NO. SERVICE PROVIDED COLLs RAMs GNDGs SPI
1 Aid in establishing vessel/ 8 0 0 8
vessel communication
2 Detection of collision 5 2 0 6
conflict
3 Advice on currents 1 2 1 5
4 Force lookout on bridge 1 0 1 4
5 None* - one vessel in 1 0 0 0

innocent passage

6 None* - Too sudden or 1 1 11 0
insufficient accuracy

7 None* - Vessel would give 0 1 2 0

incorrect position

8 None* - Uncharted shoal, reef 0 0 4 0
or submerged object

9 Force vesselmaster to take 0 0 6 7
a fix
10 Detection of closeness of 0 0 12 5

shoal or reef

11 Advise to increase margin 0 0 3 6
12 Advise to take traffic lane 0 0 2 9
13 Advise to stay out from 0 0 4 5

shore, temporarily

14 Advise of danger 0 0 4 4
15 Advise of buoy changes 0 0 4 5
16 Help in approaching port 0 0 2 8
17 None* - special problems 0 0 4 0

*None means no service is provided
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b. Accidents where the reported position would not have
been accurate enough or timely enough for the shore
station to help.

c. Groundings where the incorrect position would have
been reported.

d. Uncharted shoal, reef, or coral boulder involved.

e. Special problems such as sudden loss of steering, and
aiding a vessel in distress.

In the 17 collisions, manual monitoring stations would have
provided substantial help in 15 cases (probability of prevention -
62% and SPI - 7). This help would come chiefly in the form of
establishing early contact between vessels and early detection of
the conflict (rows 1 and 2 of Table I-1). Even though in most
cases vessels were aware of the other's presence, they were often
unaware of the danger (see I-2.24). When they were aware of the
problem, they did not communicate, probably due to the uncertainties
involved in establishing contact; in only one collision was radio
contact actually obtained before the collision occurred. The SPI
for collision conflict (row 2, Table I-2) is 6, which is higher
than anticipated: it indicates that even with the inaccuracies
of verbal reporting, the shore station could have been aware of a
danger of collision 60% of the time. The automatic monitoring
feature (I.2.34) would be higher. Thus a shorebased manual station
could provide a valuable collision-avoidance service, it it was
not provided by vessel equipment and procedures.

Manual monitoring stations, if fully capable of rapid estab-
lishment of communication out to 100 miles or so, would have been
helpful in 4 out of 6 rammings, but at a relatively ineffectual
level: the probability of prevention was 27%, and the SPI, 4. In
two of the ramming cases the shore might have detected a problem:
in the other two, providing the speed and direction of the currents
to the vesselmaster from shore might have helped.

Manual monitoring stations would have helped in 39 of the 55
groundings, with a specific prevention index of 6. The chief
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services provided by such a station would be, in order of their

effectiveness on the groundings in the data base:

a.

e.

f.

Detection of vessel's proximity to shoal or reef, and

a warning to the vesselmaster (10.9%).

Forcing the vesselmaster to check his position (7.7%).

Advice
Advice
Advice

Advice

on

to

to

to

Other services

lems occur (lack of

buoy changes, outages (3.6%).

stay out until weather improves (3.6%).
increase margins in skirting reefs (3.2%).
take particular traffic lanes (3.2%).

include help in approaching when special prob-
charts, steering problem), advice on particu-

larly deceptive areas (where groundings are frequent), advice on

currents, and forcing the vessel to maintain a lookout on the bridge.

In the assessment the warnings and advice were not assumed to
be 100% effective.
the effectiveness of the advice by considering the general vigi-

The team attempted in each casualty to gauge

lance of the conning officer, the time of day, the visibility, the

familiarity of the conning officer with the area (sometimes pilots

were involved), the frequency of position reports, and the condition

of electronic gear.

The problems of implementation, and questions of station

location, were ignored in order to evaluate the operational feature

on its own merits.

These problems are treated in Section 5.3.13.
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OPERATIONAL FEATURE 33: MANUAL MONITORING STATIONS
(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

— GROUNDINGS 219/39
— COLLISIONS 105/15
— RAMMINGS 16/4

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 39 71% 40% 5.6
Collisions (17) 15 88% 62% 7.0
Rammings (6) 4 66% 27% 4.0
Overall Rating 58 74% 44% 5.9

(2) SPECIFIC ISSUES

Aid in establishing vessel/vessel comm: C-1, 5, 9

Comm. relay: C-12

Detection of conflict: C-2, 3, 4, 8, 15: R-4, 6

Innocent passage: C-2

Advice on currents -C-13; R-1, 3; G-53

Too quick to detect conflict: C-6 (jammed rudder)

Force lookout on bridge: C-7; G-25

None - Vessel would give incorrect report: RS5: G-28, 35

No effect - Vessel would give "insufficiently accurate report:
R-2; G-1, 4, 11, 16, 17, 26, 28, 31, 34, 35, 40

Force VM to take and report a fix: G-3, 18, 23, 36, 46, 47

Force bridge to take a depth sounding: G-2

Would detect closeness to shoal or reef: G-9, 13, 14, 29, 30,
32, 38, 39, 42, 45, 50, 54

Would advise to stay out: G-20, 27, 43, 51

Would advise to increase margin: G-6, 21 ,41

Would advise to take a traffic lane: G-44, 49

Special problems - no effect - G-15 (barge), 22 (Burning
vessel aid), 25 (lite bulb), 33 (in channel)

Provide escort by ''vessel of opportunity': G-37

Would have helped in - chart missing: G-7, 12

Advice on buoy changes: G-7, 8, 10, 24

Reminder of danger: G-7, 24, 30, 55

Fatigue: G-52

None - Uncharted shoal or reef: G-19, 33, 34, 48

Miles from Nearest Port: (Collisions/Rammings/Groundings)

22

, 10, 11, 14, 16

0-3: 3 0

3-12: 5 0 20

12-20: 5 1 7
>20: 4 5 6
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FREQUENCY OF POINT SCORE
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I1.2.34 AUTOMATIC MONITORING STATIONS

In this operational feature, it is assumed that vessel position

is automatically radioed about every 5 minutes from each vessel,
with no effort required on the part of the bridge officers. It is
further assumed that an absolute accuracy on the order of 0.25
miles is achieved while short term drift and noise errors are less
than about 300 feet. This accuracy along with the frequency of
data update makes it possible to project future vessel positions

with certainty.

In 9 collisions, 3 rammings, and 28 groundings, this advan-
tage was adjudged to provide some benefit over the manual monitor-
ing system, where the reports are verbal and less frequent. The
difference, of course, was most dramatic in those cases where the
vesselmaster did not know his Jocation well. When the baseline
system is incorporated into the system (which is done in Section

5.2.3) this difference will not be as large.

The effect of adding automatic monitoring to the shore station
capabilities is to increase the overall probability of prevention
from 44% to 69%. For collisions, it increases from 62% to 79%;
for rammings, from 27% to 65%; and for groundings, from 40% to
66%. The specific prevention index rises by about 2 points in all
categories; the overall SPI is 8. This means that in those cases
where an automatic monitoring station would help at all it would
be 80% effective.

There were only three cases where further increases in accuracy
over and above the baseline system were believed to provide further

benefits.
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OPERATIONAL FEATURE 34: AUTOMATIC MONITORING SYSTEM

(1) SCORING SUMMARY
POINT SCORE/NO. OF CASES:
- GROUNDINGS 362/46
- COLLISIONS 134/15
- RAMMINGS 39/6

Nature of No. of % Prob.

Casualty Cases of Cases of Prev. Spec. Prev. Index
Groundings (55) 46 845 66% 7.9
Collisions (17) 15 88% 79% 8.9
Rammings (6) 6 100% 65% 6.5
Overall Rating 67 86% 69% 8.0

(2) SPECIFIC ISSUES

Better able to detect collision threat than with manual

monitoring:
c-1, 2, 3, 4, 5, 7, 8, 11, 16; R-2, 5, 6.

Better able to detect threat of grounding than with
manual monitoring:

G-1, 2, 3, 4, 8, 10, 11, 13, 14, 17, 18, 20, 21, 24,
25, 26, 27, 29, 35, 38, 39, 41, 42, 44, 46, 51, 53,
54, 55.

Accuracy still not good enough (1/4 mi):

R-4; G-7, 26, 31,
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(3) HISTOGRAM OF SCORES
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I.3 SYSTEM EVALUATION

Out of 29 systems initially chosen for evaluation, 13 were
screened out, leaving 16 for detailed evaluation.* They are listed
in Table I-3. Since some of them incorporate several operational
features, care is taken in combining the scores. If two operational
features are mutually dependent,** the effectiveness of the combi-
nation is assumed here to be the greater of the two numbers (e.g.,
if feature A was scored as 4, and feature B as 7, a system using A
and B would be scored as a 7). This is a conservative procedure,
because it tends to estimate low. If two operational features are
independent, then the total effectiveness would be higher, because
there would be two opportunties for prevention. If the condition
of independence holds, the effectiveness is determined by the OR-ed
possibility of two events (e.g., if feature A was scored as 4, and
feature B as 7, a system using A and B would be scored as 7+4 -
7x4/10, or 8).

Table I-4 shows the scores for each of the 16 systems eval-
uated against the data base of 78 casualties. Table I-5 shows the
resulting scores for the potential probability of prevention for
each category, and overall.

Several points should be noted in the derivation of Table I-4:

a. There were two groundings (numbers 41 and 49) where the
passport system would have provided assistance not covered by the
operational features;

b. The Baseline System assumed no LORAN-C coverage in Puerto
Rico and the Virgin Islands (these are indicated with a check V));

c. Navigation Alert and Automatic Monitoring likewise get no
LORAN-C navigation information in Puerto Rico and the Virgin Islands.

The scores in Tables I-4 and I-5 do not account for the fact
that the baseline system will be in effect by 1985. To account for
this, the scores of each system are OR-ed with the baseline system

*In Section 5, 18 promising systems are discussed rather than 16;
this is because there are three different surveillance systems
considered.

**The following pairings of operational features are mutually
dependent: 12-11, 13-12, 14-13, 15-14, 19-18, 19-17, 27-26,
29-28. All others are independent.
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scores in Table I-6 (except for Equipment Standards and Navigation
Alert, as noted), and the summaries given in Table I-7. The term
"potential effectiveness" is used to denote the effectiveness of
each system when considered with the Baseline System; it corre-
sponds to the '"probability of prevention" in Table I-5 and Section
I.2, The potential effectiveness numbers are used in Section 5 to
describe the effectiveness of different systems.

Table I-7 shows the potential effectiveness of each system.
The potential effectiveness figures do not account, of course, for
any lack of availability that comes about from practical considera-
tions. The scores are derived assuming that any equipment is on
board every vessel, and that it is working properly.

There are several systems which have potential effectiveness
values significantly higher than would be achieved in practice,
because only large vessels could afford them: forward-looking and
scanning sounders, interrogator/transponders, and collision avoid-
ance equipments could not realistically be required on smaller
vessels. In the system description of 5.2, considerations like
this are accounted for under '"(c) Availability."

In order to account for the fact that smaller vessels cannot
afford expensive equipment, it will be assumed for simplicity that
small vessels (i.e., less than 10,000 gross tons) will not be
equipped with expensive equipment, and that large vessels will
(i.e., those greater than 10,000 gross tons). It is assumed, as
in Table 5-3, that 38% of the vessels over 1,600 gross tons are
tankers; and that of these tankers, 32% are over 10,000 gross tons.
The 32% figure is based on a sampling of Boston, Trenton, and New
York Port calls in 1975 (U.S. Army Corps of Engineers, 1976). Note
that the differences between these figures and those of Table 5-3
reflect the fact that small tankers and barges make more port calls
per year, since they make shorter runs. That is, these figures are
estimates of the number of port calls, or the population of vessels
in a given area at one time, while the cost figures of Table 5-3
are based on estimates of the number of different vessels that
would visit the United States in a year's time.
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TABLE T-3. SYSTEMS SELECTED FOR DETAILED EVALUATION

System Section Operational Features
Baseline System 5.2.1 7,11,12
Intensive and Periodic
Training 5.2.7 1
Expanded Traffic
Separation 5.2.8 4
Improved Aids-to-
Navigation 5.2.9 5,20,23
Improved Pilot Transfer
Procedures 2.10 6
Equipment Standards 5.2.11 7
Processor-Aided
Navigation Alert 5.2.12 11,12,13,14
Depth Alert 5.2.13 17
Scanning Sounder 5.2.14 19
Interrogator/Transponder 5.2.18 21,24,25,28,29
VHF/Transponder 5.2.17 24,28,29
Radar Perimeter Detection 5.2.16 24,25
Collision Avoidance Aid 5.2.15 22,26,27
Vessel Passport System 5.2.2 5,6,7,11,12,31,32
Automatic Monitoring 5.2.3 5,6,7,11,12,31,32,34
Surveillance 5.2.4-6 5,6,7,11,12,31,21,34

I-124




LY gl 6/0TJOT|OT|OT[OT|OT] £ 0T | 6 PI 6 swo3sAg edUBIITAAING

L]V gl e{oT|{OT|OT|OT(OT|OT| L 0T |16 pT 6 Sutio03TUOW-0INY

L]V 8 6 6] 6{0T or|otT| S 619|L 6 wa3sAg 3uxodssed

9DUBPTOAY UOTSITIOD

‘39 I932wWIiag IEpEY

1opuodsuea] /JdHA

1opuodsuel]l/103e80I1193U]

L 7zl 8| ¢ 4| £| 6] ¢ T| ¢ V|8 Z Iapunog SutuUEBDS

I ] 8 ¢ ¢l 6 ¢ T| ¢ ¥ |8 % 1191V Yadaq

¢ et Ly ¢ L L 0T [0T ¢ 1I8TV uUOoT3IB3TABN

L L spiepuels juswdinbg

8| 6 0T 6 6 19jsuel] 210TTd

S 6 6| S 9 T uoT1e3TABN-03-SPTIY

S v4 uorjletedag OTJFei]

zl 1l 1 i S| ¢ 1| ¢ slelz] 1 ururery

4 1 9 ¢ 9 1 Ll6] ¢ wa3sAg ourIasEq
LTloT! s1 v1f ¢t z1) TTj OT] 6 8| L} 9| Sy V] E|¢C T (LI-T) SONIANNOYD

FAT i

SHY0IS WHLSAS

“v-1 4T4dVL

I-125



Wo3lsAg SUT[aseg UT PIpnNIdUly

01 8| 8] of 6 6/ 6lot| olotjor| L] 60T 6 Swelsdg 9duUBTTTIALNG
0T 8 L 6] 6 0T| 9[0T [0T} 4] 6 [0T 8 ) 8uTIO3lTUON-03INY
g 8l ¢ 9 9 0T 01| 6 6 (01 8 wa3sAg jrodsseq
8DUBPIOAY UOTISTIITOD
*319(Q I939WTIJISd Iepey
lapuodsuea] /JHA
1opuodsuea] /103e801I93UT
01 9 6 &£l L 7] €| ¥ €] 8] ¢ 19punog Jutuuedg
9 6 ¢ €l ¥ gl S| ¢ 31191V Yyadaq
0l 6 9 0T| €]0T | 8 3I91Y uotrjedraeN
¢ «6 |01 spiepueis juswdinbg
L 8 L I9JSsuel] 3I0TId
! g 0T 6| 6 14 UOTIBITABN-03-SPTY
uorjexedas DdTFJel]
I 1 1 9 9 79 1 7l ] v z| ¢ Suturel]
4 6 0T| ¢| 6] L wo1SAg aurTaseq
velee| 79 19 pm 69 87 LZ| 97| S| vz 2|21 {0C 6T | 8T (y£-8T) SHNIANNOUD
Y Y f
(penutiuo)) SHY0IS WALSAS "¥-I HT4VL

I-126



*910DS 92Ul SUTWISIAP S9INIBSF T[rUOTIBISdO UBY] JOUIO SUOTIBIOPTISUO)yy
*W53SAS QUITOSBY UT POpPNIOUJI,

0T 0T|O0T| Z| 6j0T(0T| 9| Z|0T |0OT |8 PT |OT SWalsAS 9dUBITTLOAING
0T 0T| 0T 6|/0T| 8| 9| Z[oT |0T }8 PT |OT SutiolTUOW-03INY
» 0T Z| 01 C|0T| 8 |#xl] T[0T 0T |9 PT 8 wa3sAg 1aodsseq

9DUBPTIOAY UOISITIOD

*319(Q 1932WTII9d IBpPBY

Iepuodsuea]/dHA
1opuodsuei]/i03e30II93U]
9 ¥ 8 ¥{ ¥} 9] 61 9 0T |1 8 Ispunog FuTuuedg
9 ¥ 8 ¥ 9] 6[ 9 T 8 3I121V Yyidaq
6| 8 0T| 8 & 0T | 6 8 3IS3TV uoTle3dTABRN
8 %9 7 spiepuelg jusawdinbg
6 DT Isysuel] 10TI{d
Z| 0T zlot| ¢ 01 6 | 8 UOT3e3TABN-01-SPTY
9 uotjexredss JdTIjeI]
gl ¢f & T ¢ v epvliv|t T L Jutureal
AN L] 8 0T | 8 9 wal1sAg surTaseq
6V 8V LV OF| SY| PV |EVv v TV |OV |6C [8E [LE P& | S& (IS-S€£) SONIANNOUD
/ / /

(ponutluo)) SHYOIS WALSAS “¥-I FTEVL

I-127




0T

SuWe31sAS ODUBTIISAING

0T

SUTI031TUON-0INY

0T

wa3sdg zxodssed

92UBPTIOAY UOISTITTOD

*39(q J1939WIIdd IEpEY

Iopuodsuel]/dHA

iopuodsuei]/103B301193U]

Iapunog Butuueds

3197V Yadaqg

01T

3I9TV UOT3IB3TABN

spiepuels juswdinbg

DT

I9Fsuel] 310114

01T

UOTI1B3TABN-01-SPTIY

uotrieiedag DTIFeI]

Sututeay

wolsAg osuIrIaseqd

SS |¥S

€S

A

(S5-27S) SHNIANNOYD

\'

(panutiuo)) SIY0IS WALSAS

‘-1 d7T4VL

I-128



‘wo1sAg QUTTSSEBg UT PIpNIdUly

ot|otr|{6 | |8 |OT|OTOT | OT|6 6L [0T|6 |OT swa31sAg 9DdUBTTTIOAING

otforle |2 |8 |OT|OT|OT | OT[6 6L |0T{6 |OT 8UTIO0ITUON-0INY

6 |L L walsdg 1xodsse(d

L |0T|L L 19 |S P 0T| 6 S|9(0T|[6 |6 9JUBPTOAY UOISITTOD

8 {6 |¢& 14 T [ ¢ 1|6 |19 |0T|6 *19(@ I91swWIIdag JIepRY

8 [6 (8 01| v (Vv |6 €19 L 6 |6 |9 xopuodsueal/JHA

6 |6 |8 0Tt ¥ | L |6 S |6 819 |0T|6 |9 [|1opuodsueil/103BE0I133U]

19punog Surtuuedg

3191V yadaqg

¢ 9 1197y uorledTABN

%6 spiepuels juaudrnbg

6 L ¢ I9Fsuex], 3101Td

UOT3IB3TABN-01-SPTY

6 L 6 uorjexedsag ODTFyJellL

T €12 |2 |2 |T]|¢T ¢ 1O IR I A 4 ¢ ¢ Sututel]

¢ 6 walsAg surraseqd

LTloTlvT|vT|eTt | TTioT| 6| 8| Lf 9| S|P |E|CT|T (LT-T) SNOISITIOD
(penut3uo)) SHUOIS WHISAS ‘“v-I HT4VL

I-129



otle Is | ¢lot SWa31sAg 9OUBITTIQAING

0T|6 | ¢ | £|0T SuTI01TUOW-0INY

0T|0T 6 walsdg jiodsseq

OT|OT| 6 L 9DOUBPTIOAY UOISTITOD

OT|OT| 6 L ‘319 Ie3lauwrtiag JIepey

Ispuodsuea] /dHA

iopuodsuea] /103edoraajug

I9punog Jutuuedg

3191V yideq

6 |01y Vv 6 1J91y uotrledtiaeN

spiepuels auswdinbg

. 19Fsuex] 3I0TId

or|oT 6 UOT3IB3TABN-03-SPTIY

uorlexedag dTJFell

[4 T dutureay

L JOT| T 6 wa1sAg aurraseqg
ofs|v|¢c]e (9-1) SONIWWVY

(penutiuo)) SIY0IS WALSAS "¥-I dTEVL

I-130



508 88 It 16 0S swa3sAg 9DUBTTIISAING

$¢L 9°8 v0 - S8 Ly 3utIolTUON-0INY

%6S 9°L LZS 8/ ¢y wa1sAg 31odsse(d

20UBPIOAY UOISITIOD

*19(q JI93owTiad Iep®BY

Ispuodsuex]/dHA

1opuodsuelr]/103B30I193U]

%S¢ 'S A L9 LS I9punog SUTUUEBDS

$¥2 vy Z81 SS 0¢ 1191y yadeq

%59¢ VL 661 6V LT 1I91y uotrledraeN

%6 S°9 A ST 8 spiepuels jusudrnbg

(XA 9°8 0Z1 SZ I I9Fsuel] 310T1TId

%52 S°9 9¢1 8¢ 12 uoT31e3TABN-01-SPIY

%2 £y ¢T S ¢ uotieiedag OTIJeI]

%91 7°7 06 SL 187 Suturei]

%S¢ 9°S 6¢1 vy (24 wo1sAg aurro9seyg
R s R

(@2anTONI LON INITISYE) STY0IS WALSAS d0 AYVAWAS "S-I HTEVL

I-131



%18 V6 8ST 88 ST SWo31SAS 2DOUBTTISAING
518 7°6 8¢T 88 ST 8uTtIO03TUOW-03INY
$P1 L'/ 14 8T ¢ wa3sAg 11odssed
%29 9/ 90T 78 I 9DUBPIOAY UOTISTITTIOD
0P L°S 89 1L ZT1 *39(g I9312utIed JIepey
%98 A 56 9. ¢1 lspuodsuea] /dHA
%79 8° L 601 A} VI Iapuodsuei] /103B801193UT
I9punog Suruuedg
31191V yadaqg
%2 g g 9 1 1197y uoTiedtAEN
55 6 6 9 1 spaepuels juswdinbg
511 €9 61 8T ¢ I9Fsuex] 301Td
uU0TI1e3TABN-01-SPIY
%ST '8 S¢ 81 ¢ uotieaedag DTFJeIL
$1Z 52 S¢ z8 VI Sututeay]
%L 9 Z1 Z1 z wo3sAS QuUTTaseq
O e | oo%s | et | soow

(penutiuo)) (QIANTONI ION INITASVE) STA0DS WALSAS 40 XKYVWWAS ~S-I HTVL

I-132



%59 5°9 6¢ 00T 9 swalsAg @duUBTITAAINS

$S9 S°9 6€ 001 9 BUTI03TUON-0INY

$8¢v L6 6¢ 0§ ¢ wa3lsAg 3iodssed

%09 0°6 9¢ L9 ¥ 9DUBPTOAY UOTISTITIOD

%09 0°6 9¢ L9 14 *39( I93}awWTIdd JIBPEY

xopuodsuea]/dHA

1opuodsuei]/103ed0oxrajul

1apunog Suruuedsg

1101V yadaqg

$¢S 0°8 ¢ L9 14 3191V UOTIBSTAEBN

spiepuels juaudrnbg

Iaysuel] 30TTd

$81 L6 61 0§ ¢ uoT3e3TABN-03-SPIV

uotieiedag OTFFelL

$LT £°¢ 0T 0§ ¢ Suturel]

- %SV 8°9 Lz L9 14 wa3lsAg aurlaseqg
P R A AR soNT

(penutiuo)) (QEAATONI LON ANITASYE)

SHY0D0S WALSAS 40 RYVAWIS

*S-1 T4Vl

I-133



$8L 9'8 809 16 1L Swe3lsAS 9dUBRTIITOAING
$vL S'8 T8S L8 89 SutiojTuol-o03INy
%67 L*L 6L¢ €9 6V wolsAg 11odsseqd
381 6°L A4 144 8T 9JUBPTOAY UOTSITTO)
5¢T S°9 y0T 1t 91 *318( I9]2UWTISd IBpEBY
3C1 ¢ L S6 LT ¢1 1epuodsued]/qHA
A 8 L 60T 8T V1 zopuodsuei] /103e30I193U]
%52 Z'S €61 LY LS lspunog Sutuuedg
$L1 vy Z¢1 8¢ 0¢ 1181y yadag
%0¢ .M;N vmw. T 7€ 3191V uoTieSIARN
%8 8'9 19 1 6 spaepueis jusudinbg
%81 7°8 6¢T Z? LT Isjsuel], 3011d
$1¢ 6°9 89T T¢ &4 uorledTABN-01-SPIY
%S £°9 8¢ 8 9 uotjeaedag OTFJel]
$LT £°Z ¢l SL 89 Sututrexl
%¢¢ 6°S 8LT 8¢ 0¢ wo3lsAg auriaseq
: e
Moo"oua | 1es | INtod | 40 % | d0 -oN TV

(penutiuo)) (@IANTONI LON INITASYE) SHY0DS WHLSAS H0 XYVWWAS 'S-I HTEVL

I-134



0T

0T

0T

0T

o
L

0T

07

0T

Suwa1sAS 9DUBTIISAING

0T

01

01

0T

()
L

0t

0T

0T

Sutio03lTUOW-0INY

0T

o
—

0T

wolsAg jaodsseqd

=]

9DUBPIOAY UOTSITIOD

*l19(d I°loutTIad JIepey

Ispuodsuei]/JdHA

=] |~

[ I I i B o B S K N )}

Iopuodsuei]/i103e801193UT

0T

X9punog SuUTuu®BOS

0T

3191V yidaqg

|

0T

1I9TY UOT1eITABN

0T

Splepuels juswdinbg

0T

Iajsuel], 30T1d

UOT}BSTIABN-03-SPIY

uotieiedsag DOTIJeI]L

Sututexl

wal1sAg aurTaseqd

SNt |N]olNjN|g| NNl ]~

91

T

Al

L B I B B B e = N B e I Bl I I R R R

Ol wW|w || WO|OW{O|~|] WO OO

SOjmMmit|mmMmiMmMmmMm|alalmmi|vn]n

| wlO|C]lw|w]|lw|~{~IN|ClOlO

Ol ] Al ||

M~~~ O] N| O

Ny | O

iMoottt o

(LI-1) SHNIANNOYY

QHIANTONI WHLSAS HNITISVE HLIM STY0IS WHISAS

"9-1 dT4dVL

I-135



8 |9 0T | OTf6 |0T]9 [OT|(OT|8 |6 |OT 6 SWa3SAS SOUBT[TAAING

L 0T | OT 0T|9 (oT|O0T|8 (6 |OT 8 SUTI03TUOW-0INY

L 6 6 0T OT|oT|¢ |6 |OT 8 woel1sAg jxodsseqd

L 6 0T|¢ 16 |L 9DUBPTOAY UOISITTOD

L 6 0T|¢ |6 |L *319(Q I93ldowrIog Jepey

L 6 0T|€ (6 |L xopuodsuea] /J4HA

L 6 0T|¢ (6 |L zopuodsueia] /103B801I93UT

0T |9 0T | 6| ¢ ¢ |2 |0T|E |6 |6 Z Iopunog Jurtuuwdg
Z 0T | 6 ¢ |oT|g [6 |8 Z 1191y Yyadaqg

0T | 6 0T|¢ (0T |8 3191V uotTiedTABN

L |6 0T(¢ |6 |oT spiepuels jusudinbg

L L 6 8 |0T(¢ [6 |L L Iajsued], 30TTd

T 8 6 0T 6 |0T|e [6 |L v UoT3}eSTABN-01-SPTIY

L |6 0Tls [6 |L uotjesedag dTyFeIL

T |£€ |8 6 | T ¢ |Z |0T|E (6 |8 Sututea]

L 6 0T|¢ |6 |L wo1sAg auriaseqg

Z¢ [T¢ j0S |62 | 8Ty LZ] 92| ST vZ|€2|2Z (T2 ]0Z | 6T| 81 (v£-8T1) SONIANNOYD

(penutriuo)) @HANTONI WILSAS INITASYE HLIM SHY00S WALSAS °9-1 HTHVL

I-136




0T |8 |0T 0T [0T | £ [ OT{OT|OT|9 | [OT|OT JOT | OT| OT SWa3sAS 9DOUBITTLAING
0T (8 [OT 0T 0T OT({OT)8 |9 (2 |OT|OT |OT [ OT| OT SUTI01TUON-03INY
6 (8 |OT L 0T L |OT[8 |Z |Z |OT|OT [OT | OT| 6 walsAg 3xodsseq
Lo b L |8 0T | 8{9 9DUBPIOAY UOTSITTOD

L b L |8 0T ) 819 *19( JI939WTIISd I1BpPERY

TR L |8 0T | 819 Iopuodsuei]/JdHA

L b L |8 0T | 8 | 9 {1epuodsuea]/xolefoxxalug

9 [t 6 |t |V |8 |66 |9 0T |T foT | o0T|9 1spunog SurtuuBdg

9 v 6 ¥ 81616 |9 T [0T | 0T|9 1191V yidaq

6 |8 0T(8 /4 0T | 6|8 3JI9TY UuoTieITABN

L |V L 18 (8 0T | 8|9 spiepuels 3jusudinbg

6 (8 L |y L |8 6 [0T | O0T| 9 I9Jsuex] 310TId
L 0T L |0T| ¢ 0T 0T | 6|6 UOTJBETABN-03-SPIY

L |V 6 |8 0T )89 uorjexedsag JdTjjex]

8 IS gL |8V T |v |¥ (T [0T]|8]6 Sututea]

L |V L |8 0T 1819 wa1s4Ag auITaseg

IS 10S |6V {8V LV 9V | SY| vv| st zv| TV |Ov |6S [8S [LS | 9¢| S¢ (15-S¢) SONIANNOYD

(penutiuo)) QIANTONI

WALSAS INITASYE HLIM STY0DS WHLSAS

*9-1 H74VL

I1-137



o
—

SWa1SAS QJUBTITISALING

o
i

SutIi03TUOW-0INY

(]
—

wa1sdg jxodssed

<t

9DUBPIOAY UOTSITTIOD

-19(Q 1932wWIIag JIepEY

zopuodsuex] /JdHA

1opuodsuea]/103e301193U]

I9punog SuTuuedS

3101V Yyadaa

0T

1191y UOT31B3TABN

spiepuels jusudinbg

lsjsuei] 301Id

|~

uoT31e3TABN-01-SPTY

uotiexedsg JdTFFel]

gututea],

g | |g|o|lo|g|la||i|SF ||

N lalalalN|n|N]joolmlN|N|w|NE 00

wo1s4Ag auUTToseqd

SS

L\g}
LN

o~
[¥2]

(S5-2S) SOHNIANNOUD

(penutiuo)d) QIGNTONI WILSAS INITISVE HLIM STI0DS WALSAS "9-1 HTHVL

I-138



0T

0T

0T

0T

0T

0T

o
i

0T

SWa3154S 9DOUBTTISAING

0T

0T

0T

0T

0T

)]

(=)}

o
|

[=)]

0T

SuTI0lTUOK-01INY

(=3}

walsAs 11odsseq

o
—

9DUBPTIOAY UOTISITTO)D

OiIo|e~]e~| e~

o
—

*319(d JXejowrxag iepky

0T

o
—

lopuodsuex] /JHA

| oo| 0|~

o

i
V|lo|lwnmjco]lay ||

~

0T

I~ v |0

DN O

DOl |

e~ | <N

o
—i

[N Neo N N N el

Ispuodsuri]/103e801193UT

(=3}

I9punog SUTUUBRDG

1191V yadaq

3191y uotieSiAeN

spiepuels juswudrnbg

I93Fsuel] 307Id

uoT31e3TABN-03-SPIY

uorlexedsg OTyFeI]

dututea]

wa1sAg aurToseqg

LT

91

M|t aimm|n]n]|mn

—

ST eI 21

1T

0T

MmMloololaoalajloalo|la|lo

(LT-T) SNOISITTOD

(penutiuo)) @HAANTONI WALSAS INITASVE HLIM SHYODS WALSAS

‘9-1 HT4dVL

I-139



0T |6 ¢ 0T SWo1SAS 9DUBTII9AING
0T {6 ¢ 01 SutI03TUOW-0INY
oTijo0T| 1 0T wa3lsAg jxodsse(d
0T |0T| 6 0T 9DUBPTIOAY UOTISTITTO)D
0T|0T| 6 0T ‘319 I9jsuwtasd Iepey
L |0T} T 6 1epuodsued]/dHA
L 1ot 1T 6 1opuodsuea]/1038301193U]
L |[0T| T 6 Iapunog Sutuueds§
L [OT} T 6 1131y Yyadeq
6 |0T| ¥ 6 1191y uoT3e3IIABN
L foT| T 6 spiepueis jusudinbg
L |OT| T 6 I9Fsuea] 3IOTTd
0T|0T| T 0T UOTI3eSTABN-01-SPTIV
L (0T} T 6 uotleaedag JdTFFea]
L |OT| T 6 gututrea]
L |0T} T 6 wa1SAg aUITaseg
9 IS | ¥ z (9-1) SONIWAVY

(penutiuo)) @IANTONI WALSAS INITASYE HIIM SHY0DS WHLSAS "9-I HTEVL

1-140



6L L8 LSY 16 0§ SW83sAg 9dUB[TAAINS
%S . L8 0TV S8 LY 8ur1o03lTUON-03INY
%S9 0°8 09¢ Z8 Sy wa3sAg jxodsseq
%S¢ 9°§ 6¢T 124 X4 9DUBPIOAY UOTISTTTO)
5S¢ 9§ 6¢t 14 124 ‘19 I931°WTIIdd Iepey
%S¢ 9°¢g 6¢T LA e 1spuodsuea] /JHA
%S¢ 9°§ 6¢T vy vz Jopuodsuea] /103e801193U]
%87 v°9 £9¢ SL TV Ispunog Sutuuedg
$6¢ 8°9 ¢T1e L9 LS 1191V Yyadaq
%9¢ VL 661 6V L2 3191y uotT3le3IABN
%6¢ I°9 8ST LY 97 spiepuels juawdinbyg
Svy 0°L vz 79 5¢ | I9FSUBLL 30TTd
507 'L 7zt 9§ 1€ UOTIBFTABN-03-SPIY
%9¢ 0°'9 142! A7 X4 uotleaedag JTFFed]
%9¢ 12N % L6T Z8 St Sututeay
%S¢ 9°9 6¢T vy vz wa3lsAg surIaseg
vpivaiod | 'S | ingos | G0k | o on SONIANAOYD

WALSAS INITASYE ONIAATONI SHU0IS WHLISAS d0 AYVWWAS ~“L-I HTEVL

I-141



8¢t

%18 2°6 88 ST SW831SAS SOUBTIISAING
518 2°6 8¢T 88 ST SUT103TUOK-0INY
%61 0°8 43 vz 14 wa1sAg jrodssed
%€9 9°L LOT Z8 A8 92UBPTOAY UOTSITTOD
$1v 8°S 0L T.L (4! *319(Q JI9louwTIod IBPEY
%98 VL 96 9L ¢T zopuodsued]/JHA
$¥9 8°L 60T 78 Al topuodsuei]/103ed01193U]
%L 9 71 A A Ispunog JurtuuedS
5L 9 Z1 Z1 'z 1191V yadaqg
$L 9 1 Z1 Z JI9TY UOT1BITAEN
5L 9 Z1 4! 4 spiepuels jusudinbg
%3ST £'8 SZ 81 g I9Jsuex]l 3101Ttd
%L 9 AN 1 z UOT3}B3TABN-03-SPTY
%22 v L LS 62 S uorieaedag OTIFBIL
$62 1°¢ Sy Z8 v SutuTel]
%L 9 rAl 1 z wa1sAg oUITaSEY
SRR | ras | weoe | 6w | doon

(penutiuo)) WHLSAS INITISVE ONIANTINI SHY0DS WHLSAS 40 AUVANWIS

“L-1 HTEVL

I-142



001

scg 8°6 6 9 SWo31SAS 9OUBTTISAING
%99 8°6 6¢ 00T 9 gutaoltuon-o3ny
A 8°L 1¢ L9 14 wa3lsAg jaodsseq
%99 8°6 6% L9 14 9OUBPIOAY UOTISITTOD
%S9 8°6 6% L9 14 *319(Q JI93suwtIsd 1epey
%SV 8°9 LT L9 12 1opuodsuea]/dHA
%St 8°90 Ll L9 17 J1opuodsuei]l/1o3edoxrejus
$9¥ 8°9 LZ L9 14 Iopunog Suruuedg
&St 8°9 Lz L9 14 3191V Yadaqg
%€S 0°8 4> L9 14 3197V uotiedtaBN
$StY 8°90 LT L9 1 _splepuels jusaudinbg
$S¥ 8°9 LZ L9 1 hommcmne‘pOﬂw&
%28 8L 1¢ L9 14 UOoT3BETABN-01-SPTY
$St 8°9 LZ L9 14 uotieaedsas OTFFBIL
%8S 8°S S¢ 00T 9 Suturea]
SV 8°9 LT L9 14 wo3sAg suriaseyg

el I s el W oty

(penutiuo)) WALSAS HINITESVE ONIAATONI SHY0DS WHLSAS 40 AYVWWAS “L-I HT4VL

I-1453



wmn. c.w 19 16 1. swo3sAg 9dUB[IILAING
%SL 9°8 L8S L8 80 SutxolTuopn-o01INny
%vS 0°8 %A 890 ¢S wo1sAg j1odssed
LS 8°9 S8¢7 vS A, 9DUBPIOAY UOISTTTOD
%C¢ Z°9 8¥2 IS W} *318(@ I°931outisag JIepeY
$ve 9 292 A It 1apuodsuea] /dHA
%9¢ S°9 SLZ ¥S YA 1opuodsuea}]/103edorraju]
%6¢ ¥°9 0¢ 09 LY Ispunog Jurtuuedg
%¢¢ 6°S 2S¢t SS P 1191V yadag
$1¢ AN 18 24 Y c¢ 11917V uotiedtAeN
%S¢ 7°9 L61 v AS spiepuelg jusudinbg
%8¢ 0L 96¢ vs YA I9JSueI] 30114
$v¢ 'L G597 LY LS uoT1e3TABN-03-SPIV
%LC £°9 807 YAy €¢ uorieaedag DOTIJeil
%S¢ A SLZ ¢8 <9 Sututex]
. .mmm . m.m 8LT 8¢ 0¢ wa3lsAg aurTaseqd
Cvrinazos | 19 | Intog | 40w | 4o o TTVIEAO

(penut3uo)) WALSAS INITASVE INIQNTONI SHY0DS WHLSAS 40 AUVIHRWAS

/-1 414Vl

I-144



When a mixed population of vessels is navigating in a given
area, the probability that collision avoidance equipment will be
available in all possible encounters requires some calculation.

It is assumed here that collision avoidance aids would oﬁly be
installed on large tankers; that radar perimeter detection devices
would be installed only on small tank vessels and all non-tank
vessels, and that interrogator/transponder systems would be installed
on all large vessels, with transponders on all vessels. Tables
I-8a, b, and c show the numbers used to derive the equipment avail-
ability figures for the anti-collision systems. It is assumed that
when an equipped vessel meets an unequipped vessel, the availability
is 50%. The availability is the sum of the products of the indivi-
dual rows and columns, summed over all the entries. For example,

in Table I-8a the availability of collision avoidance aids is cal-
culated to be:

(0.32) (0.12) (100%) + (0.32) (0.26) (50%) +
(0.32) (0.62) (50%) + (0.68) (0.12) (50%) = 22%.

I.4 AN ILLUSTRATION OF THE DETERMINATION OF EFFECTIVENESS MEASURES

In order to show how the effectiveness of the system is derived
from the operational features, the scoring details will be worked
out for the Aids-to-Navigation System of Section 5.2.9, which
incorporates the following operational features:

5. Improved Light/Buoy Techniques
20. RACONs at Fairway, Traffic Lane Entrances
23. RACONs on 0il Platforms.

Table I-9 shows the scores for the operational features and
systems associated with some of the casualties where the system
score for Aids-to-Navigation was non-zero (not including the Base-

line System).
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TABLE I-8a. EQUIPMENT AVAILABILITY OF
COLLISION AVOIDANCE AIDS
LT (12%) ST (26%) NT (62%)
LT (32%) 100% 50%
ST (68%) 50% 0
Availability: 22% (See Section 5.2.15).
TABLE I1-8b. EQUIPMENT AVAILABILITY OF
RADAR PERIMETER DETECTION DEVICES
LT (12%) ST (26%) NT (62%)
LT (32%) 0 50%
ST (68%) 50% 100%
Availability: 78% (See Section 5.2.16).
TABLE I-8c. EQUIPMENT AVAILABILITY OF

INTERROGATOR/TRANSPONDER SYSTEMS

LT (12%) ST (26%) LNT (20%) SNT (42%)
LT (32%) 100% 50% 100% 50%
ST (68%) 50% 0 50% 0
Availability: 32% (See Section 5.2.18).
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TABLE I-9. AN EXAMPLE OF SYSTEM SCORES

R [ R R| R R { R G G G G G G G G G G

Item Scored 1 2 3 4 5 6 1 3 6 7111 |17 (18 )23} 24|26
Buoy Improvements - Feature Score 6 9 9 10
RACONs - Feature Score 10 4 1 5 7 4 4 9 9
RACONs on 0il Platforms - Feature

Sqore - Table I-1 9 10 |10

Aids-to-Navigation - System Score 9 10 |10 1 6 S 9 9 4 4 9 9110
Baseline System Score - Table I-4 9 1 |10 7 3 7 1 1 2 10
Combined System Score - Table I-6 10 1410 (10 4 9 5 9 9 6 4110 9110

The probability of prevention for rammings was 48% from Table
I-5. This was found by adding the point scores in Table I-4 for
Aids-to-Navigation for rammings: 10, 10, and 9 gives 29 points
for 3 out of 6 rammings; the SPI is 29/(3x10) = 9.7, and the prob-
ability of prevention is given by 100% x 29/(6x10) = 48%. The
factor of 10 comes from the fact that each point score represents
a 10% probability. The overall probability of prevention is found
by dividing the total point score for Aids-to-Navigation in Table
I-4 by 780, 780 would be a perfect score for the 78 casualties.

When the Baseline System is incorporated into the system
assessment, the total system score should reflect the fact that
the Baseline System also prevents casualties. The Aids-to-
Navigation System is independent of the Baseline System, so the
individual scores are '"OR-ed" to get the combined score. For
example, in column G-3 of Table I-9, the system score was 6, the
Baseline System score was 7, and the combined system score was
calculated to be 9 (647 - 6x7/10 = 8.8, or approximately 9). Each
individual combined system score must be equal to, or greater than,
the Baseline System score, so that the total point score will be
also. The effectiveness of each combined system is found by adding
up the total point score and dividing by 780, which as before,
would be a perfect score. The effectiveness number which results
is termed the 'potential effectiveness." The word potential denotes
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the fact that ideal assumptions of availability and usage are still
incorporated in the measure of effectiveness. Potential effective-
ness also refers to the partial scores: for example, since a per-
fect score for rammings would be 60 for 6 rammings, the potential
effectiveness for rammings is found by adding the combined system
scores of 10, 1, 10, and 10 to get 31/60, or 52%, which is given

in Table I-7 and Table 5-6. Overall, the combined system score for
Aids-to-Navigation was 265 out of a possible 780, or 34%. This is
the number given in Table 5-6 and paragraph g of Section 5.2.9.

The availability of a combined Aids-to-Navigation system was
estimated to be 95% in paragraph c of Section 5.2.9. The net
effectiveness, defined in Section 5.4.2, is a measure which esti-
mates the effectiveness of a system to prevent accidents over and
above the effectiveness of the Baseline System. The formula for
net effectiveness is repeated here:

A x (PEs - PEBL)

NEs =

1 - PEBL

For the example worked out, AS = 95%, PEs = 34%, and PEBL = 23%.
This gives a net effectiveness for an Aids-to-Navigation System of:

(0.95) x (34% - 23%)

NE_ =
s 1 -0.23

14%.

That is, if the Baseline System were installed and operating, the
addition of an Aids-to-Navigation System could be expected to
reduce further groundings, collisions, and rammings by 14%.
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