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NOT ICE
This technical study examine s 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 endoTse prod-
uctS or manufacturers. Trade or manufa c turers ’
nam es appear here in solely because they are con-
sidered essential to the objectives of this report. 

—.



~~~~~:-;: 1/ ~~~~~~~~~~~ II / .

~

, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /

T.ch.sic.I k.~.rt D.cuus.mtati.a Peg.

~~~~~~~~~~~ .L~~~ .. .. EL. L ~~,....,. ...... . ~~~~~:i~~i
— 5 5 - 7 8  _________________________

4. ? ,i. .., . 1 . _____________ 
- 

~~~~~~ o.~i 
‘
~~~~~ 

-,

OFFSHO RE ,YE SSEL IRAFFIC MANAGE MENT (Q~D4) STUDY 1 ~2;~ 
• 

Au~~~~~
Volum e Till ~ Appendixea 

4. f.. ’ • ,.., C.d.

__________________________________________________________________________________ S. ~~~~~~~~ ~~~~~~~~~ R.po~ N.
7 . A~,tho, 1 ,)

R. Bland , R. Kalafus , R. Wisleder , et ai , * DOT-TSC-CC-78-l1 , III
9. P.d..~ ,n, O.g~~.z.n.. N... ~~d Add .... 10. W.,k Un,t No. (T RA IS I

U. S. Department  of T r a n s p o r t a t i o n  C G 8 1 6 / R 8 0 0 7
Research and Sp e c i a l  Programs Administration 11. C.~u.ct .. G...t N..
Tr ;tn sportation Systems Cen c
Cambrid ge MA 02142 ~~~~~~~~~~~~~~~~~~~~

12 . Spr.r i.~ A9.flcy N... and Add .... ( ..~~Fin~4 ~
‘ef.rt.U. S. Department of Transportatio Aug/~~~77~~~~ Jur~ d78United States Coast (;uard

Office of Marine I.nvironment and Systems ~ ~~~~~~~~~~~~ --~~

Wash ington ~~~~~~~~~~~~~~~~~ _________________________

~~~ ~~~~~~~~
I_I

~~
.N.iJ

R. ~~~~~~~~~~~~~~ \. R.~~ ILI~ ,~~~~~~~~~ ~~~~~~~ L
F, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I) . G l a t e r , •J. LoV~~~~’~o, a_____ 

nd
i se  ma n

16. Ab.h.c’

The objectives of the study were : (1) to analyze the causes of tanker and other
vessel casualties that could potentially result in oil pollution , and (2) to evaluate
various alternative vessel traffic management systems and techniques for the preven-
tion of oil-polluting casualties in the U.S. offshore waters. The geograp hi cal areas
of interest are the waters from the U.S. coast out to 200 NM around the conti guous
48 states , Hawai i , Puerto Rico , the Virg in Islands and Alaska , except the area north
of the Aleutian Islands. Three types of casualties are addressed in the study:
groundin gs , col l i s ions , and ramm i ngs. Vessels included in the study are tank
vessels (tankers and tank-barges ) over 1000 gross tons.

The an aly si s of the causes of tank vessel casualties is performed mainl y with
the Coast Guard Merchan t Vessel Casualty Report (MVCR) data base covering the period
from July 1971 to October 1977 . Othe r data sources ~urveyed include : the Lloyd ’ s
Weekly Casualty Reports , the Tanker Casualty Library of Marine Management Systems ,
Inc. , and the Coast Guard Pollution Incident Reporting System. The nature and char-
acteristics of tank vessel casualties that occur in the U.S. offsh ore waters are
described . Systems and technique s considered as alternatives for preventing these
ca sualtie s are identified , evalua ted again st each casual ty and g i ven an overal l
rating of casualty prevention effectiveness based on criteria which are defined. The
promising systems are selected and conceptual descriptions are presented including
the operational features , technical desc ri pt ion , co,t , staffing and training required ,
and legal implementation considerations .

The report is organized in three volumes: Volume I -- Executive Summary ,
Vol ume II -- Technical Analyses , and Volume 111 -- Appendixes .
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PREFACE

The Offshore Vessel Traffic Management (OVTM) Study was per-
formed in response to Presidential Initiatives issued in March

1977 which were a result of the Argo Merchant oil sp ill 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

oil spills from tank vessel casualties in the U.S. offshore waters .
The OVTM Study was referred to in the Presidential Initiative s as
“a study of long range vessel surveillance and control systems. ”
The Transportation Systems Center performed this work in support of
the t.J.S. Coast Guard and the Office of the Secretary of Transporta-
tion . The stud y effort was initiated in August 1977 and completed

in June 1978.

This stud y was directed b y the Coa st Guard Por t Safe ty and
Law Enforcement Division with specific guidance by the following

individuals: CAPT Richard A. Bauma n , USCG; CDR Eugene J. Hickey,
USCG; Mr. Don Ryan , and LCDR John Ban nan , LJSCG. Special recogn i-

• tion is given to the Coast Guard Project Manage r, Don Ryan , for

his many help ful contributions to , and close association with , the

TSC study team . Other contributors were : CAPT (Ret. USCG) Harold

Lynch , CAPT Ar thur Kn igh t and CAPT W il l i am M itchell , a l l  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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A P P E N D I X  A

EXAMPLES OF MERCHANT VESSEL CASUALTY REPORTS

Two repres cntat ive merchant vessel casualty reports , repro-

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 Investi gating 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 cich 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 si gnificant difference is the extensive nar-

rative contained in the Findings of Fact prepared by the investi-

gat ing 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/~.:~ IS 21879
18 Octo ber 1977

VI RST FNDOR~~~~’~~T on I. 0., Philadelphia, PA report 16732/X 11S 21879 of
j r~ Oc tober 1977

From: Off icer  In fh ar ~~, Marine Tr~ pection , Philad elphia , PA
To: Cor~vna ndsnt (‘i—~r ’I-l/~3)
Via: Coin~~nder , Third Coast Guard r ist r ic t  (mv s)

Subj: Mtg , (Sr i) , C .!:. ;~~~~~ 
GroundinC, entrance to Delaware

Bay on 19 September 1977 , with rio personnel injuries ar~i no pollution

1. Forwarded, approved .

2. A copy of th18 report has been forwarded to Commander, Third Coast Gua rd
District (oan).

3~ The ori~’ina l form CG—2692 for the was forward ed with the
year-end report.

(mvs)
27 Octobe r 1977

SECOND ENDORSEMENT

From: Comande r , Third Coast Guard Distr ict
To: Conaiiandant (G-MMI-h/83)

1. Forwarded app roved.

A . N. -SCHROEDE R
By direction

Copy to:
MIO Ph ila.

A- 2



DEPARTMENT OF TRANSPORIAT LONI ~/“ >\ M A I L ~~~~ AO~~~~i~~~

~ ./ ( ~~~~‘~~ ~ UNITED STATES COAST GUARD Officer in CharGe
~~~~~~~ In~~’ction

~~~ 1;.~’ R ~ DV Li) 801 Custom ~ouse
Philadelphia, PA 19106

OCT 2 6 ?~77 
(2l~) ~97-l4337

16 732/M ~rrS 218 79
• S F ~~

( 18 October 197?

From: Investigating Off icer, Philadelphia, PA
To: Commandant (C— - 1-1/83)
Via: (1) Officer In Charge, Mari ne Inspection , Philadelphia, PA

(2) Commander, Third Coast Guard his trict (mvs )

Subj : MtJ - 

, (SC ), U.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 c~ np 1eted ; a narra#iv~ reportwill not be submitted.

2. The proximate cause of the casualty was an error in judr’ement on the
part of the “aster, in that he underestimated the effect of curr€ nu on his
vessel. The vessel had slowed to h to ~ knots to pick up the nilot ar1d wasset to the rirht by the tidal current,, groundin~’ softly on the stjirseardbow, shortly before the pilot arrived en board.

3. The vessel was boarded by personnel of the ~ar1 ne Int~pec .ion Office, Phila-
delph ia , Captain of the Port, Philadelphia , ann  At lantic ~‘trike Team. There
was no apparent dama~ e and no 1.055 of oil.

Ii. The ves~e1 was reflo~ited at 1200 19 ~enteaber 1977 and continued
lighterirg to Interstate Oil Barge •. The versel war urs~ble tr~ ret u :dFr-
way because a mud—clogfed strainer caused the loss of a Generator. ‘!h~vessel regrounded in the same position on the por t quarter a t  1f~30. The
vessel continued 1i~!hterin ~ until h i Gh water at O1~O, 20 ~eptembe r  19~ 7 when
the vessel was arain afloat. The vessel was moved urue r its own power and
without incident to Bi~ Stone Anchorage in the Delaware Pay.

~~. The aids to navi~’ation in the area were checked on 19 Sept€ru.t~r 1977 andwere found to be watchi re ’ prope rly .

6. The !~aste r’s comment in block 3h points to a need for action on the part
of the Coast Guard for a char ’e in aid in - dr.en draft ves~c1s er~ ertr:, rjela—
wa re Ray. The t~aster~s recorrj 4endation would present one approach which mic~ht
help to reduce the possibi lity of groundln-s. An alterna tive wculd be to
move buoy R “2A” , ]i~’et list number 2O9~.]O, approximately 1.2 mIles te the
west, which would prevent traffic from hem p I’d into th r  vicinity of the 37
foot shoal area , one mi le west of the buoy’s current posi tion. This recom-
mendation has the support of the Captain of the Port , and the Marin e r ’s
Advi so ry Cc...  ~ittee.

A- 3
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167 32t4M rs 21879
18 Oc tobe r 1977

Subj : M,.~ , (h r . ) ,  O .~!. ~~~~~~; Grounding, entran ce to t ela—
ware Ray on 19 hept er rb er  1977 with no personnel injuries and no
pollu tion

The Maste r ’s comment that deep d ra f t  tankers should not enter the bay
a f t e r  dark is not concurred with . Pilots routinely br ing  vessels in  with-
out incident. The movement of vessels duri ng periods of poor visibility
is already adequately controlled by N avigatIon Rules.

7. 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,
negli gence, or violation of law or regulation on the part of lic nsed or
certificated persons, nor evidence that failure of ‘Inspecten ma terial or
equipriEnt, nor evidence t~hat any pers onnel of the Coast Guard , or any other
government agency or any other person contribu ted to the cause of this casu-
alty. Therefore it is recommended that this casualty investi~at 1on be clo sed.

D.J.WIRTYN 1’

Enc].: (1) COT? 221810 Z Sep 77

A- 4
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REPORT OF VE5$EL cAS~UAI.TY OR ACCIDENT RZPOIt TI C ON T k CL . IYMROI
(: C .2( ,Q~ ( R ’ v .  I 2-7(u

1NSThUC~ IONS
1. An original and two copi es of th is loris she l l be eubmltted , 3. ThIs form shou ld be compLet ed In full ; blocks wh ich do not

without delay, to th. OUic,r in Charge, ~4crto, li ap.ction . in spp ly to a parti culac case eb~ u ld be w i.ic.ted ss “NA ” .
who.. dl.trict the ca u sa l l y  occu,ned. or in whose district the Where anew. ,. a,. u,.knoun or none they shoul d be m di-
vessel  (list m ired alter a,.c.i, casu alty. est ed as such MI ~opi.. shojld be eI j~ued

2. li the pc-rams r.,aking the re-n~.rt a a Ucensed of f ic e r on a ,.s. NOTE~ (1) Neporl Ml d .sths 55.4 I: ~utIsS , wh ich Incaps c it et e
eel reqolied to be manned by su ch officer , he mus t mats the In .ec .ss of 72 hou ri . on co-924E wh ether or not
leport In writing a~d in p.l.o. t o the pro~,cr Marina Insp ct or . t hor. wee s v ess el cs.ual t ~
If bscsuae of dist ance it n c y  be Inco * .v . uI--nt ~~ such an oIl 1- (2) Attach separate Ears. CC.-924E to th is report fo e
c.r to euhrntt the report In 1MtROn , ~e may sub mit t)r• requiz d each parsor ku .d ot Iniwed end incapacitat ed i.n
somber of cop ies by mail. l wev.r , to ev ~ ld lelsy in lnvsati - .Icss a of 7 hous e as a r sull of the v esse l
gaUoos , it Is d.aired th at report s be sub mi tted In person. cssua t ty reported herein

TO : ttT ( SUII.ITT ED
Off icer in Cluargo, Mar ine Inspection. Port of Plüladolphis 19 Sept 1977

I PARTIC U L#RS OF YE SS~ L
I NAMC UI YEiOEI. 2 op rpc ,,,t . t eases 3 riOesi POsT 4 NATICNA,I.ITV

________ _________ ______ 

Singapore Bing,tpore
5 Type OP V L S 3 L ’ .(Prt., paaa., lb.., .l.j 6 PCOPULSION(31.e..41s.eS,e(c) 7 O 5 ~ S~ TONNAGI $ atei$T(s(o u NIT S, 05 5. 0 A

tanker Diesel 51,501 797.24’ log
9. HULL MA ILS ALt $0 YLAfi JI~ILT fTi~i,To IourP,aern

steel 19(4
T5*MIMIT SICS IV ( VOS C ( CS (Xay)

12 (~)NA oAPS Lou ;~~rtc ~~~~~~~~~~~~~~~~~~~~~~~~~ oPts *Tt,sG aT h u t  or C~ P~? ¶ ‘  -ri YE S 0 ~O D rio ~“ “ I

13 (e) Ct~ ’ .~ 
- ‘ 5 YCE C TI O N PSS U(h ,,’’ • )~~T oP (.~) DAT e c tNT ,,, ca Tt OP ,risP CIiori t~~ t )tO

LC)LAS ~1g or~~~
,.__________________ 2J26176

4 (
~~ 

MAul OP MAITES OS. r Ip~~ N IN CNARG( (Indic .ta sAsicli) (hi OCTI OP 555TH fre) LI CENSeD CV COAST 0UA50

_________________________________________ 

9/4/30 1 o ~c’ NO

I5(& NAM E OP PILOI(7t0, . board .I ile,..f .ccidsmt) fb) PIL OT CEIVIj iG ~ptD(P A uTI4OaI 1’V or LICENEE ISi UFO sr
none ~~ 14/* 

~J 
S~~ Tc 0 rod eo ,

I~ (~ 
ssaui or ouNcri(S) op AroiT~i~a AGe N T findi n g. *f.IcAJ (hi co as ts , cc oIwEN(s) . o recahos (s)  - OR aecri~owner Singapore

o~~~ p.tor
____________________ 

II PARTICULARS OP CASUALTY 
_______________________

~ (a) Dale OP CASuaLty 1?~~
iiMI OP CASUAL TY(L.cal •‘ 17’) ZO~ t DCS CCIPTION [i~ I nut or say

9/19/77 I O4~~~~ED’P I ~~~~~
j 0 5Y ~~~] u I 0 5 4 T  fl iulLici lT

• I ~ LOCaTI0A Or CASUAt TY (j..sSErde and lon~ l f t , ’.. as,.,.. .4 T.~t’Z b.mifng he. chart.4 abJ.cI~ ~~ek~ an.J.ers4w sic.)

- 
Latitude 38”47.9’ Longitude 75” 00.8’ _______

I~ b o y  or eATtR(0..g,.~~hIcatn..se) 2i) CULLS UI ThE 50*0 *i’Pt . ICACLt  J INLAN D [
~
) S RL AT LA k ES s ISTER,, N I V E A C

~1~~~
raxlCe ~0 (~ 

INT L uNA TI O NAL 
~~ 

0 T W t 5  (Specify)

21 (a) ,D c* s 17y ocCu~~ - . . I LC LmotR,Av f,~~~~~~~~~~.NO~~~~~~__ - ______— ____

(b) II YIN s *t~ pn~
y or DE psRTL ’ Ne (MIP VII. mItRE SOUND VH~iI CASUALTY OCCU*NC 

—________

Rae Tanura , Saudi Arabia Mobil Paulsboro (Philadelphia
22 (~ ULATNIC COtOl  TI ON S • “ tN CA SUAL T Y OCet ,R5t0

CT’~ 
Q~IAa j PA RTL Y LLT UDV ~~~ O VI P C~ IT f~J roe f’•] CAIN SNOT omi. (~eeeiVy)

(b, $ V S S I N I L I T t .TU.. .pde..Ii Sin.) (~~ 
RIND I.IRLCTIQII ~~~~~ GNC( IN INOYC 1(1) AI~ Tt s rtNA TUs(

2—4 miles west 4 kta 0 ~~‘ NO 22 C
23 (a)SC* C.OSIDITIINI uNtil (W I L Y  ‘AILS TC~~ (ØNt1 11 0? GIA (ci DIRECt  ION OP SIA (e)HEIGMT OP svt t , iTj ’~T~ ct ,ori OP $515.1

CASUAL TY OCCURRED (.1 a.eig.bi.J

light 21 C 1 to 3 ft.  SW none none

24.(a.$NATUN t or c*mao (sp..u~ T f f i a o~’NT OP aNy CY sm, 
~~ A~~~ SAT 01 HULA 410u sD (dIAMOiJI’ OP EtCI I

(t on~ f uriAl NOK~ ( . n4 ‘.itt) (Lw4 A M, )

light Arabian Cri4~~ ~~~~~~~~~~ 678,513 bb].. none

2’ (5)O .SrT IO5uA4~~, 08” 
(a )D5A~ T 

48108n

26 (ai rYlts or t, IP f$ AVING LUUIPNENT USED . I r All y (W NO .L 11t3 SAV E D VIT i~ l.lPt ~ (c)LI IEI A VI NJ IOUI’ itk T SAIIS ’
$ A V l N~ COUIPN LNT ?ACTC R,’

none NIA ~~J YEs D~~~1ne~~siias.i ie

‘ R CV IOU S EDITION MAY HE U.,PD (Ovar)  
—
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CII. 
~~~~~~~~~~~~~~~~ A I T I M A T I D  L O ’D*M~~ L,, TO ,YO.,R vi D III 

— ~~~~~~ ~~~~

NUMSIC Oil LOANO 30 0 0 ~~~~~ 
L~ OAMADS TO YOUR (*504)

D(AU 1MISS I NG I S T I M A T I D  I ( jS S t UAMaljt TO OTNI P’ P54 ’, , ( CT n  $ 
—

154(51S T I TATI Ii(o,*, I d.r.) , 
~ 

(Sparely wh.I han sa...g, dock hrSd l. , .rr . )  none
29 NA TIJRI Of 

- 
TUI A D I A L  TV (Cl.~ $ an. en inn, . OS Ike loll ~~,4n~~ OS.. p.,iIn.n~ daI.SI. In Clan JO ) 

________ —~~~~~
COLLISIO N T I T H  OT H IR Vt S .IC (S )  (Spacli p) IOP LOS ION / l I R t (0th.,)

-__ _ _  X 5.5UUND~~~(. 
_ _- —____

POU NOIS (Inking)
COtIllION SITU I L O A T I N G  OR SU5MtSGtO O 5i tCY~ C A P 5 I Z I N r ~ NI T ’~,: I Y I N V I N G

CO,,LISION 11TH 11510 OSII CTN (P4.,.. bfld~aa u.n.) 11,000 114 0 SSAUPI N( .  S NIT HOSJ T S I N S I NY

COL LISIO N S I T U  ICE H e A V Y  StATiit N 0*14*04

C.OtLlt ION s I T U  A I D S  10 NA V I G A T I O N  CAN(.~ 0*51*01 (No n*...S danag.)
COL LISIO n (0th,,) M A T I P I A I  I A I L U R S (V....l aUort.,ru)

I APLO SI ON /I CI (lnvolngng range) MA V l S I  a: IA IL U NI (kngl n.e,ing ma~hin.,y, lnnlndind .n.i n
— ~~~~~~~~~~ .— — — —‘ — ‘ — ‘  — “ -  — -  - — - . -  ‘

~~~~ ‘ pnipUl.IOfl . .uil!1afl5 * boils,. •rapo,ale~a, d..k ..achin.,y,
e X P L O S I O N / P SI (M~ o5Wng n....I’ . loal) .laniHnal , ai r )

P I N E  (Va...I . .gs ~rIu,. ci .qulp,,,anl) I 01)1101 N T I A I L U S I

EXP LOS ION (Della, arid ..aociaS.d pang.) CA S UAL TV NOT 545141 0 *5001

(SPLOSIOU (P,..au,e n..a I. and cou,p,an.d In cyllnda,e)
30 OAS CR IPT I ON OP CASUAL TY (Evans. and clan.,aiann.. Ieadln~ I. casualty .ildpna..rii aSs., is occu,r. d. . ASIanS. diagn.,, .,d additional

•iseere. II ,iac...a.y)

Vessel was approaching Delaware Bay through Delaware to Cape Henlopen traffic Lan •

The engine WaS put slow ahead wai ting for the pilot at 0425 due south l8O’~ 9 mile

from buoy R2A (radar f ix ) ,  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 (270) .85 miles. Vessel grounded on Stbd bow.
Vessel floated free at 1200. Regrounded at 1600 as tide went out. Vessel at anch r5

— 
Generator undergoing repair not related to grounding.

SI OSMAGA (Ole, bde. gana,al d.ac.lpSI.n and d ais II ...asl 5s .5.1a1 l.... )

No apparent dam age , pending bottom aurv eye Sounded forepeak , cofferdams, ballast
tanks , took u11~ge in cargo tanks. No loakage found.

III ASSISTANCE AND RECOMMENDATIONS
32 AU TO Al A~~ YAAN,dI TIED 5Y YOUR VASS IL :  0 -rca

33(s) aISIXTA NC I NINOI R ID bY STATIONS AlS O V L ISLI . 5 (fg, cj ..de C...I (b) OTNL U A SSIA T MI C E leNI)E510
Qa.nd and sill,, .1.11.,. and reside)

Lightering by Interstate Oil barge

140 and tug Ringer none

31 •IC(..e.DIDATIONR ION CONRICTIVI SAPLTV ME A SU RE S PESTIlE NT TO TH IS CA5UALTY (ledud e e~~lanaiI.n .1 .,.dl.l. cs.,y lil..ewg-,.—~~l.I u

Recommend that pilots board ship at the end of the traffic lane “DC” buoy.

Deep draft vessel with cargo oil should not enter channel to Bay &fter dark

or in poor visability.

TITL E . SIeaIATUNI
Mactar

“ 5-.—,
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I 6 7 3 2 / C — 4 7 — 7 1
9 August 1977

FIRST r~1r )R~ 1~MENT on Inve~~t i ga t i nq  O f f i c e r  CC 74~ O Jun ’iu ltr 16732
of 22 Ma rch 1977

From : Cominandinçj Officer , CG Marine safety Office , Anch or~ige , AK
To: Commandant (r,—MM I— 1)
Via : Commander , Severi t ’i’nth Coast (‘.uard District (m)

Subj : MV — U. O.N. ; qrounuin j off flri~;t For l an d ~; ,
Cook Inlet , A K . ,  on 5 October 1976 , withou t loss of life.

1. Forwarded approved .

2.  MSO An chorage Case Number C - 4 7 — 7 7  has been ass igned .

3. A report  of violation has been ~:uhmitted concerning Capt.
act ion in this incident.

4. A Water  P o l l u t i o n  Vio l1 lt ion  Repor t  has becn submitted for the
sp i l l  rer~u l t i n g  from this casualty.

5. A source—fact letter will be forwarded to OCMI Houston , TX.,
the por t of C~ipt~iin — 

last known permanent home addres r; ,
for such action as tha t office may deem appropriate .

Copy to:
MSO Juneau

16732
12 August 1977

SECOND ENDO RS EMENT

From : Cotmnander , Seventeenth Coast (‘.uard D i s t r i c t
To: Cousnandant (C—MM T— I)

1. Forwarded approved .

2. Alleged v iolat ion  is under review. / -

V . i ~. cox /
By direction

A- 7



DEPARTMENT or TRANfIPORTATION 
T.~ .

UNI T~~L) SlATES COAST GUAHD Corrun a r i d i n g  O f f i , - e r

~~ 

<
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Marine safety rjffj ((.

\~ ~~~~~~~ 
6 12 W I l l o u g i h y Ave 

~~~~~ Juneau , A l a s k a  ~~J 8 ( ) ]

TELE : ( 9 0 7 ) 5 8 6 - 7 2 ~~
167 32
22 March 1977

From : Inves t i g a t i n g  O f f i c e r , MSO Juneau
To: Conrnand ant (G -MMI)
Via : (1) O f f i c e r - i n - C h a r g e , Marine I n s p e ct i o n , Anchorage , AV

(2) Commander , Seventeenth  Coast Guard D i s t r i c - t ( m )

~;I1 ~~j :  M/ V O . N .  ; ground in g  o f f  E ast
Forelands , Cook Inle t , Alaska on S October  1971, , wi th -
out lors  of l i f e

FINDINGS OF FACT

1. The H/V L , ,  grounded o f f  Eas t  F or e1an dt~ on
S October 1976 in the approximate p o s i t i o n  of 6O-4~L 9 r ~,
151-29W. As a r e s u l t  of th i s  c a s u a l t y  ex tens ive  bo t tom
damage was incur red  and approx ima te ly  9421 bb ls  of JP -4
cargo was lost or not accounted for .

2. Vessel d a t a :

NAME
OFFICIAL NUMBER
SERVICE : TAN KER
GROSS TONS : 17 , 1 3 4 . 1 5
NET TONS : : 11 , 886
HULL MATERIAL : STEEL/WELDED
LENGTH : : 563.8’
BREADTH : 84.1 1
DEPTH : 45,7’
PR OPULSION : OIL SCREW
HORSEPOWE R 14 , 000
HOMEPORT : : WILMINGTO N , DELAWARE
OWNERS : TRUSTEE
MASTER

_ _ _ _  

—F
LICENSE : LICENSE N UMBER

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

A -8
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16732
22 March 1977

Sub~~: M/ V , O . N .  grounding off
East  Forelands , Cook In le t , Alaska on 5 October  1976 ,
wi thout  loss of l i f e .

LICENSE(CONT.)  : HILLSBOROU CH BAYS AT
TAMPA FLORIDA , AND FROM
JUNCTION OF “K” CUT
CHANNEL , FLORIDA POWER.
CORPORATION PLANT , WEEDE N
ISLAND , FLORIDA , ANT)
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 resul t of this casualty the vessel received extensive
bot tom 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 , da ted
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 casual ty  was as fo l l ows :
wind n o r t h e r l y  force 3 (Beaufor t  Scale) , temperature  50
degrees Fahrenhe i t , Barometer 2 9 . 7 6 , seas s l i gh t  w i t h  a
ligh t chop , sk y overcast  wi th  a li ght d r i zz l e  and v i s i b i l i ty
8-10 mi l e s .  The t ide ared ic t ions  at 0912 for 5 OCT 76 were
taken on Seldovia for East Foreland and was a plus 1.7 feet.
The current  was taken o f f  Wrangell  Narrows for Nik i sk i  and
the predicted velocity at 0912 for 5 OCT 76 was 3.344 knots.
One radar (3 Cen t ime ter) was opera t ing normall y and was in
use at the time of the casual ty. The other surface radar
(10 centimeter) was inoperable . The mate on watch used the
radar to obtain ranges and bearings from fixed oblects and
relied soley on this method to fix the vessels position . All
other navigating eauipmen t on the bridge was operating normall y.
All times used in this report are Alaska Da,light Saving Time
(ADST) (+9) , unless otherwise indicated. Navigational equipmen t
particulars aboard the vessel are as follows :

RADAR ( 3cm)
RAYTHEON SELENIA
Model l645/ 6XB
16 inch cathode-ray tube
Built 1972
True and R e l a t i v e  bear ing  c a pab i l i ty
Bearing resolution--1Y. or better
Range resolution-- -better than 75 yards

A-9



167 32
22 March 1977

Subj : Mi’) , O . N .  ; frounding off
East  Forelands , Cook In le t , A la ska  on 5 October 1976 ,
w i t h o u t  loss of l i f e

RADAR(3cm)(CONT.)
Range Scales- -½-l~ -3-6-l2-24-48 miles

RA DAR( lO c m )
RAYTHEON SELEN IA
Model l 660/ I2SB
16 inch cathode-ray tube
Buil t  1972
True and Relative bearing capability
Bearing resolution--17. or better
Range resolution- -better than 75 yards
Range Sca1es--~ -l~ -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 commenced 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 tri p the vessel
engaged Captain 

_______________. Captain~~~~~ holds U. S. CoastGuard 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 oeriod of five
years. Captain~~~~~ also holds a State of Alaska , Department
of Commerce , license which states on the face:
“This certifies that has fulfilled
all the requirements oUthe 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 , Al aska where the vessel
discharged a partial load of JP-5 jet fuel cargo . The vessel ,
hav ing comple ted dischar ging cargo a t Kod iak , had 18 of the
21 cargo tanks filled. The three em ty tanks were number
fours across. The M/ V — 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 bLis of cargo remaining on board. The vessel ’s dra rt
reading just prior to depar ture wa s 27 fee t 2 inches forward ,
32 feet 9 inches aft. The master estimated burnoff and water

A - b  
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22 March 1977

Suhj : ti/V 
— 

O . N .  f r o u n d in g  0 f f
East J ’ c , r e l a n d s , Cood I n l e t  A l a s k a  on 5 October  1976 ,
w i t hout  loss  of l i f e

~J 5f l ’( ’ in an y  2/ hour pe r iod w o u l d  not exceed on e (1) inch  n er
da y .  The purpose of t i e  c a l l  at  N i k i s k i  was to load 25 , 000
bh l s  of diesel . A f t e r  t h e  vessel had t a k e n  d e n ar t u r e  a t  Kodiak
and was o u t s i d e  p i l o t  w a t e r s , C a p t a in  ,~~~~~~~~~~~~ t h e  p i l o t , was re-
I ieved  of a l l  n a v i ~ y i t i n~ r e s p o n sih i l i t i e s  by o t h e r  s h ip ’ s o1~~i—
ccr s . As was discussed i e t w e e n  t he  mas te r , C ap t a i n 

—

and the pilot. , Ca pt a in , it was determ ined the vessel was
to proceed at si ow snei d w th  one ( f l 5~ inc (St  ar b o ar d )  in o r de r
to ar r ive ; I ] o r d y ; i d e  the p ier at Nikisk i a t  about  1000 . This
woul d be a p n r o x i n a t  el y low slack w ; t  er  on the morning o I t he
5th of O c t o b e r  1 07 6  D u r i n g  the  c ou r s e  of t h i s  con v er s a t  ion
the p il ot r e o t i e s t  ed t h a t  he be p er rn i tted to anchor  the vesse l
before going i n t o  U i k i s l ’ i b e c a u se  of the  l o n g  per iod  of t ime
his services would he required. The Mast er C ap t a i n
told Captain this would not he possible. The mast er ad-
vised that u n i o n  r e g u l a t i o n s  r e q u i r e d  the vessel to provide a
liberty launch if they anchored . Condescending to t h e  M a s t e r s
wishes , Captain ab r r ed to remain  on w a t c h  and t ake  the
vessel Into N i i ’ i s  i even though th~ watch  would be more than
8 c o n s e c u t i v e  h o u r s .

6. The vessel proceeded without incident and at 0110 on the
5th of October 1976 Cant a in ~~~~~~~ aga i n assumed t h e co n o f t h e
V e s S e l  l1~~0fl en t e r i n g  p i l o t  waters. The vessel progressed into
Cook In le t and at about 080f) t h e  third mate , Mr.  , re—
lieved t h e  mat c’ on w a t c h  ‘ n d  n o t  ed t h a t  (‘,nnt ai.n was con-
n i n g  the  v e s s e l .  M r .  ~~~ f i xed t he  vessel ’ s p o s i t i o n  a t
0806 by us i ti~ a radar r a n ~’e and b e a r i n g .  At 0825 a n o t h e r  en-
gine was placed on the line to speed up the vessel and provide
sufficient power for  m a n e u v e r i n g  the vessel when coming along-
side the ber th at Niki ski . 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 came on the ~~dge at about 0845 and look-ed a t  the pos i t i o n  t h a t  had j u s t  een p l o t t  ed by Mr .
The master conversed with the p i1o ~ concerning the arriva l
ti m e and dir ec ted the Chief Engineer to provide the water and
fuel report so t h a t  it could be Included in the arriva l messac~e.It was t h e  m a s t e r ’ s i n t e n t  i on  to t a k e  arriva l at 09~i0. The
mast er drafte d a messa~y after obt aining the e s s e n t i a l  in fo rm-
ation and decided he would person all y take the message to the
r a d i o - r o o m  in view of th e  t ime r e m a i n i n t ’  be fo re  he wou ld  he
fl ( . ( .d ( . ( I  c~~~ t )~ r. h r  r!~ ’( The t I a~~~’ r r I n  Vr~ H 

‘ i!’  and  a g ai n  on
m o r n i n  ( 1  5 ( h t o h e r  d i r e c t e d  !r .  t o nay sne cific rind
particular a L t  ‘ n ti o n  to t h e  pi. i ch  c ) n t  rol when  t h e  ve s s e l
began to  maneuver . The purP ose  of t h i s  was to observe any
malfunction in the pitch c o n t r o l  i m m e d i a t e ly  in order  t h a t

A - I l
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22 Marc h 1977

Sub] : M/ V , O N .  ~~~~~~~~ , grounding  o f f  Eas t
Forelands , Cook In l et , A l a sk a  on 5 October  1q76 wi th-
out loss of life

corrective action could he taken in time to avoid any c~’sua1-
ties. The p itch control had previousl y malfunctioned during
the approach to Kodiak and the master wanted to avoid a repeat
of this incident. The Chief Engineer repaired the previous
minor ma l f u n c t i o n  in the  system and there had not been a re-
curranc e  s ince the  Kodiak  i n c i d e n t  . Captain — order
to pay particular attention to the pitch controls required the
mare on watch to be in almost constant attendance at the pitch
control panel. As a consequence , the mate had little time
availahie for other required navigational duties . Having
given specific Instruc t ion , and drafting the message , the
Master proceeded below to the radio-room at about 0900 to
deliver the arriva l report.

8. At about 0906 , when buoy 2 was just abaft the beam , the
pilot , Captain , ordered the  helm to he put right 15 degrees.
When the vessel  ha changed course from about 010 degrees (CYPO)
to about 060 degrees (GY R O) the p i l o t  ordered the h e l m s m a n  to
s t e a d y - u p .  When the helmsman called out 064 degrees the  n i lo t
ordered the helmsman to hold course .  This course was m a i n t a i n e d
for app rox ima te l y 6 minutes when the pilot gave the order to
come r i g h t  w i t h  15 degrees r u d d e r  and to come to a head ing  of
090 degrees (GYRO). When the vessel was passing about 080
degrees the vessel began to vibrat e. The h erms m an  de sc r ibed
the vibration as feeling the eng ines or the nitch control
had reversed. The helmsran visuall y observed the pitch control
and revolution gages and both appeared to be no rma l .  H a v i n g
observed this , his first impression was that the vessel had
run aground. Approxim atrl y 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 amidshi ps.

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 comp lete stop . The mate , Mr.

noted a strong smell of cargo (JP-6) 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 crewmernbers that cargo had spilled and to exercise
all necessary precautions to prevent a fire or explosion .

A~ l2
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22 March 1977

Sub] : M/V 
— ‘ 

OJL grounding o f f  East
F o r e l a n d s , Cook I n l e t , A l a sk a  on 5 October 1976 , wi th-
ou t  loss of l i f e

9.  C a p t a i n  , who was at the radio-room w i t h  t h e  Chie f
Engineer , felt the vib rations and proceeded immedia te l y to t he
wheelhouse. The Chief Engineer noting the same vibration de-
parted immediatel y to the engineroom . Upon arriva l in the
wheelhouse , the mas te r  inqui red  as to what  had happ ened and
assumed control of the vessel’s operation s . Captain ~~ —noticed the engines were stopped hut were still engaged and
that the vessel had taken a pronounced starboard list and had
reached an attitude of almost 12 degrees . Captain
simultaneousl y pushed t:he appropriate buttons to disengage the
engines and called the engineroom to confirm the eng ines were
not eng.aged.  Having spent a few moments  a s s e s s i n g  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 , pungen t odor of the vessel’s cargo . Having brief-
ly assessed the situation , Captain directed the Chief
Mate and the pumpman to commence gravitating cargo into
num ber 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
m i n u t e s  enoug h 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 Li gh t  and directed the radio operator to
notif y the t .’. S. Coast Guard in Anchorage , Al aska 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 tank s and spaces to b e t t e r  assess the damages .
It ~as reported t h a t  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. 

— 
advised the master the vessel

was drifting and had way on. Captain — 
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 , 151-27.8W .

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 prev ious experience
in the af~~~and was very famil iar with a l l  of the surroundings
and waters. While Cantain was piloting he last noted
the radar at about 0705 in the r:orning arid more or less took
a r a ng e  of ~ K a l g i n  I s lan d  end n o t e d  t h e  ies’~el ~as ~h t t  i,
m i l e s  d i s t a n t .  Based on his ex perience in the ar ea an d h i s
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22  M a r c h  1977

Subj : H/ V 
— 

O .~~. ; grounding off East
Forelands , Conk Inlet , Alaska on 5 October 197 6 , with-
out loss of life

local knowledge , the p i lot  a lso  t e s t  i f i e d  t h a t  he  had not
used the chart and was relying solel y on searan ’ s eye as his
means of fixing t he  ves se l s  p o s it i o n .  Captain ~~~ stated the
position placed on the chart I) the third mate Mr. , at
0906 was in error. Captain did not question any other
pos i t ion  placed on the chart b y Mr. and assumed they
were all correct. Captain • offered into testimon y exhibit
AA which was chart 16660. On this exhibit Captain~~~~~ haddrawn a reconstructed course line from the 0845 position to
a 0901 position. In 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 recon-
struction of the trackline p laced the vessel in good water and
clear of the known charted shoal area . However , upon f u r t h e r
inquiry and reconstructing the vessel ’s position and a track-
line a second time and using the v e s s e l ’ s sn e e d  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 wbich approxis~ared the actual conditions en-
countered , this second reconstruction of the vessel ’ s tr ack-
line by Captain caused the trackline to traverse over the
known and charted s onl area. The depths o f~ water in this
known shoal area range from 24 f ee t  to 30 f e e t  at  Me an Ln~.’er
Low Water (MLLW) .

11. The vessel having anchored , commenced pollution and t ar~a:’e
control efforts . A light ering operation was set up to discharpe
the remaining cargo aboard the vessel. After a concerted effort
on the part of shi p ’ s personnel , assist in g agencies , owners and
other persons , it was ascertained that all cargo had been re-
covered with the exception of about 9/21 bbls which either snill-
ed into Cook Inlet or was otherwise not accounted for. There
was no apparent visible damage to the environment as a resul t
of this sp ill. However , efforts are still ongoing by appropriate
agencies to eva lua te  the a f f e c t s  th is  sp i l l  may have caused .

12. Having completed all li ghtering operations satisfactoril y,
the vessel , using the ship ’ s own propulsion and in escort of
tugs , departed Nikiski at about 1042 C,MT on the 18th of October
1976 bound for Resurrection ~ay off Seward , Alaska. The p u r p o s e
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.

A- 14
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16732
22 March 1977

Suhj : M / V  , O .~~ . ; grounding off East
Forel.-inds , Cor k Inlet , Alas ka on 5 October 1976 , with-
out loss of life

CONCLT :S 1O~~

1. I t  is conc luded  the M/ 7  grounded in the
approximate position of ~I i - 4 2 . 9 ~~, 15 1-29W .

2. it is concluded the cause of this casualty was the pilot ’s
failure to correctl y and accuratel y ascertain in the vessel’s
position as well as take into consideration rhe effects of
the current , while makirj~ an approach to ~ikiski. 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 comp liance
with the Mast-er ’ s order to pay particular attention to the
pitch c o n t ro l s  and to t h e  e x t e n t  t h a t  a l m ost  all other nav-
igating duties were excluded .

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

6. It is concluded that Captain did not take into con-
sideration the a f f e c t s  the curren~T~id on the vessel, and
therefore anticipated the vessel was north of the actual
position at the time the turn toward Nikiski was made .

7. I t  is f u r t h e r  concluded t ha t  the p o s i t i o n  at 0901 ,
as r e c o n s t r u c te d  b y C a p t a i n  , was in e r ro r  because
Capt ain a l l o ’a e d  a speed o 18 knots throug h the water
when the approximate actual conditions encountered was 14
knots or less.

8. I t  is concluded  t h at  the b a l la s t i n g  of the vessel b y the
master in order to p lace the vessel on an even keel , combined
w i t h  t h e  e f f e c t s  of the wind and cur ren t , caused the vessel to
become adr i f t .

9. The master used poor judgment when he ordered bal lastinc’
the vessel without first having comp le ted  a f u l l  damage survey.
Had there been a d d i t i o na l  d . image to the vessels stabilit y the

A- 15
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16 732
22 March 1977

Subj : M / V  OJ I . g r o u n d in ~’ o f f  f a s ?
Forelands , Cook I n l e t , A la k sa  on 5 Oc t ober l 9 7 ~ , w i ‘ h—
out loss of l i f e

vessel would in a l l  probability have come adrift and s rtk

10. The pilot , Captain , was opera t ing  under  the a~~t h ori tv
of his Alaska stare Pilo~ s License in that the vessel was sail i rg
under regi .-~Ler.

11. There is evidence of negligence on the nart of the  m a s t e r
in that he failed to provide sufficient personnel on the bridge
to safely navigate the vessel in that he ordered the r~ate to
watch the pitch control to the almost absolute exclusion of
other navigating duties.

12. There is evidence of ne~’ligence on the part o~ t he m a s t e r
in that he failed to provide sufficient relief for the p i l o t
or otherwise stop the vessel to provide relic f and rest.

13. There is evidence of negligence on the part of the nu lot
in that he failed to correc.t]y and accurately ascertain the
vessel’s position prior to commencing the approach to ~ikiski
thereby taking the vessel over a known char~ ed 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 C ,iard ,
or any other government agency or any other personr contributed
to the casualty.

A - l b
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16732
22 Mar ch 1977

Subj : M/V 0.M. ; grounding off East
Forel.ands , Cook Inlet , Alaska on 5 October 1976 with-
out loss of life .

RE C OMME DAT ION S

1. It  is  recommended tha t  fur ther  investigation under the
Suspension and Revocation Proceedings be initiated in the
case of Captain 

— 
concerning his part

in the casualty.

2. Recommend that evidence of negligence on the part of the
Pilot Capta in , be processed under the Administrat-
ive Penalty Procedures.

3. Recommend the casualty aspect o t •s case be closed with
the submission of this report .

A - 17



LIST OF ENCLOSURES AND 1)ISTRIBUTION FOR 10, MSO JUN EAU 1,11’
16732 DTD 22 MAR 77

End : ( 1) CG-2692
(2) Convening  Order
(3) Verba t im  t e s t i m o n y  of witnesses (except Captain

(4) ~ erbat~~~~~c st i mon y  of C a p t a i n  ~~~~~(5) E x h ib i t s  (A throug h AA--xerox copy)
(6)  Vessel C e rt i f i c a t e  of I n s p e c t i o n  (xerox copy)
(7)  Vessel Document (Xerox copy)
(8) Copy of order to Tes t i f y and Grant  of I m m u n i t y

D i s t r i b u t io n :
MSO Anchorage w/encl  (1)
CCGD17(m) w/o end (1)
COMDT (G-MHI)  w/ enc l  (4)

A - 1 8
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A P P E N D I X  B
MERCHANT VESSEL CASU ALTY COM PUTERIZED DATA BASE

Th e fo I I ow I ng ~Ia t a ~; i  r a met ( ‘  r’ ’ , a r ’  ( ‘ r i d  (‘d 1 (11 • t n t  ry i n t o t he

c orri ~ i t  ~ r I 7. ccl ri a t a F a e

(;)~ ) IJ p I V I ’ S )  I. ( :IIA I’A r i, i rs ’ r’

~~-ss ’ I F c l ~-r i t i f i c a t  ion — O f f i c i a l  (1. 5. or S t a t t -  ntz mh c r , n a m e
I III F1UIflhCT(’ d , c o u n t r y  o f  reg is t r y ,  i f  fo re i gn.

1 ype  0 1 Ve s  S t ’  I ‘I a u k - h  i p , t an  k ha U ~~~‘ , I N- ~ Fi t (Sr , paS s  ‘ r i  y, c r

to N-  I ~ n f l a g  t a n k e r , ‘- Ic

Sped t i c  Y t ~
- ~

‘esc 1 Con ’ t r u c t  ion , usa i ~e , t y pe  i f  ca r go .

C r o s s  I O f l f l a~~(- Not o v e r  I S , 15-  100 , 100 31)1) , 3 0 0 — 5 0 0 , ~~ ( )

1000 , 10 0 0 — 5 0 0 0 , 5 0 0 0 — 1 0 ,000 , 10 ,000 — 1 5 ,000 , ov e r

15 ,000.

Length in Ft-c t — Sot  ove r  ( 5 , ( 5 -  100 , 1 0 0 — 2 0 0 , e t c .

Propt i I s i  (In - St ea rn , d i e s e l  , ga sol m e , e t c .

Age of  V e s s e l  - l e s s  t h a n 5 y e a r s , 5 - 1 0 , 1 0 - 1 5 , e t c .

Ilu I I Mater  i a I s ‘ St C(’ I , 500( 1  , e t c

C o a s t  Guard Inspected - A pp I i c —  to U . S .  f l a g  t anke rs ,
f r e i g h t e r s , pa s senge r  shi ps , and ocean go ing  t ugs .
It does not app ly  to i n l and  tugs , f i s h i n g  v e s s e l s ,
or fore ign f l ag  v e s s e l s .

Person in C harge of V e s s e l  Maneuvers  - U . S . C . G . 1 1 ce nsed
m a s t e r / p i l o t , S t a t e  l i c e n s e d  p i lo t , fo re i gn  m a s t e r ,

- t c

GPOI J P I I -r (M i , l o CAl T O N , hNV ! (1 ()NMINf

Year  o f  C a s u a l t y

Month of C a s u a l t y

B - i



~oc1 y o f  ~- a I cr  ~ Ft ii- La ia i t  y o c c n r  r re d  -

In I and ‘ A t  I a nt  i c , Cii i f , Pa c i i i  C (a 1 1 ~- a  I - r c  i o v -  r p~~)

I n l a i d  R u l e s  o f  t I i -  Poad

V - f  em P i ve r s  (all Wa t e r s  c o v i - r e d  by t I e  ~ c- ~t i- rn R i v e rs

R rri es

o i l  I n I a n ci F’ iv e r - and a ti r y

C r i- a  t I ,ak c - ’ ; (a I 1 v a t  e r s  c o v e  red b y t h e  C rca  I í a  k -s Rn I t -

0cc a n At lan t I c , Cii I I , Pa c i f  i c , ‘‘ a r i hb c -an

()c can  - St her

F o r e i g n  W a t t - m s

S pe c i f i c  l o c a t i o n  o f  ( : i : i i a l t y

C o a s t a l W a t e r s  — i c l c n t  Ned by t~owditch ni t i m l e r  (coastal

segment

t e c h i - r n  R iv ers - i de n t  I f i - d  I~ - r i v i - r n i ; i m c - / s ’ ; i i i ’ - r i t

(Si I f 1 n i and R i v t - i  s and t at - rw a y s / I n t ra c o a s t  a I L- a t r- rwa y -

i d e n t  i i cc l by nanie /sc ~~mt-n

‘ r i - a t  I.ak r- s - i d c n t i  f i e d  by lake/ c onro - t in~ waf ’ - r i - ays

an d n e a r e s t  degree of Iat i h ide , 1on~~i t u d t -

I i i  gh Sea -~ 
— I dent i f i ed by wor l d w i d e  r N t angil I a r ~ t d
( J 5 0  l o n g i tude x Y’- l f l °  l a t i t u d e )

T i m e  o f  l ) ay  - l)ay , N i y j i t  , Twi l i g h t

We a t  h c- r - (Si ea r , pa r t 1 y ci  ou c i y , ov e r c a s t  , 1° ~ , ra i n , snow ,
o ther

V i  s i t  II i t  y — l e s s  t han  1/4  m i i i- , 1 / 4 - 1 / 2  m i l e , 1 / 2 -  1 m i l e ,
- 2  m i l es , over 2 m i l e s

~ ind - C a l m , 1 - 3  kn , 4-1 (1 kn , 1 1 - 1 6 kn , 17 - 27 kn , e t c .

Sea Concl it i ons  — C a l m , 5—iS f t . s w e l l  , 1 (—  20 f t  . swel I

2 1 - 4 0 ft . s w e l l , over 40 ft. - st- I l , ht-

B-2 
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t ;poi jp i i i  — (,ASl J-\I.T Y L F l - \ R A C I  -, l’ I s ’ l ( : S

La - - c S - r i a l  Number - a s s  igned in ce~~i i i -nc t ’ - r e c e i v e d  b y f i s c a l
v i - a r

~—Ia r i n c  I n c p c - c t  I ng O f f  ice Invest i pa t i ng C a s u a l t y

‘I y- pe o f  T n v r - s t i , - it i vc -  Repor t  - l e t t e r  o f  t r a n - m i t t a l  , n a r r a

t i ye  , ~‘-ta r I n o i~oa rd

~- bon t Ii I n v e s t  i gal l on Comp l e t e d

N a t u r e  o f ( ,a s i ia l t y

Co Il is  io n s  — mt - c t  i ng , c r o s s  inp , o v e r t  :ik I r ip

Co l l i s i o n s  - a nt - h o r n , d o c k i n g ,  unc lo c k i n g

( : o l l  is  ions - fo p

Co Il is  ions  — m i n o r  bu mp— t i p  and v c - s s - 1

Ra mm ings - f i x e d  obj - c t s , o f f - b o r e  r i g s

Ramm ings — f l o a t  np or s n n b m - r g e t i  oh j c c t -  , i ce , :i i d s  t o

na V I ga t ion

I x i los i o n s/ l i  r - s

G r o u n d  i n g s - s i t h  da mag - , w i  t h o r i t  dar nagi-

l ot in d e r i n g s / C a p s i z i n g s / I l o o d i n g s

h e a vy w ea t h e m  damage

C a r g o  damage (no damag e to v e s s e l )

M a t e r i e l  f a i l u r e  - v e s s e l  s t r u c t u r e , mac h i n e r y ,  equ ipment

Ot her

( ;ause/ I - . ic t o r

Pe rsonnel  f au l t  - l i c e n s e d  ma ste r , p i lo t , fo re ign
m a s t e r , e t c .

Storms/Heavy wc ;j  t her/Adverse weather

IJnusual cur ren ts

Sheer / Suc t i o n / F~a n k  C u s h i o n

8-3
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Ilepth less than charted

Restricted maneuvering room

Structural failure

Equipment failure

llnseaworthy/ Improper Maintenance

1:au lt other vessel/personnel

Floating debris/submerged object

Insufficient horsepower/Inadequate tug assistance

Iinknown/Ot her

Area of Causal Connection/Additional Contributing Factors

Hul l

Steering gear

l)iesel engines

Propel lers

Pumps

Boilers

Nav igation equipment , etc .

Rules of Road Violations - rule number , comm ents

Number of I)eaths/Jnjuries - crew , passengers , dock workers ,

others

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

Vessel Total Loss

Special Indicator - degree of oil pollution , b ridges/locks !

dam s i nvolved , etc.
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APPENDIX C

INDEX AND LISTING OF THE DATA BASE CASES

*
Pe riod Covered: I’Y 1972 - FY 1977 .

Number of incidents:

55 Gr ound i ngs  ( 47 Tank Vesse l , 8 Non-Tank Vessel)

17 Coll isions (10 Tank Vessel , 7 Non-Tank Vessel)

6 Rammings ( 6 Offshore Rigs)

78 Total (63 Tank Vessel/Offshore Rigs ,

15 Non-Tank Ve ssel)

FY 1976 contained 15 months.

c-i
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1 . ¶ l a r y s  RI  v ’ - r  I ¶ - t ov o r n e n t  (I . 5 . Coo ;t ~~Ii;j i-d
I4’ (- p (1 r I i~~i p Sy St ( III

(\~ 1 I ’S ) , ‘ IV

Ses Or l e a n s  1 l ; I f f i c  t i g h t s  Co r p s  ( I f  l , n i pj n e o r

Ca pe Cod Cana l  ‘I r a f f l e  I , l t ’ l l t s , \‘~I~ 5 , Corps  ( I f  i , n p i r i - - e r
Ra da r and -l 

~
‘

C lI es ; ~n-a~ C I ;i I f i C 1 .1  phi s , Y-IPS In q-s of i - n ~~’ n o e r ’ ~
IlL- i o s r i  re (an;j 1

St. 1, a t ” r - n c e  ‘‘ .1!’ ’ sI - I. : J I s r ( - y i 1 - SL ’aIs: ! /
JO ve 1~~pro-n I  ~~( ‘ l  p .

I Ic) nO i n Iii 5 11 , 110 1 ‘I ‘Is ( r I hi I , - - n I 1 ,

Los A ng e les!  hJa~’hor Radar , t e l e t y p o  I - / I  Fl P I l o t s
In  11 g Pea  c i i  ii el

Pa I t  1 111’ ) 0- 0 ~I II- I ~1 Co mmun IC at  I on is  II r I v a t o

Po r t land , ( ) re po r i  V H F —  J’ ~ I (:omnrltl n iL - lit 1 0 1 1 5  Pr I

S Ii 11 l j f i  
~ P r I CO I -

In Nov ennhe r 1 ¶08 , t Ii C Coa - ; t Cii a iii  fo rmu I at  ed p1 an s f r i  r a

l i a r t or Advisor ! Radar  PIo J eI ’t . In January 197 0, t h -  Co ;ist CIi ; I rd

t e p ; i n  o p e r a t  ing t he San I- r ; j nc i s c o  Il a rh o r  A ’ I v i  s - c r y  I’ad ;l r Pr oject oIl

Oil  e X I l e r I m e r i t  a t  has i s .

In - J u l y 1971 , the Coast ( , i ia r d O f f i c e  o f  ~t a r i n n -  F n l v i r on r ne nt
and Sys te l l l s  was  e s t a h l  i s h ed .  ~Ine f u nc t  ion ~il t h i s  ( ) f f i ( ’ ( Is ’a S t o

prepare and  imp lement a a t  onal p la n  1(11 v(-- - -~(-1 t raffic systems.

(in 10 July 1972 , the Ports and t~atc rways Safety A c t  (P1. 92

34 0) was  s i gned into law by the Pres ident. t hi s  authorized t In-

Sec r i-tar y of t he  I)epa rtm ent of r ranspor ta t lo r l  and through him the

11 .5. t oast Cu a r d to es t a b l i s h , oi~ -ra t (- and rr i; l i n t a i n  v-ss el I r a f f i c

ser vic es and systems for p o r t s , h arbors and other s - iU- rs subject

t o  congested vessel traffic. Sinc e P172 the Coast C h a r d  has
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commissioned five major services located in San Francisco , 1-louston-

G a l v e s t o n , Puget Soun d , Pr ice  W i l l i a m  Sound (V a ld ez ) ,  and New

Orleans.

D . Z  CASUALTY CONS I DERATIONS

A summary of casualty data for fiscal years 1968 through 1971

is shown in Table D-2. Collisions , ramutings and groundings are

potentially preventable by vessel traffic systems. In fiscal year

1971 alone 5 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 .1

In calendar year 1971 there were 116 polluting incidents

caused by collisions or ground i rigs , which spilled 2 .35 million

gallons of pollutants into U.S. waters.1 Much of the active pres-

sure for vessel traffic services stems from the need to reduce

pollution caused by shi pment by water of petroleu m and other haz-

ardous polluting substances.

0.3 SERVICES  AND FUNCTIONS

D.3.l 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

des igned to expedite ship movements , increase system capacity,

and improve all weather operating capability. Based on local

needs and safety requirements , such serv ices may vary in des ign

‘U.S. Coas t Guard Commercial Vessel Casualty Reports , FY 1971
2U.S. Coast Guard Pollution Incident Reports , CY 1971

0-3



~‘i 
C) ~-. 40 ~~ ~~

U, -~. 0 U) 60 (~ 0 61, 60 C-) C)

~~ 
.-~ C -~~ ‘

~~~~~~

L c-i ~~ ~— co I

P
t— C) -r c-~ 0 40 60 C) 4’) 4’) ~~l a c-i 4—

C, 0 c-i C) 60 0) 40 CO C)  CO 51 ii) —i C) i f )  c--i bt~
C’) u~~~~~~~~4 0 L .  ~~~~ C’) 61)~~~~~~~ ~~~~4 Q ~4C)~~~~~~it) C,
C, c—i ‘-4 .-( ~o C.) C- I ,-4 .-4 (0 ‘-4 11)

o C’) t- .2
— —  ____________________________

5) — 1

F c .-~ a — 5,
60 4-” t -1. CCC C.) c-. C.) 0 Ci 4— 60 c-i

co a c—i CD C) . ‘—I . C~ ( 4  . . - ~i)- . - - - ~~ 0 CD C) 4’) 4 c--I -s

- a ~~
‘ ~ c-i c-- t— C’ c-i 0) 

~ - c-i

C)—
— ci)

~ c-i C’) 0 C’) t— t— c-i a C) c-i 40 40 CD U) I’—
— (0 CD ‘r 0 60 a a a (0 (0 C’) 60 5, ~~ .—4 c--i (0 4,0 4,)

If) — I!) C— . 
~ C) c”) 4’) 61) .-4 Ci ,- ~~4 C) 40 ‘—4 C’) 0 c-i- - - If) • ~~~ C’) ~— c-i “-4 ‘-4 CD C.) ~ ~~ 0~ ~~ ~ , C’)

C-i ~~
l c-~ 5)

C) 
~~

‘ 4 0 0  CD ~~~ ( )O  ~~~~~~~~~~~~(4) (‘)C) C-i ~~1 , 4  4 0 6 0 ( 0  (0

C) - - - c - i  C.) ~ 
0

(0 ‘i~ c-i C’) L’ 0 ~ .—4 C) 61) —

~~ ‘1’ Ci 4— CD 
~ 

‘~ ‘ CD 10 Ci C’) a .4 c’, a ~

~~~~~~~~~~ 

_

~ ‘ c- ~
~~~~~~~~~~~~~~~~~~~~~~~~ c - . 4  “

~~~~ 
.!i C D 4 -~~~~~ ~~~g, 

~~~~~~~~~~~~~~~~~~~~~~~ ‘.l
~~~~~ ~~

~~~~~~~~~~~~~~Q C 9  C~~~~~~~~~°Q ~~

5) 0 4— U) c-i t~ c-i C i 4~~~4 ...4 .-4 0 6 1 ) 0 4-  c--c

~~ ~~~~~- ~~ . t- ~~
0 c-c ~ — CD 0 -i •-4 () C’) ‘ 4  t’ c—I C’) (I)

— —  
C C’)

I;- a

(~4
5) ~~~~ E4

~~~~~~ -~ 

.

~~ ~~ ;
(NJ ,~~ 

0

~~~~~~~~ ,~~ ~~~~~~~~~ ~~~~~~~~ ~~~

~~~~~~~~~ ~~~~~~~~~ ~~~ ~~~~~~ ~2
~~ ~~~~~~~~~~~~~~~ ~~~~~~~ ~~ 

-~~~~~~~ ~0
c~~
0 C.) C.) . “ 

~~ 
5, ~~l

F- o .9 ’~ ~“~~i~~? ’ o  •
~~~~~ 

-
~ —

.
~~ ~~~ ~ ~~~~~~~~~~~ 

‘.~ -~i E
5~ ~~~ 0 .-. 5 ) I s O

___ 
I~ I~~

(
~
; ~ ~~~~~~~~

0-4



and com plexity from passive services such as traffic separation

schemes and regulated navi gation areas to manned services with

communications , electronic surveillance , and automated capabilities.

Althoug h the specific services vary from area to area , n early all

the services of any VTS , present or p lanned , are included in

Table I)-3 .

A VHF-FM communications network forms the basis of most

major servic es. The services listed under “Information ” in Table

D-3 are generally provided each vessel when it enters the VTS area ,
with up dates as needed during transit. Transiting ve ss i-ls make

position reports to an operations center by radiotelephone and are

in turn provided with accurate , complete , and timely navi gational

safety information. The addition of electronic surveillance and

computer assisted capabilities allows the VTS to play a more si g-

ni ficant 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 throug h the distribution of printed materials (such as

procedures manuals) and throug h 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 .

E).3.1.l San Francisco Vessel Traffic Service

The San Franc i sco VTS incorporates hi gh resolution radar sur-

veillance of San Francisco Bay and approaches , with a Vh F-FM com-

munications network , a vessel movement reporting system , and a

traffic separation scheme (TSS).

0.3.1 .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

D- S
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1 A R I L  0—3. S FRV1CI - : ~ P R ( 1 VI I ) L I )  1~Y A V TS

• INFORMA T ION

P o s i t i o n  of V e s s e l s
Intentions of V e s s e l s

- - Spec ia l  O p e r a t i o n s

F i sh i n g  Ves sel Traffi c
Mar ine  Lv e n t s
Towing
Ored g i ng

Fmergency  Ope r a t i o n s
C o l l i s i o ns , (;roun d i ng s , F i r e
Sp i l  i s
Search and b” esc u e

- S t a t i i -~ of A i d s  to N a v i g a t ion
— Ha z a r d s  to N;ivi ga t ion

W e a t her

• C O O R D I N A T I o N

— C o n f l i c t i n g  V e s s e l Movements
— V e s s e l - t o - V e s s e l  C o m m u n i c a t i o n s

• RT~COMM E NE)ATT ON S*

• COMMANDS*

— Conflict R evo luti o n
— La ne  or Channel Stray
— S e p a r a t i o n  A s s u r a n c e

• ANC;IoRA(;~ A1 ) MJ NJ ST RA T J O N

• ASS ISTA NH . TO COTP

— Resolving Fm ergen cies
- - Fnforci i~ig Regulations

• OPFRAT I flN ANI) MAT NI’ I NAN( ; F Il l FOIJ I P MJ NT

— Communications
— S u r v e i l l a n c e
— Data Management/Computer

• R FC ORI ) S

• PUBLIC R F IAT IO NS
*uscc; 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 h— y the COT P in “vo lun ta ry ” VTS’s.
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separation scheme and vessel movement reporting system , a VHF-FM

communications network , and radar surveillance of hi gh 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.l.3 Houston/Galveston Vessel Traffic Service

The 1-l ous ton/ Ga lves ton  VTS p rov ides  coverage o f  the Houston
Ship Channel from Galveston and its approaches , to Houston , Texas.

This service incorporates a vesse l  m o v e m e n t  repor t i ng  sys tem VHF-

~~~j communications network and a low lig ht level , closed circuit

t e l e v i s i o n  surve i l lance sys tem in the Houston Ship C hannel n o r t h

and west  of Morgan Point. A hig h resolution radar surveillance

s y s t e m  c o v e r i n g  lower Galveston Bay, Ro livar Roads , and Galveston

Bay approaches , and a computerized vessel traffic displ a y system

was incorporated into the manned vessel traffic center during 1977.

D .3 .l.4 New Orleans Vessel Traffic Service

The New Orleans Vessel Traffic Service (NOLA VTS) has been

oper ational since Octob er 1977 , providing con tinuous advisory

service to vessel traffic on the Mississi ppi River from the Gulf

of Mexico to north of New Orleans at Mile 159 AHP . The s e r v i c e
is based on a voluntary Vessel Movement Reporting System in which

vessels report their position and intentions at specified locations

ove r VHF-FM Radio-Telep hone. 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

g ive adv is or i es to the vess el s .

0.3.2 VTS Functions

By “functions ” we re fe r  to wha t i s done by VTS ’s in order to

provide the services noted in Section 2.1. These functions are
accomplished by watchstanders and watch officers.

D- 7
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‘l’ah le i ) — 4  I i s t s  t h (  pr Fe ipa I s at c hst an d ing I u n c t  uri s ( os moi i
1 j I 1 V I  S ‘ s and some of t he i ‘ i nc i pa I a i d -  used l y  F a t  c b s  ta ru le rs

ac co m pl i sh i ng the  f u n c t i o n — .

TAIILL 0 — 4 .  PA N E l  V’I N I I IN C T ION 4 -; A ND -‘\ l l )S

I-un ’  t io ns A i d s

• Su r v c -  i I I a nec Pad i o , Dada r , 1 V - ~-Di ~~ t i C - (- n SO r’

— ~-~nn it or i rig
— lu t c - c t  io n

• In I o rma t  ion Pro:e— ; s ing

I d i n  t tic - at ion Dad io , ‘ IV
1 r a c k i n g  Radar , Plo t t i n u c ~ Ho a r d , Lom pti t  r - r s
F , x t  rapo l;it io n  P lo t t  ing He a rd , loniput - r s
Haz a r d  A s s e - ; s nuo- nt  IIna ided  u i a t c h s t a n d e r , C o n n p r l t ( - r s
Dee is  io n  ~4a k  i ng S t a n d a r d  Op e r a t ing Prie  e-c lure (SOP)

• (:ommu n i c a t  i o n  [Ta d io , Te lep hone , ‘I’e l e t ypew r  i t  ~-r ,
I)ircc t Voice

• Re i n r d ing l o g s , Reports , Cards , -Iagr ~ ’t ic Tape

F our t a s i c  functio ns a r e  reco~’ n iz e d :  s u r v e i l l a n c e , i n f o r m a t io n

p r o c e s s  i ni~ , comn,un i c a t i o n , an d r e c o r di n g .

N u i r v e i I lance i n v o l v e s  keep ing t r a c k  o f  what is h a p p e n i n g  i n
t b - - s y s t em t hrough m o n i t o r i ng  i n c o m ing  i n f o r m a t i o n  and t h - t c - c  t ing
i n I o r iria t i on r e q u  i r i ng a t t e n t  i on . Wa t i h  s t  and c rc  ii -

~ e hot Ii he a r i ng
and —-e (- ng t i)  mon i tor the system . They I i - - t e n t o  a 11 t r a  r i - - a c t  inns

on r a d i o  Ch an n e l s  13 and  16 ( p o s s i b l y a lso Channe l  1 2  i n  t he
future) and d e t e c t  m e s s ag e s  a ddre - - - - d  to the VTS or of concern to

the VTS (s tic h as a d i s t rI- ss ca 1 1) . When .s uc h a i ds a re a va ii a F I e
they v i s u a l l y  m onitor t r a f f i c  in the system as r e l ire-; en te d on radar

di s p l a y s , te l ev i s i o n  m o n i t o r s , and in d i c a t o r s  for other —; - n c i n g

devi ces ( s u c h as magnetic sensors and radio navi ga tion systems).

I n f o r m a t i o n  Proccssin g involves the integr ation of incoming

informa tion from a l l  sources , a~ well as info rmat i o n  in sto rai~ - i n
the VTS (e.g., in dir ectives , b u l l e t i n s , c h a r t s , t a b l e s , and t h e

watch standers ’ memories ), to i d e n t i f y and locat e positio n s  of

I)- 8 
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i a  I I c e I 01 ,0-nt s , t o p r c-I id I it t in  e p 0 —  i t i ons , t i ,  a ss  e -
~ s pot c- li t I a I

Ii a ii i’d s , and i ’ h-c i ch- i~ ha I a t ’ t i otis a i c- a pp F op r i a t e t 0 t Ii e 5 it ir a —

t i oil

Ide r i t  i I i c a t  iou ,  o f  v t - s - e l  s i i i  the s v s t  cii, i s  ac ’h i  i c c i i liv t f it

i~;it c hs t  ant ler , pr i rri a r i  I y t hiro i ig h c a d  i o le I ep honc’ Comniun i c a t  ion w i t  Ii
t i c  v c s s c - I , c - - r - i  f i t - I by i n f or - rn i a t ion i’ -d u c c- d from v i s u a l  d i s p l a y - s

r;i Ia r , I V , et c .  ) , when a V a i l a b l e ’ .

‘I ra c !  i r ig (I ce;i i r ig t ra e !  of p r -s e  nt ~ 05 i t i on )  a rid ext ía jio I a
ion of data t o  d e ’ t e r r n r i n r -  f u t u r e  ~OS i t  in n- - a r  - accorn p l i — h ( - d  hy a

v a r  i -  c of t cc- b i n  i guu- s , c - a r  rig f r - ’ i i i i  a ra l i  i rig an arra y of  da t a

c a r ds to r e E i r c - ~~(-r i t r e l a t  ic e vessel p o s i t i o n s , throug h ha nd p l a c e —
inc n t  o I yes s e I rno dc- I s on a p 1 o t t i rig boa rd , I ( I  r-ead i rig I n In n r ita t i on
from a C onnpu t er - p r epa r i d  s i t  ua t i on d s p 1 a y - 

‘I r ;i U ~ i rig (Fiy h uman or

Coflh l irit (- I )  may Cc’ a c c o m p i i s t ied  Fiy dea d-  r e c k o n  i rig or  by dont it i u nu- -

fo 1 I OW I ng of  ra da r N- t urns . A i d s t o ext ra pol at jot , nc I ode s i nip Ic
dead - reckon i rig devic e --; , c a l i b r a t ion ma rk - - on V e s s e l  mode Is , or

co rni p 1 cx c- I c c l  run i c d i g i t  a I c o m p u t e r s

Si rut i 1 a r I y , a w a t c  hs ta nde  r- may  est I m a t  C ha za rdous development s

by e y e  f’ ruin t he p I n?  5 a rid c l i - - p 1 a ys , o r a c’ompui t c r may ca I cur l a t  c

a rid d i - -1’ l ;iy -an: Ii i nil i C (-s as c l ose  s t  ~~O in t of  a pp ro ; i  cli ( C P A )  ( I F

time to CPA ( ‘ [CPA )

Dec i S (Ins a r~- a I w a y s  human func t ions , tier i v i rig f ron r e g u  I a —

i ons , s t a n dard  o p e l - a t  ing  p r o c e d u re  ( S O P ) ,  and t he j udge me ii t o f

ire wa tc hi s t a n d e r  ( h a - c d  on t ra I ii i n p ;i nd cx p e r  i er ic  e ) . Dec i s i on s

g e n e r a l l y  h-ad to  p r o v i s i o n  o f  one or ano the r  o f  t i re  s e r v i c e s
d e s c r i he d  in Section 3.1.

uirr i i u i i n R ; l t i on  is  p r i m a r i l y by hum an voic e and , shen outgoing ,

cons t it ut cc t l ie  act of  provid i ng most Vi’s s e r v  h e- - . ‘I he pr inc i pa I

means of comr rr un icat io n w i t h  vessels in t h e  \‘‘I S a r a - a  i s  t h e  rad io-

t e lep ho ne.  (‘ ommu n i c - a t  ion w i t h  o t h e r  a g e n c i e s  may he by t e l e p hone
on t elet yp ewr i t (- r , or (when not urgent) by w r i t t e n  r e po r t s

C o m m u n i c a t ion w i t h i n  the VTS is by v o i c e , p e r - ; o n - t o - p e r s o n .

!~ - - o r d i r i ~ i s  m i t  i a t e d  by w a t c h s t a n d e r s  hut o f t e n  cont inued

by c I  cc  ida I or ot l ien personnel . In a l l  \ ‘ I  S ’ s the  Wat  c F  S u p e r v i s o r
is re sponsible for m a i n t a i n i n g  a log of traffic du r i ng  the w a t c h ,

— _~~~ • 4-~~~~~~ •~
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and often several additional logs are maintained , from some of

which daily reports to other agencies may he prepared. Generally,

too , a data card is maintained for  every vessel on which identi-

fy ing information and major events and times are entered , mostl y

by hand.

Althoug h all functions are performed at all VTS’s , the way i n
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.

0.4 WA TC FI STAND E R A C T IV J T I ES

The services provided by VIS ’ s (Section 3.1) through the per-

formance of a number of basic functions (Section 3.2) are accom-

p lished by assigning various activities (or duties) to

~~~~~2ons. 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 di rties include supervision of all activities ,

preparation of a log of activities , and preparation of reports.

In u n u s u al  or e m e r g e n c y  s i t u a t i o n s, 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 doe s ,
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 , expec ted
and ac tua l ti mes of a r r i v al a t key check poin ts , and such additional
in forma t ion as v io la ti ons of t r a f f i c rules  and o ther unu sual  ev en ts .

0-10



TARI ,h 0—5 . D E I F F ; R F  NIl S I’ F1 J 1 ’ I TON ~1OI F, N -Vt FOIJIT Y IN ’ s

Function and Mode

Nan Houston-
Pu~’ c ’ t  Fran— G a lv c s— New
Sound c i s c o  to n  O r l e an s

SEIRV F; TI . L.A ~-~c: F -

Vessel Repor ting by Radi otelep hone o o o o
J~adar o o
T e l e v i s i o n  ‘a

lN lO [T~IA i I - N  PRocESsINI;
Tracking and Fxtrapola tion

(:ard A r r a y  o 0

P l o t t i n g  Hoa rd o
Radar Plo t o 0 0
Compu ter I)ead-Recko ni ng 0 0

H a z a r d  E v a l u a t i o n
lsatchstander Judgement o o o 0
Compu ter Assistance o o

(MMMIIN [C AT JO N
Radiotelephone o o o o
Telephone o o o o
T e l e t y p e w r i t e r  o o o o

RECORD I NC
Logs and Repor ts o o o 0

Manual En try on Cards o o o
lime Stamping on Cards o o
Manual Entry into a Computer o o
~

r o i c e  Tapes o o o

o = Op e r a t i o n a l

TABLE 0-6. DUTY POSITIONS AT THREE V ’ IN ’ s

Pos i t i o n

San Houston-
Pug et Fran- (;alves-
Sound cisco ton

Watch Supervisor X X X
P r i m a ry C o m m u n i c a t o r  X
External Communicator X X X
Radar Monitor X
Plotter X
Sector Watchstander X X

0.- i l  
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‘ Ihe P r i m a r y  Communica tor  c o n t i n u a l l y  m o n i t o r s  the t r a f f i c  s it u ;-

i on  a s  pri~~ c - n i t c d  by a v a i l a b l e  a i d s  and interchanges information

s i t h  the tither watchstand c-rs.

T he I x  t e r r ir i I Co ,;, i r i i rr ,  icator hand I es t i - I  i-phon i c  and t ’ - l  u - n  v j a - s  i t  ‘ - r

c o ;; irain, ic ~~t ions , i n f o r m i n g  the l’ ; it c h  S u p c r v i - ; o r  and ~a t ’ F , s t a r i d - r
as net ’ c - ;  — a  ry a i d  a n s w e r ’ I rg rout  inc  I r iq i i i  r i cc In r I n In rile, t I en I iou ,,

ot her  a g e n c i c — ;  and the g e n i - ra l  pu ll Ic. ‘l i e ’ L i t i- rn al 1 ori,ir,ian, ic o t or

~ i I I u - ia 11 y iii;, i n t a I n a I op of c orri muri i cat i on s , I ’ I epa it - a dv i so r h-s

for cy r ic ra l broadcast in g, and over- - ce t h e  p r t - pa r ; i t inn a nd Ii I irig

o 1 rlc i go ci i c’ vu i e e and v I dc- n t apes in r Y I N  r ‘ -~~0 i- ti

- i hi-  R o b  r ~-1n ri i t o r  ma i l l  t a i ns a eo n  t i nuouc ~,a t - C ov e r t r;r ff ic

os  d i S p l ay e d  on r ada r  s c o p e ’ ., o ur d i n ot i n g  t } ~~ i ; i - I ; i r I li t  erni;r t Ion ,

i~ i th other p l o t  - - of  t r a f f i c  and ad v i s i rig et  l i - n  V I  N j ic - n co nn’- I as
necc s; sa ry- .

‘I lie P I o t t  u n  ma r n t a i n s a p i c t i l l - C ’ of t ra I f i :  I n t h e ’  V I  N a r’’ a C

p I at- in g some rep r c- si -nt a t i on of ia c - h ye sse I I n t F c - - - s t  e - ~~ oil a in;, p

or p l o t t i n g  tabl e and r - g u l a r l y  rr p dat ing  the p o s i t i o n s  i - i t h , e r  l y

‘l e ad—reckoning or f rom in fo rn ia t  inn re, - e - i v e ’ d  f rom t h e  L ’ r i r n a n -  C orn

nun I c-a t or , t he P ad a r ~tn ii it or and so 1 a I d -; ;i S ii - I i-c ’ i s i on r~if )  ii i t o  r S

F f a mode I i s used t o rep re st-ni t each vi’ s si I en p 1 e t t i n p t a t il e ’

th e- P1 otter p repa r i - s t t i e  mod e I * 
,i,;~ riui ; i I I : c - l i t  e r i rig the n e d - - s a i-v

cIa 1 a on t ic ni t,,] c I a nil p 1 ~i c r n p ii, ~ 
r , -I i -  I or, t h e  - I o f  I e . N or , ,  e t r oe -s

the data ca rd  is used o r ;  a model ; s o m e t i m e s  a grc ;r c- — p e n c i l  e n t r y
is m ade- on a map or on ii r;rda r scope.

e -c- c to r 1% ;it~ch - - tp nd er ‘be-s r io t n c ’ ~ , n e - s  (~fl t 0 Ii add i t i ‘ ri ;i I dci t y

pos i t ion hut a different way of d i v i d i n g  di rt i c -s . I f ’ t h e  Y I N  are ;’

is d i v i d e d  int o —~e i t o r ’ , gener a l l y - a S e i t o r  I’~a t F s t a r , f i ’ n  I- ,

assi gned t o  cacti -;cctor. The Sector f’~at~~h s t i n i fi ’r performs oil of

t ie mon i t or i ng , pr I ma ry common I ;i t i ‘in- - a r i d p 1 - i t t  r ig do t  i c - s  f o r  the

p i yen  s e c t o r .  An l;xterr i a 1 Commun i c a t  C) r pn- i t  i On i ;i ;r y he nsa I nt a i ne il
in a se’:tnrized cent er; ii not , th e - W at ch N i r p e - r v i c i i i ’ ma y pe r fo rm
t h i s  func- t ion.
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V I  N s a t  c h i t a u d i -  n ; a r u  t i-a i n u- ’ I a ri d uj a I i f I cii f o r  ;r I I ~ OS I t i o r i s
a rid ~~- g u r  I a r I y r o f  at  e t h ion F , a I I P’ i t  ‘in S du i  r i rig ;i wa 7 cli . Ti, u -

i n ;i ct oal o p u - r ; i t i n ns , a s i n g le  w a t c ’ h i ’ - t ; i n d u - r  can  h i -  a s s i gne d nruo re-
t f ; i n ore’ p o s i t  ion s h e - r i  t r i ff i c  i s  I i g h i t  ; or a ny  s a t c - I i s t a r i , h i - r  may

- s i s t  a t  an other p u - i t  ion i i  thi - sork becomes h eavy t h e - r e - . F o r
exa rnr p lu- , s hu-ri t r a f f i c  i s  i -o ;i l Iy heavy iii t h e  Poget Nound Y IN , the

;i n ‘ci i s d i v I dccl i n i o t ~~i set- t o rs , t he R a da r ~-lon i t o  r bee ornes a

- -c ond P r i m a r y  (:omnrnrn i :at  or , an d  t he [‘lot tcr m o n  i fu rs t be r;ida r as

w e l l as the p l e i t i n g  t a C I t - . N i m i l a r l y ,  w h e n  t r ; i f f i c  i s  v e i - - l i l t
I n t h e ’  a n I ro nc I s c o  ~~ N , c I n~p It  s a t  c-h St 0 r i de r  h a nd I cs a I I S t - C t  0 rS

Suc h f e- ,~ j b i l l  ty p e r m i t s  the cyst cm t o  ada pt ii , l i i i-  t ra If i c cond i -
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A P P E N D I X  fl

EASTERN CANADA TRAF I-TC REGULAT I ON

“ECAREG” 1

E .1 INTROD UCTI ON

On Wednesday, February 4, 1 9 7 0 , the Greek tanker Arrow , of
Liberian registry, went aground on Cerherus Rock in Ched ahucto Bay,

Nova Scotia. She was bound for the docks of Canadian E’u lp, Ltd.,

near Port Flawk shury, with a cargo of 16 ,001) tons of hunker o i l .

The vessel ran aground in a bay almos t completely surrounded b y

l a n d , thus reducing considerably the dispersion of oil at sea by

natural forces. Air and water temperatures were near freezing and

thus the oil could not he pumped. The beaches were shing le’ and

boulder which made cleanin g very d ifficul t. Pollution clean-u p

measures cos t an estimated $4.M
2
;

The vessel ran aground in limi ted v i s i b i l i t y  a t  about 13 knots

speed 3 on Cerberus Rock , a well marked rock close to a channel five

miles wide. No rea son was given for the grounding and no distress

c a l l  was made , merely a wire to the pilot that the vessel would he

“a little lat e arriving. ”3

An investi gation carried out after the Arrow incident revealed ,

among other defects , tha t the only radar unit on hoard was inoper-

able and tha t the charts used for navigatin g the vessel were un-

sui ted to the area in which the ship was operating.

In hind sight , it would have been safer if the vessel had

r e m a i n e d  12 m i l e s , or more offshore until visibil ity permitted the

visual identification of consp icuous objects on shore. Addition-

ally, the grounding of the Arrow could have been prevented if

Stuart , Reg ional Superintendent , Maritimes Reg ion , 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 “Arr ow” by Edison Water
Quality Laboratory . NT IS-PR- 2 16- 566.
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aut h o r i t i e s  on shore , upon con tact with the Arr ’cw wh i l e  in offshore

w a t e r s , had i n t roduced  other c o m p e n s a to r y  measures  for  the v e s s l e ’s

en try into port. This casualty highli ghted the need for some sys-

tem to requ ire vessel masters to advise authorities onshore , i n

aric -anc e of the vessel’ s arrival , of defective or deficien t equip-

men t and other information about the ship ’ s condi tion to proceed

s a f e l y  t o  port. In  r e s p o n s e , the Canadian vessel traffic manage-

men t sys t em (VTMS ), of which ECAREG is the most si gnifican t pre-

ven tion measure , was insti tuted for eastern (;anada .

L .2  TUE EASTERN CANADA VESSEL TRAFFIC MANAGEMENT SYSTEM (VT~tS)

The obj ect iv e s  o f  the’ C an adian VTMN arc:

• To I ; i c il i t a ti -  the f l o w  o f  v e s s e l  t r a f f i c

• To i nsu r ’ -  v e s s e l  sa let y

• To p ro t e c t  the Canad ian  M a r i t i m e  e n v i r o n m e n t .

T he o p e r a t i n g  componen ts  o f  the Canad ian  VTMN , a l l  und er t i e

outhoriU’  of t i c  T r a n sp o r t  Mi n i s t r y , Canadi an Coast Guard are :

• }; C-\ P EG , the C a n a d i a n  t w o - w a y  c o m m un ic a t  i c r ,  cys te r f o r  t he
cle arance of vessel traffic from and to o f f s h o r - i-- ; i t e - r s

outside the 12 m i l e  zone of the Ca n a d i a n  f - r r i t o - i a l

so t er S.

• The Canadian Traffic Coor d ination Cent ers loca t ed in

Da r tmout h , ~ova Sco t i a , St . -John ‘ s , Newfou nd I and 
* 

and

Mon t r ea l , Quebec.

• A comprehensive marine communica tions System shich handles

almost a ll c i v i l i a n  and governm ent a l m a r i n e  c o m m u n i c a t i o n s .

• A pilotage board which is responsible for all pilotage

serv ices in Canadian waters.

• Vessel traffic service centers wh ich manage traffic in

selected harbor and harbor entrance waterways.

• Aids to navigation in the form of light beacons , RACONS ,

and buoys .

• Ice breaker service.
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A l l  vessel traffic service and t r a f f i c  c o o r d i na t i o n  cen te rs  a re
manned on a 2 1  hour basis throu ghout t i , e  y e a r .

‘l i e -  s -asa rd l i m i t ;  o f  the  E a s t e r n  Canada T r a f f i c  R e g u l a t i n g

or~ - f o l io s  t h e  c n nt o u r of  ~he 1 2 - m i l e -  t e r r i t r , r i o l  sea l i m i t
beg I nri i ri g at C p~

) 
N o f f  th e ’  c o a s t  o f  La b r a d o r  . The l i m i t  is con—

t inuous r i f f  th~- e a s t  c o a s t  o f  N e~ fo und l and; across the Cabot

c 1  ra i t  ; a ic i ng  t h e  c a s t  and south coast ~ of Nova Sco t  i a ;  a c r o s s  t h e

e n t r a n c e  t o  t he Bay o f  1 - c in d y ;  a nd , t h e r e - a f t e r  f o l l o w s  t he  11.5. -

a ca d i an ho ril e r 1 i ml t s t a ~, pos I t ion  i ‘a the c - i c  in i t of  St
t ‘ - g lens , New Rrunsw i ck

The se -s ter n 1 j o l t  of the Zone passes tirough ti c ’  ; - r ~ d i a n of
(,(, ‘~ 2 3 ’W in t h e  C a l f  o f  S t .  l a w r e n c e .

F i a re  C- 1 dep I c~ 
- - t he  a p p rox  i m a t e  l i m i t s  of  the  l a s t  c-r n

Can a da ‘U ra f l i t ’  R e- g ui at I ng Zone .

A l l  v e s s e l s  o f  ~00 g r o s s  rcg is t c r r - d  t ons  and o v e r  a re  c o v e r e d

by ’  t he t r a f f i c  r ’ - g u l a t i o n s .

- \ i i t i o r i t y ’  i s  v t - s t e e l  in t i c -  C a n a d i a n  C o a s t  (Niard t o  re g ulate

t i e  mo v ement  of  c - e s s i - l s  in s a t r - r s  w i t h i n  the 1 2 - m i l e  t c r r i t r , r i o l

se a  l i m i t s  and f r i  e n f o r c e  r e g u l a t i o n s  app ly ing in t h e s e  c a t e r s .
Ca na d  ian  Coas t  ~,na rd Pol lut !ofl P re c - e n t  ion O f f i c e r s  are  desi gna ted by
t h e  ~1 i n i s t e r  c i  T r a n s p o r t  and a re  a u t h o r i z e d  t a  e x e r c i s e -  a u t C o r i t -

o u t l i n e d  in Par t  XX , s e c t  ion 73 2 o f  the  Canad a Shi pp ing ,- \ c t

W i t h i n  t u e  1 2 - m i l e  t e r r i t o r i a l  c a t e r s  o f  Can;~da , sum mary

con v i c t i o n - and f I n c ~ not e x c e e d ing  $ 100 ,000 a r e  p res c r i b e d  for

persons and/or ships found guilt 1 of violations (Part XX , sections
752 , 7 ,5’s , 7~~4 and 7~~S)

With the enactment of the marine environmental law , t he ECAREG
s y s t e m  in  o p e ra t i o n , and a number of Vessel Traffic Services oper-
ating a t  major harbors , the Canadian Government has gone a long

wa y in responding to the grounding of the Arrow in February 1970.
The integration of all vessel traffic activities under the Canadian
Coast  Gua rd has  resu l ted  in a h ig hly effective overall Vessel
Traffic Management System . The introductio r1 of E CA RTi G , which is
a voluntary system , in . J s Iy  1976 , has been a success  in te rms of
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a c c ep t a n c e , c o o pe r a t i o n  and even  p r a i s e  on the part of vessel

operators and the marine industry. The non-cooperative crew or

vessel , the “ROGUE S” as the Canadians call them , very soon learn

t h a t  evasion of the rules does not pay. Such vessels are assumed

suspect and are inconvenienced by boardings and inspections.

E . 3 ECARE G

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 12-mile Canadian

territorial waters , the current ECAREG operation has become the

principal bond and backbone of the whole Canadian VTMS . The

reasons for this are simple: the information content available to

ECAREG , as w i l l  be shown la te r , is such that all components of

the VTM 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 oil sp ill.

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 interes t

be i ng served by the sys tem.

E .3,2 The Operation

Twen ty fou r hours , or as soon as practicable prior to arrival

at the 12-mile zone limit , a rad io message is se nt from the vess e l
to ECAREG Canada. The message is a clearance request and contains

E-5
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the information listed in section 7(3) of Notice to M a i m e r s  No.

56 1/ 7 7  as f o l l ows :

a . name of ship and radio call-sign ;

h. name of master;

c. position and , if app licable , speed;

d. as app l i c a b l e , the es timated time of:

(i ) c-ntry into the Eastern Canada Traffic Zone , or

(ii) departure from a berth;

e. destination , estimated time of arrival and intended

rou te throug h the Eastern Canada Traffic Zone;

1. last port of call , i f  applicable;

g . draft;

h. brief desc rigtion of main cargo and po l l u t an t c a rgo or
dangerous goods by cl a s s i f i c a t i o n ;

cl e f  i c i enc  i es , if a n y , w i t h  re-spec t to t lie requ i remen t s

of the Chart s and Pub Ii c a t  ions Rc~ u 1a t i on s ;

j .  defects , if any, in t h e -  shi p ’ s h u l l , m a i n p r o p u l s i o n
machinery, steering gear , a rc i c o r —  and cab les , r a d a r ,

compass or essential r adio c ommun i c; i tion equipment;

k. any release of pollu t ant s from the ship or any d a m a g e

sustained which may result in pollution ;

I . name of Canadian or Uni ted State - s agent , as app licable;

and

m. date of exp iration of the Non-Canad ian Shi p ’s Compliance

Certificate , if issued (For Tankers ONLY) .

Upon receipt of the message , the Coas t Guard Traffic Coordination

Center (‘FCC), enters the message data into the vessel informat ion

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. In addition , the ICC may r’~~ceive the following

information from the central computer:

F- 6
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Vessels underway in the region of interest are list ed in

alphabetical order , and along side each vessel’ s name is

the position of the vessel; the call si gn and marine

ident ifier; the port or country from which the vessel

departed and , the vessel’ s destination and Estimated Time

of Arriva l (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 p o sition outside the 12-mile zone.

I f  a vessel is found non-comp lying by the TCC , the master

of that vessel will he informed of the conditions or pro-

visions under which his vessel could proceed into Canadian

territorial waters.

S i m i l a r  clearance is requested from vessels two hours prior
• to dep arting Canadian ports. This clearance is intended

to verify that vessels which were conditionally cleared

to enter have made repairs and have complied with Canadi aa

regulations.

The ECAREG clea~ ance 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-

comp l y ing 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

Territori al 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.

E- 7  
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• Clearance to enter Canadian Waters is contingent upon

the vessel rendezvousing with CCG Ship in 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.

• 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-

fac tion of Canad ian Coas t Guard Sh ip Surveyor.

Th e tr a f f ic clea ran ce compensa tory measu res, the 12-mile

terr itor ial wa ters , and the potential imposition of fines of up

to $100 ,000 , are at the core of the casualty prevention protection

of the Canad ian Vessel Tra f f ic Man agemen t sys tem .

E . 3 . 3  O f f s h o r e ECAREG Fu ncti on

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  tanker s grea ter than 100 ,000

DWT when moving towards Canada in offshore international waters.

First all vessel traffic is informed of the tanker route and time

E-8
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of passage , and second , the tanker is informed of vessel traffic

and conditions along its route.

E .3. 4 Th~~~R~ j~~e

Those vessels which do not cooperate with ECAREG are called

Rogues by Canadian Coast Guard personnel. There are two kinds of

rogues challeng ing the Canadian VTM system .

a. Vessels which enter the Canadian 12 mile territorial

waters hut do not get near the major harbors equipped

with offshore rada r installations. These- a re  the

vessels which are not detected unless they make exces-

sive use of their communication system . They are mainl y

fishing vessels and do not pose a sig n i f i c a n t  environ-

mental threat. These vessels are looked after by the

Canadian Fisheries Service with h e lp from the C a n a d i a n

N av y .

h. Vessels which do not receive clearan ce i ns truction s and

yet attempt to enter Canadian harbor f a c i l i t i e s  or to

solicit shorehased support from c i v i l i ; i n interests . In

time these rogues are det ected by the Canadian Vessel

Traffic Management System .

The diligence of the Canadian Coast Guard in h andlin g th ’ Rogues

is only matched by the dili gence and hard work of th e Canadian

Coast Guard personnel put into their VIM services for the benefit

of the 8O%~ cooperative traff ic. 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 caug ht because the Canadian VIM 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 th e

Rogue vessel to obtain private sector support is intercepted and

reported to the Coast Guard.

E.3.5 ECAREG Communic at ion~

The ECAREG clearance process is implemented mostl y by HF
radio communications. The I lF  ionosp heric channel does not g ive

reliable communication compared to the VHF line of si ght 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 hoard 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 hut the vessc-l 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 commun i-

cates via VHF with the local Canadian Coast Guard

Station .
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Communication technology and communication load factors are

not an issue in the ECAREG system .

1.3. 6 The Marine Industry and E C A R E G

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 shi p and the crew have been

throug h a long voyage , therefore both can use all the hel p they

can get from the shore facilities and personnel.

The Canadian ECAREG provides two positive interactions with

the crew:

a. The 24 clearance exchange ~ctween the vessel and the

shore system .

b. The positive contact with Canadian harbor services and

facilities outside of the 12 mile limit.

These two positive interactions , coupled with Canadian Coast

Guard Compensatory measures , potentially can adapt to any sequence

o events that might lead to a vessel casualty.

• The potential accumulated navigation error due to long

open water navi gation.

• Any potential difficulties with crew and ship.

• Any potential misinformation available to the shi ps ’

crew (cx . Charts , notice to mariners).

• Any potential habits of malpractice on the part of the

shi ps ’ 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-

t iona l difficulties among crew , operator , owner and trader:

4
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• 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 t n

get the crew to practice safety precautions.

Finally, the Canadian Vessel Traffic Management System , includ-

ing ECAREG , provides the video and/or voice , mors e- , teletype and

other communications records which contribute a major incentive of

compliance on the part of aU participants.

While many use the phrase ‘Human Error ’ indiscriminat e ly and

at times as a slogan for tacti c advantage , the Canadians cisc

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.
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A P P E N D I X  F
THE LORAN-C SYSTEM AND APPLICATI ONS TO THE OVTM STUDY

1- . 1 1 NI I ? O l ) I J ( I l  I ( N

The LORAN-C system is being examined for possible application

to Offshore Vessel Traffic Management (OVTM) and is given special

a ttention in this report for the fol loc - in g rea sons:

l O RAN C has been des i gnat ed a the p r im a r y  nay j ga t ion
system for the- tIn i te d Nt ates (.oast a I and Con fluenc e Zone

(CCz ).

h. l O R AN-C c o v e r a g e  i s  or w i l l  sscs ri he available for most of

the area of interest for OVIM app lications.

c. One of the ground rule s for this stud y sas to assume that

a l l  v e s s e l s  over 160() gross tons is- i l l  he requ i red t o  carry

lO R A N — C  or c o m p a r a b l e long— r a ra~e navi C at ion e~~i i ipme nt

A descri ption of the system , i n c l u d i n g  p lans for e xpansion a n d
expected coverage l i m i t a t i o n s , is presented in this section.

F .2 (;LNFRAI , H F S C R  I PT ! ON

LO RAN- C is a p ri l sed hyperbolic electronic navi ~~at ion s y s t e m
that allows a user to determine hi s position accurat e ly and inde-

pendent of other equipment. lO RAN-C is based  on measurement of

the difference in time- of arriva l of pulses of RE energy radiated

by a chain of synchronized transmitter stations sp a ced seve ral

hundred miles apart . The effective range (of g r o u n d  waves ) for

making a measurement from individual stations is typ ically 600 to

1400 naut ic al m i l e s  (NM) over seawater , and depends on station

power and the capability of the receiver. LORA N -C can he used for

navigation in all conditions of v i s i b i l i t y  and weather. LORAN-C

operates in the radio frequency hand of 90 to 110 k}lz.

Assuming LORAN-C equi pment is on-board the vessels navigating

in 15 .5. wa ters , it may he advantageous to use the vessel position
information that is available from the LORAN-C system on these

F— I
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s h i ps for O f f s h o r e  V e s s e l  T r a f f i c  Managem e n t  ((
~~ l M )  a pp l i e a t  i ons .

Ibe i ruportant facto r~ un der cons i ( Ic - ra t  ion in t c- rncs o f  pos  s i h Ic
OV I ~-I a pp 1 i cat ions a r e

a .  co v e r a g e , a c c u r a c y ,  an d r e p e a t a b i l i t y  o l  ICd~-\N- C ,

b. a v a i l a b i l i t y / c o s t  of the various types of  shi p hoard

- 
L O R A N - C  equipment , and

c. implic a tion of impending navi gation r e quirements for

large vessels.

These factors and other considerations are discussed i i i  the

following sections.

I . 3 L OR A N - C COV LRAGE

L O RA N - C  is presentl y available for position determination

over much of the coastal and confluence zone (CCZ) . “ A v a i l a b l e ”

means that the necessary radiated si gnals 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

Fi gures I- -I , 1 -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

si gnal 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 , atmosp heric noise , geometric relationship of the

stations , and the specific capabilities of the receiver. LORAN-C

si gnals with si gnal to noise ratios as low as 1:10 are usable by

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

liability of the measurement. Use of these lower level signals

g rea tly increases the coverage area beyond that shown .

Within the coverage areas shown in Figures F-l , F - 2  and F-3 ,
the user can make reliable and repeatable measurements of position

w it h an accuracy of 0.25 NM (2-drms) .2 The ‘repeatable accuracy

F - 2  —
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(abilit y to r e t u r n  to the same position) of the  s y s t e m  is be t w ee n
60 and 300 feet (2- drm s I d e p e n d i n g  upon  location in t he se rvice

area.

As can be seen l O R A N- C cocci -a ge pre sent I y cx i sts for most  o f
the are- as of i n t e r e s t  to t h i s  s t u d y s- i th three notabl e- except ions ,
naniely, the coastal areas of

— southern Florida and p a r t s of the GuI f o f  Mc- x i co

sout he a s t  of I I ; iwa i i

- -  Puer to  R i c o  and the V i r g in Is lands

This situat ion w i l l  change , however , in 1978 and l9;’R . In mid-
1978 two new l ORAN-C  c h a i n s  w i l l  beg in operat ions and  t h i s  w i l l
si gnificantly improve the eastern and southeastern tJ .S. lORAN-C

coverage. At that  time the Northeast U.S. c h a i n  and the Southeas t

U.s. chain will beg in operation , w i t h  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 country as it w i l l

exist in Spring 1980 is shown in Fi gure F-4 . (Refer to the DOT

Nat iona l  Plan for N a v i g a t i o n , Re por t  No. l ) O T - T S ’ l - 7 8 - 4 , Nov. 1977
for more information. )

it is clear that the Florida and G u t f  of M exico 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 stud y.2 The present Il awaiian Islands chain w i l l  he

studied to determine whether the existing LORAN-C coverage of the

major islands can he improved enough to justif y the cost. The

results of this OVTM study indicate the Hawaiian Island area does

not currently pose a si gnificant risk of an oil spill from tank

vessels. Because of the geograp hic location of the h awaiian

Islands relative to the commonly used s h i p routes in the Pacific ,

the lack of coverage around the Hawaiian Islands is not considered

to present a si gnificant likelihood of oil sp illage by tank vessels

in the offshore waters.
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h owever , the stud y results indicate there is a hi gh risk of

oil polluting casualties occurring in the waters offshore of Puerto

Rico and the Virg in Islands because of the incidence of casualties

in the past and the hi gh volume of traffic. Sixteen of the  S5

grour idings in the data base (FY72-FY77) occurred in this area. In

nine of these- cases improved navi gation capability, such as

L ORAN-C , could have provided the position information needed to

avoid the casualty. Three of these casualties would likely h a ve
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 detail e d analysis

of costs and benefits is needed in order to determin e 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.

Al thoug h it is possible to use LORAN-C for close in shore navi ga-

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 he recognized

that LORAN-C has limitations in the case of close to shore navi ga-

tion and is not adequate as currently implemented to meet OVTM

requirements. There are techniques which reduce the effects of

land/sea perturbat ions and these are discussed below.

By monitoring l ORAN-C signals at a fixed site , the received

time delay (TI)) can he compared with the expected TI) based on the

known locations of the site. A correction for the area can then be

broadcast to users. This techni que whereb y real-time corrections

are applied to LORAN-C TI) 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 techni que involves installing

short baseline , low-power chains to serve specific restrict ee-

areas. Such a chain is being evaluated on the St. Marys River in

1- 8
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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 navi gation 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 desi gned

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 si gnals 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 st~-

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 hi gh 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 use fu l 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. I t au toma tica l ly  tracks the s ignals  onc e they have been
acquired.

F - 9



d . It disp L ys at R-ast two difference readings , with a

resolution of at least 0.1 niicrosecond.

The t ype of LORAN-C equi pment required on-hoard a v e s s e l
depends on what the LORAN-C information output w i l l  he used for.

If the vessel is to use LORAN-C strictl y for position determination

then only a basic receiver is necess ary. There are many such in-

struments on the market , with cost of an automatic acquisition and

tracking receiver vary ing from $2 ,000 to $6 ,000 .* Models at the

lower end of the cost spectrum in general can receive si gnals and

make TI) measurements from one chain , and have li t t l e  or no flexi-

hi l ity. Those receivers at the hi gher end have more capability

and flexibility - such as automatic selection of the optimum si gnals

for best accuracy . In some re ceiver systems a limited navi gation

capability is included.

There are also shipboard LORAN-C and hy brid navi gation systems

on the market. In general , these systems consist ~ of a LORAN-C re-

ceiver with a computer to do data conversion , ves sel tracking, and

position prediction. The current cost of such systems vary from

$25 ,000 and up. h owever it is hi ghly likely that new systems with

this capability will he 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, hut 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 he evaluated in

terms of range limitations , RF link availability and spectrum

crowding and interference.

Only certain receivers are presently confi gured to provide a

remote signal output. In those receivers with this cap a bility

there is no standardization in the type of output available. ihe

necessary interface devic-s 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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a lo riii s u it a h I e- for t rar i s in i 55 i on i s a va ii a b I e o f f  — t he — s lie I f i n

onl y : i  I im i t  ed num ber of  r ( - ce  i v e t s . (Fe I edyne- , fo r  i n s t a n c e ,
ma r k - t s dcv i c ~s for t he i r 71) 1 and 708 rece i ye rs to a I low r e m o t e

mon i to  ring of the i- c-ce iv e r by ut ii 1 Z i ng a mob i Ic r a d i o  I i n k .

I: S PRI S I N I  I ISACL/  IMRI :NHIN (; R [I ) IJ IRI .M l - .NIN

In 1974  , LO RAN - C was  des ignat eel as the tJ .5 . Governmen t  pro -

v ided s y s t e m  for the  CCZ ( c o a s t  I and c o n f l u e n c e  z o n e ) . 1 l r n p l e - -

rnent at ion of the p rug ram , a u t h o r i z e d  at th a t t i me , is now u n de r w a y .
Ihe- c o v e r a g e  o f  t h e -  LORAN-C s y s t  eni b a s e d  in A l a s k a  , w e - s t  e m  C a n a d a

an d t he eon t 1 guons 48 s t a t  - -
~ as it now cx i st s i s shown i n I- i gu mc

- I . The c-overage plan n ed by 1980 is shown in , : j  
~~~~ F - 4. Ih e

11 .5. operated ch a i n s  of L O R A N — A  w h i c h  arc- being rep laced by l O R A N — C

are scheduled to cease operation on or hefore Ilecember 31 , 1980. 1

Ni mic e- t ime L ORAN C stat ions must be land based and they have a

ii ; - f i i l  range of  abou t 101)1) NM , it is not feasible to provi d e a

wo r I dw i de system ut ii i z i t iC th is t echn i q it e- . Tb i s cove rage i s f i x ed

b y t lie a re- a she- re an adee iua t e  s i gnal  — to— no i ~ e- r a t i o  i s  ava i lab Ic

e • , the sys tern i s no i sc 11 in I ted.

Overseas ther e- are- a number of LORAN-C chains in operat ion to
se rye II .5. m i I it a ry req im I rem ent S fo r  nay i ga t i ona I ~e- rv ice. Some of
the  s t a t  ions a r e  op e ra tee! by the 11 . 5 . Coas t  Gua NI , while othe, i ’s a re

ope rat eel by t i e  hos t  country under i nt emna t i ona 1 agr e ement . The
service i s  a v a i l a b l e  to a ll  users , n il itary and c i v i l i a n , of all

nat ions . Other than the u n i t e d  States , however , Can ada is tlì e only

country that is committed to the operation of LORAN-C service for

general use by ;il 1 navi gators. One Canadian st a tion has been bui l t

in Hr i t  ish Columbia. It w i l l  act as m aster to a combined iJ.s. /

Canada chain serving the U.S. northwest , southern Alaska , and West

Coast of Canada. In the U . S . S . R .  there  are tw o  l O RA N - C  c h a i n s
operating; one in the southwestern part of Russia , the other in

eastern Sib e r i a .  Their coverage is mostly over land.

The United States plans no additional development of LORAN-C

- ;pee if i ca ll y for use  in the hi gh seas environment. The Coast Guard

p lans to continue its program of expanding LORAN-C service
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throug hout the- CCZ of the contiguous 48 states and southern

Alaska , and the Great Lakes . Addit i onal expansion , if any, de-

pends upon future decisions concerning the navigational require-

ments of Hawaii , northern Alaska , and territories and possessions

of the EJ.S.

The I.ORA N-C s y s t e m  cu r ren t l y  be ing i n s t a l l e d  w i l l  sa t  i s f y
most  known requ i rements  for the tJ. S. c o a s t a l  and con f I l i e - r i c e  ZOflC

(CCZ ,i . The RI)~ t) effort to exten d the usefulness of LORAN-C to the

harbor and harbor en t rance  w i l l  improve the accu racy  and s t a b i l i t y
of  the sys tem , thus p r o v i d i n g  a corollary improvement to service

in the CCZ .

Based on a U.S. Coast Guard random sampling survey of 30(1

vessels in 1975 , it has been estimated that 50% of U.S. and  20% of
foreign vessels (calling at U.S. ports) greater than 1~~00 gross

tons are presently equipped with LORAN-C receivers. It may a l s o

he assumed tha t  almost all new vessels of this size w i l l  have

sophisticated hybrid navigation systems which include LORAN-C.

The announced i n t e n t i o n  of the Coast Guard , rela tive to navi-

gat ion gear for l a rge  t a n k e r s  en te r i ng  U .S .  w a t e r s , i s  t o  r e q u i r e

mi ~-e 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 hquipment has

been d r a f t e d  by the Radio Techn ica l  Commiss ion  for Mar ine S e r v i c e s
(P1CM) . Tn the- proposed rule for tank v e s s e l s ,3 the Coast Guard

h a s referred to this RTCM specification as a potential a i d  to the

purchaser  of l ORAN -C equipment.

1 .6  REFERENCES

I . DOT/Coast Guard Local Notice to Mariners , Notice 26 , June

30 , 1978.

2. National Plan for Navigation , Dept. of Transportation . Report

No. DOT-TST-78-4 , Nov . 1977.

3. Federal Register , Proposed Rule , Vol .  42 , No. 219 , November
14 , 1977.
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A P P E N D I X  G
SHORE—BASED SYSTEM DESI GN CONSIDERATIONS

G.l FEATURES OF TUE IDEAL SYSTEM

Anticipating that pract ical  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
(VW S)* 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 watchstancier (VW S) perfo rms the onboard duties of com-
munica tion and logging. The vesselmaster (VM) is responsible for
the sh ip ’s actions; he may or may not be performing the watch-
standing duties.

G-l
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d. It would provi d e 24-hour service to 201) nm from the

coast.

e. In i t ia l  a c q u i s i t i o n  would he s imp le , preferabl y
automatic .

1. Shore operators (SO t s)* would spend most of their time

assessing conflict situ a tions and optimizing traffic flow .

g. Shore stations would he located onl y at existing Coast

Guard fac i l i t i e s .

h. The system would allow evolutionary growth .

i . The shore stations would he simple to operate and

na jut a I

While- even an ideal shore station concept that met all of the

above criteria would not eli,niimate the risk of oil spills in the

area of concern , it would provide all the services that are possi-

ble - from shore. It will he seen that no practical systems meet

all the criteria: the systems that provide the most services

require complexity of shore station design and on-hoard equi pment.

G.2 SYSTEM DESIGN CONSIDERAT IONS

G .2.l 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. Stir-

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
opera tor tasks .

G-2
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‘Ih i e -  SV s H - r f l  ran ge req ’ii r (-me ri t i s  a k - y  par ameter in determin—

i ng the commun i a t  i ur is  t o  he mi s c -el . If sys t em range i s on I y 31)

m i l e ;  or l e s s , t h~ V III: r a d i o  t e l e p hone f r e q u e n c i e s  can be u s e d .

G round—wave h u ro p ; Ig a t  ion a t  MF r in d lIF f req ue’nc i m s  c a n  be used beyond
31) m i l e - s , and out t a 100— 201 ) m i l e s .  For r a n g e s  o f  no r e  than  ?()()

m i l e s , buoy r e l a y s , h i g h - a l t i t u d e  p l a t f o r m s , or use of  s k y - w a v e

Irequenc c- s would he r e q u i r e d .  Any s y s t e m  w h i c h  has an inheren t
range s i g n i f i c a n t l y  l a r ge r  than t he s y s t e m  requ i rement  i s  s u b j e c t

to  i n t e r f e r e n c e  by v e s s e l s  w i t h i n  the rad io  r a n g e , hut beyond the
sys tem range (ovc rcover a ge ) .

These problems arc s p e c i f i c a l l y  addressed  in the next  e e c t i o n s .

G.2.l .l Frequency

W h i l e  only  a few f r e q u e n c i e s  arc- a v a i l a b l e  in p rart  i ce  for a
m o n i t o r i n g  or su rve i l l ance  system , it is helpfu l  to point  o u t  some
general c o n s i d e r a t i o n s .  There are seve ra l  p o s s i b l e  me thods  of
commun i cat  ion:

a .  I) i rec t  communica t ions  by l i n e - o f - s i ght p ropagat ion .

b. Di rect  communicat ions by ground-wave p ropaga t i on .

c.  D i rec t  communica t ions  by sk y -wave  propagat ion .

d. Relayed communicat ions by buoys (g round-wave) .

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

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

Ground-wave propagation over the ocean provides reliable com-

munications out to 300 miles for frequencies flea :’ 50 MHz , and to

75 miles for frequencies up to S MhI z . At longer distances and

higher frequencies , signal attenuation is hig her and sky-wave

propagation can cause signal fading. If the shore station is set

hack several miles , the si gnal is further weaken ed by conductive

losses in the earth.
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S k y - w a v e  p r o pa g a t i o n  i s  the domin a n t  mechan i sm in communi c a-
ion from 5 to 25 MHz beyond 100 m i l e - s .  In t h i s  t r a n s m i s s i o n  mode ,

rad io  waves  are re f l e c t e d  hack clown to  e a r t h  f rom ionosp h e r i c
laye rs  w h i c h  p rov ide  a sharp d i e l e c t r i c  g r a d i e n t  t o  t he t r a n s m i t te d

wav e .  l l n fo r t m i na te ly  t he l aye rs  vary in locat  ion and s t r e n g t h

d i u r n a l l y ,  seaso na l l y ,  and  w i t h  sunspot a c t i v i t y .  A c o m m u n i c a t i o n s
l ink in th i s  f requency hand wou ld he st i h j  i - c t  to  frequent l oss  of
c o n t a c t  w i t h  shi ps beyond 100 m i l e s  range , Fades r e s u l t  ing frorr i
o m i t - o f - p hase i n t e r f e r e n c e  between ground-waves and s ky -wave - s w o u l d
cause loss  of  c o n t a c t  c l o s e r  in for hi gher f r e q u e n c i e s .  In add i-

t i on , in ter fe rence from ship and non-sh i p t r a n s m i t t e r s  s - v - r a l
hundred m i l e s  away wou ld  he p r o b l e m a t i c a l .

l i n e - o f - s i g h t  p ropaga t i on  c o n s i d e r a t i o n s  app ly to frequencies

above 30 1-1Hz, a lt houg h sky -wave  s i g n a l s  are o c c r i s i o n r i l l y  exper i -
enced at t h e s e  f r e q u e n c i e s  as w e l l .  R e f l e c t i o n s  from the oce an can
occasionally result in severe fading under smooth sea conditio n s;

this effect is most noticeable - at short ranges (less than S m i l e s )

and hi gh f r eq i i en c i  e s  ( g r e a t e r  than 3 GIIz) . At f r e q ue n c I es  above
lO GUz , h o r i z o n  c ommun i ca t  ion is o f t e n  l os t  clue to a t t e n u a t i o n  by
rain; X-ba nd radars (9,4 GlIz ) suffer reduced range due to heavy

r a i n f a l l .  Hig h alt itude platform relays could he used to 150 miles
(bl imps) ,  or even ont to 500 mil e s (high—altitude a i rcra ft I , wi th

similar rainfall limitations. S a t e l l i t e  communication , on the

other hand , can he attained up to 15 GII z , since the vertical t h i c k -
ness of  the a t tenua t  ing medium is smal l , typ i c a l l y  less  than 2

miles; even with sate1li tes , attenuation by r a i n  can  cause  s i g n a l

dropout a t  low elevation angles.

In order to provi de vessels with emergency and traffic control

services , it is necessary to have a continuou s shore/ship commun i-

cation link to the bridge of each partici pating vessel; interrup-

tions (e.g., by fades) of more than a few seconds would not be

tolerable. Therefore , the frequency hand from about 4-20 M11z would

not he adequate . Likewise the -use of communication by meteor
trails (Sites , 1977 )  would not he a d e q u a t e  for this purpose.
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For ob tai n ing i n i t i a l  information about the- shi p, this limita-

tion does not apply, because the information is not t i r n e - c r i t i c a l

G. 2 .1.2 U se o f i x i s t i n g  Coast Guard Radio System s

The mar it ime mobile radio telegrap h segment , from 41 5 to 4!)()

kIJz , is used for distress alert , AMV E R m e s s a g e s , and meteorolog ical

nm e-ss;ig es from merchant shi ps by CW. It is possible ’ that th is fre-

quency could he- used to transmit i n i t i a l  shi p data , since the data

are similar in content to the AMVI R data. However , it is unlikel y

to he 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 l()() klI z.

LORAN-A frequencies occupy the band 1800-2000 kllz , which is excel-

lent for achieving range of 100-200 miles from the- coast. h a l f  of

the hand (1800-19 (1 0 kElz) has been promised as an amateur radio

hand. The decommissioned facilities (particularly the antennas)

could he used for communications which require much less main-

tenance than the former navi gation st ations . (-See- Table C -I .)

There are several maritime mobile radio te-le- phone segm ents in

the 2-4 MHz band , including the 2.182 MHz internat ional distress

and calling frequency (sec Table G-2) . Many vessels have used AM

radios in this hand for short range communication , hut these are

being phased out in favor of SSB equ i pments. 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 m is c- s it for

communication; and meteorological broadcasts are made in this hand .

In spite of the competition , this band can be considered for the

purpose of shi p/shore voice and data communications.

Long range radio telegraph communications via sky-wave propa-

gation i5 obtaine d for Coast Guard and mer chant ship s at 4,6,8,
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TABLE G- 1 . LOr~AN-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 Argue llo , CA

Point Arena , CA

Cape Blanco , OR

Point Grenville , WA

Biorka , AK

Ocean Cape , AK

Spruce Cape , AK
Atta , AK
Adak , AK
Cape Sarichef , AK
San Juan , PR
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l A RLl ~ (;—2. v i i i :  \Sl) 2 182 k il; ~ SIA ’l ’IM ’c S

\‘)IF kift
Locri t ion S t a t  I on I dent  i f  i c - ri t ion Ch 1 6 2 1 8 2

S t a t e  o f MA 1SF

Quoe ldy 1k-ad lone-spor t  ,S t r i t ion X X
- J o m a ’ s p o r t  •J o n e s p o r t  St a t  io n  X X
h-It . Cadi I l ac Groun S o u t hw e s t  h a r b o r  X
Ba ss Ha r hor Group Sout hwes t  h a  rho r X
Ow ls  1k-ad Ro c k l a n d  S t a t i o n  X X
Rock Ja r mc l  R o c k la n d  S t a t  ion X X
R r u i r i s w  i c k  Group Portland X
~lt . T r idi -p erith-ric e - Group Port lane ) X
(:aN- I. I i  z a b - t i m  Group Port 1 ari d X
‘-It . ‘~~:in -nt ic ri s (York) Group Par t  land x

St rite of V FRhIOS F

Mt . Ia mis field Burl i ngton Fight S t I  I on X

Sta t  e o f h-IA SSA CI_h l 3 S E ~l’TS
Nc w buryp o r t  ‘- F’ r r im r i c R i v e r  S t a t i o n  X X
G l o u c e s t e r  G l o u c e s t e r  S t a t i o n  X X
Lis t- - rn  Po int G l o u c e s t e r  S t a t i o n  X X
Bo s t o n  Group Boston X
Pt , Al  l ert o n  P t .  A l l e r t o n  S t a t i o n  X X
Sc i t r ia l  - Sc i t ra i t e Sta t  ion X X
Race Point Race Point Stat ion X X
P i l g r i m  Monument R ace Point S tat ion X

IProv i ncetown )
Cape Cod Canal Cape Cod Grm nal S t a t  ion X X
Chritham Ch ri than i S t a t  ion X X
Nohs ka Poin t  Group Woods Hole- X X
Menem sha hh -rr emsha Station X X
~;m ntuck e- t Jirant Po int Station X
Brri nt Point Brant Point S t a t  ion X X

S t a t e  of Rl iODl; I S l A~~l)

.Jamestown Bridge Castle lii 1 1 Stat ion X
(astl e Il i 11 List le 11 1 1 1  St at i on X X
Point -Ju cl i th Point Judith Station X X
Block I s l a nd Block I s l and  S ta t  ion X X

St a t e  o f (:ONNFc l I GUI
Conn - c t i cmi  t R i ye r Group Long Isi and Sound X
Wat -rlord

(hi il l S t O m a -  Pt .) Group Long Island Swm ne l X
New Haven Group Long Is ) and Sound X
F i s h e r s  Isl and Group Long Island Soun d X
I ill  ford Gr oup Lo n g  Is land Sound X
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TABLE G- 2 .  VHF AND 2182  kH: STATIONS ( C o n t . )

V h F HI :
Location Station Identification Ch 16 2182

State of NEW YORK

Eatons Neck Group Long Island Sound N N
Montauk Group Shinnecock N X
Shinnecock Group Shinnecock N N
Moriche s Group Shinnecock Y.
Fire Island Group Rockaway X
New York C i t y  Group New York N
Mt. Beacon (Hudson R.) Group New York N
Saugerties (h udson R.) Saugerties St i . or

Group New York X

State of NEW JERSEY

Sandy Hook Group Sandy Hook X X
Manasquan Group Sandy Hook N
Barnegat Group Atlantic City N
At l an t i c  Ci ty  Group A t lan t i c  C i t y  X N
Cape May Group Cape May K X
Portescue Group Cape May X
Dela. Memorial Bridge Base Gloucester X
Burlington Bristol Br. Base Gloucester X

State of DELAWARE

I)ela. Memorial Bridge (See “New Jersey ”)
Rehohoth Beach Group Cape May X X

State of MARYLANI )

North East Group Balt imore X
(:ator )sville Group Baltimore X
- \ n n a p o l i s  Group Balitmore X X
(r i s l i e l d  Group Chincoteague X X
‘~1c ’ - - i r  C i t y  Group Chincoteague X X

S t a t e  of  V IRGINIA
ro 11 Ba ltimore X

~ ..i ~r o~~r Gr I lip Ba It imore X
- c .  ~~~~ Gr oup Ch i n co t  - ; i g ue X X

- !~,- , - ~ 1, r u p  ii inc t caguc X X
Gr - i i ; h I~ mp ton Roads X
C r  - i l i  # 1 i m p  c o n  Ro a d - i N

- i t  I - l i f l ~ ) ’ fl ~~~~~ X
- - , j u  t4~~~~;-? - - i i  Ro il ~ X
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T A B L E  G - 2 .  VHF ANE) 2 1 8 2  kh lz STATIONS ( C o o t . )

V h F  k u :
Locat i on  S t a t i o n  I d e n t i f i c a t i o n  Ch 16 2 1 8 2

State of NORTH CAROLINA

El i za h e t h  C i t y  El i z .  C i t y  A i r  S t a t i o n  N
Ede nton-h l idway F li z .  C i t y  A i r  S t a t i o n  X
Oregon Inlet Group Cape h a t t e r a s  X X
Eng lehard Group Cape h a tteras X X
Cape i la t te ras  (Buxton) Group Cape h a t t e r a s  X X
Ihatt eras Inlet Group Cape h atteras X
Ilohucken Group Fort Macon N X
Cedar Is land (Lo la )  Group Fort Macon X
Croa tan  Na t iona l  Forest  Group Fort Macon X
Hol ly  Rid ge Group Fort Macon X
Caro l ina Beach Group Fort Macon X X

State of SOUTH CAROLINA

Myrt le  Beach Group Char les ton  X
Mt. Pleasant Group Charleston X
Su lli vans Island Group Charleston X
Parris Island Group Charleston X

State of GEORGIA

Tyhee Island Group Charleston X
St .  ~Simons Is land  Group Mayport X
Jekyll Island Group Mayport X

State of FLORII)A

Mayport Group Mayport X
Jacksonville Beach Group Mayport X
.Jacksonvi l le  Beac h Group Mayport X
Flagler Beach Group Mayport X
Cape Kennedy Group Mayport X
Cape Kennedy Group Mayport X
Fort I’ ierce Fort P ie rce  S t a t i o n  X
Fort Pierce Fort Pierce Station X
Jupiter Group Miami X
Lake Worth Group Miami X
l)elray Beach Group Miami X
Fort Lauderdale Group Miami X
Miam i Beach Group Miam i X
Princeton Group Miami X
Card Sound Group Miam i X
Tslamorada Group Key West X
I s l am o r a d a Gro up Key West X
Marathom Group Key West  X X

(;.
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TA BLE C— 2.  \ I1F AS D 2 1 8 2  k u :  ST-\T IONS (Cont

V h F  HI:
Locat ion  S ta t i on  I d e n t i f i c a t i o n  Ch 16 2 1 8 2

State of FLOR [I)A (Cont.)

Key Wes t Group Key Wes t 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 N
C l e a r w a t e r  Group S t .  Pe te rsburg  X
Tarpon Springs Group St. Petersburg X
Crystal River Group St. Petersburg X
Yankeetown Group St. Petersburg X
Steinhatche c Group St. Petersburg X
St. Harks Group Mobile X
Cape San Bias Group Mobile X
Panama City Group Mobile N X
Fort Walton Group Mobile X

State o f ALABAMA
Spanish Fort Group Mobile X X

State of MISSISSIPPI

Gulfport Group Mobile X
(See Western Rivers Section , Mississippi River)

State of LOUISIANA

Venice Group New Orleans X
Chalmette Group New Orleans X
Lecville Group Grand Isle X
Southbend Group Grand lisle X
Pecan Island Sahine Station X
Cameron Sahine Station X

State of TEXAS

Sabine Sahine 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 Por t I sa bel X
Port Isabel Group Port Isabel X
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TABLE G - 2 .  VHF AND 2182  kHz STATIONS (Cont . )

VHF kH:
Location Station Identification Ch 16 2182

State o f C A L I F O R N I A
Point Loma Group San Diego X
San Clemente Island Group San Diego X
San Clemnente 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 . N
Tranquillon Mt. Channel Island Harbor Sta. X
Cambria Group Monterey X X
Point Sur Group Monterey X N
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
Sanoa Group Humboldt Bay X
Trindad Head Group Humboldt Bay X
Point St. George Group Humbold t Bay X
Lake Tah oe* Lake Tahoe Station X

State of OREGON

Cape Sebastian Group Coos Bay X
Por t Orford  Group Coos Bay X X
Seven Devils Group Coos Bay X
Heceta Head Group Coos Bay X
Yaqu in a Head Grou p Coos Bay X
Cape Meares Group Astoria X
Portland (Sky Line) Group -Portland X
Rainier Group Portland X

Sta te of WASHINGTON
Jump Off Joe Mt. Kenniwick Station X
Cape Disappointment Group Astoria X
Grays Harbo r Group Astori a X X
Kala loch Grou p Por t Angeles X

Seasonal
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TABLE G-2. VHF AND 2182 kHz STATIONS (Cont .)

VHF kH:
Location Sta t ion  Ident i f i ca t ion  Ch 16 2182

S t a t e  of  WASHINGTON (Cont . )

Bahokus Peak Group Port Angeles N X
Port Angeles Group Port Angeles X
Gold Mountain Group Sea t t le  N
King-TV Tower Group Seat t le  X
Mt. Constitution Group Seattle K

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 Cuminunication 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 rsland Station X

State of HAWAII and PACIFIC

Upolu Point , Hawaii , Hi. lJpolu Point Station X
Mt. Haleakala , Mau i , h-li. Honolulu Radio Station X
Mt. Kaa la , Oahu , Hi. Honolulu Rcdio Station X
Kaua i, Hi . Kauai Station x
French Frigate

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

Ar ea of PUERTO RIC O

San Juan Base San Juan X
El Yunque Ba se Sa n Ju an X
Cerro De Pun ta Base San Juan X
Mon te del Es tado Base San Juan X
Crown Mountain ,
St. Thomas , V.1. Base San Juan X

Signal Hill ,
St. Thomas , V.1. Base San Juan X
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12 , 16 , and 22 MHz. Fax and t e l e t ype  data  are now t r a n s m i t t e d , and
could be used for initial communication of shi p da ta .  W hi le  radio-
telephone and radiotelegraph channels are also identified in the

4 - 2 5  MHz b and , problems of overcoverage and coverage gaps make this

band appear unat t rac t ive  for voice and data communications in a
monitoring and surveillance system .

VHF (156-162 M1-l z )  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.l.3 Voice/Data Multiplexing

If data were t ransmi t ted over the same channel as voice , it
could occupy one of three audio bands wi thin the channel: sub-
audible (0-300 Hz) ,  audible (300-3000 H z ) ,  or superaudible (3000-
10 ,000 Hz). Subaudible data multiplexin g is limited to low data

rates , namely 100 BAUD. Audible data multiplexing would result in

“beep s” being heard each time a data transmission from a neighbor-

ing ship or shore station occurs - this is potentially irritating.

Superaudible data multiplexing is technologicall y 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 k flz channel to about 12 kHz

(double sideband AN). This capability should be considered in any

system design requiring data transmission.

G.2.l.4 Satellites

Satellite communication is finding wider application and

increased usage in the civilian sector. Costs per message are

decrea si ng 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 shipp ing compiny need not be
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h i gh during a t r ia l  per iod . W h i l e  th is  a l t e r n a t i v e  has the initial

appearance of an “overkill” approach , the fact that it has appli-

cation in other areas of the maritime industr y , and for other Coast

Guard missions , renders it worth y of further consideration.

Satellite communication can be used b y equipped vessels to

transmit i n i t i a l  ‘~hi p data from out at sea , i . e . ,  beyond line-of-

sight communications. The expense of the c~ u i pm ent is still too

high for use by smaller vessels , so that satellite communication

cannot he chosen as  the exclu sive means of communication for an~-

function.

G .2 .l .5 I’roblems of Overcoverag e

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 transm issicns 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 cours e , 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 casua lty

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 ( 2 7  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 , onl y

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

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

oil platforms are within 100 miles of shore.

Thus , most accidents occur within VHF range of shore stations

( 2 0 - 4 0  m i l e s ) .  Furthermore , there is l i t t le  j u s t i f i c a t i o n  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

mi les  cannot be j u s t i f i e d  so le ly  for the purpose of providing OVTM
se rv i ces .

It is a truism , but wor th  s ta t ing , that there is no point in
requ iring the shore s ta t i on  to accura te ly  know vesse l  pos i t i on

beyond t he range of immediate communicat ions.  That is , even if the
shore station knew of a potential collision at 100 miles , it would

be use less if communicat ion w i th  the bridge were  only available to
20 mi les .

G . 2 . 3  System Capaci ty/ 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.

- ~~~~~~~~~~~~~ - - - ~~- :~_ T .  
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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 capaci ty .  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 t a r g e t s , etc.) the SO’s

effect iveness 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 m an 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 usi ng
the same cha nnel , and from the fact that adjacent shore stations
w il l  hav e overl app ing coverage areas , must be considered in the

final assessment of system capacity . For the purposes of this dis-

cuss ion , these complications will be ignored.

Th e capac ity of a commun ica tions channel depends on the avera ge
messa ge leng th per vessel , the number of minutes between position
repor ts  (update per iod) , and the u ti l iza tion fac tor .  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 , abou t the sam e as fo r VTS ’ s (a study for the San Francisco
VTS ind icated 27 seconds as an av erage message l eng th (Brown , et al ,
1973))

Figure G-l 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 hour ly .  Also , specific advisories to vessels are limited

in heavy tr a f f ic. I t shows as well tha t sh ip data , wh ich cou l d
take 1-3 minutes to report verbally, shou ld no t be sen t on the
same channel.

G.2.4 Initial Check in to the System

Vessels plann ing to enter a U.S. port from abroad are required

to no ti fy the Cap ta in of the Por t at leas t 24 hou rs in advanc e of
arr iva l .  Since th is informa tion can be sen t by an agen t sever al
days in advance , it is no t useful  as a check in to a traff ic
sys tem.

Neither is it acceptable for tanker and other vessels to
wai t until they are within VHF range , pa rt ly 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 informa tion con tained in the Mar ine Safe ty
Informa tion System (MSIS). Therefore tank vessels and hazardous

cargo vesse ls , in particular , should be required to provide ship
informa tion at an initial check in beyond VHF range . The present
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2 - 1 hours requi rement  can s i m u l t a n e o us ly  be s a t i s f i e d  hy a repo r t
v i a  p resen t  radio t e leg raph  or t e le t y p e  se r~~ices  at  2 -1 hours o u t .
The information should include the nine items required by the MSIS:

~‘ame , f lag,  cal l  sign , o f f i c i a l  number , propuls ion , length , gr oss
t o n n a g e , net tonnage , and horsepower.  In add i t ion  it should include
the master ’ s n a m e , owner ’ s or lessee ’ s name , dra f t , cargo , ship type ,
and dest ination. Fina 11~- , it should include th e  p resen t  p o s i t i o n ,
ETA at the d e s t i n a t i o n  port , a l i s t  of  w a y p o i n t s  ( i f  appropriate),
and a statement either stat ing that all navigation and control gear
are w o r k i n g ,  or a l i s t  o f  deficiencies. A form such as that shown
in Fi gure G - 2 a  should be printed and made widely avai lable to

shipping companies to speed up the t r a n s m i s s i o n s .

If the s y s t e m  des i gn ca l l s  for v e s s e l s  o ther  than tank v e s s e l s
to chec k in , a reduced list can be used for them. Departing vess els
( loaded)  should a lso f i le a 24 -hour  n o t i c e .  Tank ba rges  should he
incorporated into the s y s t e m -  - even a 2000  g ross  ton barge cam cause
a massive oil spill if all the cargo escapes.

Initial check in from sea could a lso be t ransmi t ted  by satel-
lite or any AMVER circuit , if other means were unavailable.

G . 2 . S  Verba l  Vs Coded Ship Da ta -Equ i pment Impl icat ions

Sh i p ’s data can be communicated to the shore statio n ia
several ways: by the VWS ’s verba l  message , by a t e l e t yped  message ,
or by an automatic data transmission . (See Fi gure G-2h .)

Voice transmission is now used at VTS stations at Seattle ,
Va ldez , San Francisco , Houston , and New Orleans , and has the advan-

tages of familiarity and human contact . The disadvantage , of cour se ,
is that voice is a relatively inefficient means of communicating

data : what takes a watchstander 30 seconds to describe can be
rel iab ly  r e l ay ed in a fr a c t ion of a second by cod e .

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.

G - l 9



Sill P’ S NAME (SNM) 
_______ _________________________

V E S S E L  MA SrER (V ~- 1) 
_____ ____________________ _________

SHIP TYPE ( T P ) :  TKR BLK LNG LPG CONT FRT
CARGO (CC) : 

________________ ___________________ -_____________

CARGO WE I Gill (CGW ) : 
_________ - _______________________ _______ 

(iONS

SHIP CAPACITY (DWT) : 
_______ -- _____________________________________ (T ONS)

SHIP DRAFT (DR) : 
______________ - - __________ _____________________________ ( F E E l )

CALL SIGN ( C S ) :  -__________ ____ _____________

VHF CODE (VHF) : 
_____________ ______ —____ - ________________

DESTINATION (DST) : 
________  _________

ErA AT DESTINATiON ( E T A ) :  
___________ _________ -

CHART OF LARGEST SCALE (C U):  
______________ __________________

DEFICIENCIES ( DEE) :  LORAN-C or S a t e l l i t e  Nav i ga t ion  (LOR) :
X- Band Radar (XR A )  : 

___________________

S-Band Radar ( SRA) :  
_____________

Collision Avoidance Aid (CAA ) : 
__________

Fathometer (FTH) : 
________________________

Chart Recorder (CUR) : 
___________________

Gyro Compass ( G Y C ) :  
- - ________

Magnet ic Compass ( MCC : 
______________

VHF Comm. (VHF) :  
____________________

HF Transmi t ter  (lIFT) : 
____________

HF Receiver  (HER) : 
______________

Tel etype (TT): 
____________________

Radiote legrap h (CW): 
____________

Steering Malfunction (ST): 
________

Propulsion Problem (PP): 
_________--

FIGURE G-2a. POSSIBLE CHECK LIST

[~M-GULF STAR; VM-SMITH ; CS-WXY Z; VI-IF-WEX 5421 ;

CG-2 OIL; CGW-65000; TP-TKR; DWT-70000 ; DR-35

DST - NYC ; C H- 1232 6 ;  ETA- 143 0 ;  l) EF-SRA , CHR .

FIGURE G -2b .  SAMPLE TRANSMISSION
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The data could be sent manual ly , using an encoder module as
shown in Figure G - 3 .  At each maneuver or  w avpo i nt , the w a t c h
stander would reset  the thumb whee ls  and push the t ransmi t  bu t t on .
An acknowledgement by the shore s ta t i on  would l ight up the “acknow-

ledge ” lamp . Ev en th i s  is time-consumin g, and is not t ha t much
cheaper than an automatic encoder module.

The most des i rab le , as well as the most expensive , ship board

equipment would read time de lays from the LORAN-C unit , speed from
the ship ’ s log, and heading from the shi p ’ s g y r o , and arrange the
data in the propei format for t ransmiss ion.  The t ra nsmiss ion could
then be keyed by a shore request , a manual command , or a c lock pulse
(see Figure G - 4 ) .  This has the marked advantage of requiring no

action on the part of the vesse l  watchstander.  At the shore
s ta t ion , no keying operat ions would be required. The SO could then
devote most of his time to conf l ic t  assessment  and t r a f f i c  f low .

It is therefore concluded that if coded t ransmiss ions  are used
to report ship ’ s course and speed , it should be done a u t o m a t i c a l l y .

G . 2 . 6  Rol l -Cal l  Versus Ship-Ini t iated Transmissions

There are two d is t inct  methods of co l lec t ing informat ion from
the vessels: one is the roll-call method , in which vessels are

interrogated one by one by a shore stat ion 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 fol lowing advantages:

a. The data update rate is controlled from shore , and can he

varied for each vessel to account for variations in traffic den —it ~
number of course al terat ions , and vesse l  speed. This increases
system capacity , an d prov id~ s flexibility for emergencies.

b. The system saturates in a “sof t ” manner: as the nurO -

of vessels begins to exceed a threshold value , the update t h u  c u r

be reduced by a small percentage to accommodate the ne~ vcc~ e lc .
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FIGURE G - 3 .  DATA TRANSMISSION ENCODER MODULE - MANUAL

LORA N GYRO
C COMPASS 

LOG

\~ 
CLOCK

MODEM

—I OVTMS ENCODER MODULE
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FIGURE G-4. DATA TRANSMISSION ENCODER MODULE - AUTOMATIC
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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

th eir immediate task to rep ly 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 shi p initiated , and coded data systems should be controlled from

shore .

G.3 SYSTEM CONCEPTS

G.3.l Check In Systems

Check in sys tems (s ee the Vessel Passpo rt Sys tem , Sec ti ons
5.2.2 and 7.2) make no attemp t to monitor the point-by-point pro-

gress of any vessel , bu t rather rely on weeding out carelessly
equi pped or managed vessels , providing special assistance to defi-

cient vessels , and prov iding cross-checking and redundancy of func-

tion to ensure the accuracy and cor rec tnes s of onboard nav iga ti on
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 inte rnal wa te rs
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-

v ice could be prov ided to all tanke rs , 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 p lan , either submitted in advance , or at the

time of entry to the system , is assum ed. The voyage plan would con-

tain vessel information and the planned route (refer to Figure G-2).

G .3.2.l 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
waypo int is reached, or when the voya ge plan is al te red . The
initiative is left primarily with the vessel master; however , i f no
repor t has been received within a short time after a scheduled way-

point should have been reached , the shore operator will initiate

the call.

G- 25



TABLE G-3 . SUGGESTFJ) RACON l OCATIONS

Location Identif ying Feature Latitude Longitude

(Atlantic)

Portland Exists

Boston-Mass. Bay R” B” 42°-22 .5’ 700_ 47 ,

Cape Cod BW “BD” 42°-8’ 69°-53’

Great South Channel PA 4O0~ 48, 69°-O’

Nantucket Li ghtship 400_ 30 , 69° 30’

Rhode Island Sound BW “A” 4l 0 7, 7l0 24~
Long Island Sound Plum Island 4l0~ ll , 72°-13’

New York Ambrose Light 4O0~ 78, 73°-SO’

Delaware Bay R “F” 38°-47’ 74° 34.S’

I)elaware Bay R “D” 38°-27’ 74° 42’

Chesapeake Bay RB “CBJ” 36° 56’ 75° 57.5’

Cape Hatteras Diamond 350~~9~ 75°- 18’

North Miami Beach Outfall 25°-54’ 8O0~ 7,
(Gulf of Mexico)

F t .  Jefferson Loggerhead Key 2-~°-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
Missi ssippi
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TABLE G-3 . SUGGESITI) RACON LOCATIONS (Cont.)

Location Identif y ing Feature Latitude Long itude

East of L a s t  Flower Platfo rm 28°-7’ 92°-SO ’
Garden Bank

South of Calc asieu Platform 28°-40’ 93°-13’
Pass

Calcasieu Pass BW “CC” 29°-27 ’ 93°-13’

Sabine Lake R “4” 29°-29 ’ 93°-40’
Galveston Bay R “2” 29°-5 ’ 94°-14’
South of Ga l veston Platform 28°-5’ 94°-27’

Aran sas Pass New Buoy 27°-41 .5 ’ 96°-47. 5’
Port Isabel New Buoy 26°-4’ 96°-57’

(Puerto-Rico)

Puerto Rico (South) Guayanil la/ Erect Land Station on
Tallaboa Bay Punta Guayanilla

Puerto Rico (North) San Juan 18°-28.5’ 66°-7’

(Paci fic)

San I)iego Point Loma 32°-40’ 117 °-is’

Los Angeles Catalina Island 33°-2 1’ 1i8°-2O’

Santa Barbara Anacar a Island 34 0_ l ,  ll9 0~~2 2 ,
Channel

San Francisco R “SF” - Exis ts
cape Mendocino R “B” 400_ 2 6, 124°-30’

Cape Bianco 42°-SO’ 124°- 34’

Cape Disappointment Lightshi p Columbia 46°-il’ 124°-li’

Strait of Juan 2 Exist
Dc Fuca

G-27

— — . — -



TABLE G- 4. POSS I B L E  VE SSEL PASSPORT STATIONS

1. Portland

2. Boston

3. New York City *

4. Delaware Bay Entrance

5. Chesapeake Bay En trance
6. Miami

7. Tampa/St. Petersburg

8. New Orleans *

9. Elouston/Ga lveston *

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 (S)

c. VWS reports tA , tB (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 data with project ions (5)

g. Compu ter upda tes d i s p l a y  (5 )

h .  SO reassesses c o n f l ict situat i on (7 )
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The total time involved for this exchange is typ ical l y 7 0 - 9 0
seconds , depending on whether the verification step (4) is included .
In VTS systems , this is no t n o r m a l l y  p e r f o r m e d , unless there is an

uncertainty on the part of the SO.

The shipboard equi pment 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-

mall y be on-board , but the communications gear may he new . The

shi p ’s navigator has to use his skill to correct the heading infor-

mation to estimate his shi p ’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 “harebones ” 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 ship board equipment , and moderate demands on the

vessel master for communications. Since the shore operator acts

as a back up 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 ef ficient traffic flow (the ends). As

increased traffic causes the communication load factor to increase ,

the VW S ’s w ill encounter frustrating delays in relaying their posi-

tions. Also , shore operators will find themselves competing for

access to the channel (assuming one common frequency).

G- 29 

------~ ---—-—~~~ - _ _ _ _ _ _



I ocj

® ~- I I  e ~
/°\~~ ~ 

c I ~I i ]

Y I~~) \~~I~

* SO - Shore Operi t o~
‘VWS - Ve~ s e1 W*tchi t tnd * r

FIGURE G -6 .  MANUAL MONITORING SYSTEM

G- 30



From Figur e C-i it is apparent that requiring position reports

more than once per hour limits the amount of traffic that can be
handled to 30 vess els at most. To get an update rate that would

enable a shore operator to provide collision as sistance , an update

period of 15 minutes or less would be required. This would limit
capacity to 7-8 vessels - it would 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 VTS 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 onhoard encoder module

is driven directl y 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 indicate course

changes. The entire traffic population is automatically interro-

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

updates are no longer geared to significant waypoints , but are

updated more often than with reporting systems , so that some missing

or garbled shipboard transmissions can he 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 per iodic 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

ve sse l ’ s transmission. The computer plays a central role in this

system , since it can perform routine monitoring:
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a. Comparing actua’ 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-

3ions , rammings , or groundings , and communicating with unequipped

vessels or those with malfunctioning gear.

The demands or1 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 fairw2y

entrance , or intersection. The responsibility for collision assess-

ment and avoidance maneuvers , and fo r 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 encod er module ,

and a data transmitter and receiver (if separate voice and data

channels are requ ired).

Thi s system has a high inherent capacity , and enables  a h igh
operator workload; it makes minimal demands on the vesselmaster. . It

does , however , require sop his ticated 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 Sys tems

Su rye i i I anc e sys  t em -; can he S h I p — in it i a t  ed o~ r ro I I - ca I I ; the i r

d e t e c t  ion can be c oopt ’ r a t  I ye or non — coope r a t  i ye ; t h e y  c a n t  it s rada r

range/range , or m u l t i  l a t e r a t  i o n  techniques t o  ( 5 t 11) I i s h  S h i p ~~s p 0 5 1  —

t I on s . Fund amen t a I I y , howev er , the re a re two s i r  V e 1 1 Ia ii cc sys t em

t y p o s :

a . Those i n wh 1 c h the s u r v e  i l l  a r i c e  ~~() S I t i o i l  niie ~ i Sit re l ic  F i t  i S

primary , and the ship ’s reported posit ion is used only for yen f le a—

tion , if at all.

h . Those in wh I ch t h e  su r v e  I I I anice da t a I s used as a c h e c k

and a b a c k u p  i n  c a s e  of  s i t  i ps ‘ fa i I tires , and the sh I p ‘ s r e p o r t  ed

position is primary.

As stated earlier , the surveillance system range must be

matched by communication range to he useful . Thus if a s a t e l l i t e

system e n a b l e d  the shore to know 511 1 1) position accurat ely a n y w h e r e

on the g lobe , it would he of I I m i t ed  use f u l  no s i ~ i mmcd i at e rail I

contact were limited to VHF . Therefore a satellite surveillance

system must have the capability of rapid selective calling via

voice circuits to he effective.

I h e r e  ar e  s e v e r a l  other con siderat ions. One is that wi t h  the

requirement of LORAN-C or satellit e navi gat ion , ships w i l l  know

their own position quite accuratel y; a surveillance system would

onl y help establish position where coverage gaps exist or where

onhoard gear is malfunctioning. Another is that the loss of J)0Si-

t ion in format i on by a ship is not the c r i t i c a l  s it uat ion it is for

an aircraft in an air traffic system ; ships have several way s of

navigating. In fact , only a minority of ships have accurate flaVi -

gut ion gear today.

These considerations all indicate the limited addit ional ser-

vice prov ided by surveillance. However , the three systems discussed

below could of fer  some real bene f it s.
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C . 3 .3 .  1 Dir ec t i o n  — Find ing (UF) Surv~~i l  l a n c e

Th i s i s a i-h e a l )  s ys  t em wh i ci) can he it s oil as a backup wite re
s h i p ’s navigat ion equ ipment i s  q u e s t  l o n a b l e .  Figure C — 8  s h o w s  a
1) 1: s y s t e m  w h i c h  p r o v i d e s  c r o s s — h e a r i n g s  u p o n  r e c e i v i ng  a VHF t r a i t s-
m i ss i o n  I ron a v e s s e l  . A V e s s e l  mas t e r request i ng suc h ass i s t ance
w o u l d  radio t h e  shore s t a t i o n .  l i t e  shore operator would set up the
I ) 1 s w i t c h e s  a n d  a s k  t h e  m a s t e r  to  k e y  his V H F t r a n s m i t  t e r  on a

p a r t i c u l a r  c h a n n e l .  The SO would then provide the master with

L O R A N - C  t i m e  or  latitude/lon gitude coordinates or references to
r a d a r  t a r g e t s  or v i s u a l  c u e s .

1) I ~ s y s t e m s  a r e  now b e i n g  u sed  ( s i n g l e - h e a r i n g )  t o  d e t e r m i n e
t h e  i d e n t i t y  o f  r a d a r  t a r g e t s  ( T h o m p s o n  a n d  R e a r n e  , 1 97 8 1

( ; .3 . 3 . 2  R a d a r

R a d a r  a r e  used  i n  V I ’S sy s t e m s  to p r o v  i t ic s h o r e  o p e r a t o r s  w i t h
a d i s p l a y  of  v e s s e l s  and  l a n d / b u o y  e c h o e s . T h e y  a r c  e x p e n s i V e  t o
i n s t a l l  and maintain , and arc limited to 20-30 miles of range.
I’he ir bi ggest advantages a r e  the u p d a t e  rate (typically 15-20 scans

p e r  minute) and the references provided to coastal features. There

is also the subjective conf idence that “you know it’ s there i1 t h e
r a d a r  says it ’s there ,” whereas a synthetic display of data

obtained iii an automatic monitoring system would occasion a ll y
e x h i b i t  jumps in shi p ’s positions.

Radars c a n  he used  to a d v a n t a g e  w h e r e  t h e y  a I ready exist in

V IS installations .

As transponders are introduced on hoard shi ps , they w i l l  pro-

vide radars with identity of ships; this is not possible a t  present.

G.3.3 .3 Satellite Surveillance

Since there is presentl y considerable int e rcst in the applica-

tions of satellites to the c i v i l  sector , a discussion is inc luded

h ere (see also Appendix II). Figure G-9 shows how a typica l~ satel-

lite surveillance system would operate. Interrogations from shore

would trigger a shipboard transponder; the repli e s would be
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r e c e i v e d  and  t h e  t i m e - o f - a r r i v a l  ( IDA ) m e a s u re d . ‘I h e  shore s t a t i o n

w o u l d  c a l c u l a t e  t h e  s h i p ’ s p o s i t i o n , k n o w i n g  t h e  ‘I DA ’ s and t h e

s a t e l l i t e s ’ p o s i t i o n s .  C l e a r l y ,  t h i s  i n f o r m a t i o n  i s  of no valu e

withou t the c a p a b i l i t y  of immediat e comm un icat ions w i t h  th e in te r~
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 mor e attention

arc as follows:

a. The expense of a satellite transponder/communication sys-

tem would he prohibitive for any except large shi ps. Thus the

anticol l i s ion prevention would he small.

h . It provides no additional navigation service to t h e ship

(which usually knows where she is) .~~

c. If the transponder (hut not a communications set) were

required on small er vessels , it would only protect them where VHF

shore/ship communication existed; or , if a dedicated communication

channel were provided at MP , it would he better to spend about the

same (or less) money on an automatic monitoring set.

d. The shore costs , including satellite costs , would he

si gnificantly higher than for an MF system , which would he needed

anyhow for communications.

*Satelljte navigation offers improved accuracy over LORAN-C and
other current nav iga ti on a ids but the presen tly oper ationa l system ,
Trans it , has outages of I 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 hi gher
accuracy provided by satellites for the close quarter navigation
in ports and harbors , and near the coast are recognized.
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APPENDIX H
SATELLITES FOR OFFSHORE VESSEL TRAFFIC MANA GEMENT

II. 1 I NTROI)IJCT I ON

I n  the wake of t h e  A r g o  M e r c h a n t  inc i d e n t  and the r a s h  of

t a n k  v e s s e l  c a s u a l  ties in the U . S .  o f f s h o r e  w a t e r s  d u r i n g  t h e

~ m t  ~ r of  19 T h -  1 9 7 7 , r e c o m m e n d a t i o n s  came f r o m  s e v e r a l  g o v e r n m e n t

l e a d e r  t o  use s a t e l l i t e s  f o r  s u r v e i l l a n c e  a n d  c o n t r o l  of  these

s h i p - . ftc t e r m s  s u r v e i l l a n c e  and  c o n t  ro l  c a n  have s e v e r a l  mean —

i ngs c o v e r i n g  t h e  r a n g e  f r o m  t h e  s imp ! i l i e d  c o n c e p t  of a ves sel

i s s u i n g  a o n c e  a-day p o s i t  i o n  r e p o r t  by t e l e t y p e  to  a set V i ce

a t ~ei i1 y l i k e  A M V I i R *  t o  t h e  s o p h i s t i c a t e d  “ spy  i n  t h e  s k y ” s y s t e m s

~ i i i cii 1- a n  det e r m i n e  t h e  v e s s e l  ‘ s i d e n t  i t y  , l)O S i t  i on  , c a r g o  , an d
o t h e r  c h a r a c t e r i s t i c s  down to  m i n u t e  d e t a i l .  To c l a r i f y t h e

pm i it t , the t e r m s  su r v e  i i  I al ice  and c o n t  r o l  are d e f i n e d  f o r  p u r  -
p i t s  ( S o I t h i 5 S t  ii d y t ( t  i t i c  I ude  t l ie  ft I I ow i n g : I ) t r a i k  ng  ii I

a v e s s e l  ‘ s c o u r s e  e i t h e r  f r o m  v e s s e l  r e p o r t s  or  i n d ep e n d e n t

me a s t i r e m e l i t  s w i  t Ii s u f f  i c i e n t  f r e q u e n c y  an d  pos i t i o n  a c c u r a c y  t o

u s ’ e ; s  t h e  p o t e n t i a l  r i s k  of  a c o l l i s i o n , g r o u n d i n g  or  r a m m i n g ,

a n d  2 ) s su  ng a d v  i so ry  c o m m u n  i cat i o n s  , b o t h  in g e n e r a  I t o  a 11

v e s s e l s  ;i ’id to  s p e c i f i c  v e s s e l s , regarding u n u s u a l  l o c a l  c o n d i t i o n s

and a p p r o a c h i n g  e n c o u n t e r s  w i t h  ot h e r  s h ip s  or  o t h e r  o b j e c t s

w h i c h  are a p o t e n t i a l  h a z a r d  t o  t h e  s a f e t y  of t h e  v e s s e l s .
‘I he o b j e c t  i v e  of  man aging v e s s e l  t r a f f i c  i n  t h e  o f f s h o r e  w a t e r s

out t o  200 m i l e s  i s  to e n s u r e  t h e  s a f e t y  of the m a r i n e  and c o a s t a l

environment without det ering the flow of merchant vessels.

Ih e two functions identified above may bc performed with several

different tools , one of which is a satellite system. Satellites

should not he arbi t r a r i l y  selected as the best tool for this tusk

unless the benefits warrant the cost.

Automated Mutua l -assistanc e Vess el Rescue.

II— I



i h e  p u r p o s e s  of this a p p e n d i t  are to summarize the ava i~~ah le

a t ( l I  i t e s  t h a t  a r e  p o t e n t i a l l y  app l i c a b l e , i d e n t i f y s a t e l l i t e s
t h a t  ar e  p l an n e d  f o r  t h e  f u t u r e , d e s c r i b e  t h e  f e a t u re s  of these

m o s t  a p p l i c a b l e  to  m a r i t i m e  n e e d s , d i s c u s s  t he  c e s t s  of  s a t e l l i t e s
and  s h i p b o a r d  h a r d w a r e  and  a t t e m p t  to  i d e n t i f y t h e  f u t u r e  t r e n d s
i n  s a t e l l i t e  s e r v i ce s . The  o b j e c t i v e  i s  to p o r t r a y  s a t e l l i t e s  as
a t o o l  t h a t  s h o u l d  he c a r e f u l l y  e x a m i n e d  f o r  t h e  s p e c i f i c  t a s k

to  he p e r f o r m e d  and  t h e i r  use c l e a r l y  j u s t i f i e d , e i t h e r  on t h e

b a s i s  of t h e i r  c a p a b i l i t y  as  i t  a p p l i e s  to  t h e  m i s s i o n  t o  he per-

f o r m e d , or their cost effectiveness versus other alternatives.

I h i s  t e c h n o l o g y  has developed to the point where there are no

m y s t e r i e s  and  no “m’i g ic ” i n  w h a t  s a t e l l i t e s  can a n d  c a n n o t  d o .

On t h e  o t h e r  h a n d , t h e r e  w i l l  l i k e l y  he s u r p r i s e s  i n  t h e  a r ea s

of c o m m e r c e  a n d  b u s i n e s s  w h e r e  t h e y  can  he a p p l i e d , how w e l l

t h e y  can p e r f o r m  a t a s k  a n d  t h e  c o s t  per  u s e r  as  new ap p i i c a t  i o n s

and  m a r k e t  areas a r e  d e v e l o p e d  i n  t h e  f u t u r e .

11.2 SURVEY OF SA T E L L 1 T I ~S

1 1 . 2 . 1  S A T L L L I T E S  Cu R R E N T L Y  A V A I I . A B L h

The t e r m  s a t e l l i t e s  i s  used  in  t h s  a p p e n d i x  to  m e a n  b o t h

i n d i v i d u a l  s a t e l l i t e s  and s a t e l l i t e  s y s t e m s .  Satellites that

are currently in orbit and a r e  a p p l i c a b l e  in some w a y  to  t h e  OV’l M
stud y are listed in in Table 11-1. This table includes a summary

of the service available , lifetime of the satellite arid cost to

the user. It should he noted that both government-owned and

commercial satellites are included. Also this includes oper ation-

al satellites as well as scientific/experimental satellites .

As shown in this table there arc only two operational sate!-

l ite  systems - one with communication c a p a b i l i t y  and the other with

position-fixing (navigation) capability. ftc A’IS- (, experimenta l

-a t e l l  ite is of limited usefulness because its small coverage a r e a
and far westward location provides only West Coast a n d  P a c i f i c
1) can coverage . Also , it is nearing the end of its expected life.

‘Ihe Marjsat and ‘l ransi t satellites have adequate capacity and

11- 2
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a t  I t r a c y ,  r t spe  t i v t ’ ! y ,  to t i n - c t  t h i t  c u r r e n t  p r o j e  t e d  n e e d s  ( t h r o u g h

I Y~~( 1) of  t h t -  t i n - r i  han t vesse l f l  c u t  opera t i ng in the I! . S . o f f  h o r e

Wa I i s . I l owe  v e r  , it tfoe s net ;i p p e a  r f r o u t  an  e x a  iii i n a  t i on of  t l i e
;t s u a l t y  d a t i  t fi a t ar ty add i t j o n a h  c a p a b i l i t y  o v e r  I t r e s t - n i t  t o m m t i n i c a —

t i o n s  a n d  l 0 l < A N — C  i t a v i p a t  i o n  i s  n eeded  f o r  r e d u c i n g  c a s t i a l t  i t - s  i n

t h e  o f f  - h o n  w a t  e r s  d u e  t o  c o l l i o n s , g r o i i r i d i n g s  or r a n n m i n g s .

T h e r e !  O N ’ , t h e  a d d e d  e x p e n s e  of  t h e s e  s a t e l l i t e  e q u i p m e n t ’  and s e r —

v i  ce ’s  c l u e s  nut a p p e ;t  r t o he w a r  r a n t  ed a t  t l i e  p r e s e n t  t t i P ie f o r  s a f e t y

app l i c a t  i o n s . f lit - re a r t  p o t e n t i a l  e c o n o m i c  b e n e f i t s  t h a t  a r t ~ to

b i t ’  r i s e r  d u e  to i n c r e a s e d  e f f i c i e n c y  of o p e r a t  i o n s  a n d  m a n a g e m e n t

o f  r e s o l t r - l i s  b y h a v i n g  b e t t e r , m i t r e  t i niic ’ l y c o m m u n i c a t i o n s  o v e r  g r e a t

c l i s t a i t c e ’ . . H o t  f t  s y s t e m s  a r e  c u r r e n t l y b e i n g  used  by s e v e ra l L i  n t i s
i n  t h e  m a r  i t  jot t r a n s p o r t a t  i o n  i n d u s t r y  and  t h e  n u m b e r  o f  u s e i  5 iS

i tic re a s  i ng

1 1 . 2 .  ~ l’l A~~~f l  ANI) PROPD SE I )  SA ’I l :LL I l l S

P l a n i r i t - d  sat eli i t e s  ar e  t h o s e  wi t  i c h  a r e  e i t h e r  u n d e r  c o n s t  r i~ -

tor i or o t t  I ftc “drawing board. ” Proposed sa tell i t e s  are those

wh j c i  h a  y e  teen recommended for fut tire se rv i cc , b u t  h a v e  not
r e c e i v e d  f unding or authorization. ‘l’his l a tter group also includes

pr o p o ’ ; i l s  t o  change t h e  design and  f u n c t  i o n  of p l a n n e d  s a t e l l i t e s

to serve the n e e d s  of t h e  m a r i t  in c  t r a n s p o r t a t  i o n  i n d u s t  r y .  f h e
p h  i n n i e d  and proposed s~ t (II i tes applicable to the OV’l M :t re l i s t e d

in ‘l ;jh le 11- 2 .

‘Ihe Cl~ ; NAV ;’IAR program is currentl y in the concept val ida -

i o n  phase . These te sts include fl y ing user equipmen t and making

mea surements 1) 1 a c ( f u i ’~t i o n  time , position determination accuracy

a n d  tracking c a p a b i l i t y  using a satellit e system of two i n - o r b i t

sa tellite ’ ; p l u s an array of ground te rmin Is whic h simulate

or b iting s a t e l l i t e s . ‘I he tests are lim i t e d  t o  the W e s t  c o a st  o f

t h e  I J . S .  ant i to onl y short periods of t inc th at t h e  satel I i t t : ;

are in view. However , it is reported h y the I)epartment of I)efense

that these tests successfully demonstrate the basic - c a p a b i lity of

the schç~me. This system must pass several h u r d l e s  before it w i l l

he adopted as a national standard for navigation. Two maj or

hurdles arc: 1) cur r ently the (;PS NAVSTAR is identified as a

11-4



~~~

- : ~:— ~~ 
.
~~~~ 

— -  “ 
—

C~~~~~ 0t ~~~~~C . . — — c E ~~~~~’ 0 c — C
- :~~~~~~~ ,. 

,c — ;
~~ -~~~~

-
~~~~~ 

E ,c •

— 7 - , - —  ~. , 0 7  — 0 :  c c  : — 0 , - n e C  ,: o o’ .  c c  0 - -
- O c 0 c 0 .~ C t —  C c l -  C-, 0 C ~~~ ~~~c- ’ , -,. 0 0 i . , - , 0 0  C~~ L c * 0 c c E  -, 0 o c c ~~ - c , ,  -—

- • . _ y_ !, 0 7, ‘ C ’ O  , ‘ 0  C C  ~~~~~~~ — C - .. C 0

—~~~ ““ C ~~~~ 0 ~~~- E , - C _ ’, LC ’  ‘
~~~~~~~~~ , c

~ -~ — 
— .~ C

.0 C- ~~~~~~~ —~~~ — — .  — ‘  — — —  
—0 . - c l -  f , ,-  C — — ;  C .*  0 , 4 c t C C-~~~~ J’ E 0  — O o -  ~ — 0 ~~~ — + :  C

0 0 C 0 ~~ -~~~- C O
- 0 0 0 ’ O - -: a > I, ,, 0 ~~~* t _~~~~ C~~~~~-O C , ’ C_  ‘ ‘~ “ c o — - C E

0 ’  U- ,- 7 , 0  — -, C C  n - C O - C  Z O O - C O O  0 - ’ , 0 & —o — C , f , : c i 0  _ 0 0 _ . — _ 0 l C  - o — - 0 0 0 — C C — C ) ’ C

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~
—

I
—

— 
C- 

— <
C- U-

of 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C’ ~~~~~~C C , 7 ,  C

C ~~~~ 

.

~~ ‘7 
~~~~~~~~~~~~~ ~~~~~

—‘ -~~~~~~
‘ 

-,

—~~~ : — —  C-
7-- CC

-~ 
7 ,  

~ ~~~~~~~~ C~~~~~~~~ 7 C 0  0”

~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7, 0 — O ’ 7 ,- , .C ,~~~ C - ‘C
— 0 C C 7 , ’ C  C C 7 , - t  C -— ‘ -‘ - ,- _C - — ‘ 7 , 1 .
— -.. -n :, -~. c a  -, -t c, o , , O  0 0  0 7 ,  -‘ - .  — E n > —

C- ~ —~~~~~ ~ ‘ 2 ~~~ ~~ C 
-‘ —

~~~ ~~:

~~~0 0 ’  ~~~~‘- 7 ’  0 , ’ 1 0~~~~ c o ~~~~~0 , ’  l ~~~~~~~~~~~~ , G C
& .- ~~~~~~~~~~ ~~~ ‘ —~~~~~~ ~- — 2< I> ’~ o-o - - C.

-‘ : ‘ i  ~ ~~~~ ‘ 0 ,~~C~~~~~~~ , 0 C  0. 
~~~~~~~~~~~~~

~~~C O  o Q  .~~t 7, U * 7  t E e n  0 0 .
C 0 C. — 0 .  7 , a .’ — * , ’ C~~‘ - .~~~~~, - ‘ E •  . 0  — 0  .,f, C O C  C C C O O  %l .  U 0 - -d , ,0 0

z~~ - C - 0 : C :  -‘ L 1 .  0 0  0 I. C 0 O , C  C C C - - . -.’ C,4C C — 7 - c O C . 0 O  f ~~~7, a 0 0 0 0  0 — 0 -.. 0 £ . 0 0
r U -  .‘ O C — o % . . C C  C ‘ D - , - , C C O C  0 C o o  0 0 0 - s —  01 .  C

A C ,  .-. . 0 0 0 0 C  , C J O - o 0 0 . .  - z  0 . f l .  . 0 7 , C
n o  B -‘ -- c C 0 C - ~ ~~~~~~ U -— ‘ — > 0 0  — • 0 )  7 , 0

- 0 0  0. 7, 4, 0 — 0 — 7 , 0  B~~~t C

~~~~~~ 
:-;~ -;~ - ~~ ;~~ ; 

:~ E
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 a

~~~~~~~~~~ 
~~~~~~~~~~~~~

‘-ICC -‘ 0
—. - -7 —

— - —

H - S

_ _ _ _ _  - ~0~~~~~~~~ ‘ -



G-31

military system with control of operation under the l)epartment of

Defense and t he  needs of t h e  c i v i l  user  c o m m u n i t y  are of secondary

i m p o r t a n c e , and 2)  the  cos t  of u se r  e q u i p m e n t  i s  s i g n i f i c a n t l y
g r e a t e r  t h a n  LORIt.N-C , t he a l t e r n a t i v e  s y s t e m , s u c h t h a t  a large

part of the small shi p and t u g / b a r g e  o w n e r s  a re  l i k e l y t o 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 lable (1-2 , is

under construction and will he available for launch over the next

two years. Consideration is being given to modif y ing 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 woLid likel y increase the interest of ship owners.

Howev er , 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 program

is currently bogged down in organizational , management and finan-

cial debates which are complex and difficult to resolve in a

time l y manner because of the international nature of the system .

These issues should he resolved soon or the program may die and
the only opt ion left opein to the mariner for satellite service

11-6
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m a y be the R u s s i a n  a e r o n a u t i c a l  a n d  m a r i t i m e  s a t e l l i t e  s y s t e m

currentl y he i r r ~ planned . I t  i s  in the interest of t i e  U . S .  a n d
tie west e r n countrie s t~ pu: - l the development of the INMARSA I

s y S t  e a

The Seasat-A satellite offers t h e  p o t e n t i a l  f o r  p a s s i v e

d etection and surveillance o f  tank vessels and hazardous cargo

sit ip s which :~pp ro;tch the Ii. S . coasts. T h i s  c a p a b i l i t y  does no t

c u r r e n t l y  permit identific a tion of the vessel , hut i t does plug

a h o l e  i n h e r e n t  in many t echn iques for moni toring and managemen t

of v essel traffi c in t hit- (J.S. offshore ~aters by providing infor r nt a-

tion about the pres enc e of ships that may avoid reporting and

comp lyin g w i t h  a system such as t h e  “Passpor t” sys tem d i scussed  in
the main text. Iwo types of vessel s are likel y to avoid repor ting:

I) those c a l l e d  “innocent passage vessels ” wh ich  a re pas s ing ne a r ,

b i t t  t i n t  h t ; u n t t l  for , a Ii. S. port , and 2) t hose c a l l e d  ‘‘ r o g u e s ’’ who

r i -fuse t o he a [tart of any system. Statistics show about 5 p e r c e n t

of tire merchan t vessels are of the “ ro gue” category. A satellite

of the Seasat - -\ type could po ten tiall y de tect and report the

p resence and location of th re e types of vessels to a monitoring

f ;t Hl ity ,~~h i C }t  could then employ local- aircraft or inspection

v essel:-~ to in t v - st ig at c and take appropriate action. Further analy-

sis i s nteed ed to dete ir :rin i e if t h i s  is a cost-effective approach ,

hu t the concept is appealing and may be a low-cost fallout of the

oce an iltoni ito r i ng m e t  to ro log i a I sat e 1 1 it e program.

11 .3 1 Ri NDS IN FIJ I URI ShRV ICI S ASh ) COSTS

i i. 3. 1 -l i: (:;IN~)l,or;Y

Technology advancements in satellites and user equipment are

likel y and can he expected to occur in the next decade . These

advancements w i l l  occur in the sa t e l l i t e  booster with the advent

of the space shutt le , in the spacecraft with mor e efficient prime

p o w e r  s y s t e m s , RI -  s y s t e m s  and higher gain antennas , and in use r

equi pment with improved voice and data modems using advanced

m u l t i p lexing and modulation techn i que s , with increased capacity
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micr opr ocessors , arid w i t h  higher pswc- r , more effici ent RI-

iii sm i t I e r S

[he pri r:a ry communic ations :ri rs t hro ds bet w een shi p and shore
in I he past were t le 5ra t rb j and voice te l ephone , w i t h  the la t er

addit iar ~ of tel ex. Communi c ations of t i e  f u t u r e  w i l l  he  he a vily

oriented 10 high—s pee d data v i a  a t el et y p e terminal for operator

access. High-speed data is feasible , pr ac t i c a l  and cost-effective

with continued de velop r :ic -nt 0)  h i g h - c a p c i t y ,  hi gh- speed mi re ropro-

c e s s o r s  c o u p l e d  w i t h  s i d e b a n d  s a t e l l i t e  c h a n n e l s  w h i c h  gr e ;r t ly

r e d o  e the cost per message on it.

~ n e  e x a m p l e  of new technol o gy t h a t  co uld si~~n r i f i c a n r t l y  lower

t h e  c o s t  and  attract r r a riners to I c  s a t e l l i t e s  f o r  c o m m u n i c a t i o n s

i s i i i  Ad aptive Multiheam Phased A rr ;r~’ sp ;t c- raft ante n na which is

is h(: t ested on the Space l ;t h . Jh i s  i s  c a l  l e n  ‘ h e  ‘cAI P-\ experir: ie nt

and w i l  i he c o n d u c t e d  b y t h e  S a t  iona l Aeron au tics and Space

A dm i n i s tr a tion .1 I b i s  sa t e l l i t e  anten r t a offers the c a p a h i l i t e  of

hi gh- q i ; t l i t y  communications (voice and data ) w h i l e  onl y r e quiring a

sm a l l  user te r m i n a l .  ‘Ihis antenna is designed t o  operate in the

1. - B a n d  ( 1 . 5  C I I z )  allocated for maritime m o b i l e  s a l e t t  i l e  communica-

t ions - W j  th t h i s  antenn a on a s o t  e l I  i t  e , t h e  s h i p  t e r m  in:, I i s

e s t i m a t e d  t o  cost betwe en $ 5 , 000  and $10 ,000 for voice and dat:i

comm u rtic a tiorts (not including ins t a l l a t i o n ) .  This is con siderably

l o w e r  than t h e  c u r r e n t  $( , 2 , 00 0  cos t  of  a MARISAT shi p t e r m i n a l .

I I .  3. 2 CA PA C ITY ASh CON -I

li r e advent of the space shut tie w i l l  p e r m i t  t h e  l a u n c h i n g

of  l a r g e  p a y l o a d s  a t  l o w e r  cos t  tl t ; r r c o n v e n t i o n a l  b o o s t e r s .  T h u s ,
:itich larger ca pacit ~ ’ Z; a t e l j i t e s  will he common i f l  t b L ~ n e x t  d e c a d e
and this irtcreased capacity w i l l  result in l owca cost to the

i nd i v t~ l ito 1 u - e r  . A I a rge ca p a c  i t y  s a t  e l  l i t  e w i l l  s e r v e  a l a r g e

n u m b e r  of  t i n e r s  with different communications requirements the

same as t e r r e s t r i a l  circuits do today. To illustra te the point ,

one r t e e d  onl y to look a t  the hist o ry of Inte l sat. I n te ls a t 1 ,

launched in l9(t~~, had a capacity of 240 voic e c i r c u i t s , while

I n t e l s a t  I V - A , l a u n c h e d  i n  1 9 7 5  h a s  a capacity of 21 ,000 voice
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c i r cu  i t  s . 2 In th i s sam e t i me p e r  i od t he u sc- r c h i n  rge  w e i n  t front

$ 3 2 , 000 in 19 0 5  t o  $8 , 40 0  in I 975 for :i one  - w a y  ft-I eph o n e  channel

I n  I 976 , t h e  I n~ e 1 sa t  o r g a n  i z a t  j o l t  p r o j e c  t e d  t h a t  by 1994 t hc’

r equ  i r e n n e n t  s f o r  sa t e l  1 it t ’ c o m m u m u  i c a t  i onu s w i I I in’ g r e a t e r  t h a n
300 , 000 c h a n n t e  ~~~ Ih is w i II he accomp l i shed b y advances in sat el -

1 I t e  a n t e n n a  dua l — p o l a r  i za t i o n  a n d  spot beam , u s e  of  w I (I C’ b a n d
c ha ni t e I s a tid a d v a n c e d  d i g i t  a I m o d  u I a t I on in c  I mi d i r i g fo rwa rd e r r o r
c o r r e c t  i o n  a n d  b a n d w i d t h  cons ervatio n t e ch n iq ite s .

Comnmerc i a 1 sa t e l l  i t  es a r e  a iso employing snna I I m o  ft op user

t e r m i n a l s  c o s t i n g  a p p r o x i m a t e l y $50 , 000 w h i c h  p e r m i t  d i r e c t  a c c e s s
f r o n t  t h e  c o r p o r a t e  p l a n t  to  t h e  s a t e l l i t e , t h u s  s a v i n g  t h e  c o s t s  of
l e a s e d  l a n d  1 i l ies f r o m  t h e  p 1 o u t  to a ccitt ra I i zed sate I I i t  e g r o u n d

terminal wh ich is currentl y the most comnn on prac ti cc’ .

Analysis of the relative cost of s a t e l l i t e  versus telep h one

land lines for intra-cont inenta l tJ.S. communications indicates

that sat e l l i t t’ circuits (for voice and data q u a l i t y )  s av e  money

over A’I (~
’I’ c i r c u i t s  when the d i  s t a n c e  e x c ee d s  (tOO miles.

result is that satellites are increasing for business communica-

tions between terrestrial points within t h e  I l . S .

11.4 SUMMARY

Satellites w i l l  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 sat e l l i t e s

for communications. Widespread use of satellites on merchant
I m a r i t i m e  ves sels w i l l  d e p e n d  on :  1) t h e  development of low cost

u s e r  e q u i p m e n t , 2)  m u l t i p l e  s e r v i c e s  by one set of user equipment

and 3) low tt s er char ges. As indicated earlier , satellite

technology appears to he on the horizon which  w i l l  greatly reduce

t h e  cost of user equipment. Multiple services by one set of

user equ i pment is defined as equ i pment that will serve both

communications ari d position fixing functions. From the viewpoint

of investment costs , maintenance , equi pment space and operator

staffing and  training, it does not make m u c h  sense to have two

sets of satellite equipment on a ship, one for communications and
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a se c o n d  f o r  p o s i t i o n  f i x i n g ,  ( e . g . ,  M a r i s a t  and  T r a n s i t ) ,  when  one
se t  of  c q u i p m ~~n t  c o u l d  do b o t h  j o b s .  E f f o r t  i s  needed  i n  p l a n n i n g
a n d  d e s i g n i n g  f u t u r e  o p e r a t i o n a l  m a r i t i m e  s a t e l l i t e s , s u c h  as
INI’IARSA I , to provide both communications and posi tion fixing ser-

vic es that arc cost beneficial to the user.

The results of the stud y indica te the present VIlE , ME and lIP
communica tions systems and the LORAN-C navi gation system are suf-

ficen t for offshore vessel traffic m anagement requirements until

at least 1990. However , the greater demand and poor r e l i a h i I i t y

of lIE com m u nica tions w i l l  very likel y call for the improvemen t

a v a i l a b l e  by the u s e  of sate l l i t e s .  Therefore , it would seem
ess e n t i a l  that a future ope rational s a t e l l i t e  he full y deve loped
and re ady for us e by the ear1 y 1990’ s . I NMARSA’I is an a ttempt at

f i l l i n g  this need hut a strong push is needed to get agreement on

the program arid managemen t organization so progress can he made

- before nations give up in f u t i l i t y  and the world finds itself

dependent on a Russion-owned satellite system for maritime services

in 1990-2000.
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APPENDIX I
EVALUATION OF OPERATIONAL FEATURES AND SYSTEMS

I .  I INTRODUCT ION

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). Onl y the scores of the OV’I’M team at TSC are

included . Members of the Boston Marine Society , the Coast Guard ,
and the Massachusetts Institute of Technology independentl y

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 p lacing the

scores in the proper perspective. Location of instruments on the

brid ge , attitudes toward new instruments or new requirements , train-

ing and workload requirements , and port versus dry dock repai rs
were all con s id erat ions where their experience hel ped 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 techni que.

1.2 OE’ERATIONAL FEATURES

The scores of the operational features were based on the

assumption that any equipment involved was on hoard and working,

and that any required procedures were , in fact , fol lowed . Each

casualty in the data base was evaluated against the list of

operational features. Scores were assi gned 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-

serisus) believed that the operational feature had about a 70%

chance of preven ting 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 “hi ghly likely ” , 6-8 meant

“probably ” ; 2-4 meant “pos sibly ” ; I meant “un i ikely ” ; 0 mt-;i n t

“hi gh ly  unlikely ” . The score of 5 was a compromise score. Often

the question was phra sed , “if 1 (1 brid ge officer s in thi s si tuation

had such- and-such a feature available , how many would have used it

and avoided the accident ’?’

‘Ihere are several ways in which da ta are presented to a

br id ge officer that need to he considered in determining the most

effec tive operational features . In approxima te order of increasing

sophis tication , they a re :

Checking Requirement - A requirement that the conning

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

as a r e m i n d e r .

Advisory - A genera l broadcast from s h o r e  g i v i n g  weather ,

t i d a l , or congestion information.

A b i l i ty to Obtain - Indicates a v a i l a b i l i t y  of information ,

hut requiring effort to operate instruments to get it.

Disp lay - A continuousl y up dated , visua l presentation of

data; availab le without effort.

Alert - An audible sound or flashing li ght which a t t r a c t s
the attention of officers on the brid ge , indica t ing that a situ~-

tion exists which might he dangerous.

W a r n i n g  - An audible sound which a t t r a c t s  t h e  a t t e n t i o n  of

officers on the bridge , indicating that instruments have determ i ned

that a dangerous situation exists.

In addi tion , there are other features that might reduce the

probability of a casual ty, which do not fit the previous

de f in it ions:

Incentive - An instrument , regula t ion , or procedure which

improves bridge disci p line.

Training - A period of education , initially and/or pe riod-

i ca l ly, which familiarizes bridge officers with instruments and

procedures.

I—2
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Visual/Audio - Aids-to-navi gation that are visible , and m a y
have  i d e n t i f y i n g  h e l l , h o r n , or  whistle .

Cha r t ing - R e s t r i c t i o n s  on v e s s e l  m o v e m e n t , i n d i c a t e d  on
Char ts or Aids to Mariners .

Ihe l ist of 34 opera t ional fea tures is g iven in lable I-I ,

along wi th the scores assi gned by the OVTM team for each casualt y

in the da ta base. The numbering is sequen t ial , so that the charac-

teristics of each case can he traced by using Appendix C.

The remainder of Sec tion 1-2 is devoted to a descri p tion of

each opera tional feature and the scores and their rationale.

Specific factors are ci ted which are relevant in assessing the

feature , such as geographical location , visibili ty, e tc . Each
subsec tion consists of (1) a description of the operational feature ,
(2)  a scor ing summary , (3) specific issues that shed li ght on the
applica tion of the feature , (4) the histogram of scores with point

to tals in the legend , and (5) fur ther explanations in some cases.

On each histogram , co l l i s i on  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 (Ph’) 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%

(301170) ; feature A would have an SPI of 3 , while B would have an
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T A B l E  1-1. O P E R A T I O N A L  FEATURE SCORES FOR EACH CASUALTY

t;Rom JN DlNcs ( l - l 7 ~ 1 2 3 4 5 6 7 8 9 10 I I  12 13 14  15 16 17

1. Tr ~~i r i g  1 2 3 3  2 1 2 5 1 1 1 1 2
2 .  R u 1 ~~~. o f  t h e  R o a d

3 . l’ r o h i h i t t I :ooes 2 3
I - 1 r a f  I St-p ;t  r a t  j o n  2 

— — — 
5 

— - —
S. B u o y  Im p r o v e m e n t s  3’ 6 6* 9 9 1
6 . P I t  ;t g c  I m p r o v e m e n t s  9 

— — 
9 t O  9 8

7 . pi t  pm e n t  Stand ;i ru s 7 7
8 , I n c e t i t  I c e  t o  R~~pa i r 1

9. Mai i l a t o r y  Rec order I I

10 . h i g h  A c c u r a c y  N ; i v i g ; i t 00 2 1 
—

I I . I t c ’p cn da  F I t  l o s  i t  i on  I- x 7
1 2 .  ,\ t v i g a t i o n  D i  s p l a y  3 9 7 I 6 3 6 1 2
t 3 .  D e v i a t  i o n  f r o m  T r a c k  3 9 9 ± 6 3 6 2 3
I i . t t l e r t  of  l ) e v i a ~~i o n  3 10 10 1 7 3 7 3 3

J e e r  A l  e r t  7 1
I t ,  I m p r o v e d  D e p t h  D e t e c t  i o n  2

17 . D c p t h A h c - r t  2 8 4 2 1 3 9 3 3 8 2 1

l~ F o r w a r d  1 - i t  h o e r t e r  8 10 8 9 4 6 9 1 9 7 9 9 5 2
I t . D e p t h  M a p p i n g  A l e r t  8 10 6 10 4 7 6 9 9 10 7 10 9 6 4 7

2 0 .  RAc o ,~ 1 5 7 4
2 1 .  D e p e n d a b l e  R a d a r  R e t u r n s

2 2 .  S t a t  i o n a r y  R a d a r  l a r g e t s

2 3 .  RA (nSs on nil Pla t fo r rii J 
—

2 4 .  R a d a r  A l e r t

2 5 .  P r o x i m i t y  W a r n i n g
2 ( . R a d a r  P l o t t i n g

2 7 . C o n f l  j c t  A l e r t

2 8 .  R a d i o  C o n t a c t

29 .  M a n e u V e r  I n t e n t

30. C o m m u n i c a t i o n

31 .  C e n c r a l  A d v i s o r y  i 0 11) 4 6
32.  C h e c k l i s t  3 6 4 s 9

33.  M a n u a l  M o n i t o r i n g  
— 

7 4 7 1 0  7 
— 

9 4 3 
— — —

34 . A u t o m a t i c  M o n i t o r i n g  4 10 0 7 4 10 10 9 4 9 7 0 3
AN o t  i n c l u d e d  i n  s y s t e m  s c o r e s .
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IAB ! .E  I-I . Ol’LRA’F T ONAL FEAT (JRJ : SCORES FOR EACH CASUALTY ( c o n t i n u e d )

( R ( ) u s r j I N ( ; S  ( 1 8 - 3 4 )  18 19 2 0 2 1 22 23 24 2 5  26 27 2 8 2 9 30 31 32 33 34

I .  
- 

I r i i r ~~I og  3 2 
— 

4 2 2 
— 

I 2 3 ~
2 . Rtil ”s ,f the R o a d  (1

3 . I’ r o h  h~~t •‘‘I 2 o n e  3 2 4 9
4 - I r I f  i c Sep a r .i t i o n

S h i ’iy  lm p r o v e m e r i ’ s I f )
6. I i t  age I m p r o v t - r n ’ - r t s 7 8 7
7 . ‘1 pme 0 t S r -i n ’i i r ‘I ~~ ‘I 3

8 - In’ f i t  I Vt ’  t o  k t ’ p~i 1 r 8 3 
— —

9 M i t ,  a t  o r y  P ’ ’  o r d e r  2 4 I I I I 1 1
ID Ihi gh A u r o  y ‘s a v i g i t  i o n  7
I I  - Dependabl e Posit on l i x  7 ‘~ 9 L
12. Naviga tion Dis p l iy 4 7 9 3 10 6 1 9 ‘t~~~~~~~ 3

1 3 Dev iat ton from Track 4 7 10 3 10 6 2 9 ‘t 9 3

1 4 ,  A l e r t  of D e v i a t  i o n  4 7 10 3 10 6 6 2 9 9 10 3
I S .  ‘4 i r , ’- u ve r A l ’ - r t  6 3

- I o p t  oved ID-p  I 6 lo t  t i  t I on 4

17.  I l i p t h  A l i - r t  2 c 3 4 3 3 9 2
I t I  J o r w ;j r d  I i t h o m e t e r  8 10 7 8 8 8 4 7 5 9 9 2 5 3

19 . D e p t h  M a p p i n g  A h i ’ r t  7 4 9 6 6 8 8 2 6 7 8 9 6 I I )  2
20. P A( ~~~\ 4 ‘1 9 5 1
2 1 ,  D e p e n d a b l e  R a d a r  11’ t u r n s

2 2 .  t i t  tonary Radar l a r g e r  -

23. PAl (i ’d on O i l  P l a t  f o r m s

24 . R a d a r  A l e r t

25 . P r o x i m i t y wa rn n g

2 6  R a d a r  P l o t t i n g

2 7 .  Co n f l i t t  A l e r t

28. P ai l in l o o t  a ’
2 9 .  M a n e u v e r  I n t e n t

30 (;ommunicat i o n

3 1 ,  ( C r i e r  1 A d v i ~~or y  2 3 8 3

32 .  ( l i ’ c k l  h s t  9 6 5 3

33 .  Ma nua l M o n i t ’ i r t n g  6 4 6 7 1 0 3 2 2 3 6 ’
34. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘Not i n ’  luded  i n  sy s t e m  s c o r e s .
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‘lABI,E 1— 1 . OI ’ERAT I ( ) N A I .  Fl;ATURE SCORES FOR EACH C A S U A L I  Y ( con t i nued )

lO ,I INl ) INU i (3 5-51 ) 35 30 37 38 39 4 ( 1  -11 4 2  13 4-1 4 5  46 4 7  ~~~~ 4 ’ i  50 51

I .  i r a i i i i r , i -  7 I 1 4 4 2 4 2 I 3 2 3

2 . R u l e s  o F  m l ~ ( < o i l

.3 . l r ’ , F ,  ( i t ,  1 ‘ii, - -  2

- I i i t  I c ‘ - I ’ ’ I i t  i o n
-

- - b o y  I m p r  ii (1( 11 I 1 9 2 10 ~ f 2* in
I i  l ’ , t ;l l’ r l m p i t i - t u & - n t s  

— 
10 9 8 9

7 1. 1 1 111 l l m e n t  I . i n d a  r d s  2 6 8

5 l i i ’  i - l i t  i V i  t o  < e p a  i i  3 7 1
i M.i i - i ; i t or y l i i - ,  , i r , l r - r  1 2

I l l  — Ii gh Ac ‘ i i  - i i  y ~_ . i  I ~3 . i  1 1 ) 1 1

I I  Ir - p e n d a b l i -  P o s i t  ‘ i i  I - i . t 10 I 1 5 7

1 2 .  Sa t  i ga  t i oil l i i  ~ ! I -  6 8 I (F 2 4 8 7 3 4 7

13 .  l ) e v i a t  i i i  f r o m  I r a c k  7 8 10 2 2 Ii 8 5 3 5 7

1-1 . A l e r t  ii D v i . i t  ‘ ii, 8 9 11) 1 2 1( 1 8 10 3 6 9

I 5 5. 1 0  c- i- r A l t - i t 1 4
~~~~- - - - - - - - —~~~~ - —  - - - -- - - ( - - 1I t ,  - l ’ ’ i ’ ’  c r - I D r - p t  I 1 0 - t t - ~ m 3

i 7 D v r t h u i t ____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
It I ( -1

18 I t  w i  r d  I i t  h o m e  i c r  Ii 8 8 ‘I 8 2 9 9 9 2 1

~~~~~~ I h l l I H ~~~~~~~ t L  1 4 7 9 1 0  4 1 0 1 0 7 4 7 7  (~~~ It~~
2 ) i  - I1A L I c , ’, (1 5 2 1( 1 2 1 2

I I .  l ( r - p - n L i 6 I e  P : i , l . i r l ( r - t ’ i , r , s  
— -— — — — — —

2 1 .  . t , i t  I i ( I t i i y  ( < a l i r  1 - i r g e m

13. h A l o S’ , on ( i l  i i l ; I t I , , t I c s

4 1 (L iW i  A l e r t

2 5 - I - ‘~ til l t y V a ro I , ,

i . R a r i a i  l O o t  r i n g

2 7 , C o n I  l i t  A l e r t

2 8 .  P a l  C o n t  ; i c t

9 M i - i c r lot i - i l l  
— — —

30 , ( :ommu o i i  i t i o n

31.  I e t i i r a I Adv I t o t  y 2 7

3 2 .  l l i ~ ~ l i s t  1 10 1,

33 . M a n u a l M o r i i t o i i r ~~~~~ 3 9 7 6 6 4 4 9 8 6 S 7 
— 

10 0

34 , A u t o r i ; i l i c M o i i i t i r i n g  10 10 8 9 (1 1 10 10 9 7 8 10 
— 

ioJ o
‘N ot i n c l u d e d in  s y s t e m  se n - s .

I — 0

______ - _ • .— - _ --..— -.— 



TABLE 1—i . OPFF- ~A I 1O~~A l .  F - b  AT LIRE SCORES FOR EACH CASUALTY ( cont i n u e d )

r ; R O i ; S I I l 51’  ( S 2 -  55)  52 S3~~S4 55

I ,  l r i i n i n g  1 1 2 2

2 .  R u  l i - c ’, f r F i r -  R o a d

3 , P r o h i b i t e d  Z o n e ’ - 6

L ‘ ‘ T r a i l  Sr - p ar - i ’ i o n

5 . Bu o y  I m p r ’~~ t - r n r - n t S I
I - 1’ 1 I o ’ I ge I m p  r u t - :  i - , .~~~~, I
7 - i i  pm e n t - , t t i n  dci r d - - 

~~~~~~
-
~~~~~~~~~~~~

- — — — - + t ‘ - - 
8 .~ I n c  i - n t  j ut - I ‘- P t - 1 , . i  i r - 

- —

9 . ‘- t - i n d a t o r y  R e c i , r - I u - r
— —  — -~~~~~~~~ — — - - I I I - - - - p 

~~~
- 

~
- _ - - -

I l l . II  c’h Ac i i r : i : y r v i g - i ( l o n
~ - -~~~-

I . l o - p i n d a b l e  P e t  i t  100 I i / - 
- 

-
— ‘ 9 1 * 

~12  - S ;i v i  i t i t t  I i i  - - p 1 - i  y 2 1 - 2 - -

_ _ _  

— ‘ F t 

I ItH
I S .  M , i r ’ - u u u - r  A I ’ - r t  7 

- ~- - -
D - t r - , : t i o n  

— — — — -~~
_____ ______ — - — — — —

18 , l o r w  r I I r t ( ,  - -  t~~ r 5 9 6 ~ ~ 4
( ‘ I . Dep t h  ‘, : rp ~~i n g  ~ I - r ’  8 Ii 9 8

Z O .  p I t  ‘:5 , 1 - 
—— - -— — -—  — — - - — - ‘ 4 - - 1 *

2 1 ,  I ) e p i - t i t l a h l e  R a d a r  P r t u r n t _ - 
I

__ ~~ if~~~~~~~~~~~~ EE+I
, I l . Ra l - i r A l e r t  

______ I L
2 5 . P r o x i m i t y  S c i r n i n g  I

I, R a d a r  P l o t t i n g
____ +

2 7 . ( . ‘ i r ~f I i -  t A l e r t   
— -

2 5 P - , ’ I i o  I . o r r t a c t

2’) M i  t o - i c ’ -  r I n t  i- il l

30, (:om mun ic at ion

I I  - I,t ro- r ;i I A d v i - o r y

11~ 
( h r - c  k l  s t

11 M a n u a l M ’ , n i t o r j n ~ 3 7 3 2  
- —  — — -~~ -

‘4 . A u t o m a t , M o n i t o r i n g  3 9 7 ft

1— 7

- ----~~~~~~- -. - .



lA B L E  I - i .  O P E R A T I O N A L  F E ATUR E SCORE S FOR EACH C A S U A L l Y  ( c o n t i n u e d )

COLl I S IO N S ( 1 — 1 7 )  1 2 3 4 5 Ii 7 8 9 10 11 12 13 14 15 16 17

1. I r a i n i n g  3 3 2 4 3 3 3 2 2 2 2 2 2 3 1
2 ,  R u l e s  of t h e  Road 3

3 . P r o h i b i t e d  Z o n e s
4 . t r a f f i c  S i- p a r a t ion 

— — — 
I) 7 9

5 , B uoy Improvements 
— —

6 . P l l o t a g e  I m p r o v e m e n t s  
— 

3 7 9

7 . I:u 1 i i i p m e n t  S t an d a r d s  
— — 

9
S - I n c  i - n t  l v i ’  t I ,  R t - p a  1

9 , M a n d a t o r y  R i - c o r d e r
II) . H i g h  Accuracy N a v i g it t i o u l  

— —
I I  - I l e p e n d ; i l i l e  Pus it i o n  I - i X  

— 
3

I I  N a v i g a t i o n  D i s p l a y  3
13 , Devia tion from Track 

— — 
3

14 , Al ert of Dev ic i t ion 3

IS . Mc ne-u vr- r Al t - i - I

16 , Improv ed Depth Detection

I ? .  D e p t h  A l e r t
1 8 ,  l’ o r w a r d  l a t h o m e t e r
19 ,  D e p t h  M a p p i n g  A l e r t
20 . I < A C i ( N . 9
2 1 ,  l)ependah le Radar Returns io
2 2 ,  Stationary R a d a r  l a r g e t s  

— 

S
23. RAtIONS on Oil Pla t forms 

— — —
24 , R a d a r A l e r t  4 4 6 3 4 i 4
25 . P r o x i m i t y  Warning 

— 
8 10 6 4 9 2 1 

— 
3 7 ~ —

26 , (< ci I i - P l o t  t i n g  1 4 2 6 1 -1 6 3 3
2 7 . C o n f I  i *  I A l ert 9 9 10 6 5 9 10 6 5 o 7 7 10 7

2 8 . R a d i o  C o n t a c t  6 8 9 6 3 4 3 4 10 8 6 7

2 9 M a n e u v e r  I n t e n t  8 7 9 7 6 2 4 3
30 ,  C o m m u n i c a t i o n  10 9 9 1 9 2 4 9 9 10 9 3 8 8 9
31 ( S ’n i ’r : , l A d v i s o r y  7
32 .  Cl i iekl j s t

33. M a n u a l  M o n i t o r i n g  ~ 8 4 3 7 
— 7 7 9 10 8 ~~ —

34. A i i t o m a t i *  Monitoring 10 9 10 7 9 9 10 1( 1 10 10 8 7 o 9 10

1-8



TABLE I- i. OPERAT I ONAL FEATURE SCORES FOR EACH CASUALTY (continued)

RAI .Q4INLS ( 1 -6 )  1 2 ~ ~~~~~~~ 

—  

I  I 
—

I .  l r a i n i r i g 7 
—~~ —

2 .  R u l e s  of t h e  Road

~~. I’ r o h i h i t e d  Z o n e s

4. l r a f f i c  S e p a r at i on

5. ( b U l l Y  I m p r o v e m e n t s

6 .  P i l o t a g e  I m p r o v e m e n t s

7 .  L q u i p m e r i t  S t a n d a r d s

8 ,  I n c e n t i v e  to  R e p a i r

9 .  M a n d a t o r y  R e c o r d e r

I D .  l l i g h Accura cy Navigation

11 . Il ependable Posi t i o u t  l i x  9 10 h

12 . N a v i g a t i o n  D i s p l a y  9 1 10 7
13. Devia tion from Track 

—~~ 2 10 9
14 . A l e r t  of D e v i a t  ion 9  4 flJ 10  

— —

15.  M a n e u v e r  A l e r t  10

l b . Improved Depth fJetc-c t i o n

17 . Dep th Alert

18 , Forward Fathom eter  
—

19 . Depth Mapping Alert

2 0 .  R A C I L S 10 4
21 . Il i p e n d a h l t -  I l a d a r  R e t u r n s  9 

—

2 2 . S t a t i o n a r y  R a d a r  T a r g e t s      
—  —   

— — 

—

2 3 .  R A C I I N S  on O i l  P l a t f o r m s   9 10 10  
— —

~4 R a d a r  f l i r t

2 5 .  P r o x i m i t y  W a r n i n g  7 g 10 10
26 . R a d a r  P l o t t i n g

27 . C o n f l i c t  A l e r t  7 9 10 10
2 8 . R a d i o  C o n t a c t

29 .  M a n e u v e r  I n t e n t

30. C o m m u n i c a t i o n

3 1 .  G e n e r a l  A d v i s o r y

3 2 .  C h e c k l i s t

33. Manual Moni t o r i n g  4  
- -  -— -~~~  — — —

34 .  A u t o m a t i c  M o n i t o r i n g  4 I I I  3 3 1) I~~J  — — — —

I-9
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SI~ 1 of 10, T h i s  w o u l d  i m p l y  t h a t  w h i l e  f c - t i t u r e  A would have fre-

quent ly been benefici a l i t  w o u l d  not h I I V  b e e n  t o o  h e l p f u l  i n  :i

p a r t i c u l a r  ca s e ;  f e a t u r e  B would riot usuall y be h e l p f u l , h u t  would

he e x t r e m e l y e f f e c t i v -  when it was needed . I- - atur c s that have

high SPI ’s are those that arc best in  c o m b i n a t i o n s  w i t h  o t h e r
fea tures. SP1’ s above 5 are considered good , while Sp it s below 5

are less so .

I h e  o v e r a l l  probability of prevention is the total point score

d i v i d e d  b y 10 t i m e s  t h e  n u m b e r  o f  c a s u a l t i e s  i n  t h e  d a t a  b u s t -

t i m e s  10 0 % .  i t should be i n t e r p ri t e d  w i t h i n  a c o n t e x t , h o w e v e r .

Collision avoid ance aids can ’t usuall y he expe cted to prevent

groundings , while a dep th sounder can ’t usually be expec ted to

preven t collisions.

I-l a
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1 .2 .1 ~‘1ORE INTINNIVI; AN D PERIODIC TRAINING

This operati o n a l f - a t u r e  w a s  postulated i n  o r d e r  to  o b t a i n

an i n d i c a t i o n  i f  c a r e l e s : ;  n a v i g a t i n g ,  i.e ., wh ere a w e l l — t r a i n e d ,

c o n s c i e n t i o u s  a n d  a l e r t  seaman would pro b abl y not have had an

accident , Human error w a s  n o t e d  i n  7 4 %  o1 the cases , which

s i i ~~ y s t s  t h a t  t r a i n i n g  w o u l d  h a v e  bee- n h e l p f u l  . lh c  k i n d s  of

h u m a n  e r r o r s  t hat occur i- ct! w e r e :

(a) Cross Jnatt e n t ion (8 cases)

( h )  I n f r e q u e n t  P o s i t  i o n  F i x i n g  17 c a s e ; )

( c )  M i s j u d g i n g  o f  C u r r e n t s  (7  c a se s~

( d )  I - a l  l u r e -  t o  Use  d e p t h  s o u n d e r  (7  c a s e s )  *

Ic- ) Poor  b l a n d !  i n g  of  Barge (S c a s e s )

I f )  P o o r  Use  o f  Char ts (3 c a s e s )

( g )  F a i l u r e  to  C r o s s — C h e c k  I n s t r u , n c - n t s  19 c a s e s )

I h ‘a s s  i r ig -! 00 Gb se t o K n o w n  Ree f o r  Shoa  I A I _ t a  ( ( I  cases

(1) Poor Radar Usage (17 cases)

1j) J ack of Proper Lookout 1-2 c a s e s)

1k ) L a c k  of I)efens ive Sea”~jnshi p (4 cas es)

The Fact t h a t  80’~ of the c a s u a l t i e s  t o o k  p l a c e  at n i g h t  o r

i n  r e d u c e d  v i s i b i l i t y  underscores the lack of proper n a v i g a t i on

proc edures . ihe l ack of properly licensed ma tes was noteworthy.

I t is clear that much can he done in this area.

‘Fhe TSC team , while c i t i n g  la ck of good bridge ‘t isc i p l i n e  in

58 of 78 cases , gave tra i n ing low sc i r cs : t h e  sped  l i e  J r u - v t n t  ion

i n d e x  (SN) WaS 2.4 . ‘this results in an overall pr o b a b i l i t y

of p r e v e n t i o n  of 1 8 % .  The reason why the scores were so low was

pr m ar ly th ( d o u b t  t h a t  a trainIng cour se- , a refresher c oii r— ,-

*Sirlce the USC or non-use of depth sounders was rarely mentioned
in th e accident reports , thi s figure may t e l l  have been higher.
A depth sulInder is a lso called a “Fathometer ” which is the
registered trademark of a Raytheon depth sounding instrument .

1— l i



or a toug h wri tten licensing ex aei ination would overcome had habits

acquired during the mariner ’s experience at sea. ‘Ihe thr ce

members of the Bos ton Marine Society, on the ot her hand , believed

tha t training would have been quite - he lp ful , and gave this featurt-

much hi gher scores. They were , however , skep tical whether foreign

flag vessel owners would go to the expense of properly training

their officers.

The q u e s t i o n  of  i m p l e m e n t a t i o n  o f  a t r a i n i n g  s y s t e m  i s

treated in Section 5.2.7.

1-12



O P E R A I I f lNA I I:I:A’IIIRE I : M O R E I N J  C N N  I V E  A N t )  P l R l O I ) I C  t R A I N  I N t ;

~11 SCOR ING_ SIffIMARY

POINT SCORE/ Nfl . OF CASES:

— GROU NDINGS 9 0/ 4 1
— C O L L I S I O N S  3 7/ 14
— RA~MTNG S 10/3

Na ture of No , of I’roh .
Casual t y Cases of Cases of Prey. Spec. Prey. Index

Groundings (55) 41 75% 16% 2.2

Collisions (17) 14 82% 22% 2.6

Rammings If,) 3 50% 17% 3.3

Overall Ra ting 58 74% 18% 2.4

(2) SPECIFIC ISSUES

Gross Ina ttention: C-I , 4, 25 , 35 , 39 , 54; C-7 , IS

Infrequen t Position F ixing: C-20 , 23 , 36 , 43 , 4 5 , 47 , 52

Misjud g ing of Cur rents: C -IS , 16 , 29 , 34 , 53; C-1 3 , R- 1

;:;Jjjur e to Use Fathomet er: G-2 , 9, 12 , 13 , 21 , 29 , 35

Poor Handling of Barge : C-IS , 4 0 ;  C - 1 7 ;  R -1 , 3

Poor (iso of Charts: G-7 , 15 , 32

Failure to Cross-Check Instruments: G-2 , 6, 8, 9, 21 ,
29 , 35 , 42 , 44

Passed too Close to Known Reef or Shoal Area: G-24 , 27 ,
‘10 , 38 , 41 , 55

l’oor Radar Usage: G-2 , 3 , 8, 17 , 25 , 28 , 29 , 35 , 47; C- i ,
3 , 8, II , 14 , I S , 16; R (

lack of Proper l,ookout : G-46; C-7 , 15 ; R-6

Lack of t)efensive Seamanship: C-S , 6, 9, 12

1- 13
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• . -~ REV I SEI) RULES OF TIlE ROAD

lb i- 1 972 In t e r r i a  t i ona  I Con yen t i On f o r  t he It re v e n t  ion o f

C o i l  i s  i o n s  a t  Sea dra fted some m a j o r  c l i a n i g t ’ s  it i  t h i ’  Ru li- s of t h e
Road , wh I c  Ii h a v e  s net- been adopted i n t e r u ,  at i o n  a I I y , a rid N’
c a b  l e d  t h e  “1972 COI REGSIe .* This system f e a t u r e  was included to

pi ck up cases w h e r e  t h e -  p r e s e n t  R u l e s  m i g h t  h a v e  caused c o n f u s i o n .

E n  o n l y 2 cases in t h e  d a t  a bas e-  was it c i ted : i n  the Ii  rst

a 19 7 1  c o l l i s i o n , it was noted that the same v e s s e l  o p e r a t i n g
under t h e  new 1972 COLRECS mi ght h a v e  t a k e n  earl ic r act ion as the

p riv e l eged vessel in a crossing s i t u a t i o n .

On ly the second case m ight involv e further changes: there a

v c-ssel i n b o u n d  in a traffic lane , b e i n g  t h e  b u r d e n e d  v e s s e l  i n  a
cros sing s i t u a t i o n , went o u t  of  t h e  I r a f f i c  l a n e  a n d  s u b s e q u e n t l y
g r o u n d e d .  One suggest i o n  re-su It i ri g f r o m  the stud y was that a

vi’s I crossing a traffic l a n e  alwa ys be - t h e  b u r d e n e d  v e s s i - l .  I n
t h e  futu Fe- some on—board i r is t r u r n e n  t — m a y  ac ft i ev e- su f i l e  i e n t  b y
widespr ea d usage t h a t  r u l e s  f o r  t h e i r  u i - ; ; i t y  may he incorl )orated

i n t o  t h e  Ru l e- s of  t h e  R o a d , b u t  t h e r e  wi- r i’ n o n e  iden t i f l e d  t ha t

we ru- certa in to hold t ii i s  p otent i a I iii t lie 1985/199 (1 t inc f r a m e .
Ilowever , .;ome ship/sh i p communi cation scheme s may prove incxpe nusiv (

a n d  rd i a b i e  e n o u g h t o  wa r r a n t  s u c h  in corpor at ion a t  s a m e  d a t a  i n
the f u t u r e .

Iii suiti , t h i s  o p e r a t i o n a l  feat tire does not appe ar to hold

p r o m i s e -  for re-due ilig cob ii s ions , ralnm ings , or gr ound ing s

AThese arc incorporated into present navigation rules .
(U.S. Coast Guard , 1977)

1-15
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OP i.RAT1ONAL 1:EATURE 2: P I t  ISCI ) R U L E S  OF TI lE  P i l A f)

(1) SCOR I N G StJM~1APY

P O I N T  S C O R E / N O . OF C A S E S :

— G R O I J N D I N G S 3/ 1
— COLLISIONS 6/I
— PA’IMING S 0/0

N a t u r e  of N o . of P r o b .
Casual ty Cases of Case- s of Prey . Spec. Pre~- . In ’ex

Groundings 155) 1 2% 1°. 3

Collisions (17) 6% 4°t 0

R a m m i n g s  ( 6 )  0 0 1) -

Overall Rating 2 3% 1% 4 .S

(2) SPECIFIC ISSUES

N o n e

1- 1 6  
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3)  I I I  S’I ’OGRAM OF SCORES

0
15— 

~~~COLL ISION S

D RAMMINGS

~~~10-.

5-)
V
-a -

Cf
i_u -

I I I
1 2 3 4 5 6 7 8 9 t O

PO INT SCORE

1- 17
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1.2. 3 CHA R! ING (IF RESI R ICILD ZON!

On e suggest i o n  that an iu areul o h ate m ’ r z  t :u I t t -  h ’-gi nn in g

of the s t u d y i s  t o  i n d i c a t e  a r e - a s  on c h a r t s  t h a t  :11 ’ - off l i m i t s ,

ei ther to a l l  vessels , or t o  deep dr ;,ft v u s s c - I ; . I t  8 of th e 5,

gr oundings this sys t ’-s fea tur e a p ~o - a r c - d  t o b i t e  some- c - lit -ct , h u t

in only two was it considered a probable cur e- . f o u r  w e r e  i n  t h e

Chesapeake and Delaware Bays , both of whi c h  have gradually varying

shallow ocean floors.

In areas of g r a d u a l  i y  v a r y i n g  o c e an  f l o o r s , c h a r t  i n g  o f

f o r b i d d e n  zones  h a s  a m a j o r  d r a w h a ;  k w f u t ri i t  i s  r E - e o g n u i ; - d  t h a t

d e e p — d r a f t  v e s s -  is come i n  a c o n t  i n u u m  of  d r a  I t s , d c - p e n t !  I n g  on

s i z e , s h a p e , a n d  c a r g o  l o a d .  T h u s  a 3 0 — f o o t  d r a  f t  v e s s e l  m i g h t

s a f e l y p a s s  t h r o u g h l a r g e  a r e a s  t h a t  a 4 0 -  f o o t  d r a  f t  v e s s e l  c o u l d

n o t ;  l i k e w i s e  a 4 0 - f o o t  v e s s e l  m i g h t  s a f e l y  n a v i g a t e  a r e a s  w h e r e -

a 5 0 - f o o t  v e s s e l  c o u l d  n o t ;  a n d  so f o r t h .

In S of the ei gh t grounding cases , p i l o t  tran sl e- r proc edures

were invo lved ; i.e., the shi p grounded wh i l e aw a i t i n g  or meeting

a p i l o t .  I n  t h e s e  5 c a s e s , i m p r o v e d  p i l o t  t r a n s f e r  p r o c e d u r e s

would have been more effective. In the o t h e r 3 e a se s , the base-

l i n e  s y s t e m  was  s u p e r i o r .

Adding to these considerations the tida l v ar iat ions in w a t e r

depth , restric ted zones did not a p p e a r  t o  offer m uc h hel p heyon-I

the printed d e p t h s  on t h e  c h a r t s .

lhe probabili ty of preven tion was est im a t e’ d at 6% for g r o u n d -

ings 4% overall , and the SPI was 4.

Ft is therefore concluded that the added stimulus of clearl y

demarcated restricted zones on the charts will not appreciab ly

reduce groundings.

1- 18



O P E R A T I O N A L  F E A T U R E  3: C H A R T I N G  OF R E S T R I C T E I )  ZONES

( I )  S C O R I N G  SWIM A P Y

P O I N T  S C O R E / N f l . 01 CASES:

— GPO !JNPINGS 31/8
— COLLISIONS 0/0
— RA -U NCS 0/ 0

Nature of No. of P r o b .
~ a su a l  t y  C a se s  of Cases of Prey . Spec . I - r e v .  I n d r - x

rround ings flS) 8 15% 63 3.8

Collisions ~l7) () 1) 
— —________ ____________________

Ramming s (0) 1) 0 -

Overall Rating 8 15% 4 %  3 . 8

(2) S P E C I F I C  I S S U E S

l o c a t i o n : G u a y a n i l l a  R a y  - G - 1 8 , 24 , 27 , 55
b e l a w a r e  B a y  - C-I , 4, 44
C h e s ap e a k e  Bay  - G-23
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1.2. 4 5 1 W  i R A J - F I C  NI PARA T ION SCIIIMI ,S

ira INc sc-pa rat ion scheme- s have he- e n in op erat ion for s ev e ra l
years at the approaches to New Y o r k  H a r b o r , J)el aware Bay, Port l a n d ,
Bost on , Chesapeake Bay, Ins Angeles/Long Beach , San Francisco , i n ,

the Santa Barbara Channel , a n d  recently in the St raits of -Juan

de f- r ica . (II th e - 10 collisions , onl y on e occurred in a tr a ffic

l a n d , and that was a crossi n g situation wher e the cros sing vessel

was bur d ene d , a n d  f a i l e d  to g i v e  w a y .

l i v e  c o l l i s i o n s  were determined to he preventable by traffic

sep a ration schemes . ‘I wo of them took p la c e - in the S t r a i t s  of

J uan de Fuc a , pr i or  t o t he u-s t a h I i s hmen t of a t ra Iii c sepa ra t i on

sch -m - . Iwo c o l l i s i o n s  took p lace in fa i rways in th e - G ulf of

‘4exico . One took p l a c e  in a narrow passage in long Island Sound.

l h e r e  w e- re t w o  g r o u n d i n g s  we re m o d i f i c a t i o n s  t o  t h e -  t r a f f i c

sc-pa rat ion s c h e m e s  m i g h t  have h - ~~nr of  some v a l u e , b o t h  o c c n r r r  i ng
in I)elaware Bay. In one case , a deep draft ve ssel in—bound front

Five f athom Rank grounded in the precau ti onar y area . ‘ I b i s  t y p e  of

probl em (see 1 ,2.3) is a good reason for routing loaded tanker

traffi c through the southern traffic routes approaching I)elawa r-

Bay. The other grounded whil e  awa it I rig a p i l o t .  (Mod i Ii c ationi s

to the traffic separation schemes are - lo s e l y tied in with p ilot

transfer areas; the problem is discussed in 1 .2.6 and 5.2.10).

The nature of the fairway co l l i s i o n s  suggests that fa irwa ys

pose hazards of their own--they were both end-on situations. In

one case one vessel was streaming to the left of the fa i rway; in

the other , one vessel , a shallow (Iraft , was also on the left ,

passing parallel to a channel in the fa i rway. This suggests that

ve ssels 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 rig ht of Gangway Rock without

1-2 1
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-s

great delay. Situations like this should be explored to see if
o n e - w a y  t r a f f i c  l i m i t a t i o n s  throug h such passageways could be
imposed.

In summary , the data suggest that the existing traffic
separation schemes are beneficial , but tha t 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.
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O P E R A T I O N A L  I- [ATtIRE 4 : 5  l W  T R A F F I C  S E P A R A T I O N  S C [ 1 ! N I S

(1) S C O R I N G  SItM ~1ARY

POINT SCORE/NO . OF CASES:

— G R O I J N D I N G S 8/ 2
— C O L L I S I O N S  36/4
— RA~1?4INGS 0/0

Na ture of No. of 1 Prob.
Casualty Cases of Cases of Prey . Spec. Prey . Index

Groundings (55) : 4% 1% 4

Collisions (17) 4 24% 21% 9

R a m m i n g s  ( 6 )  0 0 0 -

Overall Ra ting 6 8% 6% 7.3

( 2 )  S P E C I F I C  I S S U E S

Juan de rica - Two collis i o n s  occurred in the Straits of -Ju an tie
Fuca prior to the establ ishment of a traffic
separa t ion scheme there .

Collisions in a T r a f f i c  L a ne  - One: crossing situation.

1-23
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I . 2 . JM PI ’(JVIM I. I Cfi~r/ BUO Y TECIfN’ I ~ t 11 S

1 ci I ‘t o f  h e- ~ S g ro und i n g s , E u ny  d c - f  cc t on , con lu-s i on o v e  r
huny i d c - r i  t i t  a I ion and I oc a t i o ii , ar id 1 ac I’ of h tin y s eon t r i Eu t d I o

he a i i  a I t i i - s  . Of these , 1 4 w ’ -  c ’ a t ii i g h t , 2 a t  t w i  1 ~ h t , and
2 ~~~~- cc- in r e d u c e d  v i  si hi 1 it / (0 . 1 m I 1 es and 0. 5 m l I c - s  , r e s p e c t i v e  I y i
lur ing the day; only one n- st irred du ring cond i ion s of ,Cood day-

time -.‘i s i b i l it y. In three cases , buoys were incorrec tly i d e n t i f i e d ;

in each rif these the mistake was understandable , becau se an ot her
[ti ny with the same visual characteristics was located n c - a c h y. In

three e;ises , the buoys were located quite clo se to the shoals from

which t h e y  were p r o v i d i n g  p r o t e c t i o n :  t h e  m a r [ i n s  m a y  h ave been

t o o  sinaI] for deep  d r a f t  vessels. In 10 cases , the existenc e of

additional buoys near shoals would have helped.

W i t h  better buoy id e ntific a tion , the addition of lights in the

v a s e  of buoys m a r k i n g  dari[erous shoals , moving buoys to accommodate

dec-p dra ft vessels , * arid more frequent buoy monitoring in a n c - as of

f requen t tanker traffic and severe weather ,** ~0 c a s u a l t i e s  w o u l d

have been preve n ted at t[e 80% level (S1’I=8) : i .e . , where th ey ’

actions m i ght have hel ped , they would have Eec-ri very effective.

More buoys might have hel ped in nine other cas t s ; buoys mi ght

h ave helped if they had been placed in d e e p e r  w a t e r  at shoal ar ’-as

(for added safety of deep draft vessels) , marking the o u tside of

tr a ffic lanes , and to mark N i  r w a y  b o u n d a r i e s  ~nd i n t e r s e c t  i s r i - , .
The SN for these cases was only four. It is even more si gnificant

that baseline system , which incorporates ;i good n a v i g a t i o n  uni t

aboard , had hig her scores in all hut one of these cases. lhiiis , i t

is concluded that additional buoys , wh il e helpfu l , ar e not essen t ial.

This operational feature is inic :orp ora ted i n to the Improved

Aids-to-N a vigation System (see Section 5 .2.9 ).

*[~ is recognized that -;tecp shoals may not permit p l a e e m e n t  (if a
buoy in an optimum locati on for the deep draft vessels.

**Rr~c~y monit o ring is a large and costly part of the Coast Guard
workload , therefore tho se areas which have continuing problems
of buoy disloca tions may need to he examined for means of
improving buoy au d i t i ng prac ti es.

1 - 2 5
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OPERAT I ONAL FEATURE S : I MI ROVED L I GhI’I / BUOY TECIIN I Qil [S

(1) SCOR ING SUM~dARY

POINT S C O R E / N f l . OF C A S E S :

— GROIJNI )INGS 113/19
— COLl ISIONS 0/ 0
— RA ~1M1 N GS 0/ 0

Nature of No . of Prob .

— 

Casual ty Cases of Cases of Prey . Spec . Prey . Index

Groundings (55) It) 35% 21% 5.9

Collisions (17) 0 o -

Rammings (6) 0 0 0 -

Overall Rating 19 24% 14% 5.9

(2) SPECIFIC ISSUES

Buoy ID: G-3 , 36 , 46
Add Light: G-3t )
Add Buoys: G-l , 6, 18 , 23 , 28 , 35 , 37 , 42 , 43 , 44
Move Buoys: G-7 , 11 , 53
Monitor Buoy
L o c a t i o n s :  G - l 7 , 26

If additional buoys are eliminated , the scores are changed:

GRO IJNDJNGS 10 18% 12~ 8.0
O V E R A L l .  10 13% 9% 8.0
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(3) H I S T O G R A M  OF SCORES
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(4) I)JSCUSSION

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. ”
Tha t is , in the case of additional buoys , the guidelines are
unclear. On the other hand , for buoy identification , addition
of a lig ht , buoy relocation , and monitoring of buoy locations ,
reasonable guidelin cs can he 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 g iven “hig hly
likely ” scores of 9 or 10 . It is therefore concluded that
this operational feature is still si gnificant.

1 - 2 7
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1 .2.6 IMPROVED I’I LOT TRANSFER PROCEDURES

One of the problems that emerged from the casualty reports is

that of pil o t transfer operations. In 14 of the 55 grounding s and

in 3 of 17 c o l l i s i o n s , the casual t ies occur red inbound af ter t he
shi p had slowed to take on a p ilot and before the pilot had hoarded

and safel y 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 SN of 9) by moving the pilot p ick e-p point

further out.

The objection raised to this suggestion is that in roug h seas

there is considerable danger to the pilot , and p ilot boat capsizings

have been reported even in the presumably safe r p ilot 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 li g ht seas , (i.e., less than three-foot waves)

and so would not have presented a danger to the p ilot 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

roug h 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 rela ti ve , or rendezvous , accuracy of LORAN-C is about 300 feet

or better (i.e., two rece ivers placed at the same point will agree

to within about 300 feet)

1-28



Anoth - r a l t e r n a t i v e  is to arrange for a more timely arriva l

of t h c - p i l o t  at th c - ves~~- l , thus reducing the waiting time and the
l i k e l i h o o d  i t  th e ve ssel dri ft ing into a shoal wh i l e  waiting for

the pilot.

(if the 17 cases involving p i l o t  transfe r , 11 occurred i n  two

areas: Delaware Bay (4), ari d Guayani h a  Bay, l> uerto Rico (7); of

the others two occurred in Chesapeake Bay, one off Savannah , (a-or-

gn ~~, and one outside San -Juan Harbor. Thu s , there are two “hot

spots ” where special attention needs to he focused - Delaware and

Guayani ll a Bays .

Thirteen of the 17 cases occurred at ni ght or in reduced

vi s i b i l i t y ,  emphasizing the need for improved radar and li ghting

cues - - Delaware , Guayani lla , and Chesapeake Bays , where there is

lack of radar coastline definition and good targets.

The probability of prevention of this oper ational 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

a c t i o n s  of S e c t i o n  7 . 4 . 5 .
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OPl~RAT I O N A I  l I A l  [R I .  6 :  I M I ’ I O I V I  I) P T L()1 RANSFER 1 ROCFI)IJRES

(1) SCOR I NC sti :~ t AR Y

PU I NI sr;np I/N o . 0 (:ASI,~

— GROIINr)IN (;s 120/14
— [01 1.1 SION 19/3
— RA’[-I i N O S ( 1/0

Nature of ~~~~~~ I Prob .
Casua l ty Cases of Case- s of Prey . Sp ec . [rev . I n e ~

Groundings (55) 14 25% 22% 8.6

Collisions (F) 3 18% 11 % 6.3

R a m m i n g s  (6 )  0 0 0

Overall Ra ting 17 22% 18% 8 .2

(2 )  S P E C I I  I C ISSUES

Locat ion:
Delaware Bay - Croundin gs: C- I , 36 , 38 ,53
Cheasapeake Bay - Collisions: [-14

- (;roundings: (;-4
(;uayani lla Bay - Groundings: 0-7 , 14 , 18 , 24 , 31 , 50 , 55
Other - Collisions: C-3 , 4

- Groundings: G- I3 , 51

Inbound: All; Outbound - None

Weather/Sea State:
- 

0 - 3  ft: G-4 , 14 , 18 , 38 , 50 , 51 , 53 , 55
3-6 It: G -l , 7 , 13 , 24 , 3] , 36
> 6 It: None

V isih iIj~~~ Groundin g s:
I)aytime , more than 5 miles: G- l , 38 , 50
Ni ght , more than 5 miles: 0-7 , 13 , 14 , 18 , 24 , 31 , 36 , 55
I)aytime , less than 5 miles: G-4 , Si
Ni ght , less than S miles: G-53

Visibility , Coil isions:
Daytime , more than 5 miles: 0- 14
Dayt ime , less than I m i l e :  0- 3 , 4
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Cases wh er~~j~i1ot p ickup p~~Lnt further out would h a v e  hel ped:
C o l l i s i o n s :  0-14
Cr oundin gs: C-I , 4 , 7 , 13 , 14 , 18 , 24 , 31 , 36 , 38 , 50 ,

51 , 53 , 55

Cases involving close anchoring PoSLtJ9pJ:~(Tollisions: C-3 , 4

( 3j  H I S T O G R A M  OF SCORES
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1.2.7 IMPROVED EQUIPMENT STANDARDS

In one collision and 6 of 55 groundings , lack of functioning

navi gation equi pment or proper charts played a prominent role in

the casualty, and figured in two others. In every case , human

errors compounded the problem : lack of cross-checking between

instruments , traveling too f a s t t h r o u g h dense fog, and ta k i n g
u n n e c e ss a r y  r i s k s. Of the ei ght groundings , six would probably

not have occurred had a LORAN-C receiver/display or its equivalent

been on-hoard and in use. In the other two , one had improper

charts , and the other had a gyro repeater error that could have

been detected b y 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

hi gher 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 . 2 6 - 3 1 .
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O L I R A T  I ONA I. I :EAT IJRI 7 : 1MPT~ )V1 1) EQIJ I PME NT STANDARDS

Il) SCORING SIJM~ARY

P O I N I  S C O R E / N O . I ) f  C A S E S :

— GROIJND I NOS 52/8
— C O L L I S I O N -  9/I
— RAM~-[ 1 N0S 0/0

Nature of No . of I Prob .
Casual ty Cases of Cases of Prey . Spec . Prey . J n d e ~

G r o u n d i n g s  ( 5 5 )  8 1 5 %  ¶ ) %  6.5

Co1lision s (1”) I 6% S% ¶) 
—

R a n m i n g s  (6)  0 0 -

O v e r a l l  R a t i n g  1) 12 %  ~~ 6.8

12)  i’U : I I  jr I -N i h

Casual ti e s  W here - LORAN-C di sp l a y  ob t a i n e d  a sc o re of 6 or m o r e :
0-2 , 20 , 21 , 23 , 35 , 37
(:asualty where improper charts were on h o a r d : 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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(3) HISTOGRAM OF SCORES
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.2 .8 INC [NT l y E  To F t h P A I R M A L F U N C T I ) N I N G  C E A R

Iii I s op e n a t  i ona I lea tu N w a s  i rit end ed to  g i y e  a m i c a s i n r () I

t he ef  f e c  t i v i n e s  of st  rung si nc t i on s aga iri s t I (a v i rig port w i t li o ti

havi ng f i i r i c t  o n i n g  ge;i r aboard. Maki n g s t ~~ h sri assessment is c o n —

p l i c a t - d  by the fact that in the six cases in v o l v i n g  m a l f u n c t i o n i n g

equip m en t , i t  was d i f f i c u l t  to d r t i - r m i n e  whether i t  was ope rating

when the sh i p I c  ft port . In nu n - n a se I t was ii i gh I y 1 i ke I y t h a t  t h e

shi p left t h e  Bahamas with mal functioning gear , because i t  g r ou n d ed
in  F l o r i d a  w i t h  ho t h i  radar s and h-p th sounder in operat i V ( . In

;ir iot her case , t h e  sudden loss of a r a d a r  a t  a c r i  t ic al m oment ca u sed
a lack of nav ig af ion cues . Ihe other cases wer e a m b i g u o u s .

/ 
In w ily two casn- s was i t  d e t e r m i n e d  t h ; i t  s t r o n g  m e a s u r e s  would

h a v( f n r e v n - r i t ( - d  t b -  g r o u n d i n g .  E n  both of th e -se cases the r e q u i  r e —

r n e n t  of navigat ion gear l i k e  LORAN—C would he as e f f e c t i v e  as th s

f e - a  t u l r ( - .

1 hr p Ni ha h i I it y of prevent ion i s e t i m a t e d  a t  3’: , and the Sl~l

a t  4 .

I h ii s , o t  r o n i ’r r  i n N - n i t  I V C S  (I C) r iot a p p e a r  t o  offer a n y  p r o m i s e
o f  S i gm if i c a n t  I y a I f e c  t i ng co I I i s io ni s , r a m m n  i ngs or ground i ngs

The present i nceri t i ye to ma in t a in t hr ~~ ;i let y of the- sh i p appear S t (I

he adeq ua t e - . A more pro nn i sing way to des I w i t h  equi pment o n i t ~ig e s

is by speci a l shore-based attention to such vessels (se-c

Sec tion 5.3. 3).
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OPERA’I’I ON A I ~ FEA iIJRF 8: I N C E N T I V E  R E P A I R  MA I F I I N C T I O N I  N C ( ; [A R

( 1) S C O R I N G  SIPtH AR Y

P O I N T  S C O R E / N O . OF CASES:

— GRO I JN I ) I N G S 2 3 / o
— C O L L I S I O N S  0/0
— RA~1MI N G S 0/ f l

Nature of No. of Prob.
Casualty Cases cf Cases of Prey . Spec. Prey . Index

G r o u n d i n g s  ( 5 5 )  6 1 1 %  4% 4

Collisions (17) 0 0 0 -

Ramnaings (6) 0 0 0 -

Overall Rating o 8% 3% 4

( 2 )  S P E C I F I C  I S S U E S

None
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F . 2 .  ~) M A N I ) A I O R Y  (;Oh JRSb RECORI)[R

M a n d a t o r y  c o u r s e  r e c o r d e r s  w o u l d  r e c o r d  g y r o c o m p a s s  r e a d  i r i g s

and r u d d e r  c o m m a n d s  a n d  e v e n t u a l l y  n a v i g a t i o n  o u t p u t s , s i m i l ar to

f I  i g h t  d a t a  r e c o r d e r s  on a i r c r a f t .  The  hope  i s  t h a t  knowled ::e

that his a ctions s r i- being recorded mi g ht i n c r e a s -  the vi g i l a n c e
o f the- conning officer , and make him r e l u c t a n t  to cut corner s or

v i o l a t e  r u l e - s .

I h e r e -  w e r e  13 gro unding s in which it was believed th at s u c h  a

r e c o r d e r  c o u l d  p o s s i b l y h ave prevented the grounding, roost w i t h

v e r y  low p r o b a b i l i t i e s . I h e  o v e r a l l  r a t  i n g  w a s  2 5 , w i t h  a s p e c i f i c

p r e v e n t i o n  i n d e x  of o n e .  i h e r e  w e r e -  s e v e r a l  r e ; i s o n s  wh y t h i s  sys-

tem feature was not rated highly: first of a l l , th e - -- h i p ’ s log

g e n e r a l l y  c o n t a  I ned  a d e q u a t e  cv i  d e n c e  of h u m a n  e r r o r ;  s - c o n d

c o u r s e  r e c o r d e r s  we ;e i r c - ( h u e - n t l y  on-board vessels in the dat a Case-.

I t is concluded from the data anal yzed that t h i s  opt -r at n on a l

fea tu r e  is no t effective e n o u g h to warrant further consid eration

as a preventive device .

I - 3M
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O P I , R A T  I (JNA I. F - [A l tJR[ ~ : MANE )ATOR Y C O U R S E  RECORDER

I I )  51 Ofi I N N  N I J ~ fi~ .- \ P Y

IC I Ni SCOP L / NC - (NE ( -‘- Si, N

— (;P (NIJNIuI N~~S 1 9 / 1 3
— COLLISION S 1 )/ i ’)

— E -V fi-~I N ( , N ()/ 0

Nature of ~~~. of  I Pr~~h .
Casualty Cases of Cases of P m - - v .  Spec. Pr ey . In ’~e~

C r o t i n d i n g s  155)  13 2 4 %  3% 1 . 4

( o 1  I i s i on s  (1 
~) I) hE 0 -

R a m m i n g : -  (6 )  0 0 0 -

Ov erall Ratin g 
UI 2% 1 .4

12)  N E I C  I F  I C  J

N o n e

I -39
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1 .2.10 IMPROVED POSITION ACCURACY OVER LORAN-C

Navigation is now performed largely with celestial fixes ,

radar fixes using either recognizable shore landmarks or li g hts

(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 100-21)0 feet

by using lig hts as references. Celestial fixes are generally good

to within five miles if taken by an expert mariner , wh ile 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 tha t a perfectly accurate navi gation 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

pccu1iar situation of a vessel rendering assistance to a burning

ship , where the rescuing vessel was attem pting to come as close as

possible to the vessel in distress to min i m i z e  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.

*Groundjngs in narrow channels were not included in the data base.
The conclu sions stated here apply in the offshore area outside
these channels.
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OP [RA T I D N A I  F E A T I J R E  1 0 : IMPROVEI) POS 1-t i ON ACCIJRACY OVJ~E LORAN - C

(1) SCOl~TNC SII ~D 1ARY

P O I N T  SCORE/No . 01: CA SI S

— GRO IINFING S 15/4
— COL L I S I O N S  0/ 0
— RA~1MINC S 0 /0

Nature of NO . O f  Prob .
Ca sualt y Cases of t ’sscs cf Prey . N j n - c . I r e Iii

G r o u n i i n g s  ( 5 5 )  4 7~ 35 3 .8

Coil ision s (U) 0 0 () -

Ra m m i n~ :- Ii ) 0 0 0 -

O v e r a l l  i - a t  i ng  s o  3.8

(2) N I ’ b r I [ I I I N N f l T S

No ne

1 - 4 2
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I . 2 .11  A B E  L I T Y  TO O B T A I N  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 hel ped to avoid the casualty. In every case , there was

no position fixing instrument (other than celestial) on hoard ,

except for radar. In all 14 cases , the add~ tiona 1 redundancy pro-

vided b y 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 navi gate ,
and failed to plot a vessel course; clutter problems made it dif-

ficult to take hearings 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 navi gation 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 hel p ful.

This factor appeared in one collision , three rammings , and

ten groundings; the overall probability of prevention is 1 1 % and

the specific prevention index , six. It is incorporated into the

Baseline System , described in Section 5 .2.1.
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O P E R A I I ONAI. FflA TIJRE I I :  A B II. ITY TO OBTA I N  A I ) E P E N I ) A  BEE I’OS IT I ON F I X

(I) SCORING StJMHARY

PO I NT S C O R E / N O . OF ( :ASES:

— GROUNDINGS S7/I0
— C O L L I S I O N S  3/1
— RA 9 N I N C S 25/3

N a t u r e  of N o . of I Prob .
Casual ty Cases of C’ase~ of Prey . Spec. Prey . Index

G r o u n d i n g s  ( S 5 )  10 18% 10% 5.7

C o l l i s i o n s  ( 1 7 )  1 1 7 %  2% 3

R a m m i n g s  (6 )  3 50% 42% 8.3

Overall Rating 14 18% 11 % 6.1

(2) SPECIFIC ISSIJES

Collision , using radar for navigation: C- 14

N avigation Redundancy would have helped: A 11 Ca s e s

R a d a r  P o s i t i o n  - 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 he 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

th i s  means  are  used to up date and correct dead-reckoning or Omega

me thods to estimate position , bu t 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/long itude) over similar equipment requir-

ing manipulation and timing was found to be si gnificant in 24

groundings. By “significant” it is meant that the score assigned

to the “d isplay ” system feature under consideration here exceeded

the “availability ” operational feature considered in 1.2.11 by at

least two points; i.e., the probability of prevention for that

casualt y was deemed to be 20% hig her or more.
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In nine cases , undue reliance on buoys to determine position

caused an incorrect assessment of position , which would have been

avoided with a reliable navi gation 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 helpfu l in 38

cases (33 out of 55 groundings , four out of six rammings , and one

out of 17 collisions). The overall probabili ty of prevention is

26% , and the specific prevention index (SPI) is five. Ignoring

cases o c c u r r i n g  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 2 2 % , and increases the SPI

sli ghtly to six.

This operationa l feature is incorporated into the baseline

system (Section 5.2.1) premised on the guidelines of the stud y
(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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OI ’ERA l I O N A L  F E A T U R E  1 2 :  D I S P L A Y  OF NAV I G A T I O N  DATA

(1) SCOR I NG SUHNARY

POINT SCORE/NO . OF CASES:

— G R O U N I ) I N G S  17 4 / 3 3 ( 13 9 / 2 4 ) *
— C O L L I S I O N S  3/ I
— RA~ MINC S 27/4

Na ture of No. of I Prob .
Casualty Cases of Cases of Prey . Spec. Prey . Index

Groundings (55) 33 60%(44%)* 32%(25%)* 5.3(5.8)*

C o l l i s i o n s  (17) 1 17% 2% 3

R a m m i n g s  ( 6 )  4 6 7 %  4 5 %  6 . 8

Ov e r a l l  R a t i n g  38 49%(37%)* 26%(22%)* s.4(s.8)*

( 2 )  S P E C I F I C  ISSUES

V i s i b i l i ty: I)ay, > 2 m i l e s  - G- I , 10 , 21 , 29 , 52

I)ay, < 2 miles - C-I 0; C -2 , 20 , 23 , 37

N i g h t , < 2 m i l e s  - R - 4 5 , 6; C- 3 , 6 , 11 , 17 . 22 , 24
26 , 31 , 35 , 36 , 39 , 42 , 44 , 4 5 ,
46 , 47 , 55

N i g h t , < 2 m i l e s  - G-9 , 27 , 43 , 53

T w i l i ght , — 2 m i l e s  - C- 8 , 18 , 28
i . e . ,  8 7 %  in  reduced  v i s i b i l i t y  or N i t e / T w i -
li ght compared to 80% o v e r a l l .

Undue P liance On Buoys: C- 8, 10 , 23 , 26, 29 , 36 , 39, 46, 47

Ease o f Us age a Key Fac tor: c~- 1 , 2 , 3 , 8 , 9 , 10 , 17 , 18 , 22 , 23 ,
(2 Pt spread over “Ava il- 24 , 26 , 28 , 29 , 31 , 35 , 36 , 42 , 45 , 46 ,
ability ”) 47 , 52 , 53 , 55

Location:

Puerto Rico - G- 18 , 24 , 26 , 27 , 31 , 39 ,
45 , 55

Virgin Islands - G- 42

Hawa ii - None

*Excludjng casual ties in Puerto Rico and the Virgin Islands.
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(4) DISCUSSION

Of 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 , m e a n i n g  t h a t  the  s y s t e m  f e a t u r e  would  he s o m e w h a t
less effective there.
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I . 2 . 1 3 1 ) 1  SPLAY OF DL V IAT ION FROM INTENDLI) ‘tRACK

this sys tem feature is an extension of the previous one ,

‘‘I)ispl I v  01 Navi ga tion Data ’’ . In o r d e r  t o  o b t a  i n  this c a l a h  i i i  t y

i t is necess ary t o  have continuous navi gat ion information. It

reelui res the navi gator to plan at least a segment of the voyage i n

advai~ce . WE i Ic in theory the i n t  en d e d  t r a c k  c o u l d  he a n y  t r a c k  on

the surface of t h e  ocean , i t w i l l  u s u a l l y take the form of a

series of waypoint s connected by grea t -circle or rhumb- line tracks.

By en tering, via keyboard , a series of LORAN -- C time coordinates *

representing points where maneuvers are expected to be performed ,

a p rocessor  can c a l c u l a t e  t he  d i s t a n c e  of the  sh i p ,  v i a  the  elec-
tronic navigation unit , from the intended track. This feature has

an impor tant 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 .

I his feature would have helped si gnifican tly in four rammings

and 3-2 g r o u n d i n g s , two more than the disp lay fea ture. Of t he se ,

in one r- alnlning and six groundings there was believed to be a slight

advantage to he gained from a display of deviation-from-track ,

ra ther than just a d i s p l a y  of position; in one other ramming and in

s i x  o th e r  g ro u n d i n g s , the deviation-from-track display was con-

s i d e r ed to be s i gn i fican tly better (two point spread or more).

The overall ratin gs for this system feature are: The feature

would have helped in 675 of the  r a m m i n g s  and 6 2 %  of  the  g r o u n d i n g s ;
t h e  pro b a b iliti e s of prevention a r c  a b o u t  18 % f o r r a m m i n gs , 35%
for groundings , a n d  2 9 5  overall. The s p e c i f i c  p r e v e n t i o n i n de x
w a s s i x , a high fi gure.

*Sjnce char t-~d LORAN-C lines are corrected to incorporate long-term
propagation effec ts , latitude/longitude coordina tes should be
avoided near the coast , because the coordinate conversion algo-
rithms do not usually account for the corrections.

1-51

- -  _ • #-
_ _ _• - -



OPE RAT I ONAL FEATURE 13: D I S P L A Y OF DE V I A T I O N  FROM I NT EN DE D TRAC K
(1) SCORING SUMMARY

P O I N T  S C O R E / N O . OF CASES:

— G R O U N D I N G S l9 S/ 3 S
— COLLISIONS 3/1
— RA MN ING S 30/4

Na ture of No . of % Prob .
Casual ty Cases of Cases of Prey . Spec . Prey . Index

G r o u n d i n g s  ( 5 5 )  34 6 2 %  35% 5 . 6

Collisions (17) 1 6% 2% 3

Ran i mings  (6) 4 67% 18% 7 .5

Overall Rating 39 50% 29% S.8

(2) SPECIFIC ISSUES

Slight (1 pt) Advantage Over Display: R-4; C-li , 17 , 21 , 3S ,
42 , 46

Significant (> 2 pt) Advantage over Display: R-6; G-3 , 29 , 41 , 42 ,
— 53 , 54
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I . 2 . i 4  ALERT I N D I C A T I N G  EXCESSIVE D E V I A T I O N  FROM TRAC K

This system feature is an extension of the previous one ,

“Display of Deviation from Intended Track” . Here the  nav i ga tor
mus t enter the waypoints as before , and mus t a l so  en ter a n u m b e r
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 o f f i c e r  when the vessel  s t rayed f rom a t r a f f i c  lane  or
fairway . It has the advantage over the display alone in that the

br id ge officers do not have to be watching the display - t hey  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 desi gned 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 advan tage over

a display alone in two rammings and 16 groundings . The probability

of preven tion for rammings and groundings is estimated to be 42% ,

involving 65% of the rammings and groundings in the data base , wi t h
a specific prevention index of 6. The overall PP is estima ted at

34 % .



O P E R A T I O N A L  F E A T U R E  14 :  ALERT INDICATING EXCESSIVE DEVIATION FROM TRACK

(1) SCORING SW1~1ARY

POINT S C O R E / N O .  OF CASES:

— G R O U N P I N G S  2 2 6 / 36
— C O L L I S I O N S  3/ 1
— RA~I N I N G S  33/4

N a t u r e  of N o .  of % Prob .
Casual ty Cases of Cases of Prey . Spec. Prey . I n d e x

G r o u n d i n g s  ( 5 5 )  36 65% 41 5 6 . 2

C o l l i s i o n s  (17)  1 6% 2% 
- 

3

Rammings (6) 4 67% 55% 8.2

Overa l l  R a t i n g  41 53% 34% 6 . 4

( 2 )  S P E C I F I C  ISSUES
Advantage over Display : R-4 , 6; G-2 , 3 , 8, 10 , 11 , 25 , 29 , 35 , 36 ,

39 , 42 , 44 , 46 , 47 , 53 , 54
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1 .2.15 MANEUVERING POINT ALER T

A m a n e u v e r i n g  po in t  alert is an extension of the display of

deviation-from-track discussed in Section 1.2.13. 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 o provide for cases where

the ship mi ght 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 1.2 .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

oil sp ill , 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 . Iii 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 1.2 .13.
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OPERATIO\-\ L FEATURE 15: MANEUVERING POIN’! ALERT

(1) SCORING SU~~ 1ARY

POINT SCORE / N fl . OF CASES:

— GROU ND ING S 29/7
— C O L L I S I O N S  0/ 0
— RA’!MINC S 10/ 1

N a t u r e  of No . of Prob .
Casual ty Casc- s of Cases of Prey . Spec . Prey . Index 

-

G r o u n d i n g s  ( 5 3 )  7 13% 5% 4 .1

C o l l i s i o n s  (17) o 0 0 -

R a m m i n g s  (6)  1 1 7 %  17% 10

Ov e r a l l  R a t i n g  8 10 % 5 % 4 .9

( 2 )  SPEC I F I C  ISSUES

Turn in F a i r w a y :  R - 6  ( G l o b t i k  S u n ) ;  G - 6
Too c lose  to shore in poor visibility - G - 2 0  (pa s s e nge r  v e s s e l)

More  p o i n t s  than Deviation Alert - G - 6 , 18 , 52

Drift Alert - Awaitin g Pilot - G-18

Did not get to maneuvering point - G - 3 6 , 46 , 52
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1.2 .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 mig ht 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 members 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 dig itally in fathoms , feet , or meters; others display a

rotating li ght of varying intensity; still others use chart

recorders , which provide a help ful history of soundings and show

the contour of the ocean floor just traversed . False alarm and

confusion can be caused by water turbulence , eng ine 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 desi gns
incorporate multiple di gital readouts on the wings - a good practice.
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W i t h  mos t  l a rge  vesse l s  the re  are u s u a l l y  two o f f i c e r s  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 techni ques

will be required.
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OPERATIONAL FEATURE 16: IMPROVED DEPTH DETECTION

(1 ) SCORIN G SUM~1A R Y

POINT SCORE/NO . OF CASES:

— GROUND INGS 9/3
— COLLISIONS 0/0
— RA~P 1 I N G S  0 /0

N a t u r e  of N o .  of Prob .
C a s u a l t y  Cases  of Cases  of Pre\’ . S p e c .  Pre~~. In dex

G r o u nd i n g s  ( 5 5 )  3 5% 2% 3. 0

C o l l i s i o n s  ( l )  0 0 0

R a m m i n g s  ( 6 )  0 0 0

Overall Ra ting 3 4% 1% 3.0

(2) SPECIFIC ISSUES

None
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[.2 .17 A L E R T  INDICATING SHALLOW DEPTH

The opera tional feature described here would enabl e a w atch-

stander to select a depth that would result in an audible alert if

the shi p p a - s o d  into waters shallower than that depth. te t at 50

fathoms , it could he used to indicate the Continental Shelf. In

areas where banks are abrupt , it could he used for i n d i c a t i n g

proximity to reefs . Its chief potential for preventi n g g r o u n d i n gs ,

however , is in shallow gentle s l o p ing areas like the approaches to

Delaware and Chesapeake Bays , and in the Gull of ~exico. By

setting a depth alert at about half the dis placement below the hull

or some appropriate fi gure determined from the charted depths , an

alert would he helpful in calling the watchstand er ’ s attention to

the fact that the vessel is in shallower water than he expected.

He would no t have to constantly monit or the instrument in order to

benefit from it.

The desi gn of such a system is discussed in Section 5.2.13.

A depth alert was jud ged to he potentially helpful in thout

30 groundings at an SPI rjf 4. En 10 of these , there was cons idored

to he more than a 5 0 %  c h a n c e  t h a t  such  a d e v i c e  would have been

used and the accident avoided. The lower scores occurred in cases

where general bridge discipline was so loose that it ~as not con-

sidered li kely that the watchst ander would have bothered to set the

depth alert in the first place. ‘Ihe probability of prevention is

e s t i m a t e d  to he 2 4 %  fo r  g r o u n d i n g s .  I t  has  no d i r e c t  a p p l i c a t i o n s
to collisions and rammings.
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OPERAT I ONAL F E A T U R E  17:  AL E RT I N D I C A l  [N f l  SHALLOW DEPTH

( 1) S C O R I N G  SUMM ARY

POINT SCORE/NO . OF CASES:

— GROUND I N G S  132/30
— COLLISIONS 0/0
— R A MM IN G S 0/0

Nature of No. of % Prob .
Casualty Cases of Cases of Prey . Spec. Pre~~. Index

Groundings (55) 30 55% 24% 4.4

Collisions (17) 0 0 0

R a m m i n g s  (6)  0 0 0

Overall Rating 30 38% 17% 4.4

( 2 )  S P E C I F I C  ISSUES -

None

(3)  HiSTOGRAM OF SCORES

0 GROUNDINGS

15- 
~~~COLLIS 1ONS

DRAMMINGS

— 10-
C
0.

a.
p 0

.

.-
U
z
LU

0’ -
LU ~~

1’O
POINT SCORE
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1.2.18 FORWARD-LOOKING S O U N D E R

It is p o s s i b l e , in p r i n c i p l e , to  d i r e c t  an a c o u s t i c  t r ans -

mission forward of the shi p and detect echoes off of wrecks ,
obs tructions , and b a n k s . An aler t could be given if any strong

echoes are received within some selectable distance. For example ,

one nile 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 evaluate i by examining charts at the accident locations ,

and ruling out areas where ocean f1oo~ s were gradually sloped.

Hig h 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 -IS , or

82% , of the groundings , with a specific prevention index of 7.

The probability of prevention is estimated to be SS% 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

desi gn of such a system is discussed in Section 5.3.10.
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OPERATIONAL FEATURE 18: FORWARD LOOKING SOUNDER

(1) SCORING SW1~IA R Y

P O I N T  S C O R E / N O . OF CASES:

— G R O U N D I N G S  3 0 0/ 4 5
— C O L L I S I O N S  0/ 0
— R AM M ING S 0/ 0

Nature of No. of Prob .
Casualty Cases of Cases of Prey . Spec. Prey. Index

Groundings (55) 45 82% 55i 6.7

Collisions (17) 0 0 0

R amm i n g s  (6 )  0 0 0

O v e r a l l  R a t i n g  45  58 % 38% 6 . 7

(2 ) SPECIFIC ISSUES

(3) HISTOGRAM OF SCORE S

0 GROUNDINGS

15- 
~~~COLL IS IONS

E- RAMMINGS

— 10-
0
0.

a.
0

z
LU -

Cf 5- II
PO I NT SCORE
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1.2 .19 DEPTH M A P P I N G  W I T H  ALERT

This operational feature was postulated on the assumpti on that

it mig ht be possible to receive echoes fore and abeam of the shi p,

and to map the depths of the ocean floor over a wide enoug h area

to detect shoals , reefs , and shallow areas. The embodiment of

such a capability is discussed in Section 5.2.14. \s w ith the

previous two features , conditions could be prescribed which would

cause an alarm to sound . l (hile this feature mi gh t seem far-

fe tched , equipmen t is available which performs similar tasks . The
ev aluation of the feature was premised on the assumption of a

r a t h e r  idea l  d ev i c e , unencumbered b y p r a c t i cal  c o n s i d e r a t ions  t h at
might ultimately limit its usefulness.

The question of the timeliness of the information was some-

times difficult to judge. If a shallow rise or reef were de tected

abou t 0.5-1 miles ahead , and an alert sounded , the vesselmaster

would require some time to assess the situation , and in many cases

mi ght be able only to reduce speed somewhat. Even that could

reduce the prosp ects 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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O P E R A T I O N A L  FEATURE 19: DEPTH M A P P I N G  W I T H  A L E R T

( I )  SCOR I NG SUP~MARY

POINT SCORE/NO . OF CASES:

— GROUND ING S 359/SO
— COLLISIONS 0/0
— RAHMING S 0/0

Nature of No . of % Prob . 
— __________________

Casualty Cases of Cases of Prey . ~~~~ Prey. Index

Groun dings (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

0 GROUNDINGS

DCOLLISIONS

D RAMMI NGS

0

~.L.
0
>..
Liz

-

I.’

1
PO I NT SCORE
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1 .2.20 RACONS AT FA IRWAY , TRAFFIC LANE ENTRANCES

A RACON (RAdar beaCON) is a transponder placed on a buoy ,
li ghthouse , or other fixed aid-to-navigation (Henry , 1973) . When

a ship ’s radar transmits a pulse in the direction of the RACON , it

tri ggers 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 ,O ,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 1.2.5 that buoy identification

was a problem in several casualties. If RACON s 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

S 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 prob ability of preven-

tion cons ider ing ramm ings and groundin gs is es tim a ted a t 1 4% , with

an SPI of S.

While it could not he 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-check ing capability, and the fac t tha t af ter days on the h ig h
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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

unamb i guous , c h a r ted r ada r echo located out from shore would have

a ben e f ic ial e f fec t  n ot adequatel y r e f l e c t e d  in the cas ua lt y
assessment. It can be used to calibrate navi gation instruments ,

depth so un de r , and radar , and pr ovi de the mariner with an added

co n f idenc e to pr oceed . In the Gulf o f Me x ico t h is is pa r t ic u la rly
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 , how ever , such identification is much more

reliable and simple.
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OPERATIONAL FEATURE 20: RACONS AT FA IRWAY , T R A F F I C  LANE ENTRANCES

(1) SCOR ING SUMNARY

POINT SCORE/N O . OF CASES:

— G R O U N D I N G S 7 0 / 15
— COLLISIONS 0/0
— RA~f MI N G S 14/ 2

Nature of No. of % Prob .
Casualty Cases of Cases of Prey . Spec. Prey . I ndex

Groundings (55) 15 2 7 %  13% 4.7

Col l i s ion s (1 7) 0 0 0 -

Rammings (6) 2 33% 23% 7

Overall Rating 17 22%(28%*) 1l% (14%*) 4 .9

*Ground .jngs and rammings only.

(2) SPECIFIC ISSUES

Better initial position and buoy ID: R- S , 6; G - 6 , 17 , 18 ,
23 , 24 , 31 , 35 , 36 , 43 , 47

Puerto Rico and Virg in Islands: G-18 , 24 , 31 , 39 , 42
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(3) HI STOG RAM OF SCORE S

0 GROUNDINGS
15- 

DCOLLISIONS

DRAMMINGS

— 10~-0
Q.

a..
0

Uz
0~

4 9
POINT SCORE
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1 .2.21 ABILITY TO OBTAIN DEPENI)ABLE, 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 S.2.l8) gets

around this problem by virtue of the fact that the equipped shi ps

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 si gnificant role in only

two cases: one collision and one ramming. It would have been

very effective (SPI=9.S) 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.
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O P E R A T I O N A L .  FEi AT IJRL 2 1 :  AHI  I, I TY TO OI3 TAI N ! ) E P L N I ) A B L E
A L L - W E A T H E R  RAI)AR RETURNS

(1 ) SCORING SUMMARY

P O I N T  S C O R E / N O .  OF CASES:

- G R O U N I ) I N G S  0/ 0
- C O L L I S I O N S  10/ 1
- RAMMINGS 9/1

N a t u r e  of No . of P r ob .
C a s u a l t y Cases  of C a s e s  of P r e y .  N p e c  . P r e y .  I n (~c’x

G roun dings (S5) 0 0 0 -

C o l l i s i o ns ( l v )  1 6% 6% 10

Ra m m in g s (6)  1 16% 15 %

Ov e r a l l  R a t i n g 2 ~. 2 ~~( 9 % * )  2 % ( 8 % * )  9 . 5

* (:OI1i si o~1 s and Rammings Only

(2) SPLCJFI (; I S S U E S

No n e
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(3) III STOGRAM (.0 SCUM S

0
15_I 

~~ C O L L I S I ON S

U 
DRAMM INGS

10-

C

I?
P01 51 S C O P E
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• ~~~. A P i i J ° i ~ 1))  H P J , ’\ l \  J)ETI.]!-IJ N A l  ION 0) 5 U N — ~ i \  I N C  RA dAR TARGETS

\!voc at es f o i  t i c — o u t iii r ; t d a i  u ia ~ u iud i  of the capability

o f  tM (lisp i l y  t~~ i di st i n g i i i s h  ) t i . i i  s t : u i i / i ary and slowly m ovin g

v e s c e  is. l~1 i  ft t h e r  i s ii d o u l t o l  t h e j i  u s e f u l n e s s  in i de nt i  -

l y i n g  b u o y s  :01( 1 p~~u v i d i u g  ft u : i r i u u u ’ r  s i t h  a much  be t t e r  s ense of
t M  1 r a i i i ~ I ! o i~ , it was u n i v  i d e n t i f i e d  w i t h  one  a c c i d e n t  as  an

I i u p i .~ r t .in i lc:u t i i  N’ . i i i  t Ii I s o n e case , a t a n k e r  m i s t o o k  a s l o w l y

i l i u v i l U  I up  f o r  an  U i !  r i g ,  a n d  f u r t h e r m o r e , m i s t o o k  t h e  b a r g e  f o r
:i s c c o i i d , s cj u l r : l I e  ve- ; e i . ‘this was  a c l a s s i c  s i t u a t i o n w h e r e  a

n o t  n d i  sp l y  s u i l d  h ave  h e l p e d  — — t he  tug  and b a r g e  w o u l d
li ve  l i i i  Ii pp~~ r ed a s  m o v i n g  t a r g e t s , a n d t h e i r i d e n t i c a l  co ur ses

a n d  sp i t s  s i l d  l i e  identified them as a tug—barge pair.

i ) i e  v era ) ! e f f e c t  i v e n e s s  w a s  e s t i m a t e d  a t  3~ f or c o l l i s i o n s
a r i d  i c in im  logs. U t  i s  p r o b a b l e  t h a t  t h e  d i r e c t  b e n e f i t  of  t h i s
s y s t e u u u  l e i t u r e  i s  s u b s t a n t i a l l y  less  than  the  i n d i r e c t  b e n e f i t s :
t h e  r e lative ease of distinguishing between small boats and buoys ,
h ( t s e e il oil p latforms and shi ps , between tug-and-barge combinations

a r i d  following vessels , anchored vessels and slow underway vessels

reduces strain and provides added confidence to the conning officer ’ s

dec is i ons .
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OPLRA’I I NO H.A’1 I.JRE 2 2 :  AB I L I ‘FY TO OB ’I ’A I N I ) I :T I :RM I N A ]  I o N

~ J: NO N - MOV I N C  RADAR I . \R ( ~I ’ l  S

( I )  SCOR I N ( ;  SU M M A R Y

- (;ROIINI ) I NCS 0/0
- COI.I •ISIONS 8/1

R,\MMI,N (;S 0/0

Natur e of Nc . of o Prob .
C a s u a l t y  C a s e s  of h a s e s  of  P r ey . Sp e c .  P r e y .  I n d e x

rround ings (~~S) 0 ) 0 (1 -

C o l l i s i o n s  ( 1 7 )  1 ( u % 5 % 8

R a m m i n g s  ( f u ) U 1) 0 -

( o v e r a l l  R a t i n g  I I % ( 4 % * )  
— 

1 % ( 3 % * )  8

* C o l I j s i O f l s  m i d  r a m m i n g s  o n l y

( 2 )  SP EC I F  I C  I SSI J Ii S

N unit
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( 3 )  I I I  S I  ( J O P A M  oh: ScoRI.S

0 GROUNDINGS

15— 
~~~COLLISIONS

RAMM I N CS

10~•

~
L, 

~~~

( I —  4 10
P O I N T  SCORE
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1 . 2 . 2 3  R A C O N S ON O I L  PLATFORMS *

R A C O N S  were discussed in  S e c t i o n  1 . 2 . 2 ) ) . M o u n t e d  on o i l
p l a t f o r m s , t h e y  c o u l d  p r o v i d e  a s t r o n g ,  r e c o g n i z a b l e  r a d a r  s y m b o l

w h i c h  w o u l d  he i n v a l u a b l e  a t  n i g h t  and  in  reduced vis ihi ftty .

How ever , there ar e  h u n d r e d s  of p l a t f o r m s  i n the G u l f  of  M e x i c o .
C l e a r l y  n o t  a l l  s h o u l d  be R A C O N - e q u i p p e d .  E v e n  to p l a c e  one per
cluster of p l a t f o r m s  w o u l d  no t  he p a r t i c u l a r l y  e f f e c t i v e , b e c a u s e -
c l u s t e r s  a re  in  c h a r t e d  l o c a t i o n s  -- l i t t l e  i n f o r m a t i o n  w o u l d  be
c o n v e y e d , and the u s e f u l n e s s  w o u l d  he l i m i t e d  to a cd~~~b r a t i o n  of
p o s i t i o n , as d e s c r i b e d  i n  1 . 2 . 2 0 .

L a r g e  v e s s e l s  w i l l  t e n d  to use  t h e  f a i r w a y s , e sp e c i a l l y  a t
n i g ht  a nd in  r educed  v i s i b i l i t y ,  w h i l e  s h a l l o w e r  d r a f t  v e s s e l s
and b a r g e s  are less restricted. In section 4 , i t  was n o t e d  t h a t
i n  t h r e e  cases  of  r a m m i n g s , t h e  o i l  p l a t f o r m s  w e r e  s e v e r e l y
d a m a g e d , b u t  l o s t  no o i l , due to t he  s a f e t y v a l v e  s h u t d o w n  equ i p-
m e n t .  W h i l e  r i g o r o u s  e s t i m a t e s  of  t h e  p r o b a b i l i t y  of o i l  sp i l l s
b y o i l  p l a t f o rms were  not a v a i l a b l e  to the s tudy  t e a m , i t  a p p e a r s
t h a t  a r a m m i n g  b y a vesse l  is no t  l i k e l y  to cause  an o i l  sp i l l

f r o m the  p l a t f o r m , h u t  r a t h e r  f r o m  the  v e s sr ’ l.  Thus  i t  a p p e a r s
app r o p r i a t e  to c o n f i n e  a t t e n t i o n  to o i l  p l a t f o r m s  b o r d e r i n g  f a i r -
w a y s .

A f e w  RACONS p l a c e d  on o i l  p l a t f o r m s b o r d e r i n g f a i r wa y s
wo u ld  b e helpful in preventing rammings , because they help define

the fairway boundary and provide protection against the most li
~ ”Ly

p latforms that would he involved in a ramming. If these R A C O Y S

w e r e  p l a c e d  a t  l o c a t i o n s  r emo te  f r o m  f a i r w a y  i n t e r s e c t i o n s  ( w h e r e
o t h e r RACONS s h o u l d  he p l a c e d )  t h e y  cou ld  be hel p f u l .  T h is  is
d i s c u s s e d  f u r t h e r  in t he  I m p r o v e d  A i d s  t o - N a v i g a t i o n Sys tem (see
S e c t i o n 5 . 2 . 9 ) .

In  t h e  s c o r i n g ,  3 o u t o f 6 r amm i n gs w o u l d  c e r t a i n l y h a v e bee n
p r e v e n t e d  ( s p e c i f i c  prevention index: 10) by R A C O N S  on t he

~~ in ce o i l  p l a t f o r m s  a l e  p r i v a t e l y  owned , t h e  go.e r n m e n t / i n d u s t r y
i n t e r f a c e  p r o b l e m  will need to he a d d r e s s e d  to  e n a b l e  i n s t a l l a -
t ion  and  proper  m a i n t e n a n c e .
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platforms. However , one of these was not at the fairway boundary;

the other two were . Of the other four , two occurred in broad day-

lig ht and involved non-tank barges being towed by tugs whose pilots

misjud ged the currents. Only one , the Globtic Sun , was a tanker ,

and it did ram a platform near the fairway border.
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OPERAT IONA L FEATURE 23~ RACON S ON O I L  PLATF ORMS

( 1 ) SC O R I N G  SUMMARY

PO INT SCORE / N O . OF CASE S:

- GROUNDINGS 0/0
- COLLISIONS 0/0
- RAMMINGS 29/3

Nature of No. of % Prob .
Casualty Cases of Cases of Prey . Spec. Pret~. Index

Groundings (55) 0 0 0 -

C o l l i s i o n s  ( 17 )  0 0 0 -

R a m m i n g s  (6) 3 50% 48% 9.7

Overa l l  R a t i n g  3 4 % 4 % 9 7

( 2 ) SP E C I F I C  I SSUE S

Tankers: R-6
Barges: R-1 , 3
Daytime : R-l , 3
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( 3) HISTOGRAM OF SCORE S

0
15 

D COLLISIONS

D RAMM1NGS

— 10-
0

U..
0
>..
Uz

-

‘a..

0— I I I I
1 2 3 4 5 6 7 8 9 10

POINT SCORE
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1 . 2 . 24 ALERT THAT A NEW VES SE L HAS APPEARED W I T H I N  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 he checked out. It is desi gned to eliminate

casualties caused by lack of timely knowled ge of the presence of

the other vessel.

Of the 17 collisions , there were only 4 where neithe r vessel

knew of the other ’s presence , and 4 others where only one knew of

the  o t h e r .  In  7 of  these  8 cases such an a l e r t  was f e l t  to be of
some value , hu t  e ven t he r e  the  SPI was 5; the  reasons  why i t  was
not hi gher were primarily that even when the other vessel was

detected , there was still t ime 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 NE W VE SSEL HAS APPEAP .E1)
W I T H I N  ABOUT F I V E  M I L E S  OF OWN SH I P

(1) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

- G ROUND I NGS 0/ 0
- C O L L I S I O N S  32/ 7
- RAMMINGS 0/ 0

Nature of No. of % Prob .
Casua lty Cases of Cases of Prey . Spec. Prey . Index

G r o u n d i n g s  (55) 0 0 0 -

C o l l i s i o nS (17) 7 41% 19% 4.6

Rammings (6) 0 0 0 -

Overall Rating 7 8% 4% 4.6

( 2 )  S P E C I F I C  ISSUES

Visual or Radar Contact by at Least One Ship before S
miles: C-i , 2 , 4, 5 , 6, 7, 8, 9, 10 , 11 , 13 , 15 , 17

Both Ships knew of others presence before 5 miles
C- I , 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 RAI)AR TARGET h A S COME WITHIN A SHORT
RANGE OF OWN SHIP

This operational feature , w h i c h  is embodied in a Radar Peri-

meter i)ete ct ion I)evice (see 5.2 .16), is s i m i l a r  to the previous

one , exc ept that its range is so short that a danger has

definitely been established. For meeting situations between large

vessels a t f u l l  s team , the warning is quite late , hut for crossing

and overtaking situations , and those involving oil platforms or

a n c h o r e d  v e s s e l s , i t  c o u l d  pr ovide jus t the added data and impetus

needed to avert the collision. Frequ en tt y targets were si ghted on

radar early, hut subsequent maneuvers placed the vessels on a

collision course.

In 10 ou t of 17 collisions and in 4 of 6 rammings , t h i s
feature would have helped aver t the accident. Four of the 10

collisions were in mee ting situations , where there was considerable

doubt whe ther the alarm would have occurred in time . For the
others , it was ra ted hi gher . This feature appears to be particular-

l y useful in si tuations involving fixed oil p la t f o r m s  and a n c h o r e d
vessels , where the closing rate is slow. It was estimated to be

60% effective in avoiding rammings , and 33% effective in avoiding

coil isions .

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 RAI)AR TARGET HAS COME
WITHIN A SHORE RANCh : oh : OWN Sill P

(I) SCORING SUMMARY

POINT SCORE/NO. OF CASES:

- GROUNDINGS 0/0
- COLLISIONS 56/10
- RAMM INGS 36/ 4

Nature of No . of % Prob .
Casualty Cases of Cases of Prey . Spec. Prey. Index

Groundings (5S) 0 0 0 -

Collisions (17) 10 59% 33°~ 5.6

Rammings (6) 4 67% 60% 9.0

Overall Rating 14 18%(6l%* ll%(40%*) 6.6

*Rammings and collisions only

(2) SPECIFIC ISSUES

None
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1 .2.26 ABILITY 10 O B T A I N  OELAII yE P O S I T I O N  AND COURSE PROJECTION
OF RADAR TARGETS

T h i s  ope r a t i o n a l  f e a t u r e , w h i c h  i s  e m b o d i e d  in  r a d a r  p l o t t i n g

d e v i c e s , r e q u i r e s  c o n s t a n t  a t t e n t i o n  by a b r i d g e  o f f i c e r , who

must take several readings on a target and plot the progress with

a grease pencil or on a p lotting hoard. More sophisticated

collision avo i dance aids all ow the watchstander to acquire targets

manually, after wh i ch the target ’s progress is automatically

tracked , and the projected positions plotted. lt is desi gned to

hel p the mariner decide how close the passing will he , 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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OI~E RA T I ONA L F E A T U R E  2 6 :  A B I L I T Y  TO OBTAIN RLLA ’IIVE POSITION

AND COURSE P R O J E C T I O N  OF RA D AR TAR ’~ETS

( 1)  SCORING SUMMARY

POINT SCORE /NO . OF CASES:
- G R O U N D I N G S 0/ 0
- COLLISIONS 30/ 9
- RA MMINGS 0/0

Nature of No. of % Prob .
Casualty Cases of Cases of Prey . Spec. Prey . Index

Groundings (55) 0 0 0 -

Collisions (17) 9 53% 18% 3.3

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
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1 . 2 . 27 ALERT IF  C O N F L I C T  PRE I ) I CTEI )  BY AI JTOMATIC E Q U I P M E N T

The key feature of sop histicated collision avoidance

equipment is the ability to process radar returns from objects

in such a way :ls to recognize targets such as shi ps and buoys ,
track their motion , ari d compute the collision parameters , CPA
(Closest Point of Approach) and ‘I’CPA (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

strai ght line projections. It is assumed that the acquisition of

targets is automatic; this is an important assumption because mos t

CAA (Collision Avoidance Aid) equi pments require manual acquisition

of targets. The lack of attention exhibited i n  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 wa rning takes place 5-20 m i ,~ ites before an “in extremis ’

situation occurs.

The effectiveness of this feature is reduced by the fact that

other vessels may maneuver. This possibility was ,onsidered 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. Ihe 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 li ke ly , 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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OPERA!’ I ONAI. FI;ATIJRIj 27 : ALERT I F CON FL I CI PRED I CTI: U BY

AUTO M A ’I ’I C EQUIPMI:N’I

(I ) SCOR I NI; Su MMARY

PU IN’! SCORE/NO. OF CASES:
— (;ROUNDINCS 0/0
- COLLISIONS 106/14
- RAMMINGS 3 6/ 4

N a t u r e  of No . of P r o b .
C a s u a l t y  C a s e s  of Ca s e s  of P r ey .  Spec .  P r e y .  I n d e x

(;roundings 1~~5) 0 0 0

C o l l i s i o ns 1 17)  14 8 2% 6 2 %  7 . 6
R a m m i n g s  (6)  6 7 %  69%
Overall Rating 18 23% (78%*) I8%(62%* ) 7.9

*r gnor ing groundings

(2) SPECIF IC ISSUES

None

0
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1 . 2 . 2 8  A B I L I T Y  TO O B T A I N  I M M E D I A T E  R A D I O  CONTACT W I T h !  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) . Inland , 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 radiotelep hone to coordinate pass-

ings appears to be based on three factors:

a .  The time-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 des ignated 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 exp er imental sys tems wh ich can prov ide tar get
identification (5.2.17 and 5.2.18), and there i s no technolo gi cal
reason why s uch a fea ture canno t be invented.
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Such an operational feature being feasible , its effectiveness

was evaluated assuming that each watchstander had the abi l ity

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 , ident i fying it , and making the

call , all have to he performed. Thus the second reason for not

using the radio-telep hone is obviated. It is assumed , too , that

shi ps will monitor channel 13 , a practice that is increasing.

It is impossible to accoun t for the attitudinal factor in

the evaluation of the operational feature , so that the conclusions

here must he interpreted with this in mind. Throug h training,

younger ski ppers 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 help ful in 12 of 17

collisions , with a specific prevention index of 6. Th e ch ief
criterion used in evaluating each case centered on the time

before collision that one captain recognized there was a problem;

the jud gment was then made on the probability that communication

at that time would have been help ful in avo iding the accident.

The overall effectiveness was estimated at 44% for collisions.

It clearly has no function in rammings or groundings.

I -96



OPERATIONA l, l:EAT IJRI: 28: A BI L I l Y  TO O B T A I N  I M M 1 , I ) I A ’  I ,  R A I ) I O  CONTAC !
W I  ‘ I I I  A sE I , E ( : ’ I E I )  V E S S E l .

( I )  S C O R I N G  SI JMMA RY

P0 I N I ’  SCOR E/  No . OF CASES
— (;R0UNI) I NGS 0/ 0
- CO L LISIONS 7 4 / 1 2
- RAMMINGS 0/ 0

Nature of No . of Prob . 
—___________________

Casualty Cases of Cases of Prey . Spec. Pre y . Index

Grounding s (55) 0 1) 0 -

(:ollisions (17) 12 71% 44% 6.2

Ra mn i ings  (6)  0 0 -

Overall Rating 12 lS% (71%* ’ q~, (44%*) 6.2

*Collis ions only

( 2 )  S P E C I F I C  IS SEJ I i S

None
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1.2.29 ABILITY TO ( J B I A I N  M A N E U V E R I N G  I N T E N T  OF OTHER V E S S E L S

This oper ational feature is more limited than the previo u~;

one . ‘I’he 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

si gnals on shi p”), a radar al phanumeric tag (5.2.18), or a

disp lay (5.2. 17). ibis data could he especially useful when planned

course changes occur , and when a course is modified sli ghtly 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 enoug h (Pollack , 1 9 7 7 ) .

It was jud ged to be potentially helpful in 8 of 17 colli sions ,

with a specific prevention index of 6. The probability of

prevention was estimated at 27% for collisions.
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OPERAT I ONAL FEATURE 29: ’ A B I L I T Y  TO OBTAIN M A N E U V E R I N G

INTENT OF OTHER VESSELS

( 1 ) SCORING SUMMARY

POINT SCORE /NO . OF CASE S:
- GROUNDINGS 0/0
- COLLISIONS 46/8
- RAM MINGS 0/0

Nature of No. of % Prob .
Ca sualty Cases of Cases of Prey . Spec. Prey. 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 ) SP E C I F I C  ISSUE S
None
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1 .2 . 30 1 NCEN ’I’l VE TI) (;OMMIJN ,ICA ’l I ~ 11 0  OTh ER V E S SE L S  TO I : F F E C ’I ’
P A S S I N C S  

- ____________________-

I b i s  o p e r i t  ion ;i l f e a t u r e  ~~i s  p o s t u l a t e d  in order to ajis~~er

t h e  q u e s t  i o n  , ‘ i I y e  ‘~ ~.e I s had ‘r ru nu n  i c :-
~ t e d  a h e a d  of  t i nrc , con I d

t h e  c o l l i s i o n  h a - ~e h e e i i  ,rvo i ded? ’~ 1 he su ppo sition is that s t r o r i C

enough sanct io n s w o u l d  he itp o’ - ed To lorc i even the most

r eca l c itrant s h I 1 )  c a p t a  i i i  T o  ii i ’ V I I I  c h a n n e l  13  to coo rdinate

p a s s i n g s  w h e r e  t h e  C I A  i s  l e s s  t h a n  i r e  m i l e  ( f o r  e x a n i i p l e j

( ; e n e r a l l y ,  t i n s f e a t u r e  i s  9 u i t e  e f f e c t i v e  ( ( e l t )  , i n~ould

he e x p e c t e d .  In I 1 of  17 co 1 1 is io ni ~ , i t  w o u l d  h av e  v i  r t u ; i  I ly

p r e v e n t e d  t h e  a c c i d e n t .  0)1 triun e inter e st are the c ase s  w h e r e  i t

would not have helped. In 2 cases , i t  w o u l d  h a v e  been of  rio use

because th e v e s s e l s  w e r e  c o m m u n i c a t i n g ;  i n  a n o t h e r , a l i g h t e r i n g

ha rge  Sc raped a tanker a fter m i  s) ud g i r ig t h e  c u r r e n t s  . I n  the

o t h e r  3 c o l l i s i o n s  i t  w o u l d  h a v e  h ad  l i m i t e d  v a l u e : one i n v o l v e d

a jammed r u d d e r , on e invo l ved a vessel w ith no one on t h e  b r i d ge ,

and  in t h e  o t h e r  b o t h  m a s t e r s  c l a i m e d  t h e y  h a d  a t t e m p t e d

~:ommun i :it  i o n .

I n  a s t u d y of  i n l a n d  ( a s  w e l l  a s  o f f s h o r e )  c o i l  isio n i-; (ORI

1 9 7 5 )  , t h e  usefulness of b r i d g e - t o - b r i d ge conn im u n i icat ions ~ a s

a s - ;e s s e d .  The  s t u d y c o n c l u d e d  that i t i s  c i  f e c t i v e  in redue ing

co 1 1 j s io ns , bu t  n o t e d  t h a t  s i nce i t  h~~s become more common t i  u - -~e

t h e  r a d i o t e l e p h o n e  i n l a n d , t h e  p e r c e n t a ge  of  col  1 i s n o r t s p o t e n t i a l l y

p r e v e n t a b l e  h y r a d i o t e l e p hone  h a s  d e c r e a s e d .  As a r e s u l t , t h e

e f f e c t i v e n e s s  of  the r a d i o -  t e l e p h o n e  f o r  o f f s h o r e  p u r p o s e s  r i o t e d

i n  t h e  p r e s e n t  s t u d y  is c o n s i s t e n t  w i t h  t h e  s t a t i s t i c s  of  t h e

OR I r e p o r t  f i r  t h e  y e a r s  p r i o r  to  1 9 7 0  , namely a r o u n d  50 -

l b  i s  lea t r i t e  i s n o t  a s obvious i n  i t s  a p p ! i c i t  i o n  to a

s y s t e m ;  i t is i n c  1 ud ed  r a t h e r  to  c Ia r i f y  t h e  p o t e n t  i a 1 l ’o r

improv ed brid ge-to-brid ge communications.

1 - 1 0 2
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OPERA’I’ IONAI FEATURE 30 : I N C E N T  I VE TO COMMUN I CATIi W I  i ’ll OTHER
VESSElS 10 EFFECT PASSINGS

(1) SCORING SUMMARY

PO I NT S C O R E / N O .  OF CASES:
- G R O I J N E ) I N C S  0/ 0
- C O L L I S I O N S  109/ 15
- R AM M INGS 0/ 0

Nature of No. of Prob .
C a s u a l t y  C a s es  of Cases  of P r ey . S p e c .  P r ey . I n d e x

Gro u n d i n g s  ( 5 5 )  0 0 0 
- 

-

Collisions (17) 15 88% 64~ 7.3

R a m m i n g s  (6 )  0 0 0 -

Overall Rating 15 19% 14% 7.3

(2) SPECIFIC ISSUES

None

1-103



(3) HISTOGRAM OF SCORES

0 GROUNDINGS

15- 
~~~COLLISIONS

DRAMMINGS

— 10-
0a. -

U.
0 .

Uz
an
0’ r -an ~~
U. -

4
POINT SCORE

1-104 

— - —--———— —-—--—— - —_ ‘._ . 4.__~~
— -_-__4-.. - _______ - - — — - — ‘



1 . 2 . 3 1  GENERA L ADVISORY OF CURRENTS, TIDES, WEATHER , OUTAGES

There were 11 casualties where a lack of knowled ge 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 , hut 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 li ght 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 - -  althoug h

s h i p s  m u s t  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 Guatd 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 .  Rro; idca sts c o u l d  be i s s u e d  a t  e s t a b l i s h e d  6 - h o u r

i n t e r v a l s , and  r a d i o t e l e g r a p h  t r a n s m i s s i o n s  n t  12 - h o u r

i n t e r v a l s  to  i n s u r e  t l ia  a r r i v a l s  f r o m  d i s t a n t  p o r t s  a r c
i n f o r m e d .

d .  As  a f u r t h e r  s t e p ,  t a n k e r s  s p e c i f i c a l l y  c o u l d  c o n t a c t ,
or he c o n t a c t e d  b y ,  a C o a s t  G u a r d  s t a t i o n  to e n s u r e  t h a t

all such conditions are known .

e. This service could he extended to a l l  c o m m e r c i a l  v e s s e l s .

If such an operational feature were effected , the prob ability

of prevention is estimated at 8% for groundings , with r specific

prevention index of 6. More si gnificantly, in 8 of the 10

groundings , the operational feature would have provided a better

chance th an the baseline system of a navi gation disp la y : an

estimated 5% more groundings could he prevented o v e r  a n d  ;nh~~ve

the baseline system.
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OPERATIONA l . Fi;ATIJR}i 31: GENERAL ADVISORY OF C U R R E N T S , TI  DES

ic LAT h E R , OIJ’FAG ES

( 1 )  -~coR I NC SU M M A R Y

PO I~~l S C O R E / N O . OF CASL1 S:
(;ROUNE)ING.S 55/1 0

- COL E I SI  ( ) NS  7/ 1
RAMM INGS 0/0

Nature of No. o f % Prob .
Casual ty Cases of Cases of Prey . Spec. Prey . Index

Ground ings (55) 10 18% 10’~, 5 .5

C o l l i s i o n s  ( 1 7 )  1 ( %  4~ 7

Ramr~ings (6) 0 0) 0 -

Overall Ra t ing 11 14% 5.

(2) SPECI FTC ISSUES

C u r r e n t s :  C - l 3 ;  G - l 6 , 34
O u t a g e s :  G - 4 3  (MF b e a c o n ) , 24  ( L i g h t ) ;  17 (Buoy moved )
i h i g h Water: G-4 ( Barge)
J: og :  G - 2 0
Abnorm ally Low THe: G - 3 2
Buoy  C h a n g e :  G - 8 , 10
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1 . 2 . 3 2  VOYAGE PLAN AND Ch E C K L I S T  S U B M I S S I O N

The purpose of this operational feature is three-fold:

a. Forcin g 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 is desi gned 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 . Wh ere key nav igation gear like radars were out , the

shore station could recommend large marg ins , 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

t r e a t ed , d e f e a t i n g  i t s  purpose .
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b. The e f f e c t i v e n e s s  i s  hi ghl y dependent on sa lict ro ll s and

e n f o r c e m e n t .

c . Ihere con 1 d be a reluc t anc e b y Co ast Guard pe r s w in e  1 t o

provide informa tion from Notices t o  M a r i n e r s , h o r

f e a r  i t  w o u l d  enc u r a g e  h a d  h u h  i t s  on t ine I I  rt of the

sh ip ’s officers , and further inc rease workload .

A s s u m i n g  that a s a t i s f a c t o r y  a r r a n g e m e n t  c o u l d  he w o r k e d

out , the probability of prevention was estimated at 9% , with :r

sp ecif ic pr evention index of 6, which i s  f a i r l y  h i g h .  T h u s ,
w h i l e  o n l y  2 2 %  of t h e  groundings (12 cases) would benefit b y

s u c h  an operationa l feature , it would he q u i t e  b e n e f i c i a l  f o r

t h o s e  c a s e s .

The application of this operational feature is d i s c u s s e d

f u r t h e r  i n  S e c t i o n  5 . 2 . 2 .

1
I

I
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OE’ E R A T I O N A L  FEATURE 3 2 :  VOYAGE J’I AN AND CIIIi CKLIS I SUBMISSION

( 1 )  S C O R I N G  SUMMARY

POI N I SCORE/NO. OF CASE S:
- G R O U N D I N G S  73/ 12
- COLLISIONS 0/0
- RAMMINGS 0/0

Nature of No. of % Prob .
Casualty Cases of Cases of Prey . Spec. Prey . Index

Groundings (55) 12 22% 13% 6.1

C o l l i s i o n s  (F)  0 0) 0 -

R a m m i n g s  (6)  o o -

Overall Rating 12 15% 9% 6.1

(2) SPECIFIC ISSUES

*Rada r 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 Mi ssing Charts: G-7 , 12 , 38
No tices to Mariners Missing: G-8 , 10
Forced to E stablish Posi’ ion Before Entering: G- 23

*Djd not score - X-band radar was working, but S-band wasn ’t.

I — I l l
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1 . 2 . 3 3  MANUAL M O N I T O R I N G  STATIONS

T h i s  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 p l o t t i n g h o a r d , or  by a c o m p u t e r - d r i v e n  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 ,

Va ldez , and Puget Sound. The ways in which an on-shore station

could provide hel p 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 1- 2 were available -- it was assumed in all cases

that shore-to-shi p 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

s y s t e m  i m p l e m e n t a t i o n s .

Table 1-2 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 4 4 % , and a specific prevention index of 6. In rows 5-8 , and

row 17 of Table 1-2 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

1 -113
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TABL E 1 — 2  . NUMBER OF CASES W H E R E  SE RV 1 CES I1ROV I l)EI) flY A
MANUAL MON ITORING STATI ON W OUL I )  h AV E P R O V E I )  U S E F I J I .

NO.  S E R V I C E  PROV I DEI) COLLs  RAMs G N I ) G s  SI ’ l

1 A i d  i n  establishing vessel/ 8 0 0 8

v e s s e l  co m m u n i c a t i o n

2 l)etection of collision 5 2 0 6

c o n f l i c t

3 A d v i c e  on currents 1 2 1 5

4 F o r c e  l o o k o u t  on bridge 1 0 1 4

5 None~ 
- one vessel in 1 1) 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 posi t i jn

8 None * - Uncharted shoal , reef 1) 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

shor e , temporarily

14 Advise of danger 0 0 4 -2

15 Advise of buoy changes 0 0 4 5

16 Help in approaching port 0 0 2 8

17 Nonc * - special problems 0 0 4 0

*None means no service is provided
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h. Acc i den t s wi ‘ -  re I he reported pus i t i on would r i o t  h a v e

b e e n  a c c u r a  t e n o u g h  o r  t i m e l y  enou gh f or the ~h o r e
st  a t  on t o  h e  I 1~

c. (;rouridings where tir e I n e o r r i - : t  p 0 - i iur i would h a v e

in- en repor ted.

( 1. U n c h a r t e d  hea l , reef , or c o r a l  ho nil d e r involv e d.

e . - l iec i a l l r r o h lea- such as s u d d e n  loss o f  s t e e r i n g ,  :i i i d

a I d i rig a y e s  se 1 in di st  r e ;

i n  t h e  I 7 c , 1 1 i s ions , r n n a n n i u  I mon it o r i rig stat i o n s  w ould h a v e
p r o V  i i l l  sub  si urn I i n  I he I 

~ 
i n I S cisc s (p roh;nb i 1 i t y 1)1 - prc y e n  t i ur n -

62% and SI’ I — 7) . Ih is he 1 p wo o I d coni c cii n ( f l y in the fo rrrn of

c$ tah ) l i - - i n ing ea r l y  co ni t a ct  betwe en ve- sel s and c u r l y  d e t e c t  i o n  ‘if
h i- con f I i et  ( r o w s  I a n d  2 o f  l a b  Ic I — 1 ) .  E v e n  t h o u g h  in m o s t
:v;es v e s s e l s  w e r e  a w a r e  of t h e  o t h e r ’ s p r e s e n c e , t h e y  w e r e  o f t e n

i nn ; i wa r e of t h e  danger (see 1—2 .24 ). When they were a w a r e  o f  t h e
pr oblem , I f e y d i d  not communicate , p ro b ab l y due I t h e  i n i c e r t a  i r i t  i c s

I n vu 1 ved l r i  es t ab  I I s h l u g  con t u e  t ; I n on 1 y one  co 1 1 i s ion was ra d i o

contact ;R tua l l y  o h t ; n  i n n e d  b e f o r e  t he  c o l l i s i o n  o c c u r r e d .  Ihe SI’ I

for c o i l  i s ion c o r n  f l i  c t  ( row 2 , l a b  I c  1 2 )  i s  6 , wh i cli i s h i  g h e r

t h a n  ant i c I p a t  ed : it i nd 1 c a t  e s t ha  t e v e n  w i t  Ii the i n a cc uric i es

of v e r b a l  r -( -
~io rt I ng , the ;hn o re - I  at ion con Id have been aw a  re of a

danger of co I I s i  on 6 0 %  of t he I I me. 1 he aut omatic m on i t o r i  r ig

f e a t u r e  ( I .  ~.34) w o u l d  he hi gher. Ihu s a shorehased manu al station

co ni l d prov ide a va 1 uah l e co I 1 I s i  on ave i iI ; i nne e s e r v i c e , i t  i t w a s

not provided by ves sel eqin I pme nt a n n ! pr ocedure s .

Manu al mon i torin g 1 n t  i o n s , i f  f r i l l y  capable of rapid esta b—

I i shment oh commun I cat i on o u t  to 100 iii i h e -  or so , would have been

l ie  I p lu 1 1 ri 4 out o f 6 ramm i r i g s  h u t  a t a r e  I at i ye I y Inc i f e c t  uu 1

level: the p r o b a b i l i t y  of r)r ( verl t ion s-as 27% , a n d  t h e  SN , 4. In

two of the ramming cases the s h o r e  m i g h t  h a v e  d e t e c t e d  a proh1em~
in the other two , providing the speed and direction of the currents

to the ve ssclm astcr from shore might have helped.

M a n n A a  I m on i t u r i n g  s t a t  ions would have hel ped in 3~
) of the 55

ground ings , w i t h a sped fic pr evention index 0 6 . Ihe chief

1 - 1 1 5
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services provided by such a ~ta .ion would he , in order of their

e f f e c t i v e n e s s  on the groundings in the data base:

a . Detection of vessel’ s proximity to shoal or reel , and

a warning to the vesselmaster (10.9%).

h. Forcing the vesselmaster to check his position (7.7%).

c. Advice on buoy changes , outages (3.6%).

d. Advice to stay out until weather improves (3.6%).

e. Advice to increase margins in skirting reefs ( 3 . 2 % ) .

f. Advice to take particular traffic lanes (3.2%).

Other services include help in approaching when special prob-

lems occur (lack of 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 brid ge.

In the assessment the warnings and advice were not assumed to

he 100% effective . The team attempted in each casualty to gauge

the effectiveness of the advice by considering the general vi gi-

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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O I ’ l R A T  I M N U ,  I - I  A I H R I  33: MANUAL MONITORING STATIONS

(1) SCORING SUMMARY

P O I N T  SCORE / NO . OF CASES:

— GROIJNDINGS 219/39
— C O L L I S I O N S  1 05/ 15
— RAMMING S 16/4

Nature of No. of % Prob .
Casualty Cases of Cases of Prey . Spec. Prey . Index

G r o u n d i n g s  ( 5 5 )  39 7 1 %  4 0 %  5 .6

Collisions (17) 15 88% 62% 7.0

Rammings (6) 4 66% 27% 4.1)

Overall Rating 58 74% 44% 5~~()

(2) SPECIFIC ISSUES

Aid in establishing vessel/vessel comm : C-I , 5 , ¶) , 10 , 11 , 14 , 16
C o m m .  r e l a y :  C - 12
Detect ion of conflict: C-2 , 3, 4 , 8, 15: R-4 , 6
Innocent passage: C-2
Advice on current s• C-13 ; R- 1 , 3; G-53
Too quick to detect conflict: C-6 (jammed rudder)
1~orce lookout on bridge: C-7; G-25
None - Vessel would g ive incorrect report: R5: G-28 , 35
No effect - Vessel would g ive “insufficiently accurate report:

P-2; G-l , 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
F:orce bridge to take a depth sounding: G-2
Would detect closeness to shoal or reef: G-9 , 13 , 14 , 29 , 30 ,

32 , 38 , 39 , 4 2 , 45 , 50 , 54
Would advise to stay out: G-2 0 , 27 , 43 , 51
Would advise to increase marg in: 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
Fati gue : G-52
None - lJncharted shoal or reef: G-19 , 33 , 34 , 48
M i l e s  from Nearest Port: (Collisions/Ramm ings/Groundings)

0-3: 3 0 22
3- 12: 5 0 20

12-20: S 1 7
>20: 4 5 6
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I .2 .31 AUTOMATIC MONITORING STAT IONS

In this operational feature , it is assumed that vessel position

is au tonnat ic ally radioed about every 5 minutes from each vessel ,

with no effort required on the part of the brid ge officers. It is

f u r t h e r  a s s u m e d  t h a t  an a b s o l u t e  a c c u r a c y  on t he  o r d e r  of  0 . 2 5

miles is achieved while short term drift and noise errors are less

t h a n  a b o u t  300 f e e t .  T h i s  a c c u r a c y  a l o n g  w i t h  t h e  f r e q u e n c y  of
data up date makes it possible to project future vessel positions

with certainty.

In 9 collisions , 3 r a m m i n g s , and 28 g r o u n d i n g s , t h i s  advan-
tage was adjud ged to provide some benefit over the manual monitor-

ing system , where the reports are verbal and less frequent. Ihe

difference , of course , was most dramatic in those cases where the

v e s s e l m a s t e r  d i d  no t  k n o w  h i s  l o c u t i o n  w e l l .  When t he  b a s e l i n e

s y s t e m  is i n c o r p o r a t e d  i n t o  t h e  s y s t e m  ( w h i c h  i s  done in  S e c t i o n

5 . 2 . 3 )  t h i s  d i f f e r e n c e  w i l l  n o t  he as  l a r g e .

The e f f e c t  o f  a d d i n g  a u t o m a t i c  m o n i t o r i n g  to  the  s h o r e  s t a t i o n

c a p a b i l i t i e s  i s  to  i n c r e a s e  the  o v e r a l l  p r o b a b i l i t y  of  p r e v e n t i o n
f r o m  4 4 %  to 6 9 % .  Fo r  c o l l i s i o n s , i t  i n c r e a s e s  f r o m  6 2 %  to 7 9 % ;
for rammings , from 27% to f n 5 ~~; and f o r  g r o u r i d i n g s , f r o m  -20 % to

6 6 % .  The s p e c i f i c  p r e v e n t i o n  index  r i s e s  by a b o u t  2 poin t s in all

categories; the overall SPI is 8. Ihis means that i n  t h o s e  ca se s

where an autom atic 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 s y s t e m  w e r e  b e l i e v e d  to provide further

benefits.
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O P E R A l  I ONAL F I : A T I J R L  34 : A ) J I O M A T I C MON ITOR I NC .sYS’! f M

( 1 )  s c o R I N ( ;  SUMMARY

POIN ’ !  S C O R E / N O .  OF C A S E S :

- (;R0UNDIN(;S 362/16
- C O L L I S I O N S  134/ 15
- R A M M I N G S  39/ 6

N a t u r e  of No . of Prob .
C a s u a l t y  C a s e s  of C a s e s  of P r ey . Spec .  P r ey . I n d e x

G r o u n d i n g s  ( S 5 )  4~ 8 4 %  66% 7 .9

C o l l i s i o n s  ( 1 7 )  i s  8 8 %  79% 8.9

R a n r n m i n g s  (6 )  6 10 0 %  6 5 %  6 . 5

O v e r a l l  R a t i n g  ( 7  86 % 69% 8 .0

(2) SPECIFIC ISSUES

Bett e r rhie to detect collision threat than with manual

mans t u ring:

C-I , 2 , ~~, 4, 5, 7 , 8, 11 , 16; R-2 , 5 , 6.

i : c t t c r  able to detect threat of grounding than with

m a r t  ua 1 mon i to r i ng

C - I , 2 , 3 , 4 , 8 , 10 , 11 , 13 , 14 , 17 , 18 , 20 , 21 , 24 ,

25 , 26 , 27 , 29 , 35 , 38 , 39 , 41 , 42 , 44 , 46 , Si , 53 ,

54 , 55.

Accur acy st i l l  net good e n o u g h (1/4 mi)

1-1- 4 ; G - 7 , 26 , 3 1.

I - 1 20
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.3  SYST E M E V A I I J A I  ION

Out  of 29 s y s t e m s  i n i t i a l l y c h o s e n  f o r  e v a l u a t i o n , 13 w e r e
screened out , leaving 16 for det a iled eva luation . * Ihey are lis t ed

in Tahle 1-3. Since sonic of them incor porat e several operat jonal

features , care is tak en in c o m b i n i n g  t h e  s c o r e s . I f  t w o  o p e r a t i o n a l
features are mu t ua ll y depend en t ~~~~~~ the effectiveness of the combi -

nation i s  a s s u m e d  h e r e  t o  he t h e  g r e a t e r  of t h e  t w o  n i i n n b e r s  (e . g . ,
if f e a t u r e  A w a s  s c o r e d  as 4 , and feature B as 7 , a system us i n g  A
and B w o u l d  he s c o r e d  as i 7 ) .  I b i s  i s  a c o n s e r v a t i v e  p r o c e d u r e ,
hecausc’ it tends to e st  i n n a t e  l o w .  I f  t w o  operational features ar c

independent , then the total e ffect iven e ss would be hi gher , b e c a u s e
there would he t w o  opp or t t i n ’ I c  s fo r ’ p r e v e n t  i o n  . I I t he  cond  i t  11 ) 11
of independence holds , the effect ivene ss is determined by the OR-ed

possibili ty of two events (e g. , i f  f e a t u r c  A was scored as 4 , a n d
lea t nt re B as 7 , a s y st em i n s  in g A a rich B wou I ci he scor ed as 7 + 4 -

7x4/1 0, or 8).

T a b l e  1- 4  shows  t h e  scores for each of the 16 systems eval -

uated against the dat ;n base of 78 casualties. lable I - S  shows the

resulting scores for the potential probability of prevention for

each category, and overall.

Several points should he noted in the derivation of Tab le 1 - 4:

a. There were two groundings (numbers 41 arid 49) where the

passport system would have provided assistance not covered b y the

o p e r a t i o n a l  f e a t u r e s

h .  The  B a s e l i n e  S y s t e m  assumed no LORAN-C coverage in Puerto

Rico a n d  the Virgin Islands (these arc indicated with a check (v’)

c. Nav ig at i on Alert and Automatic Monitoring likewise get no

LORAN-C navi gation information in Puert o Rico and the Virg in Islands.

The sco rcs i n Tab les 1 -1 a n d  I -5 do not account for the fact

that the baseline sy stem w i l l  he in effect t)y 1985. rn account for

this , the scores of each system are OR -e d with the baseline system

*[n Section 5 , 18 promis ir n g sv ctcm s ir e di ~ccussed rather than 16;
this is because ther e arc  three d i I f  crent st i rv e ii lance systems
considered.

**The fo l lowing pairings of Opc r ;i t b roi l t e : i t i i r e — ~ are mutually
dependent: 12 - 1 1 , 1 3 -12 , 1 1 - 1 3 , 15 l’ , I’~ 18 , 19 -17 , 27-26 ,
29-28. All others a r e  i ndepenJ ern t
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scores in Table 1- 6 (except for Equi pment Standards and Naviga t ion

Alert , as noted), and the summaries g iven in Table 1-7 . 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-S and Section

1.2. The potential effectiveness numbers are used in Section 5 to

describe the effectiveness of different systems .

Table 1-7 shows the potential effectiveness of each system .

The potential effectiveness fi gures do not account , of course , for

a n y  l a c k  of  a v a i l a b i l i t y  t h a t  comes  a b o u t  f r o m  p r a c t i c a l  c o n s i d e r a -

tions . rhe scores are derived assuming that any equipment is on

hoard every vessel , and that it is working properly.

There are several systems which have potential effectiveness

values si gnificantly hi gher than would he achieved in practice ,

because only large vessels could afford them : forward-looking and

scanning sounders , interrogator/transponders , and collision avoid-

ance equipments could not  r e a l i s t i c a l l y  he required on smaller

vessels. Tn the system descri ption of 5.2 , considerations like

this are accounted for under (c) Availability. ”

Tn order to account for the fact that smaller vessels cannot

afford expensive equipment , it will he assumed for simplicity that

small vessels (i .e., less than 10 ,000 gross tons) will not he

equipped with expensive equi pment , and that large vessels will

(i.e., those greater than 10 ,000 gross tons). It is assumed , as

in Table S-3 , that 38% of the vessels over 1 ,61)0 gross tons are

tankers; and that of these tankers , 32% are over 10 ,000 gross tons.

The 32% fi gure 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 fi gures 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 1-3. SYSTEMS SELECTED FOR DETAILI:I) 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 S.2.9 5 ,20 ,23

Improved Pilot Transfer
Procedures 5 .2.10 6

Equipment Standards 5 .2.11 7

Processor-Aided
Navigation Alert S.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 S .2.IS 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

Survei liance 5.2.4-6 5 ,6 ,7 ,11 ,12 ,31 ,21 ,34
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When a mixed pop ul ;I t ion of vessels is navi gating in a g iven

area , the probability that collision avoidance equipment wi l l  he

available in all possible encounters requires some calculation .

It is assumed her s that collision avoidance aids would only he

insta lled on large- tankers; that radar perimeter detection devices

would he installed only on small tank vessels and all non-tank

vessels , and that interrogator /transponder systems would be installed

on all 1arge vessels , with transponders on all vessels. Tables
r - g ~, h , and c show the numbers used to derive the equipment avail-

abi l i t y  fi gures for the anti-collision systems . It is assumed that

when an equi pped vessel meets an unequi pped vessel , the availability

is 50%. The a v a i l a b i l i t y  is the sum of the products of the indivi-

dual rows and columns , summed over all the entries. For examp le ,

in Tahlc I-8a the availability of co llision avoidance aids is cal-

culat eci to he:

(0.32) (0.12) (100%) + (0.32) (0.26) (50%) +

(0.32; (0.62) (50%) + (0.68) (0.12) (50%) = 22%.

1.4 AN ILI. (JSTRATION OF TUE DETERM I NATION 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 I.i ght/Buoy Techniques

20. RA (;ONs at Fairway , Traffic Lane Entrances

23. RACONs on Oil Platforms .

Table 1- 9 shows the scores for the operational features and

systems associated with some of the casualties ~vhere the system

score for Aids-to-Navi gation was non-zero (not including the Base-

line System).
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TABLE l-8a . EQU I PMENT AVAILABILITY OF
COLLISION AVOIDANCE AID S

LI (12%) ST (26%) NT (62%)

l.T (32%) 100% 50% 50%

ST (68%) 50% 0 0

Availability: 22% (See Section 5.2.15) .

TABLE J- 8b. EQU IPMENT AVAILABILITY OF
RADAR PERIMETER DETECTION DEVICE S

LI (12%) 
— 

ST (26%) NT (62%)

LT (32%) 0 50% 50%

ST (68%) 50% 100% 100%

Availability: 78% (See Section 5.2.16).

TABLE I- 8c. EQUIPMENT AVA ILABILITY OF
I NTERROGATOR/T RANSPONDER SYSTEMS

LI ( 12 %) ST (2 6%) LNT ( 20%) SNI (4 2%)

LI (32%) 100% 50% 100% 50%

ST (68%) 50% 0 50% 0

Ava ilability: 32% (See Section 5.2.18).

1-146 

—--- - -- -—-—-  — — - --_r -— — — - 4- - —. - - - - 

- -~~~~- ~~~- - - - --~~~~ - - -~~~ -~~~~~~~~ - - - - - -



‘fABLE I — 9 - AN EXAMPLE OF SYSTEM SCORES
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The probability of prevention for rammings was 48% from Table

I-S . This was found by adding the point scores in Table 1-4 for

Aids-to-Navi gation for rammings: 10 , 10 , and 9 gives 29 points

for 3 out of 6 rammings; the SN is 29/(3xlO) = 9 7 , and the prob-

ability of prevention is g iven 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-Navi gation in Table

1 -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
F 

example , in column G-3 of ‘I’ahle 1-9 , the system score was 6 , the

Baseline System score was 7, and the combined system score was

calculated to be 9 (6-’- 7 - 6x7/lO 8.8 , or approximately 9). Each

individual combined system score must he equal to , or greater than ,

the Baseline System score , so that the total point score will he

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 “po tential effectivenes S .” The word potential denotes
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the fact that ideal assumptions of availability and usage arc still

incorporated in the m e a s u r e  o f  e f f e c t i v e n e s s .  Potential effective-

ness a1so refers to the partial scores: for examp le , since a per-

fect score for rammin gs would he 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 g iven

in Table 1-7 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

F estimated to be 95% in paragraph c of Section 5.2.9. The net

F 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 (PE - PEB ~)NE = 
s s L

1 - PEBL

For the example worked out , A
~ 

= 95% , PE 5 
= 34% , and PE BL = 23%.

rhis gives a net effectiveness for an Aids-to-Navigation System of:

NE (0 .95) x (34% - 23%) 
= 14 % .

S 1 - 0.23

That is , if the Bas elin ’~ System were installed and operating, the
0 

addition of an Aids-to-Navigation System could be expected to

reduce further groundings , coll isions , and ramrnings by 14%.
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