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‘Report describes a study of methods for surveillance of Ocean [Cumping Operations
in New York Bight. General requirements, system approaches and systeu specifics are
discussed. Applicable cazndidate systems are described and are rated. Total cost of
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dump detection subsystem is added to basic syster. 3Jasic system is called Loran-
Evernts-Printer-System. When a more positive sensing of dump is added on the same
vessel, total system is called Draft-Evemts-Loran-Printer-System. When dump sensing
occurs on a2 towod barge or scow, equipment on the towed vessel is called Scow, Indi-
cating Draft System. Busic system is contained in a single "black-box", requires
little vess(l preparation, and can be placed sbosrd a vessel upon short notice. Mo
system configuration requires a connection between a towed dumper and the towing tug.
The recommended system requires no majcr development effort. System comcept involves
the recording every 6 minutes of vesscl position, the recerding of important evemts,
and the recording of draft sensing if desired. Provision is alsc made for recording
cther dump status signals. Indicators showing read-outs of the Loran lines-of-
position are visible for use as a navigation aid.
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2orté deceribes a sludy of surveillance off Oceun Mumping
Opevations in the Hew York Bighi. General requircnents, system approaches
and system spacirfics are discussod.  Appiicable candidate systeoms are de-
scrikad and are valed using customized evaluztion and analysis technigues,
incluiing consideration of total rost of owncrship. The "preferrudt
sysiom thus defined is deseriv:’ "« “le texb end in zppended hardware
vracurancnsy, &nd installation speci-ica‘f:,:'io-ns. ne rrsferred ayctea
uvisizes Lersn A for posilicn fixing, dreft sonsing for deiecling the

occiuerence of dwup, end ricuns for recording these o3 wcll as ioorbant
’ Y

)_u

cvenis. Yor matimum epplicalion flexibility, ‘a éirmp dotection zubsystan
&dded to a basic system. Tne basie system is eallzd SLEPS® (for

Lorsa-rmrents~-Printer--S; .wv*a‘ Waen a wore positive soasieg of Quap is
eddzd on the swmz vess2l, the tolal systom is c2l1:d "DELPSY (for

™. e TS SR A T AL U DU I | LA T B 2 U
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towcd barze or scow, the 23uitient on the towed vessel is callcd "SiDSY
(for Scow, Irdicating Draf% Systcn). The basie syston is conbained in

a single “alack-box?®, requir-zs mininal vessel preparaticn, and has ke

4

edventoges of trensportability in that it cen be rlaced aboard a veasel
upon short notice. Mo systom configuration reqguires a connection betucen
a toveld dwepor and the touing fvc. PRurthermora, the prsferred syshom re-
quirzs no major dovelopncnt efiorit. The systom coneent involves the re-
corlirg evory siz viruics of vessel posilicia as dotoeridned by arvonatic
tracking Loren taceivers; th? reconiing of import-ni cvents =s they occur,

and Lz recordiny of draft sensing if dosired. Provision is alse wade for

dump veive stutus, cte.).
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recoriing other du

owing recd-outs off the Leren lines-cf-position ave visilble

J
for vt as a navizotion o33, &b the diceretion of the captain.
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SECTION 1.0
INTRODUCTION AND SUMRMARY

1.1 PURPOSE OF SHUDY

> The Army Corp. of Engincers has the responsibility to grant per-
mission for the dumping of wastes in the ocean, These perrits authorize
the duuping of wustes in specific duap areas eccording to the nature of
the vaste material, Oczan duuping is believed to be occurring in locatlions
other than the prescribed dump areas. The extent end type of the v.olations
ix notl exactly known becuusa of the present leck of a sultiadblo wonitoring
systce, but it is assvired that tha violations are rarely attributable to
safety considerations or hargency conlditions. The convenience and coe-
fort o'f .the captzin or crew are possible prime factors. Rough_ seas and
gen':u-ally bad wcather _ara?consequcntly likely conditions for early dumping.
It is axpected that fnult} navigation occasionslly may result in a duvp in
othor thsn thy llcensed lpcation.

For Bany reasona!,; including the potential severity of the impact

of such practices on the environsunl, tha Now York District uvishes to

apsure that tho dumping of wvastesz iz indeed taking place according to the

provi siong of the pamits and applicable regulations, snd accordingly has
suthorizod a planning progran to deflins a surveillance monitoring systen.
The probles iz stated as fol?:ws: Ocean dumping by licenased dusp
vasscls 1g occurring in other Lthan the assigned duap areas. Sioce this is
s violation of Cusping regulations (for vhatcver the cenise), the Few fork
District is conlrunted vith the proulen of liniting such viclations by
vhatewor legal noans are aveilabtle, such as inposing sovere fines end re-
voking pernfis. Tt rotaing thoan to define 4 systen vidch can provids the

dcs for eorrective acllons,

1-1
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On 22 March 1971 the Mow Yool Dictelet nuthorized the Sporey Srstems
l Mansgerant Divisfon, 53, ic procecd wilh u pignning program Lo sccouplisi the
' following:
. PRraisira Llhe Now York oconn duirping scenerio,
. Dotermine sysica rating critoria,
. Detoriine system specifics,
. Roview enpronchas and cnnd'idat.c systan:-':z ,
. Bxamine porformance characteristies,
. Examina comparztive costs,
: . Rate candidate systers
» !
. . Sclect and recomnord A "preferred® system
; . Prapare an implementation plan.
y .
’ The rusults of tkhe planning progras comducted by SSD are prescnted in this repori.
o 1.2 SONBAL ECUIRNENTE ...3 STOTEL aTTRIAGHSS
1 Since this vas not purely a theoretic study to increase the relentific

bank of knowledge, tut rathe: vas & progras to define a system and develop a
plan capadle of being readily itple:;’mted ’ .practicality vas of prime importance.
The systcm approach vas to consider iwguimnt to:

. Sonss the ocrurronca otf duwr;

. Sense tho location of tho duap; amd,

.

. Suitatly record the data.
Faztors contribtuting to the reéuircémts ar:l approaches are &iscum:&i in cections
-2 and 3 of this report. Poth ranl»tim srd poal-occurionce reporting of tre
; recordod dats were considoved. Alco consideved wers the (ollowisg dozirabls systom
: ]

¢ .
features: : .

-2
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« Positive detection of dumping violations,

. Simple operating procedures,

. Minimal equipment,

. Reliable, proven equipment,

« All-veather operation,

. Common equipment for different typss of vessels,

. Compatiible with existing and futurs ocean disposal requirements,

. Simple maintenance,

" . Easily made operational

. Tamperproof

. High legal effectivity

. High cost, effectivity.
1.3 CANDIDATE SYSTEMS

A large number of candidate systems were considered, as described in

section 4 of this report. Of the many candidates, the following were most attrective.

- to sense occurrence of dump;

. Monitoring of Dump commands and actuators,
+ Monitoring of Dump velves, doors, etc., and

. Events entered by captain at start snd end of dump.

Draft sensors,

- to sense location of dump;

Omega,

Loran C,

Loran A,

Shore-based RDF, and,

Shore-based Radar,

1-3

JTENEY

s bt A edad e

L‘é‘;f"r& AR




v T

A

iy —

L

-~ to record the dabyu;

. Magnetic tape,
. Punched paper tape, and

« Alpha-numbric printed paper tape.

1.4 SUEMARY OF KESULIS

Tre system rating criteria end cvalustion procedure are prc-
sented in Section 5 of this report. Performance, Reliability, Maintain.-
ability and costs are discussed respectively in Sections 6, 7, 8, and 9,
The various candidate systems are rated in Szetion 10, Theuse comsidsia-
tions hsve led to the idgntification of a recommended "preferred" sysicin
which is described in Seébion 1} and forms the btasce for ihe implementa--
tion specifications of Ap;endices D, E, F, and G,

The recommendétion for the Dump Monitoring System (DM3) is a
basic system embodying 1o;an for navigation and position fixing, an events
un.t for entering start anhd énd of dump and other significant evenis, and
a printer to provide a written record of dump-related activities, This
basic system, called LEPSZfor Loran Events Printer System, would te
augmented by rositive dump sensing when epnropriate. This approzch is
recommended as the result of a systematic considcraiion of many factors
and, as discusced in the report, best satisfies all requirements., In
operation, ship position is contimwously recorded (every 6 minutes) by
printing two lines of positlon from two on-board automatic-tracking loran
receivers. Also, the two.IOP's are prcsented tc the captain for usc, at
his discretion, as a naviéation ald. The captain presses a button on
the events unit ai the start of dump and another button to indicate the
completion of duhﬁ. The ;vents unit is also used to enter Jther signi-

ficant events such as "passing Ambroge now", c¢te. The priuter is a 21-

chanrel paper tape alpha-numaric printer.

1-4




P
o

Appropriate fusing and lors-of-funebion alawina arc provided,

The equipment for the basic systenm IEFS is housed in a single equipuen.
rack which can be table or deck mounted, requiring very Jittlas shipboard
space. Only four electrical comnections to the rack arc required. Two
for primary electric power, and two for r-f (one antenna and one ground).
The simple installation and low weight packaging 's a decided advantage
of the LEPS, since it permits use Qf a "portability" zoncepi. for uze ~ovard
ships that only occasionally dvmp and do not justify tﬁe investment of a
perimzanently instalisd@ systen,

An additional feature of the recommended system, LEPS, is
that it requires no equipment akoard a towued dump scow. Thus in an
opecravion where any of numerous tugs may tow oﬁe or more scows to the
duntp area where the trip is frequently made, the LEPS, when not in use,
could be %ept at the scow-loading area and, using the LEPS portability
feature, placed abesrd the selscted tug at the tire the vug picks up the
scov.

Furthermore, the fact that LEPS does provide two Loran LOPS
for use by the =aptain as navigation aids {at his discretion) is another
dacided aavantage.

", Tho LEPS includes no equibment for sensing the occurrence
of cup arnd, instead, relies upon the csptain to enter the start of dump
ard end of dump via the events unit. This system has many »lircstiss
features but certain situvations require a mors positive dump datection.

t

To acconmodate thess applications, a draft son?ing sub-gystem would be

added to ths basic system. %Yhcn contained on bne vessel the LEPS plus

cad
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drart sensor is called "NSbPS" (Por Drafi-Fuontz-Prinbor-Syston),
Examples of such installutions are salf-propelied dumpers {1lilke Newbouwn
Creek, sewer sludge Gurpsr) or sophisticated buipes with larger on-losrd
crews and gignifizant pomef generation capability (like Moran 103 bLarpge
used for Nationazl Lead's acid waste). Vaen the applicution involves a
barge or scow which has crew or power limitaticns, the towing tug wowldd
carry the basic LEPS and the bargs'would carry a Heov Indicating Draft

Systam {called "SIDSH),

-5 COHCLUSION

The problem of monitoring sea-dump cparabions can Lz sclved
]
in a practical way by employing the reccruonded systems, DELPS or SIDS
)
- 4 . . \ e
and LEPS, The recommendeft systems satisfy all reguirencats waille repre-

3
»

serbing low-cost approach4s which are immediately applicable for the

present Quup sites and reguire no wodificaiion should bhe Quny slies
)

wove offshore 100 or 150 miles. Furthermore, the rccomended systems

can be used in any arca c?vured by LORAN (for practical purposes, all of

continental USA), for the monitoring of occan Cumping of wastc material,

‘
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SECTION 2,0

SYSTRM SPECIFICS

2.1 GENERAL

The synthesis and evaluation of candidate systems for the Dump
Monitoring Systen requires a comprehensive understanding of present
operational dumping practices and detailed information and chavacteristics
of the dpmp vessels thamsalves including vessel berth locations, specd,
range, dump control specifics (ecluztion mechani s and control), and
ravigation and cowmunication equipments, Additional factors to bz con-
sidered include dump vessel traffic, type and cowposition of dump material,
existing shore facilities which may te utilized for the IZIS and vessel
owner/captain cooperation. With the above inforrmation, system require-
menits includiog operationsl renuirements, wission requircments and sub-
system performancz requircments can be formulated and utilized for
evaluation of system approaches and rating of cendidate systems. Figure
2.1 shows in diagramaatic form, the pértincnt factors to bs considered in
establishing system roquirercnts. These factors are discussed in this

section.

2,2 OPERATIONAL REQUIRLENTS
2.2.1  Flost Coumozition’

Tho dump flect js comprized of both solf-propelled dump vessels
and towed bargus or scows oparaling froa tarths in Manhattan, Vestchestor,
Long Island end llicw Jersoy. For tho most part, the samo vessels are
regula:ly involv.d {in dinapineg srd wourld logic#lly hava 8 'R parwarontly
inztadled. Howcuer, for use with vessele ooli occasjonslly fnvolvad with

a duip, a portable ayste® vhich can b quickly fnstalled adosrd would b

2-1
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decivahln,  Table 2-1 oresenbts a swarary of tugs and dumplng vesscels, by

corpany, coaprising the diwp flect to wvhich the N, Y.D,C.F, issues permits
for ocean duuping, During the study, these companics were contacted to
obtaln speeific informatisn eoncerning operating proczdures, materials

dunped, areas of cuoration, on-board equiprments utilized and dumipsr charac-

teristics, such as typz of duap mechonisms utilized, draft changes from
unloaded to londad states, manual or automatic actuation of dunp controls,
and spzed. Vieits vere mads to several of th2 compaales' loading docs
and offices to oblain additional infoiiaation and understanding of opera--
tional procedures and dum? vessel characteristies, Theseljncluded visits
to Great Lakes Dredge and;Dock Co., MHoran Toving and Trancportation Co,,
and Dept, of laler Reuourics, Purean of Uater Yollution., The remarks
coatain~d in Table 2-1 ard desived fron intor:ition obtaiuad frua those
wizitz 23 w21 ae taleohope eonversations witn knoviedgcalls persoinael of
tha campanies. Pertinent;infbrmntion and data rzlated to the present
study of ocean dump monlééring systcens aro surmairized bolow.
« Inmp scovs pr;sently uszd for ocean dumping of dredge

spoils are ofiseveral basic typas cmploying differant

dump actuating mochanisms and configurations. Oldor

and era)lor sccus gensrally contain 6 or 8 pockels,

cach ¢f vhich contain doublo, graviiy cduap, boti<m dours

e o e

normaliy hald closod by cadbles and a ratchet and pavl

type mcchaniym, Reluaze of the paul for “dumping® is

provided bty bydrauiic jacks opriated Ly control wvalvesn
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SUMARY CF TUCS AND DUMPTHG VRESILE COYPRTSING DUMP FLube
S
Comarany Tups Dumpery Remarks
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.28 Moldern Trang-
prrtation Cenpany

et

*11ied Chicmical
orp.

o e

;i erjcan Dredging
. ompany

CDaphar & Sullivan
@ ¢ asdete Comeane
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Great Lakes Dredge
‘i ad Dock Co,

sAllister Brothers,

" afC,

Moiran Toutng and
Transportaticn Co.
}

v W NNy, W or———— 4B 3

Hone 7 Barges including
‘ R&I‘itﬁﬂ, Livnpid
Wastc #1, Forrvest

None Allicd thewical #5
Al hany #1324, 135, 136, 137,
Troy 133, 139, 156, and
Caven 159

R. H. Goode  #1i8, 119

D. C. Lynn {9, 19, 12, 13, 14.
Joiw Downs 40, 4\, 42, 43, 61,
Fealoy 62, £0, 81, 90, 9,

92, 93, 94, and 75

Grace, Janc,
Brian,

A.7, David, Tinothy
Justing, G.M. Donnl
Dovothy, Exples,
Margarat, lManey, and

MESICO N

Buiiel ¥olllUale.o

Terusa, CGath- ori: £)02
lesn, Fatricia 104
Michael, Fugon: 106
Barriel, Halen 08
Maieob, Anns, . 110

Estes, Carol,
Cyathin, lsrcy,
Dlana, :‘:’l:‘r‘!':’.ft'
Gz, VY.
b2lh, Jonn, and
Balan ¥oirn

Carry mostly cower gludge but

at tinos cavstic wastes to 109
wile dunp site (vith hinge type
barge);use Movan & MeAllister iugs

Towed targe, carries acid vaste
to acid grounds, laree has /4 tan%s,
comnrested alr used Lo puep out
Haqutd, one hi. por tunk, nonoally
opcinbed at prasent (expoct to use
remote duap caontrol next nonth,

Carry dredze material, bottoa
dump Largzs used with hydraulic
activatica of doors; seciumn
opatntes dumn conbrols, Yimited

pover ahoard bargo., J

As ubove

Carry moctly decdge vederial, 1
Bottum dump bargas of hins: type o
pockat type (6 to 8 poc’ ‘<) wiih
doubla doors hydrauliecally

oprrated and contrulled by scowm o,
tugs use radar for dunp alte

location.

Tugs contracted by other cempantes;
WESICO §) savor sludee wosnel usad
by Uestehnster County sewor
authority, has 2 pockals,pump out
sovupo

Tegs contricted by other cmupanien:
tor divdee spoails, collar dire,
saver slulps, ard acid burresy 102,
103, 106, & 110 u-.d for csllar
dirt, 102 fo; nefd wasten, soxo-
tizrz dunpoiz takan o enachamg.
in Broohlin and later hauled out
L S
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t iravcbor Toiing Corp,

pany,

Paq Stav Towing

i Transport, Co,

. ntontush Fuel

Tranzoort, Sxrvice

.
[N

: |
seandard Tank

Clefmin;:, Corp.

Standard Tank

.
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acnao Coastal &

W, of Watar

frsourcen Dureau

" Yater Pollution

*..an Disporal Co.
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TALLY 2.1

SULMARY CF YUGSH Adb HPAING VieSusbd COXPRISING DUP FLEEY

Tups

Occon Star
Port JoClorson
Occan Prince
Red star

Hone

None

Roune

Francis, Barney,
Jean, Kathleen,
Boys, Marie J,
Jaras, Giyls,
Margavet, and
Helen Turccaro

(Continued)

[=yap VAL

Sparkling Vaters

Su:s:m Frank

£101, 103, 104

None

|
Conny Ialand,
Bovury Bay,
Tellwans Island,
Ouls Hasd and
¥awion Crack

I3

Oc-an Dlapesal A1

2-5

Remarks
Tugs contracted by other companies;
all tugs have Loran for navigation
ald for )00 mile dwmp site.

L]

Carry cauatic waetes (Dupent,
Ancrican Cyp:nido, Chavroa, Hesble
Ceapanys); Dunbargo tosed by Red
Star Towing. Remotely overated dus-p
conlrol from tug; barge has 4-300,00
gallon tanzs, Mo scow:an on barge.

Self propzlled dump sewags vesscl
used by Kassau County; has € pockets
with manually oparated gats valves.

Generally cerry dredge spoils;
contracted by other ccrpanys,

hrrinpar nrimavily in maning aon.
»

struction,

Provide towing service; tugs ave
diesal powered and have gyroccipiss,
radar & RDF equipaent, no controvl cn
tugs to activate dump avorage tow
speed is 7 knots,

Slf propelled saver sludge veseels;
Ovls hend has . 3 double tanks and
scucge dumped by manuzlly operatod
gatc valves., Vesscl contains redar
end radio; spoed oul appivc. 11 knct
makos 38 nile round trip.

Carry sower sludpa, cheical wasto;
Dunbnrge botioa drop dusparr with 8
pockots; hydruvlically opsrated
plug valvez vhich can be manuslly o
resotely activated. Touing spocd
epprox. 7 koots, 33 hour round ¥rip
te 100 mile dump =ite.




located within the seou beidpe: the growrsm pamially con-
trols operation of the valves for eich poekie dvwip mech.
i anism,
Several of thoe duup scous: are of the hinve Lyps configure-
P tion; the scou i3 compriscd of a port wd e starlomd
| section wiich are hinged topside (fora and afi) atout
which the tuo sucidens rulzhe during dwerp opzrallion,
Large dimactor hydeandic pistons Joceial buncadh the fore

and aft hinges causc ths twe sectlions to botton separate

S thus allowing the dredga spoils Lo gravity durp into the
’ '
i’ ocean, Dumpingi 18 actuated by a scowran aclivating
- 4
hydraulic ceabrol villves, DBump tiwe i3 oa the ovder of h

On soime baryes the duwping is roemotely activated and con--
t

i trolled fron thi# toving vesse) and » scowan neod aot bo
aboayd the barge.

. Self-propolled d_usnping vousels ara primavily used for
sevor sludge dispooal in Rew York and Long Islard, Sawver
sludge frea New Jerzey, houevsr, is cavricd out by barzes.

The eolf--propsllsd vessale ave oulfitisd uith roiually

opcrated gate valves and the gludge is elther g?avity

duzpol o1 pusped out. Tha auab:v of poacksis on tho wslf-

propellad yessels verizs fioa 2 o 6, depanding on the

veusiel, Decharpe time wopies Wut 43 on tho ander of

1% minutes, .
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. Hazardous cheaicals and cavatic wastes aro carrded out to
thoe leng range duap site (epproxivately 100 miles) on
gcows tound by larzer tugs using in mest cazes, loran A
for navigution., The scouws aro wnattonded for tho wost
port and dunping is porforazl by remote contrvl fron the
tug. Dumping tius ranges froi 30 minutes to 1} hours,

« Significant drafl charga from loaded to vnlozded ztates
i3 ovident on both tha oclf—proy'rrllfrl dwping veeselo
and towed bavges, On thw wverage a chinge in draft of
12 fect may ba expected.

. Navigation cquipiients fouvrd on the majority of the tugs
ard soll-propellad veassls dnclude gyrecorsass, radio
Qirecticn findeor ond radar., Tugs uncd for dha 100 wile
duwsa in eddition have yoran A receivors.

. Fower aboard the dvap scous is miainal and only used
during duwp. Scouumzn aboard ths burges generally usc a
gas lantern for lightinz theiy quartera. Tho self-
propalled durmp vensels ord tugs, on the othor hand,
have toth D.C. ard A.C. pousr availahle for radio, radar

end othar cquiprants o3 vell au goaaral lighting.

2.2.2 Ororatigaa) Prasstivey
Opsvation-1 pmacetiras utilived by lizennsd cnenn dumping
t
companica ace zlidlaw babl vor s rovcvial dus to Lhe ueste ralorial to

ho durncd, the typa el qanccity of duipor uliliacd and veszal barth

locattian, In =11 cagex, howsver, premtils elloulng ocgan dwoing
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are to be issucd by the KiDwh lUor a spuecificd poviod of tin ., depoending
on Job circwsstance, and ray viry fro. 1 doy Lo as long as 1 your,

As previously indiealed, the dwiping flect Liethe wre Ioesd:d on
Long Islund, licu Jerscy coustal and river loeallons anl clor:; tha Zicl and
Hudson Rivers of Eou York, Opcrating procadurce wiiilo cnmvite to Lhe doop
sitez depond on the torth location sircee naviga™e Laoland biys and rivers,
duz to Leasy Lraffic, will ioc-astiicte a clorsr Lot e 4l stances butuoen
barge and tug as wcl) as alower vascs) spoods, In eddition, on goin
routes low bridges will requlre the tug or vessel captalin to phuns aherd
to have thz bridge oponcd upse his arplval at that pofet, For Lha ratuen
leg of the dump miszion to inivud vater bays and rivers, tho caplnin way

have to rchadule hig dwep niesion and tiny hia arrival oo Lhet thy tido

is oulysiny to pewntl control of the harga/tus $n thacsont

secriously curtailed duc to henvy traffie. Othervise the barge may booee

uncontrolled due to tidus =nd currcenta,

Prosenl cjporutional pfcc:durc neeassitates the vessel captain
enteute to the durp sita to ccﬁ»unicatﬁ te the harbor gnpervisor when
in the vieinity of Hav fork Ra;bar. Duapivg is gonarally parfoiwed on
the move; the pe=imit, hovever, usnally spadls out the dump p:thod to Yo
used. Uson reaching the dusn aite, the conladn fpitiaten cormancerant
of dumping teo the reasviuan ty tué whigtle.

Keathor cond’tices s Lo proGibit dimplog vosals Troa golng
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out te the dump sites. This nuy occur an average of 8 to 10 times
during the year., With sewer sludge, large storage tanks, located at
the sewer plant, are typically used for slorage until the weathor

pernits dwaping operations to resume.

2.2.3 Envirenmentel Recuirements

Ocean dumping opera%ions arererformsd 24 hours per day,
7 days por wesk throughout the year except for severe weather cordi.-
tions which may jeopardize crew safeuy or result in vessel/dumper
loss or damage. In the New York offshore area, severe weather con-

\ ) .
diticns which prohibiﬁ dumping inelude hurricanes, severec blizzards

) .
or strong Northeasterly winds and gales. Personnel of several com-
panies have indicated ?umping is curtailed on the average between
2 4o 10 days pov year{‘ Muping oparationg, thavefore, may he ev-
pected to be performed over a gamut of weather enviromments includ-

t
ing foz, drizzle, shoﬁétoxmm, ice storms, thunderstorms as well as
in fair weather with cﬁrresponding'conditions of temperaturesg, humidity,
gea states and winis, é

These waather enviromments may be expected to influence the

operational performance of equipments (depsnding on their operating
frequencies) and qonsequently becoma significant in evaluating system
epproaches and in rating promising candidate systems. Appendix B, Figure B-1

shows the range degradation of an X-band, pulse radar for various

precipitation rates caqused by back-scattering and attenuation in
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rain, Degradation range due to fog is shown in Figure B.2, It is

apparent that a systen candidate utilizing radar will have a range

limitation significantly affec@cd by weather énvlrcnmenbs. Also shoun

in Appundix B is average normal and extreme weather corditionu and

meteorological data, corpiled for 1970 by the U, S. Departuent of Somasrce

Euvirommental Data Service for the New York area, and stabistical data i
. .

from the Washington, D, C. area (which has comparable weather conditi

e
<
-
o]
w

to New York) indicating the mumber of hours during the year a given preci-

pitation rate may be expected, The data will provide inzight to the number
|

of days during the year vgrious forus of precipitation ocecur as well as
]
i
thunderstoin activity, wird speeds and direction, and humidity conditions,

]
Systen condidutes ulilizing either lov or high frequaney trans.

do -

DL e | 3 p) L 2. o 1
missicn signals arc aleos influcnesd by cortain weather phenomensn, Radio

signals are propagated ei?her 2long the surface of the earth (so-called
ground wave) or reflected{from the ionosphare (skywave) depending on the
transmission frequency. Qp to about 3 M.z, ground vwave transmission
predominates, whereas skyw;ve propagation occurs batween 3 and 30 Mz,

In the latter case, the transmission path is unpredictable and eonscequontly
fhis propagation mode is of 1little valuoe in navigational systems. Eﬁen
with ground wave ilransmission, seme skyave propagation takes place and

special treatiment sometimes is required to discrinirate each signal.

Ground wave iransmission is affected by atmospheric noiso and is ebaacrved

to be worse at night, particularly at higher operr ting frequencles.
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Llego preseated In Lpperdix B ie atmospheric noise intensity as
a function of frequency measurad ab Scituate; Massachusetls cver u
period of several years. At 1 Niz, the atirospleric night time noise is
shoun to-be 500 tincs greater than the noise ocqurri}zg daring the day.
Increasing the receiving antemw; area does not help the situation since
the increased area sinrply picks up more etmospheric nolsa, A further
characteriatic of ground wave trans.mission is the variation of propagation
velocity which results from changes in conductivi‘ty and dielectric con-
stant over the earth surface., Although this varistion i3 small, correc-
tions are necessary to assure accurate fixes, parbiculariy al long rangus,

Above 30 Miz, transm{asion of signuls is limited by line-of-sight
(LOS). Iguoring multipath problems, the transmission path is highly pro-
dictable in the 100 }¥Hz to 3 t_‘Hz frequeney band and is unaffected by
precipliaiiou, abussplicrive ut;.d tine of duy or coacon, Ling-of-sight
systems, however, are subject :to horizon limits and the maximm uscabdle

range one might expect is givci,) by the expression:

1
- Lo
(2-1) R=1.2 /by - 1.2,k vhere
R = rarge in n.n, "x

he = height of transoitting antenna in feet

hR = hoight of rocaiving antenna in feot

Another agpoct of the noathor envirormssnt which has efgnifi-
canco for the dusp ronitoring syston resulis froia the use of dusp

)

{




detection sonsors Incorparated on the b fusnes) @v o nashond o,
Ice and snow exposure at tiwes prohibits neirssd opecution of hy.-
draulic actuated Cuinp machunluns and the scowran 3s often vequired to
chip off tho ice bafore the dury een b rade, Innt-llnbien of senuors
et those lc¢  “ions are succcplille to du-uge dveley Lhis frecing
operation aad, therelore, ecveful wiitcation 1out bo given o sonsor
installation location and casuc :.;tyr'.'.ct\m:. It is apparend, teo, that
the sensor desiga sionldd no's iis2lf ¢vploy a rochonism vhich ray
freoze urder the swic ice/nnov exporuvs and, therefore, sealed
electroseonutic Lyps sultehes snd latchus ave reco.nzndeds The duup
detection sunscrs, 83 well as the cthar Quup unalturing cyguipaents,
vill bo expasced to sovere sall waler end dwap waste environucuis
vnich neccaaltates cavaful geleciion of cgniponks aod componcntsa

capaule of surviviag sader Uhicue survicu comilbionu.

2.3 MISSIOR RECUBIFFENTS
2.3.1 Dgscerintinng of Misslons
2.3.191 Dtnnp Sitca

Present ocean Crmping cporations in the New York Bigh
are regulated by the H.X, Distrizt Coirps of Eugincors which issva
pormits for duwping at cpceific ccann locatious, dupunding vpeon tha
raterial to bs dimped, Vithin the K.Y, Bight, five du-ping sites
are utillsed:

o Aoid Yasts Dwaplog Giewd

o Sever Sludge Dusping Crowndd

o Cellar Dirt Dusp Grourd

o Mud erd Ono Mon Stons Dualor Groved

o Yrock Dunmping CGrovnd .
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In wldilicn o the alove, & Hannildous Mutorlel Do ping Cround
is provid~d for tho dvwirg of caustic wastns and other chemicals
considered hazaxdovs i€ dwenzd ncar chore, Tho location of these

duzp grounds rzlailve Lo Labsoso Light 3s given in Table 2-2,

TR 2-2 LOGATION OF UKP_SITAS

THUE BRARIHG FROX DISTANCH Fily'

e GHCHND - AETES LIGHT Auanesy Lreie (nf),

ACID ~ SUMEER 135° 10.7

ACID - W3HTER 145° 9.2

SENER SIVEGY J24° 30 4.5 (10,0 I Y0 POY;I?
. OF HSARZST LALY)

CELLAR DIKT 170° 4.7

MID AND CUS MAY STCIHE 190° 4.0

HRECK 263° 30 4.3

HAZARDOUS KATERIAL v Approx. 10031

t

2.3.1.2 Timo wd Pango of Missions

Since load.tng:picra and docks are located at various
pointa in New York, Neu Jor;;ay and Lonz Island, tho renge to pres-
ent durp situs from thosc locations varies. For the purpose _of
this ctuldy, on averesa range of 10 n.m, will bo assumsd for the
ncar shora dwp sitos and 160 n.n, for the hamrdoua w.';atsa dump
grouni, The 100 n.w, ranys wwould also bo epplicable if dusp sites
are cztonded oul to the odga‘ of tho eontinantal rhelf,

Total nisoion tima, inclnding dusp time, variecs and
dopsals on vecos) bacth locéhlon, dmp antorial carried, wossel

i
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i type ond ebevacborinbien, trenflic cud woalther e 17 tions,  Tor

noavby dusp slies, toblal wizsion tino my veoy beluveon 9 Lo 8 houes
+
i
; whoreas the lony rirze dvp wisslon in on thr or o ol 40 hours,
i

Gennrelly the retum trip Lbne do covevhab less Lo tho valonrd
trip, pocslbly duc to the ebung: fo visus) dralt or ccoan curveals,
At-soa donzity of Qwp *;.ess:les a3 Pportent In Lo -alating
syston appivaches znd In rating of candidnl.. nysicen sinee it »-y
prozdudc usc of an otharwise accegbadble and riasitly bish rat.d
candidate sysicia, Althomgh tie dui-p fleot s corprised of oppevxi~
matoly 50 dnuping voschls (excluding tugs), it 3s likely that only

15 eve in sorvieo at a:}y one time, and muyle 37 in any one duy.

2.3.1,3 Prosentdy Yscd mithads of Lesatinz Dusp Sites

The Guip vosuole lending w.l. Hacbor esd Sow Jersoy nuavi-

gate along cither Ic.xbnc':sa or Sindy llook chamicls to the near shove

dwaping prowds, The éaptain goncrally utilizes dead reckoning novi-

! gation (gnoconpass, techomstor end clock) to reach tho dump sites
f b and then tukea soveral redar orv vedio dircction finder fixes to

accuratcly locate alnaclf relative to tha cito, On thc long range
duup missiona, Lovan i3 utilizcd as a navigation ajd to and fion the

| * dunp site., Por thiz miesion a N.YX.D.C.E, ingpector usniily boards the
dump vogszel; it i reoquired that tho M.Y.D.C.A. ba netificd at lenst

‘ 48 hours in edvan~e of .tho d;:pnrtura Viry for the long range dump
rigaion,
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Ze3es ehen Mitgbioiad andsaenbs
The priravy objectives of the Dump Monitoring System ave
wolold:

1) The dotaimeut of ocean dusping in other than
authori:xsd dvrp loestions, and

2) “hs sucessalfvl Jdentiflcation of dwnping vio-

e T o T o T o B oy

lators with sufiicient proof to Institute

legal cction,

‘ .

To acuvaplish tho alove objactivas, tho systen should pro--
vido, as & ninirum, the fclloulng functicus:

). Dotoction o:I' Du:ip Ocourrence

2, Veszel Location at the Tira of Dump

3. Data Acquiziilon and Storazoe

Thosa functioral rcquise:mznts are not to he considercd as

LE a fim rr:quircn:cnt imposcd:on the DS but are proscribed to indicate
| the goner:l intont of the %ystw objective. If, for exarple, a

__: systam eppvach ccubin\mlly" wonitored vescol location and timo during
o the entive mission erd con..i“».usivoly shoved that the dump vessel went

- to tho dup site, 3t is rosicnablo to assumo that tho vensel did

L_ actually dutip at tha sita 8.;1.|ECﬂ thore world bo ro cignificunt ad-

| ventage for the cartain to dunp carly. While the lggnl effuctivo-
. nogs of this approuch 1 quzastiuncbla, it st assurcdly would doter

11le:al duepdng slnco sucpaciod violators would bo given warning of

licunso revesation if tho illegal practico contimned. Similerly,

if o syatxa approach ubilizad diap dotection sensors on broys roored

I
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at the dwrp site and the dump deiccted sipnal recoxled, along with
vesse) identification, it is rceionnble to azcne that the coplsin
did not dunp provaburaly aince, sgein, no gignidficant aldventege is
gained,

4 It should bo stated, howzver, that if a system epproach con-
plicd with all thros of the atoye functicnal requiremcnts, uncquivocel
proof of 1llcgal dwapiry oparations would bEeo obtained which in a1l

likelihocd would hold up in the eourts.

2.4 PARFCIZLANCY RECUIRMERTS
2.4.1 Jocrtion Asewrsey
The H.I.D.Gi.):. has stipulated location of tho vesse) at
ths occurrence of dvup?bc ¥uoun Lo the lollouing accurazy
2

oo . e LA o el S LIS n T .o,
Irosent 3‘.‘..‘.; 43 SIS (a'-u&u‘ aasrefs 8,7 L.k, &

Futuro Luwp Sitea(at 200 H.KY 5 n.m., 2 0

;
2.4.2 Duxp Patection

The detecticn of duwep, if uced in a systen candidate,
shall have a probubili{y of detec’ fon of 958 thrcughout the entire

duwp mission.

2.4.3 Duta Rocording Subsyaten
The data recordiug subnysten onbaa?d the dwap voarvl or
tug shall have a probability of suecceuaful rccording of nzazsuved
data groater thea 953)
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2.5 AL ROSLIEENS

2,5,) Five Protozllon srd Prevertion

The desizn of the dump rondtoring systean shiall conaider the
safcly aspeets of the vos;ol crod us wall as fire protection and
prevention aloard the du.p vesgela., The equipmants considorod for
the candidale gystcoms ave prinavily oclectrical dovices and suitable
fusing of chip's pouwce sfgrals aud interface wiring will be provided
for all equlprnia to ncgate the occurrance of cloctrical fires.
In eddition, the systcn deuipn shall be configured to provide fail
safc electrical circulis yhevaver feasible, and shall not utilize
components which give oﬂ‘.no:t.ious or cobustible gazas at elovated

tanporaturss,

2.5.2 Blasirissl Sioek
The dwap onitoring systea shall bo vired to minimize
shock hasards avd all cquii;ents ghall ba electrically grounded aboard
tho vessel. Knoba wil suigches on.clectrlcnl equiprmonts shall be
fabricited of nan«conﬁucti%g raterial such as  phonolic or plastic

corpositions., !

*

2,5.3 Dump Spnrary
Utidization of dhmp sonzors requiring medification of
vossal pipinz, anch on drafﬁ ganrar o flowoter, uill Yo installod
intcad of extisiing sin cocka srd valves to acrure gafoby of tho

voasol, '

1
i
i
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SECTLV 3.0

SYSreif APFROACHRS

To offeclively ald in onforccicabl of ocesn divaping regulalions,
the Duap Honitoring Systen (IHS) must meamies the location vhere dusping
occurs, Mirlhcrrore, the DMS nust have a high legal effectivity such es
would te provided by unguastiona®ly wita recorded from a tawperproofl systza,
In this plarning progvan, S comwbicted, for the Corps of Fagli-
npears, a planning progesm leading Lo tha Ldzabifieatica of a prafareed B

bagsed on a systeratic er:uiination of ths roui prouising cndidates., The

' system approaches ara pr*scntc?d in this Scetlon 3.0 without raforcncs Lo
gpeclific equiprante, Tho rating tociniquens nnd evalextion of candidalas
a.¢ prescated in subsoquant si;ctﬁ.c;n:. Hardizre and Installation Spucl i
wtions airo proeouatud ia App‘.-s:'lc‘!ic.:-u 2 asd T, A6 eploccalallion plan Sor
the reconannded DS 1s prcwutiad in Ssetion 12.0. 1
3.1 NOKP DRTECTION '

Sinco the Duap Mon.lt.o;*ing Systen (Di5) is to provide a mauns for
wonitoring occan dimping of wastte matorial, an elawuntary approach is that
the syntem muct monitor the oc:é'u‘mnco of a dump. This csn ho dora in
severcl vays, as follaua,

(1) Tho cuptatn can r:cord and cortify dita indieating the

atart ard cm;xlat;ten of the duap. Thiw fmvolves n sinliun
: of harduars snl thne represants the rond rulisble ppreuch,
i considuring equipont factovs only, IV fu meopnirnd,
hovover, thub th? approach depeads vpar I setiy ity ard
. that th> cartam:is mbjoet to Lho norp 2l b 1;3 fr-ilt8en,
'
3.1

I —




(2)

(3)

(4)

be meamiced and integrated Lo avold wave proYiaas,  Thiws

Vone:) ¢raft can to soneed nnd rococded,  Tha deaft evn

approsch requives hardimre god probably modification of
the veasel (although most vessels do have cea wuter

intake lines which could bo teppad shipboard of the scoa-~
cocks thus permitiing inatallution of the draft sonaling
syston vithout dryflocking the verool). Fron though coee
vorcels do take on see wvater ltallast, it has toon deter-

mined that sensing climpa in vossol drualt woeuld yleld

a positive dotervxination of the occuriwnce cf a dump,

Sea wrtur chemical or physical proporiias could by ronitored
for chaypa upea ovcurrence of dump, Warve the waste
mtorial does not result in a significant =rasurable

change 1:\ £3a water propeciles, dys or a eafs radioactive
tracer cpuld be rdded to tha vuste waterial to ba senscd

in tho ma wntor afier cumping. This approach ia cuite
avikvand ‘tu ransge and difficult to make tanparprocf and
accord%nigly vas quickly discanled. Hovever, it should

be mccgryi:ed thut tho use of varlous radionciive tracera
doos povnit identification of tho dumping veossl and night
furthar be usoful in a dotcrmination of tha uustc wattor
dlspsraion and vater transport mechanics.

The statua of dwp line valves, durp doors, dusp pumps, dusp

sctuaiora, eta,, can bs monitorzd, This appreach o sonse

the ocourrencs of a dusa iz valid, Daring the stwdy, wany




(e g

veeaela vy ooviipned nnd {1t wea delariined U, without
exczplbion, the rvequir ! fasbeus:lablon viinicd or cuuld

b read'ly adided to suonz: Lke stotus of such velves, doors,

L1

3.2 LOCATIO:N

The leocation of the actuul: duup must b2 meammrod by the DS, This

is nost readily acecipliel 2d by meamilog the position of tne Gy veasel

or tuy, using

any of tho follouing lochniqurs, &s fucther dizeaszed in Lhe

cenlidate syators daseribed iu 8action 4.0,

(1)
(2)
(3)
()

(5)
(6)

Basic voss:l navigation - as eceriified by eaptoir,
Radar Positi«'m Py - arhora or on-toard

Redio Dirccyien "ndiry - ashors er on-baard
Wyporhodis é:e“.iv AMaAs < Qupen, Paceq, Taran,

Speeialised’ Hyparbolic « Using wultiple DS chore stations,

&ecinll'@u«i{ Proxiulity ~ Ridlo, sonar and transpondsrs,
¥ '

The difficully of wanipulating any recorded data varies with tio

candidate tochnique, wut in all) cases tho candidate ls consideryd relatlvely

tamperprool vicrey:r a cantinuwsus tizod record vould be xept showing vessel

poxition enrouta to and froa ths dump arza. It vould B0 exirusly Girfi-

evlt to {abricats such a tissd record {f entasatically printad on DS

equiresnt ouned by tha Covps of Engincers, end the syeten evnlustion pro-

codure: imtst Y5 vorpinaive b asadidalig of fortnz such foatures,




3,3 MONIECRING AND REFORTING

The monitoring of ocean dwnping operations using the DS can
involve real-time or afterAthemfact'feporting of data, or a combination
of both. Real-tire recording of data is generally expected for most
candidates., However, the characteristics of the candidate Di{S will
determine whether reporting to the Army Corps of Engineers will be accom-
plished in real-time (eg. just prio} to dwsp) or post-occurrence (ecg.
within 12 hours after return to port). Real-time reporting is most
easily accomplished by a DMS vhsre the basic position measuring cquipuent
is ashore: if it is abeard the dumping veassel or tugs, real-time reporiting
usually involves telemetering:of data ashore (thus adding costly equip.ent).
Although real-time reporiing éllows control of perinission to dump, it is

suggastad that the Corps of Engineers must then take care thai their actions

S R AE 0 SUOUS SRR N S X L NF SRS S I |
dU OL Culllbivivuie & CUluvlliiGavaljl OL ¥ LA Tappitu-

val® of the dvup, E
Post-occurrence repor%ing can be accomplishad by delivery of
recorded data by courier or bny. S. mails vithin, say, 12 hours after

return to port. It is recognized that this epproach does not afford a
{

. i .
real~time action to prevent an 'illegal dump, bub then, the Corps of Engi-

naers is not legally charged with the responsibility to prevent illegal

~ dumps and is not organizationally structured nor budgeted to do so, Post-

i i
occurrence delivery of data dces not detract from the legal effectivity
{
of the data and is not incompatible with providing the Corps of Engineers

with the nccessary control ovoarthe issuance of permits for ocean dumping
of waste material, Accordingly, post-occurrence délivery of data is a

perfoctly acceptabla syetem apéroach. Because it can provide a high legal
|
effectivity, it dces not detraﬁt from a sychtem's stronyg detsrrent effect

t

fn praventing luprover diups,
3-4
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The operations associated vith a reviev of the dutn witer delivery
mist, b2 considered, It would be desirable to hove o reconded forint
compatille vith machine readers, However, magnetic tape can be too eawily

erased and other approaches such as punched paper taps requive costly

machine readers. Furtherrwore, it wovld be desirzble to have the data

recorded in alpha mwmeric fera in English languange {uith perhaps somo sim-

ple coding if necessnry) so that it is manually readable without difficulty.

This is desirable so that thore would be more legal meaning to tha captaia's
sigraturs (the daba must be signed by the capbain) cartifying that the

data delivered is valid . The Corps of Engineers personinel reqguired to
review and file the data can be kept to a minimun by using a format which
would allow a quick overall revieu ol each report, necessitabing detailed

examnination of ¢nly those reports identified as suspect.

T"‘" Itomn af Antz ord aguanta o o acaceandod seml fenaabn Y L)
L FdORMUTA KA TILAUVE WY UT ATUWIWTU WAL alapia tiia v s

should includc the following,
(1) Identification of vessel; load; place of departure;
location of dump; owner;.captain; énd, valid permit,
'(2) Date and tiwe of leaving dock or loading site,
{3) Time of passing preselected inlet or harbor buoy and
other wsll-narrxed bucys or nravigation points,
(4) Vessel location {preferably continuous or frequent pericdic).
(5) Dump sensing, as aprlicable. |
(6) Time of start and completion of éump, entered by captain.
(7) Tims of passing same inlet or ha;bor buoy on return trip.
(8) Date and time of return to dock br loading site.
(9) Status of DMS malfuction sensors;'as applicablh,

(10) Signuture of captain certifying validily of data,
I

3-5




‘ be a3 wlbowatic ay possible and require only very simple adjustuent or

operating procedurs so thal welperforvanee cannot ba purposely made to

occur witlicut msving the captain suspoct,

In addition, operetional practices would be definzd to reducs

coghs for facilities, material, and porsonnel and would maxlimize the

delivery of the d-ta as describzd In Paragrsh 3.3 abave., The operating

procedures veuld place as 1ittle as possible additional burden on captain

and crcy and te encourage proper use, the DMS and operating procedwres

8 [ : would desirably provide worthwhile Information to the caphain and would

represent action he should be taking even if there were no IS aboard

[;‘ ,_' (such as recording or leggingof specific events, ete.),

There should be no cperational restrichions invoked by the DifS,

. '

It shonld to an all-weather systcm capable of arvound-the-clock operation,

! [_ Tt shr1l eovar a wide svea tedw the prosent duap site (fuct nast Anbrnas.
!
T light tcwer) to the edge of the continental shelf (or at least 110 miles
i1 ; . !
l-‘ into the Atlantic from Ambroszj). It shall be useable for ronitoring all

ocezn dumping, both self~pr0peiled and towed, If possible, the DMS should

offer a portable featurs for odcasioral use on a vessel requiring minimal

.

essel preparvation. If practié1l,

it shiall not require exchange of signals

’
between a towed vessel and tug.’

The equipuent shall resain the property of ths Corps of Engineers,

§
Only very unsophisticated HDIV‘C}U” (1ike replacement of fuses) shall be

periitted by the captain,

Tnsn:ar as is practical, positive alarms shall
be provided to indicate malfunction of vquipment, GCaptalns shall report

k
wnlfuctions promptly and upon the return of the veassel to port, the Corps of
i . .
Engineers shall premptly effoc%'a repair of reported malfunctions so as to
'!
{

i

!
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minimize deday to versalsa,  The DS aqidprant, Iusofar oo peieticend, =hall
employ a plug-in conzept o facilitobe quick roplacuucnl, The dockside
repairs will nornally bte limited to replacement of pluz-in wnits, Doteiled
repair of thz faully units shall bz aceonplished in a Corps of Fupinoors
vepair shop or «t the mauufactursr's faeilities,

Theve i3 no practical DMS which will previde monitoring of a
szeretly made ocean dunp, Accordi;gly, it is nocessary to azswre thal every
captain report each soa dwmp, The pressnt procodure, reqaiving the cap~
tain to report his activity to the harbormiagior should be continvcd with a
periodic check made of hig log versus veported data, It is alco expected
that the present praclise of hsing patrol craft will also b2 continued so
that captains will koow thad thoy mighi be spotted leaving tha harbor,

Very stiff action and high f{§es should be imposad for unraported duauplng,

Finally, 1V shculd b§ sLiessed That the LB operaiions and main-

tensnce, like the DHS equipment, shouvld be kept as simple as practical.

]
1
l
!
1
3
¢
|
\
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CAUDIBATE SrOLLMS

4.1 RATTIONALT TN CANLIDAYL SYSIWA SELICTION

Critical evaltation of the alternabive approaches for the selec-
tion of promising systea candidates involves an objective asszssumont of
design chavacteristics; performance capabilities with respect to sigoificant
desipgn fealures; and system rcquiremcnts specificd Ffor the LS, Desirable

design features conzidered in LhJS selection are shoun in Table 4-1,

TABLE A-) . LIST OF DEGL L4STGE BATUIES
Ip bur ;{9.2- F an bura

1 Positive detection of violations

|

2 f?mple operating procedures

3 ininal equipuont

4 Réliable, proven equipment,

5 Ail~ueather operation

6 Cbmmon equipment for different vessels

7 Cempatible with present and future dump requirements

8 Simple maintenance

9 Fasily made cperational

10 Tamperproof

11 ~High legal effectivity

12 High cost offectivity

In Tablc‘Amz is stoun a listing of the various systew approaches revieucd
in the selection of thosé systen vandidates for further examination, Table
4-3 presents a natrix ﬂhgwlng the approximate ratings (cxcellent, good,
fair, poor, or no éapubi}ity) for the various approaches. It will be
rcadily observed thal the firast five candidatos offfer the rost premige an
LUS candidates,

4=
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Hypertoiie Badto Hav Sonten/on-tnand dusp .’,‘x',l?f':'f".’!\;.{/
on-tuavd reeording,

Fopfone bonrd boncon scelivated by dusp menors/
sshore reeoveding,

Ashora

Acshore Radio Divcotion Minding aipeinst an on-bwoard
transnibter selivated by dump wClmOrS/&ﬂh”TO diotn reeording

Sume as (34) bubt wlth eaptoin confirning the duup ncenr-
rence by signalling on on-toard transsither,

Seme as (1) bab with deta . telwistored ashove for reeording,

Dasd-reck

"
peny
feal
Pty
(&
~

g oextebing on-boavd navigating cqip--

ment/on-b P SDP,ln”/ﬂ“~U"“fJ recording,
Same as (5) bot using inertia) navigator.

Samc as (5) bub vsing Duppler Smar MNavigstor

Q, - . vl it o I 3 - S W1
Sumo e b with thz radar and recording aboared 2 heliccubar
plus v SHE ! luap.

Satellits nﬂv'rali nfon-bosrd dump smsing/on-bosrd
recording,

Airboine qu]b? pectral photography and visual monitoring of
the vessel and. the damp,
i
{iniral systan; roview of on-board logbooks for vessel
tims of departien, avrival ard dunp,

IF¥ transpondor or ra dar keacon on buOJ at Qump site
interregatsd by dump i50)/on-board durp scusing
on—buund recording,

On--board KOF veing existing achore t?ﬂl“ﬁitt"”"/Oh-bOﬂrd
dwzp sensing/on Leavd recordivg,

On-board ranso-rangs syotens apainst epaeial off-bourd
tranwyou.nrb/u. Loave dump coosing/on-bosed recording,

Sane as (12) Lus wdng COVAR Lrancgonders implantksd at
dwny rites .tﬁ..;olzu by vaoesal eon langcvmcauuring
gyuteon,




Approach
No, . .

s - oo

| i

IARIn 423 AV

GXIM

m:s 1
‘FE AL g

30 NE AN I DN B NI N TN

LGS 0 VARICUS APFLOACHE

3

. M
P

Featura Numbor

ST hea was

R R T R e Y A R AR T TV AR

G | GG GlI GG

PURURVINY S PR S

o

F {50 P |rofeglae| B
N s B B Maall Aol I N

Fardrd 6|lre 66 |ra

5 R

G

F~{_f - F-G G| -Gl G-B)G-E{F-G

F-G Gl G | F-d PGG-2E] P IFG

(%)
~
-

‘j o LG G FOG GG P FL B
{
. ’ - oA b A) ™ [ad - - - Ty el —
* i (%) g pojred g Y 2 W Rt I r
4 ) — wne - - - - - - -

P--F

KC| cla PIF IG-E! G

E“

E‘

10

P-F

P
P
-4 6lc | F{F ¢ | F|P
P

M) G|F Pi{P {E |P-F

] 1

E

]

12

I‘\

P-F

G |PQF FIP IF-G] G | P

e

13

F-G

G

e mn -

 6lr | ¢l |ro| ® |p-r

o 14
l b

15

b nefoue v susew e

I"

.G

aetrn e

PG

S v i o 2 agew,

e anom v Y

F-Q G|¥P |FOF |PGIRG| P

FC li“--Q ¥ FID |FG] G

W LN L W

4~3

e

i, S s




|

In sysben approaches ) and 4, soveral hyperbolic radio navigstion

systems sre presently available diffcring in measurencnt Lechaiaus, aceuracy,
and depending on system marmfacturer, avtomatieity and cost. fmong the more
promising systems are Owega, Differential Omega, Loran €, Loran A and Decea.
Bach of these systems ave potential candidates and therofore, each will
require individual evaluation.

Qiega, described in greater detail in Appendix C--1, utilizes phase
difference comparison of 10.2 XMZ  signsls (singla frequency system) Trom
shove basced receiver stations resuliing in isophiase lives (or larvas) forwed
cvery € nm.  Lane smbignity is geneorally acecmplished through deed rockeoning
and automatic lane counting., Vor the dump monitoring systen, contitvouns or
periodic recordiryg of data, including tiunz, will provide a mesns of discerning
lenes. Yith two and thres frequency recoivers (10.2, 13.6 KlZ and 10.2, 11.33
and 13.6 K7), lanc ambiguity is increascd to 24 and 72 nn, respectively.
Aeenracy of Cimega depends upoﬁ propagation variations influciced by icuoaspheric
eetivity and will depord on peoich path, time of day and iime of year.
Correetions of the prongatioc variations based on a prediction pmodel is
available in Labular folm.diufnally in one hour increments, as a function of
geographic Joeation (krnown asﬁSkywavd correction t-bles) and results in a
hyperbolic line-of-posilion (LOP) accuracy of approximately 1-2 n.m., 10" depending
on geonetry and tims--of-day. ?reseut day cosls of Oumoga receivers range btetween
$5,000 and $9,500 which, alon& with its reasonsble perforiasnce over long ranges
makes it_a potential candidatc;

Tests performed by S&)) o» three Omega receivers aboard the NYDCE vessel
"Hocking" has demonstrated the: Ieauibility of using an Omega navigational
syastem for the Dump Mbnitorinvfuyst»m.

Differential Cmaga is & system concopt used to predict spat!al
propagation error vaviations based on an Orega receivor located at a known
goographic sito (menitow systmh). It is assumed that tha vessel recoiver is
oxporieneing tho samo vaviatiocm:l evrors as the monitor theraby rewnwving the
tirma depondent errors. Accuracy of fix using a Diffcrential Cuega system is
improved by a factor of approximalaly 4:1 over conventional Ouzga. Requiring
only org additional rerote Omaga vecetvar (two for reliability enhanciment) the
Difforential Omogu syston prnv{?ns exenllont positional aneuracy for a

rogligiblo inarcasa In ayaten co st (Nota: The moanttor 0&453 recoivor will
zovve the entira fleot of dump vcnnnls.) For this reason Diffsrential Omaza
will be gseleeted ovar eonvent ion¢1 0~v"n as a systen enndidato.

(3
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Loran € has been uasd abosed Naval vesesdls as a long range
j navigalion systom for somn Lime and therefore werits considevatfon as a
D systom candidate. This hyperbolic vadio navigalion system is based upon the
! tine of avrival of pulses from two puirs of Loran stations (one master and
onz slave pair) to deteriine vessel location with an on-board receiver.
} , Unlike the Onmsga system, Loran C does not have ambiguity problens in

deteriining £ix location (except for ens point which is a mirror image
l - but is sufficiently extendad in range to dismiss its possibiliiy) but it

does require scarch and lock initialization procedives performed either manually

] ’ or automaticially with more cxpensiﬁE-rCCiner equipnonta.  Since Inran C
utilizes pulse tachaiquas (opsrating frequenciss of 100 KHZ), skywave contsafnation
) can b2 avoided alihough care must be taken to rasure lock-on abl ground wave
! signal. Frrors resulting from aignal propagation over diffevent paths
batucen stations aid thelon-bonrd recsiver (cnlled sccondnry phuse corrections)
L hovever, are signifﬂcant'gnd st be considered for high necuracy porforrance.
With sccondary phﬁsa corrcebion end proper syachronizalion of master
and slave ground wave signals, accurasy of Jorsn C is bettzr than 0.05 nm for

reagonable crossing angleé. Cne diffienliy of Lorun G for ihe vessel localing

[¢]

reod o .t . [ 2 I 4% . . - Ayt d Anal 1 m + j sy € et tha~ lﬂ‘ nn
) L’L‘S.‘, CLIM CLIME JTon LAL gLvere ¢ ‘I‘J rAvIisNA L gnvironneny mx-';“* onoan Tac koron

C receiver in the iow York/Hanhattan Island avea. Alorg tho Bast, Hudson and

Rahway river aroas, the sfgnals will be contaiinated by atmospheric noiee,

and signal intevfercnce f}om steel structures and bridges will cause the

: receivor to lose lock while in ths automatic tracking rode. This is furthar
apgravated sincs the Ioran station slaves are loceted 500 to 800 nm from the
master and signal strengths vary significantly over different propagation
l__ paths. The Dana Air Force Buse slave station, for example, must travel over

1and wherens the Cava Fear and Mantucket stations' propegation paths are

] [A' primarily ovor wator. Initialization and acqui-ing "lock-on" of the Loran C

. receiver way bo difficult for these roasons and the oparator could erroncously
lock-on to tha skywave signal vathrr than the grourd wave; the one-hop E-skywava
rignal wuy be strongor than tha grourd wave signal whieh, in tha precence of

| noiso, way be crroaaovslf eequired. YWith propor treining and cxpariencs,
hovwevoer, it is antleipatoll propor ecquisition could be made. It should te noted
that 1t ia nobl nucessery that the recoiver always track in tha New York and

Yau Jovany 1lver areas groviding rancquisition of station aignals in battor
afznal means Lo crosationally sirple. It fs doasiiuble however, that a chack on
sropar Funstiontrg of ths Tovan  receiver bo umads al the loading pior and Lhat
poior to Yawln, far tha dvxp site, the enptain ean notify the iNDCE or Herlor

A5
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supervicor,  Towls conduelod by ORudoeion Wby wbvdy vl Lo 2 es Toean
tracking rvoceivers have shoun Uhab wdong tho entive vivow fronl uesnn of
Manhatlinn, at short distoness auny Tron steol glmicinres, acqitaivion o
both Loran € and Toran A slgnmds uas nob Giffiendt (Pofore we Appoadin B),
Thus, it is sntieip-ded w2dDmetinrdoyg rocsivers could Yo rendily daobost A
while the vescel was sbill thed dooMaids, One pelusicy advontag2 of Leran €
(o1 Lovan A) over an Ouuga vesred Y-ending cubuyuton 1g Lhe dpbewenl cepa-
.
bility of providling the vessol eaptiain with a divcel rondons of positicns)
irformation vhich could br wreful Jov nevigation ond pinsoiating loecaticon
of the dunp sight. Vaile thls advani~p: e not signifiennd fov pres.mt
dveping oparaticns where duep gite Jocatieons porall aliliealion of cn Loned
radar and radio direetion firénv equipnents, It do a strong consld-azilon §0
the dvop sites ave esbended to, g1y, about 100 n.n, wiove rodaeys e
inellective and on-board RIY veauipeonts have Lldbed cepnbilivy, Ca tho
basis of tha above argu.omts, Lovan has suffieieat advantages awd copabidie
ties to warrant consideration as a veussel locating subiayastan,

Loran A, a Yorld Yar iI dzvelopitant ani pradecessor of Lovan C,
utilizes a 2 Kiiz oparational fzoquanny viich lica just sbove tho Al buroad-
cast band. Its oporating prinniplca are essentially tho semo as Loran €
utilizing pulse tochniques to dssc rn batwsen skyvave and grousd wave
signnda, bui it is more susccptibﬂa ta interferonca fram broadeast
stations. Due bto ti. o..;rvalively =raller dlistuncas cf glaveg and mostor

3

stations to the dump sit:s, a1 slncn ths elave slcvals Wl 11 alunys appear

to tha right of the mastar, heverer, esirch and logk-an prossduras arve

easior than Loren C, loran A ?“5 tyen usad on ecean vaansls Lv by years
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ard veu) capbatue aoe D0 WA with o cpnvabloe and eapabilily,  Bue

vo the high:e ¢ iriabing frypuancey of Loran A ovor Lacan G, revge capability
i onb e groeb and coomaey 18 gooubal Jows,  Typleal rarce enp-bility

is on the oeder of 520 n,n, with an cecuraey of battor thon 0,5 nom, for
good hypertvliec croynlry anglas,  Tests condueizsd on tha Noleo racudver
showad good Braching copabt Iy 40 tha Mow Yok arce wven wider rathor

por steral covirenients (Rafe-urcs Lomndia B).  Low pecofvor coste
coupled with ronco bl prefeuines cud awipation ald enptbilily 1alics
Lorsn A a proaising vessrl Yoanating eubrynion ¢nrdidate and 18 nore
destrable Lhan TLoran € due bo tha catabdiztid abllity of coptaina to operate

isran A,
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Tho Decen syslca, Methor digcusosd W fppaniis b U

frequaray (710 Lo 130 R4) eonbtiivunc. oloble fecgransy elgnte froaa

paster cnd throe slave eisbions; orch sipanl ters o fizel relalionsilp

to the fricusaisa of s other trroy sinlicns. Prance eliyovicen with an
ontwurd receiver poriits o PJQ;-uc te VNP L3, The ay:ovialie lires of

equal piase ditlecences o grpoaliod ar fn thy eoos of Co:on, into )eompa.

Lare aabljuily 12 poesslved by ergowic) dhy furde- o1l fyoquaney for each

of the thves phane cviss-vheon syilers foo kel a zocond over o eie nluate
period.  Sluce tha Doreco syoton utfMzze Jow (renvencles art continiig

wuve toapspiszlon, slyire eontentoelien fn posnt ubich envint by zaparated
from the growsd wave., Maesa earzwiw §u 1 TLed b negas In vhilel thn

shysive strongth duog vat wiwnmd S50 of (b soourd wave which in typlesl)y

200 na. Acuuracy of Pzuaa fz dupwtonb on yoomy Proc paaler a3 wedl as

diurnal anl seananed hik:ﬂ.: Tha 935 prob-s’s LIz acourssy 1s repted 4o very
balwaen 300 L ounder optin) comlitiong fo over sedwrn) panllicodd wllaas wilh puss

cavirverioetal contiblo s, vosy e e o, Yex o Lhe WIS e oxlen ) tns,

-a

£33

The Lacca aysten, ds ouded antl crnlrolls? by an Rodish essiny, and the
receiver in oaly lensal novt-porvicod of Docon poiontsit,  smeua bos appliod
for a Jicansa froa thy ¥SC to Shu& duva the presvat 8.0 chatn for en
anticiyoted rolocxtion of rauru~talnﬁ sinilons Lo porw Freaiableo sit-a for
marina novigstion. Conualdovation of thias passibility vith a pocaible erlenled

shutdoin pavied and the roslization of balng dependsnt wion a faraign

coupany leasing agrecrants with civtpeonl insia)lation, suersleing and wudntain-billty

porforusd by thoir ennloyecs ha dlzcouragad furtivsy coasiderstion of the lecca
ssaten as a candiidate.

Systea approsch 2 wiilacs & shors Lased rodar §a conjunetlion with a
veanel radar Bsacen Lo datorelng v o2gl Yazatinn, ideaiicy, and durp sistpa.
This systen 15 sinilar to tha 1T (Identificatian, Trize? ev Fou) socondnry
radar systea waied fn Virld Har 01 15 f0ealify frienily stesraft or shipa. Yhe
vessel radsr beanen 13 errentis il, 8 puley trenspoeday vhich, upon Perslving
& redar polss, seplisgs with a sposially coled gronp of pilass ls poovids
1dents fiation of U 2 dray vedrsl nnd fbg dung stelue, (hsge) lesotion is
datorsinnl fowy P s toaaurengyt s {iios thot bose $Vapiot bolwe - tron=sission
S the shere bas:! reber ¢01“~3 b bhg ponaptien af f1s veresl bateen repaly
pul$@3’ apd Loaring to tho vonasl i grart it b TR oaal vy b - Fhegrtivity
The roply can b ot 3 15 cooh o vncy o0 N e p Ty BEoptey 2tee el
Wearon ropli-2 rad ix gob clobl oo by oitey gl-colz

e
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Since Figh frequency trausalosions are wbili acd with radar syseems, this

system is linc-of- sight limited in range snd tharefore cannot be used for

the longar range dwnp missions, If it is assumed that the shore based
radar is located on the Vorld Trade Center Puilding with an effective

antenna mast height of 1,225 feet, the maximun range would be less than

50 n.m, for the wost favorable weabther conditiocns. For present dumni .
operations vhers the range is on the cxdar of 10 n,m, frun Ambrose, this !

"sysuem approach is Jeasible altbough its operziional characteristies is

highly dcpendent upon wasther eanvircrmsznts, Location accuracy of this T
systen is primarily a functicn of the antenna beam width which, for better

radar systems, can provide a teaving azccuracy better then X dsgree;

range eccuracy is genarally batter than 1,000 feet, At the present time,

rone of the shore-based radar systems wulthin the tew York “’ght area are

FLISTIEE 1 NS N - oAy . 0. V0
urltj-L.Lvu.UL\, FIRS ¥ A VH S "‘"“t' fuvh.l.vv,!..a.us “'J” )u-ll i LbUCiCiviC Lilic ‘.:J wuvlu ulltlL\A \.u

1

will require deveIOpment and abq uisition of a new radar instzllation. This

of neczssity, will result in hign initial equipment expernditures with an

estimated cost of $500,000 exclu51vo of Jand, buildings, and installation ;

et

and a lorng Lime schehiie estimated at thres to five years before the

gystem becomes operationgl, Con31dur1ng also that each dump vessel would

requirc an on-board radar beacon and dump detection equipment with cor-

o)

responding acquisition, installation operating and maintenance costs, this
! ven
i .

gystem spproach is ex;  ive and provides no growth capability for dump
!

monitoring if present dump sites arc extended to the continental shelf,

However, this cystem approach can provide a navigation aid to the

it sy ik i

o 5 s GRS e a1

captain, For thesc reasons, sYstem approach 2 will not be s2lected as a

4-9
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i prine eandidate tal is eswvided alapg da the roting of econdidale syoions

for cowperative puwepoeny ouly for puooend dGueping oporations al shopt rang:

durp sitas,

N e r—

Systein epproach 3 is a two-bouring jeeation deteminnbion syzlon

utilizing tuwo shore-baszd radio direciion finding sintions and an on-bosrd

! trenswitier for transoission of wvewssel ideniity and duap status, A radio

! or telephone link from th: RUF stablions is provided to rebransait acquired
a data to a N.Y.D. 0.8, peocessing cenver for caspubalicn of vaeuszal location
h 3
data aceinilation and recording, The signsls truazaitited from the dumn
3
veosel transceiver would be seleected in the marine radio-tsleshoue bund :

! of 2 to 3 MHz to assure adsquale rangs capability, In this frequoncy band,

L]
: skyviave conbemination and A-H beoadeant station signal interfererce cculd
Lot 0 [ 33
;! redvee oparalional reliability of the sysites and peazuroment aceuvacy,
AT . - ~ EXAl

e and e e w4 mean P . . . B 2~ PP T I S - ) TOU
LG L';\:I g avtuiacy aJr &1 e bioudrt Ly w4 . 10 caliprsiatt, oan

ka could inersasc to'2° at n~gnt~§ime with skyuave contamination., With this
! . . . o
‘é system approach, the RUF stations would ks installed ia Coast Cuard
- :
g‘ stations selected on the basis ‘of geosctrical aceuracy considerations;
i 3
: typically one might boe installzd at Jones Bsach Coast CGuard Station on

[}

Long Island and the other at Atlantic City Coash Guard station in Mew Jercey

foer short range dump sites. RDF equipment costs for two stations exclu-

B ‘ sive of land, buildings, and instsllation is approximately %100,000,

o

This systen approacli provides cvn+1naouo real-tinme monitoring of dump

|
= ] vessels and has ravigation aid erability vith reaconabls location aceurscy. - J
N ' K .. :
. Although requiring FCC or IRAG approval fevo oparation, this sysbeam has
—d

§ sufficient merits to warrunt fuither evalustion as a cundidate aystenm.

i
i |
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Systou approsch &, similae Lo syciew approzcia 1, utilisas a
hypardalie navigation system for vésselllocation bul didéters in fhat an
on-tourd printer is not cmployed.

One vaviation of appiroach 1 would delete the dump detection
(draft sensors ard monitoring of dump acﬁuators, valves, ete.). Continuous

recording of the vessel location and time at specified intervals (evecy 6

<
-
late
D

minutes) parnits e history of vesscl loeation for the dump mission,
. * .

In {his case, the evenis vnit (containcd cn cither the self-propelled dusm:s
vescal or the btouing vessel) is activatad by the captain vhan dup is
initiated ard when durp is completed, These events are reeordsd on a
digital printer along with vessel location and time; the print interval
during this time as well &s cther special events is changed to a 15 sscond

f
are clearly eviaeni on the rocording., Affter the completion of dump, the
print cycle would'rcturn_io its nominal 6 minute print cycle, With this
system, the capéain would. be required to revicw the recovding of the domp
mission and validute conggrrcnce of recorded data with his signature, Thué,
even though the occurrencé of dwap is not cpecifically detected and recorded,
this system vill monitor dwmp vessel position and time enroute to gnd

X

from the dump sites thereby providing implicit evidence that the vessel
actually cduiiped at the site (premature dumping is significantly deterred
since thare would not te any significant advantage in early dumping if the
vessel had to go to the dvmp site anyuay). Further, with recorded posi-
tion and time, the dumo vassel veloéity is readily calculated which might
provide a reason:ble cheék of suspected premature dunping violators for

casos whore vess:) speed varies with draft or load, The najor advantage

J 4~11




b e LML LR o i AT A . D M5 Ao

v
oy

Lt

i

oif this systcn approuch 1g ity anpliobility te both tormd Voorpan and
self-prepelled dump vessels withoub need of cunbenived Incballaticas for
various bypes of bavgses and veszals,  Thas, inctz)lation ooohts ave miafuml
canpared with other apprenches,  Thie gysbon approzch has mach in its Cavor
and will therelors bz celected az a candidate fov rating, althouzh 1L must

ke romonbered that it does not provide a positive roaazurcaant of dreaft

for fiuid

iy

vhich might be espucially desiradle for some sitnations such as
wastes which night beMrickled cub" on the way to the duup sl
The dend reckoning toehniques considored in sysben appveachas §

through 7 vwhilizes on-boaced pavigalios soncors to provi

inforeation, System appreoach b is 2 mininos cost dezd reckening approach
L]
using the vesoels oun ns \1gaL“0ﬂ equipmons whoerses systew appronches 6 and 7

inelnde an adided incrtial navigator and doppler conuw, voopeclively, In

- h)

all of these approcches, ocensvence of dump is detected with dunp esnsors

and recorded togsther with'vg,u,1 position., Oriticil cvaluation of thesc

dead reckoning approaches has s hown that for long mission timz durations,

'

szel location accuracy is poér even with som2 wzans of usdating poeition
such as 3 raedar fix on Ambrosoélightship. For zpproachns 6 arnd 7, the
cost is high (zbout $50,000 foﬁ each) and reliabilily is posi. For syster
approsch 5, the gystem is Subjebt to mapipulation since the ecaptain is

amiliar with the vessels navigmtion equipment and pragontly used systans
(gyroconpass and velocity deviégd frem engine tachomater) are highly
inaccurate, On the tasis of 1h» abore factors, system approaches 5 through
7 werc dismissed as candidatcs.‘

Systeu approaches 8 and 10 utilize aa airborne helicopter or

aireraCt. The major Meadvantage of thase syston approaches reiults frem

\

" 412




the inabiiicy of the alreralt to operate in all weabtber eavironnents,

sirca carly dwroing is peokably mere prevalent in ad weather conditicas
rea enrly durp!

which would also preclude alreraft frem flylug., In addition, operating

=

costs for aircralt surveillance arc high., On the basls of thesz arguements,

sysbem approaches & and 10 will not be selected for further examination as

candidates for the dump meniloring systen,

System approach 9 incorporatos a satellite navigalion systenm

abourd the vessel alongz with duwp detec

ction sensors and a recording sub-

sysben,  Severval navigational techinlques ars available using satellite

including angle tracking, range and range rate

sysbams, These technigues

differ in musber of sateliites used, v

S aouse

o
('.:
7]
G

52l on-board cquipnents required

eound tracking stations., Tho angle troncking syston

g touard the eabtellibes Lransmitiing

WLRN B N ey eireen gad s <.
POSLLAOn 1IN Hgd DUCCHZNGS

(SN

of two or more gatellitss, a position fix is

o ]

; menbs must be made with great preeision an srror of ,C01 radians

correspords to an error of 3 to 4 miles in the fix., In addition, vessel

local vertical must Le measured to about 20 are seconds, a difficult

requirenent in itself. The rangs

technique requirss a ground station

tracking a minimva of two

satellites and sends codad signals to the vessel

via sat2llite transaissions,

A transponder abnard the vessel returns

sigrnals to the ground staiion via the

eat llitcs. A ground computer

conputes position by using measired values of rnﬂges from the vassel to

]
the satellites. The range rabte satellite navigation technique measures

Doppler shift of a raceived satellite signal a? a funclion of time and,

J
with an on-teard vessal computer, vessal position is carputed on-board,
1

4-13
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M1 of the abore buebnigues reqnic: eopialciieadod eguiy ol eithos op.
board the vessel or ground sbations ard e ioibion wnd cperalirg eonds
for such systews are high, In adiition, g=tallites for the proposcd
approachzs ave not as yob availsble for 24 heur continuosvs coverngs,
Accurscy of these syctems is on the order of 1 to 2 wiles uith sile
coinputers bub can be soveral tenths of a mile wilth ﬁ complex compuiing
systen., Ior the sea dump moniboring sysbew, Lhe wse of suiellite navi-
gational techinlques is too sophisbieated ard eosbly comuared with othsr
systen approachas and therefore, wili not be considered further,

In system approach 12, sur

ze2 buoys implantsd at the dunp

sites containing either an IFY or rader baacon transpondor responds to

interrogated signuls from the vesssl, and range to the bucy determinad

“ds

with an on-buard procossor; oa-boznd durp consors provide debecticon of

dimn oconrrenca. A diplhal p%hﬁmrws.ngn for racording nosition and

dunp occurreuca, Ihis systen apgl&ach deas nob provide continuous nonitor-
1

ing of dwnp vessel positions enrouts to the dvnp site and thus navigstion

aid capability for the c¢ pualn cannct be provided, The major disadvantage

of this approach, howaver, siams from the requivement of implanbing Luoys

Iy

vhich, for the long-range dumpisite, is diffienlt and costly duc to tha
3

greater depth of the occan., On the basls of the above argunents, this

approach will not be considered as a candidate for the DS,

The log entiy sysuém, approach 11, is a miniwal dwep roniboring
system approqch in which tha c#ptuin is requived to enter into the ships
log the time of significuni events sch as Yeaving dock, pasaiag Aulroso
duap started, dunp cosplet:d, cnd return Lo hacbor. The lograd data cculd

be augrented with addittonual facis snch ss anglre tachoicter, ship kesding,
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ete. In addition, iduniiiiable narkers subazrsible alter a period of

time vhiech the caplein would b2 vequir<d to leave at tha dwap site for

subscquent surveillance by a LOE patrol cralft could be eonsiderved with

this aystem appreach, Although the deteriwnt valve of this system ap-~

proach cannot be readily measured, one rajor disadvantage stems from its

legal incffectivengss in the prosaculion of violators, It is belicved that

the high degree of hwian involvement is too eritical to the success of this
.

sysben appeoach and tharefore it will not bz selseted as a candidate,

Systen approach 13 utilizes an on-board radio directicn find.

Ing equipient, dwip sensors and a recerdiag subsystem, In this apvroach,

the vesse) BOF will provide bearings to two avdilable chore transmibbting
stations geographically located so that vessel position can ke determined.

The beariogs, cdunp sbatus and ship headirg will te recorded at perioedic

intervals. The vesscl locution accuraey using this systen approach depends

on Lhe vessel hcading accuracy of the gyrocoupass and the accuracy of the

poor, in the order of 10-15 n.m, at dump sites 1C0 n.m. off-shore, In
addition, the system can be easlly manipulated if the captain is required
to opzrate the RDF ecquipient and operational reliability in scveve weather
conditions is poor. Fer the above reassns, system approach 13 will rot .
be consldercd a candidate for tha LS,

Range-range systens sueh as wouldjhe usad for approach 14 are
prasently available as complota location s”steﬁs dusigned privarily for
of f-ghore suvvey and drilling opavations, Thi; equipmont i3 not suitable

for the [HS bocauso it is operationally applicgblo to only a single vessal,
: !

Thus this approach will not bhe considerad as a:cnndldnte.

t
.

¥
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Systom approuch 19, which wtilizay songe Duoys or g somr
transpoaddr inplonted on hs wcoan bobton, enfforg fron thay vave dedied
cles eited in systew approach 12, Furiherunea, the range Le shord end

not deperdable, feenrdingly, this systea appeosch wil1 nol be seleeled

|

as a candidate for fucrther exanination,
Table 4-4 preserts a sy of the candidale systoms galee

for the Dusp Monltoring System, OCcuplete deseriplion of thoge candidat

is presented in Scction 4--2,

4-16
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TavIl A-A Sabdan

Location
Subsyston

Diffeveatial Cucg,

Loran ¢

LO ran A

Lovan A

Shore Pasad Padar

pith Co--board
Radar EBaacon

Shove Pased Padio
Dirvection Finders
with Ca-board Srang-
mitter

Differential Cuapa

OF QAR

Draft Status, Mvonts
Units, Actuator and
Poor Sultchas

Draf’t status, Bvonts
Units, Acluator and
Doo» S:itches
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Units, Actuator and
Dooe Suitches

Events Unit

irars, hrnhuq. EXTRYY AV
Units, Actuator ard
Docr Suitehas

Draf'v Stabtus, Events
Unit, Zctustor and
Poor Cuitchnsg

Draft Status, FBvonts
Unit, Autuator and
Suitcaos
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Pecording
Subsyatan

On--board Digleal
Printer

On-board Digital
Printer

On--toard Bigtial
Printer

On--toard Digtinl
Printor

Shora Faea
Procossing and
Reenrding

Shore Fased
Processing and
Facording 2

Parp VYaszal-ta..
Shorc Data Link,
Shore Data FPO"
cessing and
Pacording
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a digital clock i reeuived with this cordidnio systea. The eloek ra ba
Incorporated uithin the Dvents Unit ond elajnoud Vine culyaiicd Lo the
printer in ECD forimab, The basic block aiageam for candidate 1B is shiown

in Figare 4-2,

£.2.3

instzad cif Lorae G, 822 also Pigure 4-2. Here aguin, the Duap Statns
Monitors and the Deaft Sonsing Unit ave nol required abeard the tug touving

AL,

a dunp sccw,

4.2,/ Candidalis 16 o Lorvan A with Cn

Nata Poecording
Since this gystem candidatz does rob utilise op-board dwsp
sersors, it is parhaps ona of the simplset approccheos fov a TM3 which

& LD Wi

A L35 PR Pmae VeV LG -
»8zd cvidonas for Yapa) action on

will nporeally wwoeidn o

0ally providn
license revoeation of violators.

This systen candidate is cunpriscd sieally of two Loran A
autonriatic tracking receivers, an fvenks Uit with digitad clock, and 2
digital paper tape printer. A funciioral block diagrem of this candidate
is given in Figure 4-3. Operational procadures with this system require

the ,captain to "lock-on" to the Lowven A station signals and to activate

-,

the conlrol event sultchas on the ¥veubs Unit at cerbain tinmes., As in
system candidates 14, 1B, and 1B', the printer will rccond data at pre-

specified intecvals and wpon the entecing of Events,

) '
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5o2.5 Candidate ? .. Snhova Raeed Madnre vith On-boszed Radar Noacon «nd
Mion Sensors

[YEPEF AN g S 4

This system candldate utiliuzes a shore baced radar interrogation/
racelver station in cenjunctica with an on-board radar beacown transponder
and dvwp sensor equipmonts to jrovide vessel identity, vessel location
and dunp status data to the rada. station, Since the daia is wade avail-
able at tho shore station, this system docs n&t require an on«board.
rocording system and provides real-time dwap wonitoring, e, a duuping
viclation is detected at the time of its cccurrence, This systcm is
eimilar Lo the ATCEBS (Air Wraffic Control Radar Beacon System) currently
used in the U, 8. for air trafiic control. In pri:ciple, the shore
based radar station transmits an inberrogation signal to the vesszl on-
board radar bencon brangponder which i0 s.

v Lo respoad to the Interrogation

i

signal, Lransmita a eoded vendy olenal bask %o ik igcsiver, The
tiansponder reply codes currently in use'provides two Framing pulses 20,3
microsecondss gpart with 12 information pulscs between thom resulting in
a systen capable of preducing 4056 different coded replics., In addition,

a speclal positioa ideatification (SP1) pulse may be uszd with any of the

4096 ccdss, A much stuplified transpondor reply code would be required

. for presont oczan duaping operaticns. The interrogator code could bs

that prosently wnassigned for civil applicztions and is cowprisad of 2

pulse palrs 25 microsaconds apart.

The data procassing and display centof located at the radar

i

station could bo oither a mamally opsrated ceﬁter which utilizes

|
conventional FPY diuplays or an untematically ?poratad conter ubtilizing
i

!
o
4-25 |
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digital) comuubers and printers, v bhe forear canse, an oporubor woula
view the IPL display of venen) podne rotusas with addibicns) peotinges Lo

identify th;'tr' spoendar renly ccde and asceriain veess?) Joeniion periodically
during the mission, A eoisorea gyston could Be ubilizcd Lo recopd 1he vessel
Jocation at various times foir logal cvidence, ¥With an enboratieslly

operated center, a dizital compuler would pevaih continucus stmfnsc of cach

vessel position, dump stains, cte, 7 subsequently print cub the data at

periodic intervals, Wibth a cowyuxﬂg, a swoaey rocord of 211 vessal dQuie -
ing activity over o given period could r03d11y be providad, Por ersuwple,
for a specified time perlied, the computer can print out vesgel idantity,
|
number of trips made, nwmhcr of violations, date and timz cf cach violation,
)
14

ete, For purposcs of thel present study, it is assvasd a manual conber will
ba utilized. )

m JOURE DU T T LI TN S S I AL, M PP JR
LG Vi UULEC Glag RESF Ry vu‘\la $5intih e COULGLGY TL Vi G0l LIRSV ER P8

]
unit, the events urdt, and the dunp actvabion status ronitors (if necsssa ary

or desirable).

4.2.6 Condidate 3~ Shere Rused BDF Stotions with On-board Trananitter
and Duim Sonsors

P e N Ll R YL b A M e e ADrttss S e A 1 e e Ll et et Y MO s i o i S Yo 4o v

This systen candidate utilizes two shore based RUF statlons to
doternine vessol locutlon from gipgnals transmitted from an on.-toard trans.
mitter. The tranamitied signals are modulated to contain the vesscl dunp
status and Llts identity. The rccelved signals at shore are cenvercted to
digital foraat uslhg a freguaney-to-dlgital convertor, The FDF aiatlons
conaiderad to be located gt tuo ~vallable Goast Guard stationa uolested

on the tasis of gaometrieal nccuruny ccneidoration, s antwsad Lo contain




o

. 3 . .9 L | 2 A N Q.0 Ry 0L [ 3N 2 1P SO - 4
[ an ciphh coedal Adeodtt WL P, Dicestloa ¥inder Syston wbiliziog a radio-

& , gonfometer Lo eslroet veosel bewvcing, This bearing data is rebrancuivied

on & telephons: or radio 1ink bo a conbral processing cealer wicre Lhe
o vessel ddentiby, -duun statos ard boaring dasa are correlated and recorded

on a digital printer,

‘
H
!
i
11
i

Since the processing center will rocaive data from many veasels
. over time periods ranging from 6 to 36 hours depanding on dump nissions

L which may overlap, this systenm will require & digital computer for data

ascortment and correlaticn. In all 1ikelihood an 1/0 mliiplexer will

ba required te huiile received data, The computor also peraits computa-

! tion of vesszal location from the two boarings taken at the selocted RDF

stations ss well as serving as a geroral sbtorage record for an irdividual
duap vessel,

Tha nn--’hparr( d_l_'.;rq? s,n nee salanted for this enndidnts S:,’”’-?“‘ atTs

the dvaft sensing wnit, dimap status monitors (as reeded) and an Events Unit. No
on-toard diglital printer is reQuired; ths data is telemetricd for recording
ashore, uslog wodulation of l.ha saue teanstitter used for wdf.

4.2.% Candidate 4 - Differantial Cicga with On-board Dump Sensors and
Ves seJ/‘hnrv _Tata Iink

Systen candidate 4 is;similar to candidaté 1A except a daéa link-

is provided to transmit dump sfhtus, vessol LOFs and vessel identity to

a shore conter, The digital pr nter and tho roguiremont to insert initial 5

time as utilized in candidate IA ars not recessary, For the sams reosons
; discussed in purogeaph 4.2.6, thia system candidato requires a digital
proceasor and an I/0 multiplexor at ths shore center for data corrvlation,

| conputation and storage.
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In compiring various syshon approsches snd dn raliog seleebod
sysbom cendidibes, an evalualion techvique urze employsd wilch sddeesnan

Ltsclf o thoes aspacts of the sen duop rendhoring sysbom vhich nee

sienificant snd reflent difforences in the syalons erselned, A urifo.m
caprbilily in all sysboag would obuace the Lovel of the evdoailon Lot
th relative cenpuriion weuld 1ewin the woaz, As an eraple, A0 210
gyeboas have the game lopal eﬁfucuiVuncnn, bl overall scove wagplinde
of each systen with leognl effectivenass considaved would ehuage Wb bho
relative positional raling wonld bo the eaes,

Tha avalnalion techulhgue sclisted for the comparative stuldy e
basad on an oveirull score rutlﬁg teeknique foinzad by tha praduct of the

,

subzcore ratings and tho averaét walghted subzeoro raking ef sieafficant
aystem factors., Datails of this rating approach is pecconted in Paregraph
5.1, In order to perfomm an uéprejudiccd evalustion cf candldate syctoms,
it was nacessary to apply normalizatlon of ths input data to the overa)l

1.
score rating technique in accordiances uith the approsch discussad in

Paragraph 5.2

5.1 SYSIEM RATIES MArHOD

The ovorall score (035 ) rating mothod L3 forzad by ceasidering a
nuater of sudseoras (8), S3, 83, ~=81) vhore each subseoru tneludos the
significant ovaduation fuclors }br tha s eondbaring vyol a4, Tn oqua.
tion fora, ths oversll acorc cJu be wviltten: ‘ ¢

(5-1) 08 = {(31 + 32 .- n)/ HQJ R By ~ == Rn!
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Tha adv-oatayge of thié produst rating mothod over othav rating approaches
(for oxanple, mun rating) )es in the cepabliily of elininating a poor
candidate eavly in the cvaluation tharuby psreitting concentrated effort
on the wore promising candldate systoms.

Tha subscorns (Sl, 82, --nsn) are dotsimined by the product of a
veighting facior (W) and sn assescront rating (R) for each significant covaluation

factor. Thus, in gencrel,

(5-2) s, = “1 x “1

The veighting factor {Hi) soaves to wéight the ovaluation factors in
accordnnee with its velative fmporiance to the ovarall systin requirerents.
Cosi effeciivensus, for exarple, which 13 a meoasure of aystan perfociince
relative to 1iic cyclo ecsts is wolgatzd five tinss moro significant in the
werall score reikng Lhwa auicienireiiy.

The evaluation fectors%nsud ia the overall score rating, eatablished
Jeintly by Sporry and tho Distilet Covps of Enginsers, ave as follows:

sl - Rengo of qurago-f 86 - Cost Bffectiveonasa

s2 - Legal Effectivcneé? 87 - Location Agcuracy

83 - Al1 Heathor Capnbiiity 88 - Dosign Yactors
s‘ - Automaticity 89 - Niscsllancous Pasctors
85 - Initaal Cos!, { 80" Hardwarc Availability

[

Thase lactors are dtsc'tgsscd in dotall, fnoluding asaigned veizhting
factors and ratings, in paragraghs $.1.1 throvgn 5.1.10 vhich follov.

-

5-2




o v vd O GOm0

{ = =

L

o Lows Lo R

Ling Lawe

b

5.1.1 Bansy, of Covasuie (5,)

Ths iiacion »equiraraats procenbed An peeagraoh 2.3 e et inhed
ths opcrutional rarye of covernca to fnctulz both ghort songe (10 n, nflas)
for prozent dip opevelions and Yonz rangs (~dgn of the continoatal ohadd)
for future dap opzxeations. Yo concider bul'i range covesuyns roquiie.cats, the
folloulny rating s=calc vas entahliched, I£ tho sysienm candildnlo i enpoble
of orurvating oul to thy contincntal ghelf, a wrily uting Fecler wou
assfpgned, I carslle of opurating bojond thy cortiiont-d shall, Lz ratlig
“as increasci to 1.1 to actnouldadys Snsrecscd syute: cupibllity.,  Peepoviionaioly
lowsr ratinzs ara asadygasdl with daerenuing FANGE €OV . Pallen 5.1

sorarisas Lh: asscssrzab rating ectahliched in erovdance with thy shave

policy.

Tarb ) AU OO0 RO
SYST:¥, CAPABLE OF OPERATIRG
ETRAMGNS NOM: BAING (R))

0 to Granter then 300 M.K. 1.1

0 to 100 M. H. 1.0

0 to 70 N.N. ' 0.9

0 to %0 H.M, 0.7

0 to Precont Dusp Sites : 0.5

Loas Than Present B;r,x;a Sttas 0

The asessmmant welghting for the raczs of cdrcraze factor iz U %sn az unity

so that 8; = J X Ry, !
i
3 :




Iogal Effectivensss (8,)

The legal effectiveness rating of a candidate system is subjective
and is based ov the credibility of the evidence in the courts.

The dunp monitoring gystem is similar in several aspects to auto
speed l&w enfoercenent using rad#r, ;nd cuur§ rulings concerning legality and
accuracy of thoss devices will provide some insight in the assessment of leogal
effectiveness of the candidate dﬁmp ionitoring systems. Based on-
radar court case history, it is gvident that the accursey and relizbility of the
dump monitoring system being Q uew‘ccncept will be challenged in court and
export testimnny atteéting toiits!scientific orinciple, constructioﬁ, operétion'
accuracy and reliability Villébe required.‘ In addition, readings and/or
recordligs of tie dunip monitor%ng system, in ovder to susizin a comvictiosn,

1

will require clear, convincing}and uncquivocal proof of its accuracy either

by test records perroried prioﬁ to and after violation or by multiplicity

of recorded senéor;datu corfeiéted in such a manner as‘to_provide reasonable
- . _ , : _

proof of proper functionirg and opsration of the equipments. A significant

. | :
difforence betwszen the radar speed scnsor system and the dump wmonitoring systea

¢
’

is that in the latter system,coﬁtinual monitoring of vesssl position and dump
status during the dimp mission is provided; with ths radar speed sensor, only
a single piece of data is avail?ble which must stend alons es evidence. With

périodic monitoring aad recordiﬁg of multiple sensors, correlation of the data
package would probably provide éonvincing-evidence of proper functioning

$

and opesration. {
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Ascagsuort ratings ssaigned for the legel cflcetivonass sub-seove
53 o 12
S, is given in Table 5-2, The systum velghting Lector to bz opnlisd is
2 e
taken az unity (S» =: Ry ). Sinca the prinary objeclive of i dwap mniloring
systen is 1o provide evidsnce for tha cnforeemont of dvnping rugulations, the

ratings were stringzontly sct to rele out any candidabte sysiew which would

not generally hold up in court.

TABLE 5.2 THGAL FRYSFOITRESS SURSHON PIRCG

Data Bffastivityr in Couri Rating (R?)
Air Tight Mvays 1.1
Generally will hold up in 1.0

Court but not 2lwsys airtight

Generally not likely to hold 0
up in Ceurt '

5.1.3 A11 Yeather Cavabiliby (53)

The 211 woathor cagability subscove roeflects the capability of
the dump monitoring system to Lullorﬂ in the service envivenuent discussed
in paragraph 2.2.3 The au31gue1 asscssrment ratings ave presanted in Table 5-3

and the weighting factor sblcc'<d for the overall systen candidaie ‘score

is unity (S3 = R3). _ f
TABLE 5-3 ~ ALT, WEATHWR CAPABTLITY RATING

et .. g

™ ‘

¢
i
{
Invact of Voather on Povforma Ratine (Ra)

b
3

Siguificant degradul'on ocaurs only
for weather eonditions whlch do nol exceed,

r 1% of timo ' 1.1
P 2d or time 1.0
4% of tims 0.8

5% of tino 0




| 5.1.4 iutoraticity (S))
' [5 4
1 Th: do agree of autohaulclty of the dump monitoring systen cardidabes 1
? is an important evalustion eritovia factor from scveral standpoints. With ) }
§' a complctoly autowabie system, veasel/barge cres opsrational participation i
»g vould not be required lhercby minimizing improper operation and abuse of system
r} equipment. In additicn, automatic .systens will provide a deterrvent to equipment ;
a tanpering due to valaniliacity of the system by the crev. Finally, an automatic 3
[} system will be nore readily accepted by vessel owners and the captain since
— participation by them would not be required ov would be mininal at wost, thereby 5
i |
li not adding a wur’ bivden on them. The recowmended assescment rating for i
. ) )
[} the Automaticity subscorel i provided in Table 5-4. The assigned weighting :
: factor is chozen to he Lni’v. so iy §) = Ry, ;

'.'.;sL‘ 5-4 __AUTOI-:A'L‘I( 1Y RETING

RS0 iat O
'(‘ ———

H
i

; [:; Dearﬁp of Antvﬁatzgjjx Reving B | 3
; . Fully Autonabie After Pover Tuen-On 1.7 ?
f LJ Requires Gnly Minor Atiention of 1.0 ;
é ; Captain/Crev ut Unsophisticated Lovel

: [;: Bequires b‘"lelCunt Mtention of )

'Captain/Creu and/or Conusidervable Techical
Skill Lavel

P e s 8

—

This subacore 13 included tn sbow sunsitivity, if eny, to
initial cost or to rulo o?t any systein whose initial cost is above a tolerable

anount, (e.g., a budget linit), By pgreemont with N.Y.D.C.E,, Rg = S5 = 1.0

S o
H H

for all DS ecandidates,

r\_—-.

N
[
o

—
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e conb elrectivonoss subscore 1s a mansare of sysbea elilective

nees in deterring duproper dunping relative to

RS

in this study, it is defined.as the nermalincd quotiont of bha ueighted

relative value of perfovimance eff

cebiveness of a candidate divided by the

<

5 year cost of owaership for the crmdicate, HMathen atically, tho cost
effectivoncss factor cen bo writbén:
(5-3) ' = V.. Jc  viere,

H! = Cost effectiveness fachor,

C5 is the cost of systeoa ouncrship for a § year period and

V]»J.ﬁg = the welighited relative value of perfomwnce offectbivonass
By " .

3 . T e, O KX KR
The pavforzsuce affectivencos mommure, V.o, ., 18 rolaiod io the

PR L DR o | e ] 1 | . I TP K] s - L L O ST X
P ~ .« e S e Al nane ~ -s - - ] 3 ] o .,
PECLOIREACS SNl SPOTOLLOni., SANTATUITAD tion of subayeleng oo BRI RCNA LN the

'S candidate and is defined by the follcuing equaticns:

40 Ving = Uiy Vel Tl ¥ Moy ) wheves
: i o
UDD JL + IR UDR + Y

Hd
I

D = Probability of Detecting Occurrence of a Dump

PL = Probahility of Localing Vessel to within Spocified Accuvacy

-]
i

R = Probahility of Correct Recording of Diwn Information

PDR = Prolnwility of jdentilying Suproper dumps during noriaal
data rvoview ‘

PE = Probability of Effcetive Ut J.'m Lien of Data, and,

Vpps Wys Wy Wpp, ond Wi ave wed g?u.iué factors reflocting the

"u

vorth of each subsyvben in detorring illogal du: aping.
: 4
[

.

5.7 ;

.
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5 vas based on a
sahjociive evalisiion ol systza warthasouuing loas ol ocuch sabsysiuin
coreidired sepereately, TP it io assunnd, for exwmple, thal a recording

subsysiayn vsed {or a guu-ruha exndidate is not CLunctioning, its loss

as

is woce slgaificant thon eny Joss of the dund detectlion subsysbar since

"!

vithoult the rcecordiag subsysten, no sueveillence is poasible, whercas
vithout the deleclion subsysben, some moasuare of dump suvveillance is

provided with recorded vessel location and time.

Using the above rabionale, the follouving weighling factors were

D) Detbection Woighting ~ wDD =2
J , )
Lecation Accuracy Weighting - H. =4

Reoonding W

S

Neba Raview Yedichis '.;r: - U =1
TemmTie L -
Effectivity Heighting - WE =1

The probability of detecting the occurrcace of a dunp is a func-

tion off the specific duup detection & pproach used as Uell as the type,

4
i

nunber and arrasgaacnt of \m"o"v providad, Thus, the probability of

duinp detection vaing on-ho. :rd wensors ronitoring vessel draft, dump controls

l
and dunp achivity, may be expoeted to @iffer from ean am)roach only sensing

draft. In eddition, for a specified system aporoach, alternative avrange-
ments of sonsors are fasible '(*)-wlllel redurdoncy, secigl. configuration,
standlby redondant co;«.:{‘;?.gut‘.‘ativ:ms , otel) so that the probability of dwsp

deteetion, Py is detorained b;,r.‘ the syeten cundidate spociflics.

i
l

53
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fhe probaniiity of Jocating Uhe vessel to uithin Lo acouracy
spoeified for the systen ds vwitilised in the sysben zffectivonsss medel.,
PI deponds vpon the accurscy of the localion gyobom used and its opara-

1]

. tional state (oporaling capubility). fWhe operatiocnal shalz will depend
- on the reliability of the Jowvubing syuten equipnants, the aveilsbility of
)
these couipienbs at the btime the dw vessel leaves deock, and the opera-
tional gbatus of the cauirwent, Kaowledge of the vessel track is cons
sidercd to be shoul two L-_v-'* more imporbent thun seusing oscurrence of
a dump and thus s given a wvelative velght of 4. 9
precerved in scooe Porm for data processing.

The probability ol eorrebt tranpmizsion aud prescyvacion of dunp inforna-

\
,
i

{

e

WO

lofined by PR in the gystom effechiveness nudel. I should ba

c:'-
<.
[o]
=
()

ty depends nol only on tha wniaue features of the

-

‘
¢
4.
-

‘

- candidate sysbes approa ch such as vhethor the data 1s rocordsd sboard the

J vesgel ov daba linked tof a shore station tut aleo whelhor a self-propelled
{

9

. I, . . .
dunmping vessel or a toued dumper (dvedge ov scow) is baing considercd.

i i

i
4
v
‘
P
!
M
i

.,

- The probability .of correct data roview, Pm, reficcts the probability

of identifying inpeoper d';:::np; given rccorded dump i aformabion. This prob-

ability depends on the melhed nsed in deba reacording and the degree to which
L autonatic daba proccssinrg ean bs utilired.

The remaining i"r'tm ) PF’ is 2 meamure of tho ciedihilily of tho

innbituted as a conse~

quance of this informabion, Tha gyaten will mot To offective 1L elthor the

procassed fntuenition and tho ponally proccdurss

'
proceaued information has ro legal velidity ov iF 5t is never us sed to indiet

v
)
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and prosceute on offender. fThe legal eifectivitiy will depend, to a
cormplderable cxboat, on the systen appresch used, vhorosy indictmomt
end proscevtion of a violator will be influcnced by the menipvlation

end prescatation of the data. M inporbmt consideration here is the

validation of cwwp mizzion data by the capbain, Icgal effectivity and

prosecution is considerably cnhanced if the recorded data validated by
the vesssl eaplain is urderstosd by him. In addition, the deterrent
effzet of o systom reguiving captain validation is basicved o ba

formidable.

Wile the perfoinance effectivencss criteria established in
. . . y . .
this section prevides a feasonable system engineering apprecach for

evaluation of a system esndidute, several sigulficant factors are not
)

DIV R T I LN {r LT I T UFURIY SRR S [ R .
reflaclad In cguaiion (54} Tuo of Whe sijur fucboss ave vindng and

nission events., With thdse factors a chronological time history of the

duicp mission is providediwbich, even in the absciee of other data, serves
as a deterrent and can b% utilized £o provide some reasure of assurance
that the dump vessel did properly perform the mission, In addition, the
timer is impertant in theioverall systein design since print commands to
the printer ave generated by the timer ia soveral of the candidate systems.
In ths‘perfofmancc effectlvcuosé analysis, it will ba assunied that both
tluing and wission overts are provided for all systow candidates and that
theso factors will not cimnge the relative ranking of tho candidates and

accordingly can bo omitted frow the analysis,
1

5-10
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g The cost of ounership, 05, in cquation {5-3) iz the Jife cyele

e

cost for a single systenr over a five yesr poriod based on an initial buy

f%‘ of 50 systems. The 1lifz cyels cost is conprised of the Foll .
L

| 0 Acquisition Gosts

4]

a}J' . 0 Costs for Spares

e

o Installation Costs ¢
0 Operating Costs
o Maintepance Costs
Gencration of systein cundidate life cycle costs including

L} stated assumpblions and compubing procedures aye prosented in Saction 9,0,

{J The subecore for the cost effoetiveress eriteria is deternined
: using an asseesuent walighting faelor of five (3y = 5R5) and a ruting (R5)
‘z} from %ero 10 1.1 as calculated usicy the fullowing Tulle 5-5,
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Inble 5-5

Cousi Effcctlvc?css Factor
N X102

L » dmaboces o arm. g

Above 1,0
0.8 to 1.0
0.6 to 0,8

0.2 to 0.6
Undex 0,2

5.1.7 Aconeacy (89)

The accuracy subzeere Is basad on the weighted average of sub-

scores for the accuracy of measuring vessel lccation, Vessel location

scenracy is consider:d on the basls of range to licenzed dump areas from

Anbros2 ILighthouse, For present dump cporations, a vange of 10 n.m. is

applicable, wicreas future dwaping regulations may extend dump areas to
]

as far as 150 n.m,  The ossigaed accuracy rating is presented in Table

5-6. A unity subweighting factor is applied to the location accuracy

rating, so that 8 = Re.

TABLE 5-6__ LOCGATIOH ACCURACY

Error in Mrasuring
Do Loenting

Urder 0.35 n.m,
0.35 to 0.55 n.n,
0.55 to 0.7 n.m,
0.7 to 1 n.n,
Over 1 n.m,

512
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Rating R,
d.l
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. ;sub:-;c?r;u is basad on the '.."'.:..{ij‘.'.:',!;vl naaimr o

wep oy
ratings assignad to dosign factors ot rated elsmhurs b aach off vhich
Y3)

is sigaificsnt fres an oversll assesement of aystom worlh, "azad Jauiga

factors, with assizned sutweight, are presented in Table 3-7.
TABLE 5-7  DASIGH FLGTOR SURLALGHINY: .

Pactor ' Sutainient, Wy

L5,

Reliubility
N*i“tﬁinubtljtl

Welent and Sivze

W

Poucr Poquirenents

Kari-up Reculrencats 1
Jervice Buvironuent Gaprbility 2
'
4
1

Ausigned ratings for the dasign factors are preconted im Table $-8.
‘ ;

Tho ‘ovsrall raling is comput.od; froa the exprossion:

by
(5"5) R8 2] -'-':Q_&L ;.
4_‘.& t

o g e PTG ¥7

: . \
vhero tho subscript { dunotes each deslyn factor consldsred,
The wolghting factor calected fov thu dnsign faclors uecre is 'ﬁkcn ae
2, oo that Sy = 2 R;. , ! .

PR

-
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TS 5.2 PO RIOIGY wTing

Faubor,

Relinbi lily, HIBF, HAS

R

Over 500 1.1

00 to 5700 1.0

300 to 400 0.8 ]
150 to 300 0.6

Undor 150 0

Mainbalnabllity, VTR, HRS

Under 1.0
) 1.0 to 1.5
- 1.5 t0 2,0
|l 2.0 L0 2.5
-~ ‘ 2.5 to 4.0
» Ovor 4.0

Height aud 850 (on-Lonrd oquip,)
¥

L Cn:.e--mi. pertable 3.1
Two man v noods Jdolly 1.0
Rocds deane, cte, 9.5

Pouar Requircoonts

. o apebial poer raguived 1.0
Raquirgs pousy not nosaally
abourd dunp veurals 0.3

Unm-»ﬁp Rouiresaata, Hinntes

Undor 2 1.1
210 . 1.c
10 to 30 0.9
0.7
0.2

0 te €0
Oyoe (O

r'—“

Suevies Favlerommand Capabllity
(rocd for special enternal provicions
{ to paat sorvice conditions)

—

Hona reguired o 1.1

' Cnaly »idor ard sdasily acermardated 1.9
l Sigatfieant bt ruaidlly seceiscdated 0.7
. Bxtendvs : 0.3

g o by, ¥ o
¢ ki PR
oo A58

1o p—
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5.1.9  Yirzdergers Metens (8)

Ths Mizeollaneous Pactorg roliocere S0 b consldorod Ta thay sridng
critoria covpreivs donlreble foalnres whieh ¢ tunea yab- warth Ll &) nob
velato directly to syster performmace, cost, ap the fa’uiunr ensidered

in ths dealgn facbors, Thoco wlonclloncens Dasbors, ol wbbh aasiread

vubuelghting, are glven in Tabls 5.9,

TRULE ) | IS TS HIGHOS

Cn sy vrmeced v oaw v amem o I

Factor Situnizhlline, Uy
Ssiaty Fualuras 2
Lntarciinnzoohli ity 5
Instailation Flexihilivy 2

Tampar FProof 10
Grouth Gapability, Rangs

Grovth Capabllity, tlav Ad
Cruuth Copability, Aemiracy

Treintng Roquired

(W - )

Value as a Debevrr;xnt

Awicm:! pablege (o iy slacod)angie frelare wbacsig are
providad Lo Table 5-00, The eubusern veighiidy ju takon ex § (392 § Pg),
The overall wbmcnm f8 cooputed pnfrz ewntivg (5.5),

(56) Bg= - 1&;» o, .

e e




TABLE 6-10_ MISCELLAHEQUS PACTOR RATINGS

Factor Rating Ry :
Safety Features 7
Inherent and complete

1.1
Noimal-requires some additional 1.0
Requires special additional 0.9

0.5
o

Requires extensive/special addl,
Considered very unsafe

Interchanﬂeability . .

PRI T %)

DMS and umts coupletely 1
Only similarly marked units completely 1
Only by selection 0.
None 0

] Inatallation F'J;exi bility

‘Usable on all vessels wilh only minor
vessel preparation - 1.1

Cnly minor vessel praparation, but minor
custonizing needed to make LifS usable

on all vessels 1.0
Hequires sigpnificaui vessel prepura-
tion and/or customizing 0.8
Requires extensive vessel prepalation
andfor customizmg . 0.4
Tamper Proof !
Inherently tamper proof 1.1

Reasonably tuaper proof and requires
only minor- additiuvns to be acceptable 1.0
Only moderately tamper proof btut if

" manipulated is readily apparant .. ~ 0.8 .
Is easily manipulated and not readily
apparant . 0

| l '
g . Growth Capability, Range
! Growth Capability, Nav Aia '

Signilicant efuipront mod required
Not poasible

1. Growth Gapab:lliti, Accuracy
3 ' ,’ .
L. Provided with‘uno addl, equipment 1.1
3 ! Only minor equipnent mod required 1.0
: 0.5
0

-

[ B
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5.1,10

TAMLE 5:00  MISCALLARNOUS MAGLOR RATLIGS
(Contimwed)
Factor : Rating Ry

Training cequired (for corrcet
operstion), hrs,

Under 3.5 1.1
1.5 to 4.0 1,0
4.0 to 8 « 0.9
8 to 15 0.3
16 4o 40 0.5
Over 40 0o
Value as a Deterrent (parcentage of
trips estimated that it keens captain
“houest™ because he knows he is being
monitored) :
Over 703 1.1
507 to 0% 1.0
30% to 509 0.8
Under 30% 0

1
[}
1

Harduare Availability (S)0)

!
- The hardware availability subscore is based on an assigned

3
veighting of wnity (8} = Rjp) and ratings specified in Table 5-11.,

1

TARLE 5-11 i BARDUARST AVATTARILITY RATING

Status of ﬂgjoruUnits Rating ‘Rlo
Off-the-Shelf, ho mods required .1
Off’-the-Shelf, @nly minor meds or 1.0
developrent nocded (up to 10% of cost)
Off-tha.-Shelf, signtficant mods 0.9
roquired (10 to: 20% of cost)

|
Major nods or major duvaelopmnent 0
requirsd .z

{

|

5.7 i




5.2 BYALUATTON YRNCSUILE
In ordcr bo porfori the cvalualion of DS candidates, it vas

necéssary to consider inputs frow scveral sources. These include:

0 Ficld data and operabicnal experience

o Equipnment pevformance characteristics

0 Analytical investigations

o Experience with similar equipment
Since the ovarall evalunation secks to compare DMS candid;tes differing
significantly in systen approaches uwced, it is iuportant to assure that
the data used for evaluaﬁion is normalized to the sawe base. Thus, vhile
field data may be availaé}e for certain equiprents pressntly cperational,
it cannot te used directlb in a comparison with a systen where only .
meager or no data is avaigahle. To achicve data norwalization, the fol--

loving procodurs was uzsd,

o e Wt e TAS

In the three kef areas oflperformance, cost and equipmnent reliability,

the input data was dcvelo%ed by a singic speelalist, Data was assembled
from the abovo sources which was then rcduczd to a cammon base for all
candidates. The eqpipmentiperfbrmunca characteristics was obtained from
a ccnbination of analytieal investigutions and published information.
Equipmont reliability ostimites were dovoloped by combining fiold data,
spocification figures and cemparison with similar equipmenfs. ¥hocro
subscore r&tiuga involved subject.ve evaluation, the rating was establiched
soparately by move than oﬁa enginooer and later copared to cotain a singlo
evaluation, Saction 10.0'pmsont.s A ewnry of the lndividual subacore
and total ecoro for tho DS candidato. Also described is the rationsle
end ecopudaticnnl resulls loading to tha ratings which aiv tasad on

estluntal valuzs and analytieal yooults progonted in Saotions‘G.O thru 9.0,

5-1&
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B Sisag 5,0

CADVANINLAA SN At A ey
VEIR)OMCH, STAV

' 6.1 TOCNFIO AOGURALY 4

The vessel Iocabion snbsyuters uvilized in the seloeted gysien
A - candidates inelulos
<
»  Differcntiuld. Omega
.
o Loven C
. Lovan A
. Shors Based RDF With Co-hoerd Transaitior
' !
-J . Shove Baccd Radar with Oa-boord Redar Bsscon
) Ll
J" The fivst three vesse) locabing cubzysbtors see hypeshalie radio ravigation
systams wherans Uha verslaing o subspatuns ars oo baevlsy radio end radar
f / - : R TP T
}j 4 ranges eneliy D1 sysloms, stoptebivedlys  The decvanoy of vaonssl lecablon

i}

for those subsysiors was dn Lerm' cd wsing the epplieable rmathematieal
. technigques cutlined in ﬁpw.’.m A, In this report, tha accuincy of the
vessol location subuyebon ia t:_*.!\'m as the radial eircular crrse (radivs of
uncertainty) in vhich 959 of tha fixes will fall. Conversely, givea the

systen leeation eecurvacy r«xuhm ut, tho prabability of losating tha vesnol

to withiln a apeeifiod clrendsr -'v"crm‘ (radial orrov) ray bo dcatmjntned. The

i J . lattarv peoblen uvad by eonsllore? for tho cant offrntizaracs rating scora,

L]
6,11 Difforentind Gmin .l;é-‘:'z*'- Loy femnoy '

L—

Tas tecurany of L1 wadvy Foparbsdie »rdls pavigatiaan gyateam

.

f ! fncledloy DLIferantisl Oogn, L1 o furetlon o7 R cocvaosy In tho ,
: !
; woasevan b of Lhka hyoabode Tinas of pucitiun (FOF) ard thr cveustryg arglea. 3

- The accuruay of Lho [0, fuo. te Sfeaatind Cooga fn faflueennd by o yuave

~

[ JCYRT. I Y . . HaPT - . . % e e
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Fov day bine rad nigint ting coverage,
¢ (] (s
For corpacetive purposes, ceaveational Owega oviors are also shoun

in the table,

DIFFERENTIAT, OMECA AND OMEGA
TARLE &1 LT -OF-FOSLLAI0H ACCURACTYS (1:7 )

LSS s SP RSP

DAY - NYGHL

Di{ferential Oanga C.25 n,m, . 0,5 n.m,
Oni:zga 1 n.n, 2 n,m,

s L) U .
In tha lew Youl Bight evea, the crosuirg engles of Cmoga are on the order

\

of 64,5 &rzivuns with mixv.%' varialbilong (ﬂnpvo:xir..zuelv + 1°) at rasges Trom O

to 10 n..w, fon Arbrose 'L git,  The §67 probability f£ix ezn be conputed
1

7 of Sppendix A assawduy that the JOP ecvors ove

s

divaiatly foon camubisn

l!v.
ecrreelated by a {actor, Ky, = 1/2. Table 6-2 surrezclses the 959 protobility

elrculzr evrov for both {ha Differeatial Crega cad coiventionnl Citsga systons

sing tha above data end '-j.s appliccble for toth the 10 a.n. and 100 n.n,

i

ronges, ;

b

TR 6.2 DikrTEVCYAL U5 AED 07N 952 RATE Y, EAVOR

it AT E’: gi’ht
M.LLo cantial Oniea ~69 oo 135 pom,

Oizncn 2,77 nem, 5:55 n.m,

; Tha elietlse oreor proahilitlas vor 3/4, 1/2, 1, and 5 a.m. location

:

aceurry’ s foir e spuinled 17 IOP orrors vers enlaulalsd in accordance
. elth o weseatig oul?led fn apzondis Al and A2, & sunsary of results
; ard £lven n Tabls 6.3,
L
{
; . 6.2




TABIMG 6.3  PROAMBINIDY O Vs 3:'f EOLA IO RRiOR

OSENG (e S
Maxinun

Radial Differeatial Ouopa Qizza
Jeror, Ny, Tt Doyt Miaht

0.25 n,m, 40% 13.45 3.74% 1.1%
0.5 n.m, 819 405 13.4% 3.7
1.0 n,m, 294 ‘1% 4,07 407
5.0 n,m, 1057 100} Y. 95 %5

6.1.2  LORHIC JOGIION A0GURA0Y |

The aeevirey of Taver € hpnoerbalie Jines of conctany 110 dlftersnca
is tyofeally oo the ovder of 0,0 rigrizoeoad duedry doyiiy)
poan i dh canon o vlinea anceadd s Mot Lo s anyeanen

-~
R e Y P D e 4 oll-U-AU-.A' Ve

~ L. TAD
o .

rioe to 0,17 microseconds, | In the New York Bight

area, ths Eost usablo Ioven € chatn (Mive-Grecn) wve Duna Air Foree Dise

and Nantucket (Slaves) and Cups Fene, North Corclian (Mister Stotlon), At

& 100 n.n. clrele frem Acbross Light, the crosaing sn;les ave rocgonably
couataab ab epproclionbaly 80 dogroon,  To doteering tha vessol Jecation acenvacy
in nautical wiles, tha I0P ti=o diflovenes 1.7 ervors »ust bo can\nn,-tcd to
distonce wiror fn nadtle2l riles at tho voseol dogatdon,  Teblu G-/ presenls

& swrrrry of tha eoapitaticral resull. tn @ctarelntag tho 956 cticulae

probebly ervor at a Mumedfin of asgulae pauiiian = tha 200 n.n. glrele assuedag
esqual JOP tha @ifrarvenes ercaes ol 0,1 20 pee md A comrelnilan thator of 1/2,
The redial secuvtay for 94, praitbiiity v dota tnad an downniled dn

Appsadiz. A-2, |

[ 4]
w




True

Pegring

750

900
105°
1500
1350
1600
1650
1800

TADTY 6.4  LORAN C 954 RADIAT, ELROR FOR DAYTTHME OPFRATION

AT 100 n.m, RANGH

Green Line

Bluz Line

958 Radlel Frror Clpuves givon in Table 6-4 by the ratio {0,

at any petnt alosz the 10 n.m. clivecle.

—r = n

R Teery

IOP 1¢” Error in .M.

0.

Loran C errors are less than 0,25 n.m. 100X of tha tims.

17) = 1,7,
1 .

At the 10 n.m, elrcular range froa Aabrose Light, tho 95% radial error is

Speeing in Spacing for 0.1t sec. 95% Padial :
angde (der), poie o dnmem. . Green  Ble. . Furor innam.
18.8 7 .0183 0085 .039
18 16.7 .018 008, .039
€3.5 18 16,7 : .018 .0084 .04
65.5 17.7 15.7 L0177 .0079 .04
63.5 17.5 15,7 L0175 007 040
16,2 16 .62 .0008 .040
15.8 16 .0158 .008 .039
5 15.1 16 0152 .008 .034
Hight-tine accuracy at 100 n.m, can be detormired by multiplylng the

0.035 n.m. for duyllyht operatisn and 0.06 n.1:, for night-time coverago
It 1o apparont that the probable




o

Line-of--Posibion

of magnitude vourse than Ioran G, For deytive
difference ervor is epprouximitely 1,7 see cad fow o

Increaze en additilonal mlerosceond,

vecurveles fore Locan A crs, i general, fa order
covevgae, bha 177 I0P tine

.
ipht Lhems eovoroge ey

The erosning cxgle of Toran A in the

R.Y. Bight is gorowhat woruse than Jovoan C varylng betvecn 30 to 70 deprees

depending on the vesse

Table 6-~5 suncerizes the

e,
1 location withia the 100 nan,

8545 probability vajuz of vealal crror fov tha above

1+ LOP tire ditfecence ercors £or boih 10 nuon, a2l 100 n.p, pénge clveles

froa Ambrose at sclecued angalav Jocabions slong the elrcles,

TABLE 6-5 LORMI-A G55

e T I TN R P e A T L e

10 1L, RAIGH

@ e e s A e e b

Couinlig
True Angle

759 32 0.36

900 32 0.33
105¢ 40 0.31
120° i4 0.29
1359 /8.3 0.8
150° 52.5 0,27
1(,r° 58 0.26
180° 62 0.25

For /4, 3/2, 1 end 5 am vossal loecting accurecles, iha poccent prebrbilitics

RADTAL BRUOR ¥

o Rediad Brvor in
Bearing  (Dar: vo‘ﬂs) LPagt L‘lm RS 'ht Tiy

CRODAPIS 2700 AMLONTRINE ORHIA L0
(AT 104D 160 1., RATS

B emcire s rmm s mema. 4+ som s oh mrmomr s e omen @

I B GO LM, BN CIOIY
Conzalon

0.72 23.5 0.45 0.%0
0.65 23 0.39 0.73
0.52 . 34 0.34 0.63
0.58 10,8 0.33 0.66
0.56 49 0,32 0.6/
0.5 56.2 0.33 0.46
0.52 67 0.35 0.70
0050 - - OA'I'O

of flx for tho azsuncd 1 IOP crroes for Faovan-A uers ecaleulated &n a kaamor

einllarly uwsed for Ormaga.

A rumnnvy of the rocvlta is presentod in Tuhls 6.6,

i

.

A
)

range from Asbrose Light,

.P..Mv] Ecroe i nm_
. liigh hra

-




TAREA 66 FROBA3ILTIY OF VESSES JL2XNICH BPROR USING LOMu: A%

Maxinwm :
Radial . Day Timo Night Tine

Foror Operation Opgration .
0.25 n.m, 893 52%
0,50 n.m, 99.9% _ - 90%

1.0 n.m, 100% . . 99.9%
5,0 n.m, 100% 10072

#Applicable for both 10 n.m, end 100 n.n. rangoes.

6.1,4 Sl0RE 3ASTY m ICCATION. ACGURACK

Tho acevrecy ol £3x uging iwo shore bazed Radio Direotion Finder
)

stations dopends on tha 1-311:_»;0 froa the shers stations to t.’:a. vessal, the

gooratric lecellon of tho fRDZ-‘ stations and the cccuracy to which ench RDF

‘statlon can msasure beaving, Tho bawving ascuvacy of a culibwated RE¥

ingbrumant after f;uitabla’cm‘rsctiotm generally doos not excced + 19 with
corrcctions, . ' Mditional errors arise, howaver,
dus to phass intovieruice "‘:.cl‘roctﬂ, polarimb!.on errors, lateval deviation due
to ionosghorie layer ttlt.,é_ und site fvregulariting, In modavn RUF systews,
total bosring orrvor porerelly docs not excced 2° and thoveforo tho A f'stendard
doeviation in baneing rey Lo ossuvrcd to bo e tha ordev of 1°. |

Using tho a;{;z-oé.c!; cutlinad in Appordix A-1 and tha resalts tabtulated
in Tablo A-1, veisol locetion accurecy at 10 mils and 1CO eile rangen were
conputad &y 15° fnovenzats along the range cireles (0° ooircaponds to the trwo
N-3 Mina fru Adbeeso Tght) nsnualv;g ony RI? station located et Fire [sland
CG Station, I.I, and tio other at Boleaxa C3 Station in Now Jorsey. A sumary
of the vadial cvror in nsutical xiloa ia givan i Tablo 6.7,
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N i . ” a6 {g .‘vw
True idiad Prror Radiel Fevor
Beaving S0 nen, Mo 30D ror. _Raaen

90° Aok 14,5
105° 2.4 2.8
120? 2.} 13.2
135° 1.7 | 14.1
150° 1.6 13.7
265 1.7 12.8

Patlo 6.5 pres un*u the poreead probedilitics foo VA4, /2, L ud % au,

gaziriia yadinl orroes st tha 10 aad 1) nom, wanesnr,

o

FALILE 6.8 PPISGILIRY OF WEReod, (OOATIS RRLOD USTIG END

Maxirua
Radial % Protabitity S Protability
Frxov. ., Far 20 non. Paprn For 10 nn, Pavpg
0.25 n.un, 25 2
0.5 n.n, & 5
)l n.n, 95 1o
* S n.u. 160 €0
625  Frare Fooad Pt b thon foetaay
The accurney of Fis wztar g (toea brzed tad r et wea-2) bascon
ta 2 Qrntion ol sat ~ih br-s slnbhy, el pales t§= atian npl Linier jittep,
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apecteire,  For wn Z-buad cadur, bhe aslimabh bean widih vacles from 3°
' for a 27% pradar antopra to 5° for an 13" entenrna. Por this stuly, an
avdimth bomn widsh of 3% is asswacd eo that the 157 bearing accuracy is
i ‘ under 1 degrec, Ranga accuvacy, aszuming a pules duration of 2/'.', sec., ,
is on tha order of 1,000 feat, 1.° ., With these tearing and range
accuraclos, vessol lecation accuvacy is detecoined following the appreach .

cutlined In Appoislix A3, It 18 asovacd tha shora based radar is located

PP——— rn— 4

at Axbross 1light at an assarecd antennn heizht of 100 foot and tho voucel

e

beacan hofght ic 25 feat., For thaase conditions, the maxiw oparating

rangs is u_,gmro:cfmﬁelj 18 n.», long mngs surveillsroa of dwaping vos-
]
prls 13 nol [oasidla, oven for a radur atop tha tall Yorld Trade Contor

(3,225 r1.); the panimue renge la only about 42 n.a,

The 756 Preinbilily fadial cvror for a 10 n.n, range fros fmbroco

[ ' Mgob s companded o e 0.4 R, ;
l f Table 6.9 shuws ths porcent protability corrospondirg to 1/4, |

1/2, 1 ard 5 n.n. maxiwen rad’il mrrors ut 10 a.n. avd 100 n.w. vanges.

M

DO 6.2 PEINDILINY O VESST, TOSAYION USIIG PATMR

3
Yaxianmg % Probability fo. £ Probability for
Badind Rigos . -0 N0, Banes 100 v.m, Ryngm

1/A n.m, 62.5 0 '
1/2 a.n, oR,7 n :
1 ll.!. * ! m . \n
5 noa ) 0 ' 0

6.2 PRAGHILIYT OF Dt DPTORTION
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The probability of dumd detection required for the performance effective-
ness analysis discusuod in Section 10,2 is based on the single sensor

probability of detection and a worbh factor which reflects the probability

of ,any ono of tha approaches making a positive dusp identification, Thus,

thé events unit switch would have a lower worth factor than the other

sengors since it is nct a positivg indication of dwgp, In the subsequent
discussion, Worth Factors'of 0.95,‘0.55, O.SQ and 0,80, respectively, vere
easuncd for ﬁha.Draft Sensof, the E?ents Unif,‘the Actuator Switch and the
Door/Valve sensor.

The probability of dump detection is calculated using the equation
for parallel redundéncyf Thus,

7 Y NSO v \

(6-1) Ppp= 1 - (1-KiPi;1-K2 P2 { 1-K3 P3..1-Ki Pij , vhere
Ki is ths worth factor associated with the “ndividual sensor probability

+opdd as MatbT o £ 1Y cpmem el PR N W E B )
asisguiin, Pi, jo¥ : i Wil ;i

- - [T A A T . R I S
Parmias ! H SIS mas U BT e e 84 T b 55t e ey
SR WLY VWAL LUHRLGRA LoD WS pAvA Viidvy Vi 'uumx) UL v LAV

for various zombinations of dump sensors for both the é-hour and 26-hour

dump missions calculated using equation (6-1).

TAELZ 6-11  PROBABILITY OF DUMP DETEGTION, Ppp

Purn_Subsvstem Pon for 6 Hr, Miasicen Ppp_for 36 Hr, Mission
Draft Ssnsor, DR .92940 . 2
Events Unlt Suitch, FU ,2£337 .gﬁggg
Actuator Suitches, A . 79995 799N
Door/Valve Sansors, D/V .79995, . 199N
EU + DR 97723 97218
Eu + A ogm, : ' 0%931"
EU + DAV 90997 9098/,
D+ A 98988 98927
DR + D, 98988 : .98927
A +D/V 94998 | 95933
EU + DR+ A «S$9544,. 99443
EU + DR + DIV . 99544, 99443
A + DR+ D/V 99798 | - . 99785
A+ DR+ B/V + EU 99909 ) .9988

Y
]
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6.3 FACORDIIIG

Monitoring of vessel loecation and the cccurrence of duip asg
previously indicuted may be perfonted elther aboard the vesse) using a
digital printer, puanched paper tape or magnatic tape or by a telemctry
1ink to a shore processing center with suitable equijpsent for data proces-
sing, assimilation, and recording/storage, In the ecaso of sysbem candidates
utilizing a shove based vescel locating subaystom, it is decslrable to
telencter dump detoction signals and othzr vessal inforaatlon to the
shore center for corrclation with the vessel locabtion measuremsnts obtained
at shore thereby providing real-tine ocean durping suvvelllsnze, Sysiem
candidates 2, 3, and 4 are exsaples of the veal-time monitoring and
survaillance systenm approach.

Houever, hhlé approceh genorally {nvolves camplex and costly
equipnents. Vassel on~boérd recording, albthcugh simpler and less costly,
is linited to post«occurr%pce surveillancs and requires the ezplain, upon
return frem a duinp missio&# to remove the rccorded data end either via
courier or mail send it tééa processing center, Detormination of the
probability of obtaining a'good recording of data tharafore depends on the
approach used for each candidata. Furthor, for syctem candidates utili-
wing dump sensors abcard a touved bargs, with sn additionad. recorder,
ths relisbility of the rocorder must be factored in tha probability
figure.

The probability of obtuining a good recording of data for the

solectod system candidated is based on the oquation

(6-2) Pp = (Rp) (Pos)
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Whor2 Rp is the reliabillty of the data transaission and
recordev subuysten durlng the dump missions, and
Pos is the probability that the data transmission and

recorder sybsystom is functionally opersting,

The reliability estiiatass for the transaiasion and recorder
subsysterns (Bp) utilized by the system candidates vero tused on the oquip-
ment failure rates ard wera computed using an casumed exponential failure
distrituation, Both ths 6-houe (10 n.m. range) and 36-hour (100 n.m., range)
dwap smicston Linss ware considarod,

Ths protability that the cubsystem §s. functionally oporating
(Pos) involves soveral eonslderations, In the case of & long-range
telenetey Mla% froa the vossal te tha szhore, claciriesl disturtances
cauand by Lishitning durlng thunderstorns at tiecs vould ecuuse the link to
bo unrcliable, Péliabtlit;f of data lirk tramimission is dep:ndent on the
timo of duy, weather coalditions, season, gsographic loeation, and data
link frequency. In the lew York Eight avea, tha noan nuaber of days for
thunderstom activity is 18 (Baf, Tbla B-) of Biviiography). If it is aspused
that the thundevstorn in the vieinity of the fuw York Bight lasta ovon
for an 8 hour timo peried ducing which tima noise provents roliabla date
transalacion to choro, than Pos = 0.98, which has only a smali impact,

Yoir tha system candidaios utilizing én-bogrd rocording, the
probabi ity of suecoasaful mordtoring deponds cﬁ tha data being rocelived
by H.X.D.C.K, TF *hy gouriar or the Post Offi;!l! loses the rocorded data,

- monttorirg fa no. chnaidared succoasful. JU vill bs assuaed that lost

i
data vill oueur no sorm then one tiro in 1,000: for which Pus © 0.9,

]
&
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= In eandidate syusto s involving a telephons llnk froa rarobn shora statiops
i: to a contrul proccusing conler, the probability Lhat the link fa fuace

.- tionally oporating is eslinated to by at leaut 0.9999.

{

]

Table 6-12 progents the cstimsted vaduas of the prebability of

transmiesion end woaltoring foir the systenm eandidetes using equition (6-2),

S

TADLE 6-12  PROBASILIYY OF OMPATNILG A GODD WECORDIMG O
| DATE, Py

—— . P s ., — e — B R I L T P YY)

e k= L

Prlinbility, Ry Probability of  Probubidity of esviieg, P
Systom b iir, 6T, Pmetional 6 He. 36 Mv,
. Guodidate  kisston  Hisston  Opewation, oz Hisulen  Migslen
-} 1A 591 947 0.9 ) 947
J’ 13 99 A7 0.959 97 SAT
. ¢ .99, 964 0.999 99 964
| 2 964 L1787 0.93 <945 L1122 ;_
. R ) 885 0.93 962 853
o 4 982 859 0.98 963 A7

)| SR
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S¥CEICH 7.0

3 RELIABILITY ALALYSIS

[t

5

F" 7.1 CFUERAT,

v Reliability is an ipportant considzration in the cvaluation of g
L’ candidate systeas for the D !-‘nnitorin; Systam, A asystam which ray havo S
.. eccellent perforince enpebvility and rank high in legal offectivonuss is E
L-“ of little valus if 1%y reliability is poor. The conscquuncs of low systen
roliability are: ; '
N . High incidence oly\ no data or unuscful data
L . High mintenance costs |
- «  Require:innty for ;arso Husbar of Sparcs
[;; ' . Fousible iksege of olitor salpovard equipieanis caussd during . 1
[k rexoval/replaceidnl of repaired units.

‘ o Llow gystem avntlaﬁﬁl.ity foir Ovean Dump Fonitoring
Li « Interrupticns mxi;, Drlays of ¥Fleet Duzping Opevations : !

« Lasa than desired ‘.t.rue oontrol ovor ocean dumping practicoes.
Scotlons 7.2 and 7.3 which follou proviica an assessmont of the ralinbility of the
salocted cundidates for the M. Tha equipmant reliabllity figuroa obtaired in
soction 7.2 are usad in nection 7.3 to daterwime tho ovarall system reliability of

cach cardidata syutca,

7.2 EWIPHET FI’Z‘.’AIMLIT{

Table 7-1 prossats a liating of equipsonts and coriosponding MIBF data

r—

for th: calaoted zysten candidatas, The HITR data fs bassd upon the zost applicuble
and rocant nvnilably fpfors lon darlved fron flold date, spooification requireaants,

L]
eorparlom Lo il equiycnty end catimtes ased on parts count. To obialn

- 7-1
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TARLY 71

Fauipnent

Inran A Recelver

lorvan C Recaiver

T3

.
Ciapa Receiver

Shore Pased Puder

Vessc) Padar Deacon

ladio Dircchion Firdor (Shore B

RL# Tranmsalitoer

Ship to Shore Tata Lirk
. VYoonel Yransalbtor

. Shora Recalvor

Rarge to Teuing Vesuel Pata Link

. Transmitier
. Recciver
Digital Tape Printer
Events Unit
Draft Scnsor
Dump Actuator Sensor
Valve/Door Snnsor
Antonna Couplor
Computer
PPT Nisplay
Canera Sycton
I/0 Fuldiplexer
Line Printer
Barge Recovder

- ——

0,_2

e DAY

i

Mps (Mes.)

1900
1850
2000

500
1002
3000

600

630
1060

3550
1000
10,000
9500
100,000
100,000
17,700

Y

1500
2180
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reaningful data and to place all equipoonts on the same relative basis, experts
within 38M0 were consulted in their speclaltics and the inforantion obtained was
consolidated and roralized by a relaibility technical specialist. In this
regard, the equipmcnis and components considercd foe the DMS candidates will not
be subjected to the stringent reliability assurance programs typleal of government
defense systen equipments and it may ba anticipated that commsrcilal equipuents and
ccriponents contewplated €or the DMS will have semevhat lower.MTBF valueas., This

aspect wus taken into consideration in the MIBW.figures shown in Table 7-1.

7.3 SYSPEM REGLIABILITY
The estimate of systcem reliability for the IS candidates is derived
for both the short ronge (i0 n.m, from tubrose Light) and the long range (100 n.m.)
durp micshens, The corresgonding mivsion tirmey (rcund t2ip) For the ubove rauges is
assuael Lo ba 6 hours sand 5O hourg, cespeclbively, JSince several of Uk byisbei
cantlidutes invnlvo both shore tused and vessel on beard equipmants,lthe reliability
estirate takes into consideraticn differencss in cnvironwantal conditions as usll
as cquiprent redundancy on shore installations. In addition, system candidates
utilizing monitoring equipmants aboard the tavge will requirs acparate relinbil;ty
estimates for th: sglf-propalled dump vessel and the toued berges. The reliability
cstinstes wero basod on the exponcntial failuve distritution (econstart failure rate)
given by:
(+-1)  R=o T
wvhoro £ = ovevall egipuont fallure rato énd

t = mtselon time ?
T

i

|

L
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Table 7-2 presenis o sausary of overall brisd figares for the selected

i}' DMS candidates, Table 7-3 swrm=rlzes reliability cstimabes for the syston

) candidates for both the 6 ard 36 hour dump missions, The overall T Ligures
lJ' tukea into account the parallel redundancy of dump sensors. In this cacs, the
vé ectuation and door/#aive gsultches as wzll as the draft statvs are considercd in

) parallel; the events unit is assuned to be in secial with othee equipizabs, An
equivalent epproximite failuve rate for Lhe parallel equinnents uas derived vhich
i vag thon added to the other cquipmant foilure rate valuzs werc vced in coujunction

with equation (7-1) te derive the reliability of lhe systen cwndidates,

cowerom

TAULE 7-2. TR FOR_SILEGTED CLUDIMTES

- —— -

Srsten Cardidnbe i
1A ; 420
1B l 368
1B! % 372
1c ! 453
2 ‘ 122
3 a 128

v -4
|
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Laiss

Syatem Candidate

1A Dif{ferenlial Omegn with
on-board Dump Sensors, Evenis

Unit, and Digita) Preinter

1B Loran C with on-benrd Duuwp

Sencors, Fvents Unit and
Digital Frinter.

1B! Same as 1B but Joran A

1C Loran A with on-teard

|
|
Digital Printoer ard Evonts
Unit

Shere Paged Rader with
on-board radar beacon, and
dvsp soncors

Shora hinad WIN phatdny

tird

with on -beard travaaittor
and dw.p szngors

Differuntial Ounega with on-
board duxp sansors and
Data Link

T3, RELIADILVAY_ OF_SYSII_CANDIIATES

Rolinbility Watimute

" ="

6 Hour Mission

Yowed Barye Veasel

‘Self Propelled

.985 989
986

987

951 955
954 . .94

965

© .

N et —eaperr - e Mg a5

-
-

75

36 Hour Miesion

Towed Parge
918

907

<92/,

* 7/ ‘-5
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N (<1131 I

-933

923
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8.1 MATITZECERGS 13 LOSCPUY

Lifo cycle sucport coasts of a syston is oftea a significunt veveentize
of thz systow procucwiunt eovts. A syeten bhat is tohﬁ auickly ond cuslly .
matutainzbla requires four nerhours of Juss killed lnbor, at lower Lraining

coats, to kesp it oparating theouphoul its 1510 eyele, waint<inobility,

i -

therefore, is en Lrportoat factor In plaming the aequirition of e nrew synlon

or equi eant.  One of Liin prinacy objectives fu iy tlf:‘fi"iSitiOi] presrem s to
F )
L}

. gonerate a naintenunca hidousaphy oiizh gives peomiay of cehiciing an optirm

&

t=d

balanee butuczn loglevie zuppovt Po.olu ity #od potaabinl lite eyele conlsn. Te:se
(VS K

=

faclors aro Inbimuatody 7 +laicd o tha sryalos cpifprenis axlozrily, Lhe erastiorn:)
. ? N 3 >

=

--C.-ns( seomamintos AP Flaa v ot m o avnd sl b anierigen veaasvivieemes froii M e nmay wnsaeet ity )
regquivomonte 2l Ihe ooy et eniviatenas P RS 2adtin Rl A 5 thn fay oatenannn?
.

naintonance Lreintng, freilitles, test cuutpoonts snd cuvipmant spares). It da

[

appsrent that gensratizy of a matutonanacs conanplt fov a raw system requives
i

:; fundarantal tradeoff daslsions regar cpiprant dosipgn requivenaatn, lozistie

. eriteria, and cost factars., The L%H*‘,in» desden requiveients iveluds tha follaving
ig consjderations: t

1 . Utillsation of aulomatie ronitoring end frult lsolation as an

ol

intagral fraluve of thy aysten dzaizn te radlves faudt Jecation

. . ; .

;L timo.

’ '

o Utilizatizg of o mduln voplac.iont eaneob of mefat-aiane to velouco

watntenan: s %1 leve) reqaiveconts, eadfor Lo redaes daanticn,
\

G — -

o &laplatiug of A tone fubalaadly vepale polley for roplrcis ot godules

to reduas *ntn.mcniaii axd depoat ropoirs.
'l '
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Application of funstional redundancy to allow on-linc maintenance
of critical or high failure rate couponenls to miniialno syston

doun--tir: for corrective maintenanes.

Adoption of uny of tho abtova approaches must ba cercfully cvaluated

since potontin) dotvirontal sidc offests on various system effectivonnss

pavaroters and loglatic factors culd easily roralt. Por oxumple, ths use of built--in

autoratic tost equigaent may irposo more reliability and m’h:trzinability probles

than it colves if it is notl properly designcd or is overly cozplex.

In considering a maintenunca conccpt for tha MMS, ssveral aignificant

factors rolated to prosent oczan dunpinyg opuvations and dump vessel parsoninl

should ta highklighted.

Tha nupber of crcw mumbors aboucrd the dusp veszel arve genovally

105:: th2n aix and thaie tucihnienl tralning or ski1) levels aras
minimal. .

The duxp vosssls ave typically ssall by comparison with U.8. Naval
ships ard virtually have no onbward tast ard repalr facilities.

Dump misaions aro generally less than one or two days

in durnticn vith a non-opavative tima poriod at dockside for loading
of wasto matarial. .

The DS equipszonts wald be oined =n? 5 viced by the Distirict
Corps of Pnzinacrs. '

The distancos fron tha H.Y. District Corpe of EBngincare offices in lowor
Manhattan to lozding nlera amd dosks }s typically loss than 50 nilos
thercehy ninjuizing piublenw of logis’;ic:;.

]
The RS should mt requlre rajor participsiion by the Avwp veussl

i
ergv oy Intorwcae in any way with their neopal opevaticual dutles.

2.2
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. The cqntp nts to b eonsidecsd for thn Y3 ara vequledd to ba baclenlly
of C--thin--£%. 200 wivh mimienl @rodpn chnges o oadiflentiona,
On the basis of the atu o constdiralions, tag follouln; wilntonaica conccpt (o the

BHS was zstabliched.

1. The DH3 whll not have outunsivr. parfovirues csvilocing or fault

! isolaticn fsat-wos. Yhare funsihle, Lhe opdroente thadl fucorperiia

’ warning 17:hlg 4o sigily gross maditunetiont and equdpoanb fafluess,

b
Arcomns. @
L - ~

2. On-board : :intenanco or farvvles of the W5 aquiponls by the & vussel
crew vowll rot by pormitted exoeph for Lha prasiible replrsauwont of

eloctrical fosos and cajplenishrocnt of Lha pointordcond oy papor nepes,

b ..

)

3. Intmreccdisata lavels of sevviaoing mid atatousnes of tha KNS

equiricmis shell be poofornsd doetside oy 2 Diatrieh Co.on of

Engtuears ruprcsentative eithar vion notifiuition of maliunct.ion/

i { failure Ly the dunp vesgel enptaln,or i1 socordanca vith a achsivled
1, epainterar e progrun.
"§ A. Tha DMS shall ewploy a unit roplaciwant luvel malntenarece cencept at
-:' , docksidc. Upsn telephona nolificalion of 2 unit failury or Mi‘n.'*ttnn,
i a NYDCGE cirvico cepraaantative shall roplaeo tha w:ltunetloairg unit
vith 2 aparo and roka necossary o uutosnts to sssurs promar opsvalion

3

of tho raw vait.
5. Paulty ov smalfunctioning uwnits roiwecd Prom the duap weras) by the

el B

SYOCE =0, sice rupowceabative shall s vepslred githar ot g rople 7]

depot or nt the ¢gulp aat rapufmetosme alsat sod eatecrsd upon

- repilr o aloek laventary,
) }_ ) » L N
: » Thoe absve malntomanga *uilasesh, will provide a igh N0y T 1 for the BUS
-d : _ , .
conaled vith & sindmw dide eymio zm-Talawmnig cogt,
i ,
t a
- &3 .



8.2 MEAN CORNECITIVE MATNTENAMCE 1D (M)

e bvess o mlem

The ‘mean cbr;echive maintenance time is defined in this report

“as the average tims beginning with the observation of an equipment mslfunc-

tion by the serviceman and‘ending when the equipment (either replaced with
a spare or repaired) is restored tc a ncrma) operating condition, The time

includes the averags time to identrfy and remcve the faulty equipment

from the vessel and replace it with a spare unit sud to checkout the systen.
Togistics and administrative time for transporting th* spare unit or medule

 from a storage depot is also included. The Jct for the system is computed

\
\

using the equation "\

(8-1) _ _uimcj)_(_) where Mot is the averago corrsctive

‘Lt
raintenance tim e for cach unit, and

f is its failure rate for each unit

i AP

Estimated valuss of } ‘ot assuming off--line unit replacement maintenance is

based on an assumed logis%ics/édministrative time of 1 hour; estimatecd
average time for removal ;f the faulty unit, replucement with a spare unit
and system cheoVout variég from 0.2 to 1.0 hoﬁrq A sumrary of the mean
corractive waintenance bina for the selected system candidates is prosonted

in Table 8-1. The operatlona] avallabillty of each systom candidate.can be
computed from the equation (8-2),

T e . -
(8-2) Ao = -MIBE . vhere MIBF is the overall system
: MT OF + M ) '
ct © nean time between failure
i
8-4
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TI‘ bI 8.1 AT(. FOR i

N s o e ahnaad e PRhadh e . 1 B s i et et L e

System Candndauo Mot

-l

1A 3.5
1B 2.5
1B 2,1
1¢ 2.0

2 ‘ 3.7

4 3.8
].3 MEAN TIME TO RIPAIR (M49TR) :
The Mean Tine to Repalre (eTR) is the wesn corrccbive mainbanance

- o 4 st tannanas Aarad arnA Teae dha Tasd o4
1 -V 'l“o' Baa%t o b v\d&A...LLV *b" * o whiava - bt . » ke W g e o

time (for transportation); The MIPR is a measure of systen cowplexity
and is utilized in the overall scorc rating criteria precented in 8o ction 10,
Table 8-2 summarizes the estinated MTITR for the system candidates based on

available MITR figures for similar types of equipments compiled by the

U, S. Naval Applied Science Laboratory,

TASLE 8.2 MITR FOR SELECTED CANDIDATES

—e— -

Systen Candidate hﬂiﬂ _Hrs,
1A b5 to 4
" ?

1B! ‘ _ -ﬁ to 2.5

16

[esd
i
=
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“CLION 9,0
COMPARATIVE COSTS

2.1 DEFINIYION OF THE TOTAL COST OF OWNERSHIP ELR{ENTS
The Total Cost of Ownership (TCO) is comprised of the following

cost elements,

+ Acquisition costs for the DMS equipments,

+ Spares Costs for Equipments and Replacement Modules

Ship and Shore Based Staticns Installation Costs

. MhintenancegCosbs

. OperaticnaIECosts
The acquicition costs inc;gde both vessel on-boord equirmeats and shore

1]

raged equipments acquisit%ﬁn cosis, Systems engineering and design cosls
as well as starbt-up costs ﬁra included in tho acquisition cost of the
systems., Cost of spares ﬂ§r equipments and replaczable modules are based

+

on equipment unit acquisié%on cost, The mutber of unit spares required
for a system candidate is %ased on the mmber of units required for dock-
side maintenance as well aé_the number of units in the pipeline for repair
at the depot/maintenance facility, |
Installation costs for both the ship and shoras based facilities
include the cosis required'for the preparation cf an inatallation speei-
fication, datail installation drawings, checkout of installation prepara-
tion, installation of eqpibment and systenm chockout. The cost associated

with ship preparation, sugh as providing a wounting surfacz on a dunp door

mechanism or a plpe connection for the draflt sensor will be assumed to be

9-1
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the rasponsibility of the dusp vanse) owncr,  The ralnienanes cosbes
reflects cosrcetive raintenance, shop and dopot nadntonanes and scheduled
maintmnanes eosts.  The opurational cost is bared solely on vhe nurher of
N.Y,D.C.E. poesonnel requirved to operate and nonlior the TS,

For the cost effectiveness cnalysis, life cyele cosbs for the
system eandidales ave based on a 50 dump vossel THS tuy oparating for a
5 year period asswalng 2,000 oparating howes per yezar, The compubtationnl
procedure for cabiisabing tha 1ife cyels cost bazed on the atove defined
TCO elcments, is describad in the follouing section, Dabails and rationale

1

used in developing the TCO for the sysion candidates is presented in

]
Section 9.3, Charts In this section show dollars for a 50 vess:l DMS buy.

=2

2

)
-

9.2 MESHCD

The rethiod uszd in eatiimating the TCO is cutlinad below and

ey ol evnesnt =
ERVEP R R R I 13} § S7E)

Arnzncnthad 3w Cunttinan Q1
QUECTLTIG 2ar 0T nellsny Fees

includes all of the
(9-1) TCO = Acquisition Costs 4 Spares Cost < Installation
s
Codls + Maintenance Costs + Operabional Costs
4 .
The spares cost is takenias the sum of the equipment upares cost and the

replaceablé module spares:cost. The equipwent spares cost is baszed on the
equipment unit acquisitioﬁ cost times the muaber of spares estimated at

208 of the acquived units for both pipelins repair and dockside uaintenance,
The replaceable module spares cost was taken us 10§ of the squiprent sparos
cost and was considered only for certain syspom equipmonts such as recesivers
and transmitters, Ship installation costs are tased on the estimatod

nunbar of weeks requiredito prepare installation spzeifications, prepare

detall drawings, checkout installatlon praparntion, install equipmsnts and

.

9-2
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checkout system for 50 vecsels multiplied by applicable personncl woekly

ﬁ aalary,
3 " 3 J ] ‘
Inztaliation Cost = g "'””;’;;“Vg"»——l-im 2! ; X (¥o. of Vessels) X |
(Cost) : i
(Yeck) i

Ingtallatlion costs for shore faéilities vas eatimated baszd on figures

presented in references 2 and 3 of the bibliography, The Mainto-

3
| 2 s [ i ;
[E; * nance Costs for the systen candv.utr& vas taken as 4%/year of the initial
t i
acguisibion costs, Over a 5 year life cycle, this flgure resulis in a ! :
[;i J raintenance cost of 20% of the initial acquisition costs, Field serviee P
- L]
[:: cosbs for all candidates vas agssumed identical and thercfore was not con-
' sidered for the TGO annlysis. A more rigorous approach at estimating
1£} muintesance costs would have ubilized the suinbenance man hours per oper-
b} ]
ating hour hg% considering both scheduled and unscheduled maintenance.
i l
‘ ;’ s v »
t_t Realistic figures ofxaxbkﬁlfbr the syst @ candidate equipments were not
t_( availsble, hovever, and the above approach vas considered to be a realistic
estimate of the maintenance costs for systews of the complexity considered,
¥ .
{;{ Operational Cost is estimatedion the basis of ths number of personnel
A .
y
_ man years vequired to operate 'the DS for 24 hour day coverage for a 5 year
{
th 1life cycle. Thus, . .
' tan Years) "(Salaxy)
! Operational Gost = (ﬂ"‘“'“"“*~ X Yrs.) X (SLaLL
{'5 P | Yoar ) (5 ) ( ¥r )
v . \
, .
1 1
o) 1 )
Lo
' '
: A
' -
p
. 9-3
\.. | | .
L '




- -

e v

L] " 0
!
90 3 QOO BorMALLS FO4 CANVEDATS SISCMAS
9.3.1 Aoquigition Cost For Cendidabe Syshoug ]

The -acquisition costs for the candidate systoems were based on
estimabed costs foirr sach equipmanat corpidsing the candidate systen equip-
ment euit as well as system engineering and starct-vp costs, Fstinmated
equipment costs wore derived from nou quobtations obtoincd frea equipment
manufacture}s, past gquotes on identical or stuilar cquipmants available
at SEMD and esuimatas cblaincd froa S99 pcrsuxool knewledegesble in the

=

equipnent avea of cozecern. Table 9-) sumsacizes the estinated on beard and
N
shore facility zequisition costs for tha candidate systens,

TABLE Q-1 ! A3 YOR CANDIRAYS SY BIEHNS

Candidate Svaten
i 14 USSR LI Y 2. 3. e :
1
N RS ISP S [ g RYETY £ Ao Vg
CA.'-}:un-ll L‘t Ll]'\,l.L LS i‘-()} . G0 f.".'.f.‘ -'.V".) 5.'.“.9 3 nﬁl:l 1 xS o ‘L > CCC v.-.‘.a. 3 CU\:
- [l

Shore Equipments 44,000 - — 215,000 402,000
§
Total Acquisition Cozts ?07,000 802,000 569,000 1,856,CC0 1,223,000

2
}
9.3.2  Sures Gost for Condidste Systens 5
The estimatcd numbnr of ecquipment and replaceable module spares ?t
for each candidate gystem fop a 5 year life cycle vas based o a figure ! f
of 10% of the system oparational units required for dockside mainbanance
and 105 for units in the pipcline for rewerk, The spares cost was deter-
mined from there eshizates and the rcsults sumarized in the follouing
table. '
i
9-4 ‘
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TARLH Q.03 | EPATERS COST VOR GANDEDACS SL81EMS

Candidate Systen

1A /B 16 2. 3. 4
Module Spares 7,000 5,000 4,500 100,000 10,600 16,000
Unit Spares 107,000 99,000 64,500 141,000 240,000 188,000

Total Spare Costs 114,000 104,000 69,000 241,000 150,000 204,000

9.3.3 Installation Costs for Candidate Systeng

Table 9-4 sumaarizes ship and shore fecility installation costs
forr the cardidate systems, The ship installation coshts were tased on
estirmated manpover requiremsats for installation of the IMS aboard 50 vessels
assuning an eangineerling burded of 7300/ wesck, Shore facility installation
cosks for caundidates 2, 3, and 4 were estiiated on the basis of infoimatvion

presented in veferonees 2 and 3 of the bibliograpghy.

TABLE 9-#. . INSUALLATION (OSTS

W/ 16 2. 3 4
Ship Install, Costs 104,000 104,000 50,600 104,000 104,000 104,000

P
s 5

Store Imstall. Costs . oe | =we  _oee 500,000 350,000 50,000
i
Total 104,000 $104,000 50,000 604,000 454,000 154,000

9.3.4  Maintenance Costs for Sandidate Systes

Vo e a3 e Sem o Ll ae S e 1+ e

Table 9--5 swauarizes ebtimate maluntenanco costs for the system
R
candidates bascd upon the 4%/yenr of the acquisition cost figure asswned

applicable for the DMS, excludihg start-up costs,
b

!

i 955
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TARTE Q-5  MATHHGIAHGE _COSES WOl GAHDIDATS S75¢ms
Candidata Ovaten
1A As 1e R A
Maintenanece Cost 156,000 140,000 94,030 320,000 252,000 290,000
L]
9.3.5  Ovarabions] Costs for Carndidabo Systins
Estimated oparational cosls based on the nuibar of persomnsl )
requived to operate each .ystem candidate for a 5 ycur 1life eycle are
sunmarized in Table 9-6 (rssume an operating porsonnsl aalary of $15,000/yr.)
TABLE 9-6 _ OPERALIOIAL GOSTS ¥ FDATE STBTEME
)
! Cundidate Systom
A wAam e 2. 3 e
Oparational Cost 75,000 75,000 75,000 225,000 435,000 225,000
. + Telephons
1 Lirk
':
9.4 COMPARATIVE COST Sunk IARY
A swmary of the total cost of ownership for the syslem candidates %
y ! ! X
i E
based wpon the results contained in Section 9.3 is givon in Table 9-7, 1
Candidate system 1C is shown to;have the lowost TGO vhereas candidate 2 1.5

!
Tho comparatively large TCO for candidato system 2

has the greatest TGO,
results from the high acquisition and inatallation costs for a shore basad
radar station. This is also th? caso for syston candldato 3. Cundidates
1A and 1B are ccomparablo in cosé'dlfraring eassnbially &n the wuonling costs
of the Oiaga ard Loran C roceivgra. The low TCO for systum ecandid:te 1C

1s duo to the minimal on-boavd qquipnunbs utilized resulting frow the
approach of onltting any sansoré or uquipnante aboued the Lowsd buge. The

e

TCO for candidate 1B' ts, as shdim, oppeoriznbtelr cquad to ecididata 10,
\

' 9.6
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TAVLE 97 TOILL, COSE OF OWIERSHIP FOR CAIDTDATE SIS

Acquisition
Spares
Ingballation
Maintenance

Operating

JA
907,000
114,000
104,000
156,000

- 15000

18/13!
£02,000
104,000
104,000
140,006
15,000

P e Al

Total TCO in 1,355,000 1,225,000

Dollurs

9-7

Candldate Systen

¢
569,000
69,000
50,000
94,000

12:000,

857,000

2.
1,856,000
24,000
604,000
320,000
223,000,
3,246,000

G

i

-3 L
1,223,000 1,415,000
150,000 204,000
454,000 154,000
262,000 290,000
435,000 _ 225,000
2,524,000 %,289,000
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GRG0 10,0

BATLEG CF CALIMDPAYD S1S0AS

10,1 EVALUATION OF LHS CAZDIDATS

Th; evaluation of thg selented INS eandidates 15 tueed on Lhe
overall scére abings develoged froa eriberia prosented in fzelion 5.0,
This eriteria utilizas welghtod ratinge of significant TS paransiers
(subtscorag) ubieh are combinad to reflect o overell conlicdate geors,
The significant parenctors to ba cvalvaved, with wnalpn.d weizhtinge ond
ratinzs follow discussions of fecilen 5.0 valuns an ovelopad in
Ssctions 6,0, 7.0, 8.0, and 2.0, ‘he rollsuing parvage:phs prasznt the
conputstions and rationale uzed in detersining tho ovainldi score of the
B3 candidates,  Pavograph 10,2 coulaing the yerflociarces effectliviness
of the eandidato systems which 1x willizad In Scetion 10.3 to dacive the
rolative cost effenti»cacbs of the IS cardidates, Soction 10.4 prosents
the pertireut factors and compubations leading to th: estublisimant of

the parurcter subscores and ths overall scorc ratings for the IMS candi-

dates svunnrized in pacugraph 10,5,

10,2 PERPORMANCS R¥FICTIVEHNSS

The performanco effoctivenans of the syaten candidates dafinad
as the woightcd rolative valua of the cordidate IS in accenplishing
the dofined miseion (Vjy:3 ;) was dotoveinnd on ing ths nelh) dlrcunecd
in pavagraph 5.1,6 ard suwscarind by the aqmt!,m
(10:) Vg = Yoo Ppp MRt Velp r e _a ALY

U‘m -{- &‘L i '.4( ¢ “&q ol
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wvhere,
Vs = veizhted relabive vadua of porforvionce offcctiveness
a cundidalo
Pio = probabilily of deleebing the oceurrence of a duwp

Py = probsbilily of locating venrel to witdin
sperified aceacacy

Pp = probatility of corrvuel reconding of dwp Infornatien
Ppn e prob:bil it'y of Sdontifylng un iwpeoper diwp

doloo o1 et rovicw
Py = protability of olfuetive vidlizatlon ol dnln

¥on = Dump detncbion subeyeton worlh = 2
. = YV 21 decation b syoten worth = 4

l-.'n = Rocoiding sabuysten uanth = 4

u“t‘ = Mata Davioy varth - 1

o

Effectivity worth =~ 1
Baca of the above probability toims for tha sclactad eandldatns wus

antimted frun upplicable dat;x coatairad in Scctiens €.0 and 7.0,

Ty

In Soction 6.2, the p{atﬂbiliw of dotoeting tha oesurronca of
b
Gusp for varfeus Girp sonsors and cosbliwtions tharoof wora conputed and

semarized. As showm in Tably 4.9. tha duap detcetion protability dependa

on the Ltypo and mi<her of dxz::x datecticn zensora uiilizzd for tho candidate

boing evaluated, Yith ih; ::;ttpt!on of candidnta 1C, :11 candidatas

utilize ths gzme four sstho o ;@r sonsing dusp detoction constdirsd apnli-

cable for ths K3, memaly: drufl gaavar, ovenls unit, 2l vbsre spalicable,
)

Qe fiales ctales srnmns Por ean'ldatas 14, 1R, \BY, 2, 3, &nd & therafors,

»

)
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the probability of duep debection Uased on the comlic pfver In Tla 69
is enproxiombedy 0,973 for boih Lh: 6 ard 26 hour diay slevdons,  Cardi.
dato 1C, which utilizes only en cvenbta unit, has o Jouce dilection pro-
bability eatizated Us Y2 0,549 and 05443 for L 6 hoe on? 206 hour i

missionn, respoelively,

10.2.2  Probability of Veyunl Lseabtion Acewiney,

The protability of docathsy the duwp verrl to wilhin a spzelfind
accuiacy (l ) dioanids on tho accvrn v of ths vaseel lozatien subjsbun
uced, ita reliability duving the deop misalon end its opa s dlonsd stats
throughout the nizsion, . Thus,

(10-2) B = Py, x Py i Poa vhare,

4
Py, = protubility of thy lsesting subngeton ploldiag the
.a.cilivd aasiracy
Pr7 protaidiiey ol Lhs localivn sgelon Wiy sulinble
througheut tha plosion amd

Pos produli1ity of the lociilon subsyst-a bLaling oporutiemal ,
To clavily tha di l‘i‘umnc; Lriwen Pgoand Pos, the first protabilily
reflects the p!'at.nbi‘l*.t.y-. of an equipsent fallure ducing tha nisslon
viieruas the lattor raflects cparational cyabllity of the epirmnt in
disturbing eivivoronts sich a3 veather ar proiisity to atzodl structuras
and buildinza, Thuz, a system although Dincllening peaparly vay not ba
capable of providing losation moamae~- by thsuyrhout the slsslon dus to
vericus disturblag (nfliaess.  As 8 Duihsr oxeople, 5 ezalatn could

often clain lack of shility to vot Joran € (Bt 2ot Lovan A) wud thuy

Pos for Loran € wusl ¥ plven a desor raing,

123
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In Section €.1, the performance sccuracies of the various

systen candidates were determinea. As part of this analyais, the

_ probability of locating the vesszl to within 0.5 n.a, and 5 n.m.

corresponding to the short and long rarnge dusp mission accuracies
specificd were compuied for the selected system candidates, A summary
of these resuits are pracented in Table 10-1. The PR and Pos for
ike system candidates also includéd in this table werc deternined as
follows: | .

The pfobability bf the vessel locating subsystems being reliable
(PR) for the 5 and 35 hour dwnp missions uus determined for each candi--
date based on the =quipment failure rates'présanted in Teble 7-1., The
operational status probabiliiy was eshbimited based on the weather data
presented in Appeundix B erd, as applicable, on estimates of approximate
percentage ol biwe where bridges, strong radio signals and othev r-f
interferences causes a limitation., The overall probability of locatirg
dunp vessels to within the specified accuracy requirements for the

candidate systems was computed using equation 10--2 based on the Fyj,

Pp. and Pos probability figures shown in Table 10-1.
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TABIS 10-1  SURHARY OF VASERL LOCKTICT ACTURACY

PROZATELITINS FOR SVOEd CAEDIDATRS

¥

[ .
4

Systen Pyy, Py Pos | Py,
- Candidats A B A B A .. B . A . ._B.

)
i

;;g 1B 1.0 1.0 9% .96 15 -80 ~Th5 768

1A .81 1.9 .9%5 .973 .99 .99 798 .98/,

, 18" 1999 1.0 9% .96 90 .96 8% .922
.Ji 1¢ .959 1.0 9% .962 .90 .96 .894 .923
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MOYE: Gonl - A is Wor 10 n.n, from Aabiorse: B is for 160 n.n, from Anbrose.
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10.2.3 Frobabhility of Successful Data_RScording
- The probability of successful data transmission and recording
il - .
=it for the system candidates was estimated in Szction 6.3 for both the 6
, i{ and 36 hour dunmp missions. The sesults are swmmarized in Tsble 10-2.
|
i

. c-f

TAPUE 00-2,  PRORARLLITY OF SUGCHSSFUL DATA FECORDING

P
Sysbon Candidate - 6 U, R 36 Hr,

v :

B m o 991 947
- 1B ! 991 407
N 18! 1991 1947
: “ lC -99’} '96-/4-
L ‘ 2 KT 712
3 - 962 868
4 ' 963 87
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10.2. . Pro“«h111tv of Sneeassivl Data Raview

The prolubility of identifying an inproper dump during a normal
data review is gsaumed to be L for system candidates utilizing a digital
cemputer for duta processing ard 0,995 for system condidates utilizing

manual processing but using good data formats. The rationale for these

estimates is as follows, With a digital computer, properly progravmed,

functioning and detugpead, the probability of inéorrect processing would
b2 highly unlikely and cculd arise perhaps from soms obscurs program
routine vhich for a pequliar ot of data would give incorrect computba-
tion, Situations of this type ccenr so infrzquently as to be considerad
ualikely and therefore Ppp is assuzed unity. In manual precessing,
meaan errcrs at times do occour and it i

rnn

offender would not Yo deleched due to incorract reading of recorded data.

A%
I e .. 1 ] R A 42 !'l J-.'... 2. - N .L' PR N P
I aieu u.. Gk’i}l.LLt.l u.x_u ua L WilL U WOl \.'. t" GV ALE @il CLOINUVE o uiis Moo

of times an error would occur, it vas assmed that for every 1,000 cases

reviewed,; an error resuliing on an undetectad violator would occur only

five (5) tines.

10.2.5 Probability of BfTcclivily of Data Utilization

For the performance offbctlvervos study, it was assumed that
system candidates vhich utilize captain cevtification of recordad data have

a probabilily of effective utilization of thé data,Pp, of 0,993, All

of the other candidate systems ave assumed to %&ve a Fg = 0,95,
§
!

L
'

10-6

is ceneeivable that an ocean dumping
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The relabive velue of perforieace efffectiveress for cach candidate,

g eqnatio

w

as defined by V g was con aobed s (10-1) based on the resulis
SN .

5 10.2.4.  Table 10-3 summarines the

cresented $n Pe BLTE

resithls for tha selected system cendidates for both the short ranse mnd
(%]

long renge dvap missions. As shown in the table, syoboa candidate 1B

(Loren A with dump scnsors and printer) follovad closely by cendidate 14

(02 nega with dum

hast relative value of & MY eondi--

date in accomplishing the oh Yo the long rang

cendidate 1A (Differential Omzza with On-bonrd Loon Sensovs) Tollousd

t
! .
closely by candidate 18V has the highest V... Cendidate 2 has a low Vieea
l/l.s .L‘
}
?
o et A . . st 1
Tor the lowg renge nissida Locsuse of the roder range Limitation. Caandidate
criret e iy . e o 3 . ) EARE EOR T TR " KRR
systen A has lover valuor ‘o;. Vooa Then cendidabe AB fov bobh the short ol

1885

irs Y ctes gy 5 Ae T . - s I N
e MIBHI0N die W the vessel-to-shore duba 13
]

Joug ran

reduced systen reliability.

1 AT e
e U XN

m Va]uc, of Porformaace

reness

Syahen Candidate’

1A
13 .911 904
1B ' 961, : .956
16 " 287

3 845 764

4 ~ 905 895
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10.3 FALATIVE COGP RPHAGLIVIHNSS
The relative cost effectivensos of the system candidates was

calaulated, using cquabion (5-3), for the two dump missions, based on

“the performance cffectivenass figures given in Paragraph 10,2 and the

total cost of ownership eslimates susmmarized in Table 9-7. Cost effec-

tiveress results arve swmmrized in Table 10-4,

SIS CARDIDAYE

TARLE 10-4  BeLA

i 55
Syshen Candidate

1A

18

13t

" . -y I A Yod
1(.' 1.9,5 i Ao vj)

2 0.286 0.181
3 0.235 0,303

4 0.3% 0.31

As ‘shoun in the table, candidate 1C has the highest relative cost
effectiveness figure for both the 10 and 1G0 n.m. dump missions. This

is due to the high relative performance effectiveness (Vuﬂs) conpled

with the low TCO for this system. Candidate 1@', although having a

somavhat higher value of Vjyg than 1C, is shount to have lower relative
!
s " »
cost effectivencss revulting trom the higher TCP asszociated vith

the

)
on-toard dump eansors, The poor ranking of candidates 2, 3, and

4 recults primarily froa the very high TCO associated with acquisiticn and

: i,
3 ! dyy 3
installaticn cogls for shors bassd equipeonts coupled with scmswhat

i A A VDR

‘.

. ey N . '
roduced celabiyae perlorcanes offactivansss,

e
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10.4 DISCUSSICH OF BATING FOGUITS

In the following pzmgru phs are presenbed bhe resulbs of the

ratings for each D[S c~nd14ate in accordsnce with thae cstablichod

rating criteria contained in S:ction 5.0, Oversll score of the PHS

candidates, baged on the suuseore ratings, is presented in Pacegraph 10,4.11,

The overall score provide, - + ffecbive evaluabion methed for usc in selec-
ting the preferred DS, .
10.4.1 2o Subseore (S1),

The usable raunge of - Orega system is approximately 2,000 n.n,
In the differential Cmcga *v< 1L locating subsysten uesd in candidates IA

and 4, the shore bassd Cmega receiver provides corraclions to the skywave

thercby resulting in improvad sccuracy. [f, however, the sheve recelver

and I,“P VP,S‘-F‘.F‘] hﬁ-r’\u'“'l‘t'] T.'Jr\'x'l'llr..;' ara gonar kA her Domes A
s - G

o FRN
..... W Wl g Sdligse o 8

30, ChLh
)

t

the differential Quega accurJCJ is considerably reduced, Significant

degradation occurs bteyond a raﬁge of 400 to 500 n.nm, Thus, the ratings

selected for both [¥S candidates 1A and 4 ave 1.1, loran C range capability

i
)

exceeds 1,000 n.m. with little Jegradation in accuracy. Thus, the rating
for candidate 1C is also taken as 1.1. The range o? Loran A used in
!

candidates 1B and 1B' is on the ‘order of several hundred miles depending

on propagation path and time of day. Accuracy is sonevhat reduced at

long ranges and from a ccm}arat;!o evaluation of the s cuncidates,

rating of 1.0 was chosen, The';ho*e bused radar gysten appreach us:d in
4

candidate 2 has limited range capsibility dv: to linc-ol-slght considcra-

' '
tions and degradation causod by precipitation, Consldocing posiible




o = o T

o

L.;

L Condidnte Rabing R1 :
L i
e 1A 1.1 :
| B 1.1
4 3 L.x
L !
: .! 1B! i 1.0
&3 | 4
e L 1C ‘, 1.0 ;
& " 2 E 0.5
| 3 ‘ 0.9 ]
\ ¢ ]
SN 4 ] 1.1
) i
' i
| 10.4.2  Legal Bffectivity Syhaeare 1a2) L
bl : . {
| The legnl effectivivy ratings for the selected candidatos is i
N ' b ; !
E subjective and, in accordance w'th the critoria set forth in Section 5.1.2, %
t .
© all of tho DMS candidates will penerally provide sufficient data vhich i
b ‘ . \:3
9 2
vill hold up in court. Since it 1s antleipited sanswhat groator legal :
; | .
i effcctivenass is derlved with a syslen uaing on-borad dump sensors, even
( though a sbroeg conrl casa is opky Jwplicit on the basls of vessol location,
i :
1
'10-10 : ‘
ko L3

locations to provide maximum antenna heights, the line-of--sight range

is on the ordar of 20 n,m. from Ambrose, Thus, the range of coverapge

-

rating for candidate? was taken as 0,5, With the RD¥ vessel location
subsysten uécd in eandidate 3, the range of coverage depends on the
vessel transmitter power and the operating frsquency used. Aszming

an operating froquency in tﬂe ? to 3 NHz band and reaconable transnitting

{ .
pouver (100 to 150W), a range\b; 100 n.m. is not uncommon., The rating for

candidate 3 thercfore vas estimated to te 0.9, Patings for Rl, the

range capabllity of the [MS candidates, are summarized below,

.




'
~d

~d

recordad events, timing, and captain certification of recorded data, the

- rating assessment of candidate 10 was set somevhat less than the other

candidates. Thus, the legal effectiveness ratings for the IS candidates

is as followus,

o e 8 g

Candidate ‘ Rating R2
1A 1.0
1B | 1.0
1B 1.0
1 0.8
2 1.0
3 1.0
4A : 1.0

10.4.3 All-Weather Cavability Subscors (S3)
The all-weather capability subscora pro;ides an assessment of
significant weather factors on the performance of the DMS candidate.
Candidates 1A, 1B, 1B' and 1C all contain on-board veasel location (with
very ;ong time constants), and on-board recording subsystems, and thus
are not significantly influenced by weather. th timos, atmogphorvic distur-
bances would result in loss of tracking. Tharporcentage of time this
vould occur is estimated to bo less than 1%, JLth the shore basod radar
approach used in candidate 2, sven 1odorate pr?clpitation rates signifi-
cantly roduces ranglag capability of both the Lhoro bazed radar and radar boeacon,

Bussd on the data prasented in Appondix B, it »d astimatod that significant
!

§
t
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degradation would result approximate 4% of the time and therefore the
rating is taken as 0.8 for candidate 2. Candidates 3 and 4 vhich utilisze
a véssel to shore data link are susceptible to noise caused by atmospheric
disturbances which at times prevents reliable transmission of data signals.
However, it is estimated that unreliable transmission due to weather
environuents would ocewr: approximately only 28 of the time, and thus, for
candidate 3 and 4 a rating of 1.0 was solected, Ratings used in the S3 -
All-Weather Capability-Subscore for the [MS.candidates are sumarized in

Table 10-3.
BLE 10- WEATHER RATI
Mﬁ%ﬂ. Bating R3
n 1.1
18 ,t 1.1
18 1.1
16§ 1.1
2 '}, 0.8
3 1.0
4 1.0

10.4.4 Autopaticity Subscors (S4)

The ratings considered for the autoraticity subscore is a
measure of the dograe of participation by the vesrol captain/crew
required for proper IMS operation. In systom candidatec 1A, 1B', and 1C
only ninor participation,is required and that with 1little difficulty for

,almost the entire duup mission. Therefore their ratings were choaen as

1.0 In candidate 1B, moderate difficulty ie enticiputed in the acquisition

10-12
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of proper Loran C station signals by the vessel captaln and tiuercfore, a
somevhat reduced rating (0.8) was used, For candidates 2, 3, and 4,
essentially n;a participation by the vessel captain is required and thcre-
fore, a rating values of 1.1 was used. A summary of ratings for the DMS

candidates uscd in the Automaticity Subscore follows,

TABLE JO-8  AUTOHATICITY RATLHGS

Cardidate Rating R4
A 1.0
1B 0.8
1B “ 1.0
1 | 1.0
2 " 1.1
3 { 1.1
4 y 1.1

'
10.4.5 Initial Cost Substors (85)
At a meeting with E:N!DCB, it vu;s recowended that for the present
study, a ﬁlm of 1.0 be used for all system candidates, indicating that
the overall score te rslat..t:mly insensitive to initial cost.

10.4.6 Copt Bffoctivonees Subscore (S6)

Tho ratings for tha cost effoctivencss subscors were bascd on
the rolative cost effectiveness vuluzs calcuiatod in Paregruph 10.3 and
scmarizod in Teblo 10-4. .A swarary of ratings baszad on the abulaied
results and the rating cﬂ;:rin pmsonted‘ in Paragraph 5.1.6 is as follows,

10-13




TARLE 10-9

COST EFFECTIVENFSS RATINGS

. Candidnte
1A
1B
1B
10
2
3
4

10.4.7 mm&mmér.miﬂl

Location accurae;} ratings for the IS candidatas vers baced on
the porforsance sccurncisp celculated in Soctlon 6.0 using ths rating

. i
eriteria yiven in Paragraph

5.1.7. The fullowlig ratinga wara satabliched.

10-14

Rating B6
0.9

0.9
0.9
1.0
0.5
0.5
0.5

1.0 .
.8
‘9
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10.4.8 Dasten Factors Sabocova (S3)

The ratings for ths Design Factors subscore £3 tased on a
weightod averagc of ratings vstzbliched for reliability, maintaingbility,
equipront weight and size, cn-teard LS pover requircionts, [¥S ware-up
roquirements and service enviromeont capablility. The table following
suwmarizcs the individual ratings for tho above design factore ard also
shous tho overall dssign factor ratings.

TABLE 10-11 _DiSiGH _Z3GIdi RATING

Weight Pur., Wam-up ECervice Oveiall Dasign
Raliability Faint., & STze fPomts, Rwts. . Fovirow,  Factor Ratings

0.9 0.8 11 1.0 1.1 1.1 0.93
0.8 0.8 1.1 w0 21 1.1 0.93
0.8 0.8 1 1.0 11 1.1 0.93
1.0 0.9 11, Lo Ll 1.1 0.99
0 0.6 11 1.0 11 1.0 0.55
0 0.8 1.1 10 10 1.0 0.6
0.6 0.6 13 .0 11 1.1 0.89

As sxown in the Table 10-11, the significant decign fuctors viich
influance the INS cendidute rating are rolisbility ani maintsirsbility,
The reliability rating criteria w3 estabdlished in terma of the overall
systen KYBF and, for cacdidates 2 ad 3, are ‘ehoun Lo b3 inss than 150
hours. The sxshat digher reliabllity of cerdidats 1A oya tendldates
1B and 15' reflocte the uee of the twd lapean G ard t0 Lorme A resstivers
{n thuss cundidates. The bizh reliability valus Por cealldatz 1C is

directly atiridutable to the clitdmtion of tbg en-beard Copp delsellion
i

-subsysten. T malalainability ratligs vere W&d on the WOTR cdlivalas

contaired in &:ctien 8.0,

10-33%
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10.4.9 Migeellaneous Factors Subscore (S9)

The DS candidate ratings for the Miscellancous Factors Subscore were | }
based or secparate ratings for the following factors:
changenbility; jnstallation flexibility; temper-proof; growth capability in
rango, navigation aild capability, ;nd accuracy; training; and deterrent value.

Ratings for thege factors along with overall rating wsalues for the DMS candi-

dates are contained in Table 10--12,

safety; equipment inter~

et o S et et

TASLE 10-12 -~ MISCELLANEOUS FACTORS RATING

t

!
P INSITN | g
INTER- MLEXI-TAMPER

GROWTH

 TRAIN-DETER- OVERALL

SYSTEH SAFETY CHANG 'EiLITI PROOF 'RANGE NAV AID;ACGURACT .

[ VRSP VA

H
i
5

ING PERT B.A'.'['Ilif.‘x,F‘,9 f

1A 1.0 L0 0!19 1.0
18 1.6 10 dg3 L@
18" 1.0 1.0 0.9 10
1C 1.0 L1 L1 10
2 1.0 10 20 10
3 10 1.0 20 1.0
A 1.0 .0 o9 1.0

1.1
1.1
1.0
1.0
0

1.0
1.1

1.1

1.1
1.1
1.1
0
0
1.1

1.1
1.1
1.0
1.0
0

0

1.1

1.0 1.0 1.0
1.0 1.0 1,0

1.1 1.0 101
1.1 0.8 1.03
.1 1.1 .90,

1.1 11 94
1.0 1Ll 1.05

1.0,4,10 Hardware Availa.bil.ity Subscore (S10)

With the excsption of candidates 2 and 3, all DS candidates ¢re rated
1.0 for the 8, subscore.  Candidate 2 which utilizes ron-exiating shore radars
and vossel rador beacons, would require significant developwent and, accordingly,

a rating of 0.5 was chosén. Candidete 3 requires considerably less development

and a rating of 0.9 was assigned. Table 10-13 swamerizes the results,

to.
.
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TARLE 1013 HARDUARS AVATLAMILTIY RATIHGS

3 N
L e

o

SR Ry RATTHG

T 1A 1,0

o . 1B 1,0
B 15 1.0

. 10 ‘ 1.0

2 0.5
3 0.9
[ 4 1.0

J0.4.)) Overall 3eore of<?MS Candidates

| [,, '

N ’ Ve .
- The overall scoreiof the DS candidates was computed using equation
= (5-1) from the subscore ratings contained in the preceding parcgraphs z2nd the
:
Pl aesigned waightings given in scction 5.0, A mummnry of the ovornl) gosras for

the DM3 candidates are show¥n in the following table:

- TABLE 10--14'OVERALL, SCORE OF DNS CAUDIDATES
]
SstRYM OVERALL,_SCORE_

)

[ -]

mw 0.89
1B . 0.87

[ ;.. “ [‘.«-—v -

1B! . 0.91

e

1C 0.90

3 0.16

i
:{ ' 2 0.04
1=

|

:

4A O [} IL,{-
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As shown in Table 10-14, sysbten candidats 13! has the hizshost
overall ascore folloued closely by candidate 1C, It should be noted that
candidate 1B! a]/.so had the highest relative value of performance effective-
ness of thc? /z”zif;didate‘s vhereas candidate 1C had the highest cost effective-
ness due to its low TCO. It also should be noted that candidate 1B! differs
from candidate 1C only in that positive dump sensing is included for

cendidate 1Bt

10.5. v Sunnary of Evaluation

The evaluation results of the preceding scctions have identified
candidate 1B!' (Loran A with Onboard Draft Seusing aud Digital Printer) as
the preferred system approach for the DS, Since this candidate differs
from cendidate 1C only by the sddition of positive dump sensing, it is
dosirable to coensider candidate 1B!' made up of the hasic 1C sys"cen;,

Loran/Brents/Printer Systen (LFPS), supplemented by a

posit:tve dump scnsing subsystem. With this concept, maximm flexibility in
the edaptation of the IS candidate 1B!' for '}arious vessel types such as
salf-propelied or towed dump scows i3 provided. In the case of a towed
dunp scow, the LEPS would be provided on the towing tug and the dump sensor
subsystem designated as SIDS (Scow Indicating Draft System) would be in-
stalled on the towed scow. For installations complete on one ves.sol , suach
as self-propelled dump vessels, the addition’ of the positive dump sensing
to the basic L¥PS is designated DFLPS (Draftﬁ:vmts/r,oranfl’rmter Systam).
- As shown by the evaluation results, LEPS in itself provides

reasonable performonce effectiveness and will bs a useful portable system.

DELPS, LEPS, and LEPS with SIDS all have the following additional note-
worthly features:

- 10-18
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AL ere low cost systens which have a high probability

of saticfying the objectives for the DNS,

AL provide a high probability of dotecting violabions

end offer a streng deterrent capabillity,

There is a high confidsnce in the designs bocause only

off-tho-shelf equipwents and prover concepls are used,

They ave readily adaptabie to all duap vessels with
pinimal vessel preparation and LEPS requires no signal

transfer heltucen a tug and a towed scow and,
+

They represent a’ system approach which could become

opsrational within 1 year.
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}
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SECEL0H 11,0
ACOMMSHDED PREFERGED SYSTIN

The previous sacﬁj.ona dl.scusued the systomatic considexvations leading
to tho seloction of the Loren-Brents-Printec-Bystew (LEFS) plus positiva
dunp sensing (candidate )B') as the rscommonded preferrsd approsch for none
itoring ocosn dumping in tho Mow York-Bight. Thls approach uas rated only
slightly superic. to thd basic systen (H«}PS) , vithout the dnmp sznsing
(candidate 10). The evalustion included exzninetion of all lmowa reasonable
apprcachas, Although the basic gys-tsm, 15P8, ray be used by itself for mony
applications, thorse will ba sj.tu?.tions uasre positivo sensing of the
cccurrsaes of duep Ly measuring vesaol dvafh is deemsd necessary or desirablo,
Waon tho draft sensing is added Lo LUP8 Ly installatisn aboard the sawe veasel,
suzh oz en oelf-propsllcd """“"s, the rosulting cyston ic exlled DELPS
Dmt‘tv-‘r‘,vent...-Loran-?rinter«»yahm) Wnen deaft sensing is edded to a towed
scoy, tha basic system (LEPS) is Lsed. aboard the tug and the system aboard
tho towsd scov i3 called SINS (fof Scow, Indicating-Draft Systgm) e Inall
thres DNS conligurations, 'provisil:_ms are made to accapt and rocord status
signals {rom monitoring of dump vé‘lvaa » 8cov doors, efc. However such status
sigaals, if used, would beo cu:shomt?‘zed for each vessel. Although tis aystems
aro dageribad in varions otvher sec.,;tions of this report, in this section a
gunmary deseription of tho koy f‘eczturea o? thas systen ase ‘presented.
N ATTRACTIVE FPATURLS

Tho prefnrred B3 in all throe coufigurations has many particularly
attroctiva faatures for this appli{cation, a3 dusoribed br.i..erly bolow,

e a1l tho elccivonica i.t‘or LEPS aro boused L2 a aingls "lack-box"

which reruires sleolrical counsctlons only to ahlps pouvor,

S R Mgk e - vasa + L C e




-

"
q

-

—

Lo

ghips ground, on aaetzuna, and ths denlt sonsing uni.'i;‘ (e
uscd)s The sca wabor prossuce eonnccblen $o tha Draft Sensing
Uit (used fo DB and SID3) ean bo mads up ship sida of an
exleting sea cocke This all rasulis in a sinple installation
vaich requires neithor drydacking nov costly wessel moditieation,
LEPS offors a portehility corcept and reguives minimal vessol
preparvaticn, go tiab {t is practiccl for a éystc:.x 1o ba

teuporawily used aboard a vesss) videh only occaslonally aecods

a Dii3,

No special echore :ata‘«;s.on is requived, thus reducirg cost ead
coisplications in opovations,

Tho systen requigs ro exchangs of signals bobween tug and
towed Gumpers x'

The ayasten prov:tds%z a priatzd record of vassel position vfarauz;
time end indicates xistart and end of dump as wcil as other key
events (such es "pai,l:ming Lubrose new®, etc.).

The printsd data isj caslly ravieved end readily sho's up suspoct
cumps ., \

In 211 thres oonﬁ.g:"‘ntions, tho systew offers a high legal
| .

PR g

effoctlivity. ‘
The syaten vscs projan, off-tho-ghelf hordvare and coucapts,

High osddability iait&:us expacted.  khon railures do cocur, tha
unit pluz-dn concapg: poradin casy donkeids neintonance erd minimad

veasol dnley. i

Opsiation s oimpla“md ctaily lomrped by Copiatn end nade,.
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o Vassol pooition ls displayasd for use by tios Capinin ab hlg
d:_tacrotion. (Thiz will prodably prove to b a wrlrable
ravigation aid shm:ld‘tho dvmp sitos rove furthor of falore,)

o 'fh?-na:d for rolatenence i3 quickiy end cccucatoly evident to
the Captain ox mate.

o The gysica cen tolorate.a wlde variation of ships pousr input
(nomina1ly 100w at 32v DG, but 1lv DC to 657 DG is accaptable).

11.2 PHYSICAL [ESCRIPIION
11.2,1 L¥P3

thon installed thare are enly two appavent elonants to the LUFS,
nenoly the Equipmont Rack arl the whip Antenno., Por convonience in handling
during inataliaticn end mn.tn’t s thara ave four plug-in vnits packaged in
the Bquipmeab Rack, The IF‘I‘: thus ecuprices the six units vita Unit Daslenation
(UD) 101 throuzh 106 as showp in Table J1-1, The Equiprent Rack, housing in
onc case the couplete LEPS (f.'.ass antenna), is to be mounted in tho uheelhouse,
Two differont sizes Equipnent' :Racks ova offarod as shovn in Table )1-1 to
accomrodate differeat whaelhquse spaco available on difforont vescola. The
besic block diagrem for LEPS ?\19 shotn in Figure 4-3,.

i

TALLE 111
BIIS FOR IRES & DELES
D] Compenont qtv/Svaten Appiove. Sisg
301 Antenna ) | 15 f£t. Whip
102, 103 Loron Pecesvor ' 2 LAY x 9" x 12v
104 Printor Undd h § 9* x 6" x 18"
106 Equiprant Rack 1, 26" x 19" x 20%

OR, Option 1 (for vsn whan less flcor speso ia mmuab'i;e)t

R el S0 ek € 445 e Wt s e

'
i
]
H
1
i
1
i
i
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PABLE 111 (Cont,)

- )] Cosgment O frhoa Apnuerss Stuo
ﬂ J06--A fquiment Reek ) 16" x 324 x 200
‘ Plus Option 2 (added vhon positivs dump sonsing is pouded)s
; 107 Droft Scnadng Undt X 10" x 17" x 5”
J 11.2,2  DuLPS
thon positive dwap sonsing da desired, the DELP3 mny bo obiafizd
‘ £ron the basie system, ITMS, by the sinnle addition of the Di2ft Soncing Unit,
UD 107, os showm ia Table 1l-}, The Draft Scnuing Tadt conprvines elght
= pressure sudtckes, preset for each installation 'i.o guiteh in sequencs ab the
H follouing fractional pavts of full loads 1/L, 1/2, 5/8, 3/4, 13/15, 1/8, 15/16
and Full, These switch outputs provids dlgerstas for suprovsicts rcesvding
J i : on ond channel of the digitol printore. The unit is comected to o prassvro
via & 3/4* pipo lino, which con be mado up ship board of an exlsting sea cook

or to a siwple sex chect. lio difficulty fron son uaves is anticipated, but

if necessary a dmping pot condd be eddcd, The basic block disgrsm for LELPS
is showm in Figure 4-2.

.23 8InS
When tho poaitive dump sonsing is to bo oblairsd froa a towed

.

SR

soov, the tug is equipped with the basic systen (LEPS) and the scov is A
equipped vith a goow indloating duw: syuloa, €ING. Tho SIDS coupriscs the 3

b

. i
i tvo widis as showa in Talle 1«2, Tha valt Sangung Uedt, UD 2N, 1o tho
-4 s o3 the DZIS UD 107, Tho Rscordax Uadd, un" 202, 1a a walt compricieg
f a rosistor hank, an snaleg pyimiar, a "mavk now"? bubkton and *or-of f* auitch,
i .

Tho vesistor bank 3n coanacted to the suilohes # i Deoft Banalng Unit co

- [

14
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that a stepped curvend progariionnl to tho puc-sot step chonges ia droft 1o
rocordnd on thy analog nrintar (such as Mastrak Hodel 238). The 8ID3 raquiros
less thon 50 ma at 127 IS nemincl end would nosinnlly oporais fren the soow's
batterias. Housvor, if necessiry, this louw power decend can be provided by

a re~chavgaoble oxtein2d battory pack good for at least 100hours botwoen
chargas, Tho basic block diageam for°SiD3 is showm in Figuve 4~2.

PABLE 11-2

LIS 20R SI0S
i Companont; . gbr/Synten Aprvox. Siza
201 Draft Sonsing Unit | 1 10* x 17* x 15"

202 Recordae Unit 1l 8" x 14" x 10"

i
1.3 FUACTIONAL [SSCRIPTION.

1.3.2 13r8

-— v ——

A Runctional Flew Plagapm for 1ZFS, sbouing also is alsctricel
iaterfaco signals is prosented m%ug\m -1, The tuo Loisn receivers, UD 102
end UD 103 provide tuo hyparbolic, Mnss-of—position (lop), to establiah CEP
vessol position to bstter than O.is pei. The tve Loran recoivers w.tmued}y
tracktbprencdectodldmlett\‘pionmmm:hummtoram
masually acquired by tho Captain (a wery siuple procoduso). Thy tvo lop's are
displayed on nixle tubss on the rqpelver front panels, The two lop's axe aleo
trausmittod to the printer and are antccatically printod evory six (6) mimutes
undmytmm(ls) soconds for' two aimitos fuasilately fallouing each
*event®, Ths is tired by en alogtronio elock in tho eveuts wiit. Ths alook
1s wiod %o traneuit velativo tine o tho grinter, The evouts wdt alco eontaina

ten (30) tuttons vhich wo é2 ‘ad to indicate, and rocord in ooded fore,

e 7L R AP B ol
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the occurrence of a particular “event?,

guch as shova in Table 11-3, Note

that five of ths tuttons are changoable, pre-set to accomrodate different

vessels, roules, otc., and that one button is used fo synchronize recorded

‘data of SIDS with LIPS,

TABLE 11-3
INIT, BUTTON

Button No. Event

1 - Leaving ‘Dock How

2 ‘ Starting Dunp How

3 Comploting Duap NHow

A Retum to Doclk Mow

5 Pagsing Fixcoint Ko. 1

79
20

o
ETP. e . ———— ——

8ignals shoulng stitus of the
In cddition, loss of a’nto:natic‘"tmck in

© visible and sudible alama in the Events

Addi tional Customised Fvents
"Mark Now" (for synchronizing with SIDS)

(e.g. Buoy "xxv)

Passing Fixpoint No. 2

(e.g. Ambrose)

two Loran receivers are also printed.
the Loran recoivgré will actuate a
Unit. Appropriate print~-inhkibit

| signals are used to prevent pif'inting durivg any intervael wisn the lop ragisters

aro boinz updatsd, A visible and audible alarm shall also be provided to

Jadicato an approaching need for réplacemant of printer paper, Tha printer

48 a 2-chonpel alpha-wumeric printer using 3.5" paper taps. The chamiel

ilocation is shown in Teble Xl-je




TABIS

-
—anans

Column
land 2

3

4 and 5

6 threugh 9
10

1n

12 through 15
16

17

18 through 21

N4

~e
[\

Relative Time

Draft (when used)

Statuz , i:oran Revr, Yo, 2
1.0P Xo. 2

Dump Status (4 usod)
Status, Loran Reve. No. 1
10P Ho. 1°

A% the end of each duwep trip the Caplain sigua the recerdad data

SN2

Soriilyisg ibs wdididy and

GSL7elS

v Vo Hil0L by Svwider o pusts ib in UdS.

mails vithin 12 heurs after return to port, using pre-addressed envelopes

provided by NiDCE. The dolivered data is quickly reviewsd for placs of Guup

and for total trip elapsed timo to idsniify suspect

examination.
11.3.2 DELPS

As proviously described, DELFS is formad by addi

gsensing to the basic system, LIPS,

L)

dunps for further

ng

positive duap

This is accomplished by cornsciing tho

Draf% Sensing Unit to sanse extoraal waber pressiive ond tius vesusul Grafte

The Draft Scasor Unit ccmprises eight pre-seb prassure sultehes, edjusted to

throv at pre-geb pressuras repressativg the folldulr

full loads 1/4, 1/2, 5/8, 3[4, 23/1

of tho steps avre loss nearer to full

ng Lractionad paris of

6, /8, 15/16, Fudl, HNoto thab tho else

. Joads Yho quiputs of thels svitchos ave

{,
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dralt discrotes comuceted elecirically to be recorded on one chamnol of the
digitedl printer, as shoim in Figure 11-~1,
1.3.3 SIS

As nreviously deseribed in parograph 1142.3, SIDS comprises two
units, namoly a Draft Sousor Unit (seme unit as for [ELDS) and a Recorder
Unit. In this case, tho draft is recordod abcard the scow by SIDS (this
approach pernils operation without a éaia 1ink betweon the tug and the toiwed
scov). The draft recorded dzta must be time~coordinated with the IEPS recerding.
This is accomplishs] by similtsnconsly depressing "mark nou™ buttons on SIDS
and on LEPS at tho start and the end of each trip (conceivably at the tims
tha tug hauser is mede fast and ifs. released). An additional checkpoint exists
at the time of duirp whan the tug f‘;captain depresses tha start and cumpletion

of cuiap buttons end a corresponding changs ia draft should cesur ¢a the SIDS

¢

: -
12 atrin pepor dedvp for the SIDS rocosding 35 ab a iixed spood |

within 2%.) o \

1.4 COMENTS O LEGAL ﬁ‘ﬁCIMTY

The printed data of mpé,_ pmvidés a conplete timed history of the
entire dunp mission. The conbiniw’ps timed record of vessel poﬁition vith
indications of specific locaticns }fb specific times ("events®) would be; very
difficalt to fabricain or to menipu:late or to temper with. In addition, the
print-cut is in Eaglish languzge (u;.ith naly - sinplu cuding for events) so
that the Capiein con wake an :lme]J]igw-, review, thsrcby ma:!J.ng his signature
more weandinzfule Accordingly, 1% nb.y be expected that the data usually will be
a true repressntation of tho danp t'i-ip.

It may bo noted that, vh “ ouly IEPS 1s usad; the occurrencs of cump
is intﬁ.caied ‘only by tho Captain ¢ rassing the Acorrespond‘!.ng events Lutt-n

1.9 o
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for start of dusp end conpletion of dnap, Acessdingly, tha inbooreity of the

Captain is relicd ugon ard, of courss, this oduays can be ch-llongeds  Ho might
purpazoly misrvcoreseni or, moking a buson ervor, howway "fovgeb® to deprocs

thasa gvends buliions af the corvect viws if at 2ll, The sevicw of such data
would then sinmply ioo!': for tho ferthes’t traveled peind, (gensrally the turn-
arvund point) as dsburained by thz two lepts. It i3 thea assuncd that the
durp occurred at thab point, Cevisinly the dump did nod cocur of a farther
point, sinca tha vecsel drevelled no furthesrs The Cunp ray have ocovried

earlier « bub $hig is not vory likaly since thove is normally noliing to ba

geined by cumping eexrdy and then travelling furiher. Hovover, in soma
situations :uly dumps arve cabieipated (su«,h as a btriekling duap rade for
coxfort in hsavy weathor viih th kope of escapivg detocticn). In fact, oa
eaxrly cum) might be atizapiad atz"_ tinas by aliost iy Cuplain, For these
cases rositive detection of ceenrrance of dup should be igade, using D3LPS or
SIDS. | o
{
Sho‘ﬂ.d expevience show !itha.t additional indepsendeat sensing of tha

occurrencs of duup is necessary, record 6z

b

the statns of dump control valves,
actuatora, scow doors, eic., con ra addcd, Printer gpare colven 16 (ref,
Table 11-4) has been reserved for ttbis use to give a separats indication of

*
'
i

the tins of dump, Hovever, it iz £elb that for nony sitvations the LIPS

alone or with SIIS or IRLPS will f adagrate withcut such addition.
It is roalized thad ths rajor purpose of a DS is noeh to incrsose
tho exchequer by fines won in coutl,t CR838, tut rathae it 18 to conbrol neeun
1
duwrping practices.s In this rogavd, th ‘r:a.lue of tha IS as a dJdatorresnd to
2 p G H
: b
1llegal or impropsr prachleos is tnporiont. The s sber defined ara Lolleved
i

»
Zl
to provide a3 sireng a detoirant J‘ world ba providad by noce soshishicnated,

11-10 .
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noro cosily systeas. OF cowrse, sn cuply "block-box™ will initiadly previde
& strong dzterrent teo (that is, until tho Captain learns that the box is
inoffective in catehing violaticns). The dafinsd preferved systems provide
a rather high confidance that ‘rl;:latlon:‘, 1ill). be detseted and Ghus should
rebain theice valne ss dobery nta,

It is expacted thel ,l vipeeh. cumps will be resolved more often
out off ecurt than in court, 1{'_:., V1ikaly, howovar, thai tho Captain involved
will be given streng warndnzs, such as Lniéilt ceeur, for exmaple, if & particﬁlar
Coptain dolivored data csiablich ' ng 2 patiora of abrneresally frequent locss of
Loran auto track (emd tims no , d ¢ata Pox such trips). The NYDCK conld
add waicht to ths impzsh of t-t’* warnings by bnyring the renegade Cupirin
froa du:p vazssls wpon the seccad waraing; barring the vessel/ovmar Froam dung
agtivities upen the third v.,ra.miz.x‘:'g, ete,

Finally, 1';3 is suggeat%;d that tha Corps of Enginesrs keop sight of
the fact that rot oniy is the ref;;utively high-cost ronitoring of occan
dunping required to help protect %the savirorment, tut that the ocean mway be the

orly lecgieal place to dispose of I‘imch of the wagto and, rccordingly, thab any

[4
1,

nonikhoring ceuivity should not stifle ccean cumping twd rather should. facilitate

the proper éispozal of wasta in ti:a ccean,
f

11-11 .
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SECTION 12,0

IHPLEAFATATION PLA

in implenentation plan is presented leading to an operational DliS
nine (9) months aftor contract avard, The selected DiS uses the Loran-

Events-Printer System (LEPS) as the basic system to vhich is added _Q Draft

. Sensing Unit to make a DILPS and a Seow Indicating Drafi System, SIDS,

aboard a towed scovw to provide positive dump sensing. This section dis-
cusses hardware procurarcnt, installation and checkoub, rperation and main-

tenance, and provides planning cost estimates and tine schedules.

12.1 GIIERAL

Koy factors vital to the development of the LEFS Imsirumeantation
Plan are determinations of the nuwber of systems needed and vessel assign-
ment or culisr usags of the sysboss. Bxawluaablon of ho osoan dumping
opefations in the greater New York Harbor .has led to the following recom-
mendations regarding the number and usage ofl systems, It should be remem-
bered that ownership (and therefore resf)onsibility for maintensmce) of the
equipment is to be retained by the Corps of Engineers.

It is recommnended that there be tuo separate procurements of systems
to cover presgnt operations. The "initial buy" would procurs tuenty-four
(24) systems. The "second buy" would procure an additional forty-tuwo (42)
gystems. The two separate buys are suggested £}'or flexibility of funding
which might be in {wo dilferent fiscal ycars. l;‘l‘altxle 12-1 shous the suggested
usege of those systums and the roeconmonded nunbers and usagos oi’ DELPS ond SIDS,
Note that the initial buy of 24 systems providc?s for uso of 13 IMLPS, 3 LEPS
with SIDS, and 4 LIPS for portable use. The ir;il.tial buy allovance for spaves




E TABLE 12-1
( [ | €"") RECOMMENDED PROCURIMENTS AMD USAGES
il
Usga Intttal Buy Second Buy
- TIPS SIS LEPS GOTAL  DELPS SIDS LEPS IOTAL
Assigned to vesscl owners .
Sewer Sludge | 11 0 0 11 2 0 0 2 )
Industrial/Chemical. Wagtes 2 3 3 5 0 2 2 2 i
Dredge Spoils L - - - 0 g8 8 8 j
! Cellar Dirt, ete. - - - - 0 15 15 15 f
Presently unidentified - - - - 2 2 2 4 §
Portable Systems ; 0 D A 4 0 0 3 3
(Sub “otal) { 13 3 7 20 4 21 2 34
Spare Systems
Dockside Maintenance .5' 2 1 0 1 3 3 4
Pipeliﬁe Mlovance 2 x 0 2 8 2 3 A
(10TAL) \17 5 7 24 6 3 3% 42
\
|
!
r
‘ L]
J 12-2 .
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is 4 DFLFS (vhich also spares the LEPS) and 2 SIDS (mnking about 4 systemn:s

worth of spares). Similarly, notc that the second buy provides for usz of
4 DELPS, 27 LEPS with S1iDS and 3 LEPS for portable usc. plus ccrresponding

spares.

Probably the dumping of sewer sludge and toxlc industrial/chemical
waste represent the most severe form of ocean dumping occuring regularly
in the New York Bight and, accordingly, should be covered in the initial

buy as shown in Table 12-1, The eleven (11) systems allocated to monitoring

of sewer sludge dumping would covor New York City (5), Massau (1),
Westchester (1), and New Jersey (4). The five (5) s;;stems for industrial/
chemical waste would cover%\ the present requirements such as for Naticnal
Leed, Allied Chemical, S e‘tonbush/Sparkling Vaters, Mcdern Transportation.
The systems shouwn fof these? usages in the second buy are recommended to cover
additional anticipated reql‘{i.remanta such as cansad h;lr sdditional planta
producing sewer sludge andi'caused by the need to carry to sea those indus- |
trial wastes presently boitf{g discharged into streems where such continued practice .

cannot be licensed, N

As shown, it is suggested that four (4) systous of tho int‘ial btuy
ard three (3) systems of the second buy be kept as "portable systems® for
use, as deemed appropriate, 'aboard any vessel. It !..a quickly noted that
the mumbers of portable systems decrcases between .‘mit.ial.and second huys
from 25% to 10% of the numbers of systems of each buy assignod to vessel
owners, '1‘h§ larger porcen?ago initial tuy is recormended to cover Lhe
larger percentage ctf dumpiqg operations not wnder surveillance by installed
eystems of the initial procurement. Thezo systems should bo LIF3.

H -
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The sccond buy includes eight (8) systeams for assigrment to monitor
dunping of dredge spoils. These cight systems would cover oporations in-
volving about 37 barges and, for example, might be assigned to Great Lekes
(5), imericay Dredging (2), and Dumbar & Sullivan (1). The ﬁrt,een" (15)
systens recommended for the second buy to monitor dumping of cellar, dirt,
etc., would cover operations involvirig about 47 tugs and, for e:oampffle, ';uight
be assigned to Moran Towing (6), McAllister (5), Turecamo (3), and Red Star
(1). The basic LEPS part of these systeus might bz uscd as portable equipment
aboard a mumber of previously prepaved tugs. (The towing company might
separatoly procure antemnas and racks to facilitate the flexibility.) The
SIDS would be installed in the assigned dump scows. Since delivery of the
systems of the second buy might be as ruch as two years away, it is quite
likely that addiiional assigrments and different priorities will bo identified.
It ia Polt that o reasonable sllowanss for this would be four {4) systema %o
be aaslgned but, as shown, presently unidentified. . '

Spare systems are recommended, as shown, for both tho initial and
socond buys, amounting to about 10§ for dockside maintenance and a pipeline
ullovance of about 10%. Thess spares will provide the needed plug-in :mits .

" to support the recormended dockside maintenance philosophy to minimies vessel

delay cansed by an equipnent failure or malfunction. Of course, thc pipeline
allovence provides tha needed units to stay oporational while faulty units
are in the repair "pipeline® (at or earcute to or fros ropair shops or
factories). Tho sslaction of the mmber of sparbs roccumesdsd is basod on
our exporience and is expactod to yield a high encs (say greator than
95% confidenco level) that a spars unit vwill be r[:::bﬂ.c vhen nysded for a

reasonable Tworiod (zay at least two yoa"a) A s sparing analysis,
: !
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wiich is not within the scope of this planning study, could be nade uwsing
any of soveral programs developed for digital computers (such es by S31D)
to deternine the number of spaves required to support a given progrum for
various confidence limits and opsvrating times., The mathenatices for such
prograns, typically bassed on en erpeonential or Poisson distribution of
fatlure times for componont parts, requires a knowledge of fallure rates |
and, of course, the detail paris are not yet fully identified for the .
systens. Accordingly, it is suggosted that the recormanded quantity of
spares be procurcd and that meintensnce records bz kept so that the failuro
history could ba watched closely and edditionel quantities of any critical
units thus jdentified could be; procured. Such records would also form the
basis for future spares buys (it is wost likely that uncqual quantities of
the various wnits would bo desired).

It sh-11d firther ha m}tr&ﬂ that tha quantities recammsnded for the
initial and the agqond buys, nxie basod upon en erulysis of mrssant dtmping
operaticns in dunp sites near Iﬂ.nbrose Light Touer with only an occraional
dump as far as 106 n mi offnhorlp. Should the licensed cwip areas move
significuntly offshors, tho rout:)d«trlp timo would incroase substantially,
and more vossels could be requifod to dump the sams smount of uzste. Arcord-
ingly, in such a cage, the qum%ltios ard assigumeuts of systana should be

re-oxsrined.

—— .

12,2  HARIXMARE TROCUREMIXT I

The systms ccapcico aut%oe.ﬂtic loran Recoivars, a digitnl printer,
and an mnaiog printes vhich ave beuicelly off-tho-ghalf with only minor
modification. Howover, the B'm(;t.u Unit, ond the Dralt Suisirg Vait fnvelve

125
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a wnique arrvangerent of proven concepts end cxisting havdvare end thus
require design effort. Similarly, the systou interfaces and the ejuipuent
recks are uniquo and also require design activity. The plan calls for the

design effort to be a part of the hardwars procuresent of the initial buy

resulting in equipment deliveries from tho eighth throuzh tiwo Mm
nonth after suthorization, as shown in Pigure 12-1. Tho initial by would
elso cover the preperation end delivory, four months after authorisation,
of a lMotice of Plan, Installation Instructions, and Operating Instri tions
for usors and for ths Corps of Fnginears. Ths Notice of Plan would bo used
by NYICR to adviso users and potontial users of the plan to monitor ocean
dunping and of the timetable and regulations for the start of use of the
syotens and the roquirement to suliit the recorded data. The Installation
Instruciins would cover datails concerning Installetion so that, regardless
of wassc: configuration, & vessel could ba prerarad for inatellation of a
perrancat ystom or portabile system. The User Opurating Instructions would
shov, in check-list form snd ir back-up detail, the step-by-step procedures
for usc of the equipmont and delivery of data to NYDCE, AMditional instruc-
tions for uso Yy HYDCE would cover their oparations also in check-list forwm
and vith back-up datail, .

12.3 INSTALUATTON AMD CHECKOUT

The various vocsels would b3 prepared Yy the owners to reseive tho
aystons. The proporation for LEPS involves assigning loeations aod providing
mounting holoa/foundations for the antenna end "guimnt rack, ruming a co-
acial r-f cobls betweon the estoina and reck, IL

12.6

providing to the rack an r-f

suilasnlt
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groma and lou-level privevy elcctrie power (noninally 100w ab 32Y0C). “he
edditional vessel proporations for DELYS fncolvas azaiming o locabion onvl
providing mounting holas/Conndation for the Deaft Sensivg Unit, sed rurning
a 12..wirc signnl) cable firon that loeation to tho location of the LIPS rack.
For a SIDS, tho vesaol prepavation involvos assiguing locations and providing
mounting holes/formxdations for the Draflt Sensirg Unit end the Recorder Unit,
running a 12-uirs signe=! cable hct'.:-:?n the two, and providing to thoe Recorder
Unit lo.w-level prixevy pouer (nominelly 1,0 vatis at 12v IC). Inspaction of
the proparcd vesssl will ba subject to ravisu end approval hy HIUCE prior to
jnstallation of equirzent. The souipuont will be installed and chocked out
by NYDCE in tho proscace of the owner, Praferablly at the tims of cjuip-
ment installation and cbcc?mut,_: the captain (and owacr ard rate, if dosired)
vill bo glven training in thoe relativoly simple operaticg pmcedtm:#.

It is recouwenlcd thnti""ﬁc."'. contract vith 881D to provido thesa
inspaction, installation, check;mt ard treining functions s vell &s the
mintenance Nimction described i'n Paragraph 12.4, below.

12.4 OPERATION AXD m:m}ycs »

A typical opaiation stg:wtf. a% = dock or loading srea. The captain
turns the equipment “OX* and evkt.on the follovwing inforvaticn in wiitten
english on a rubtor-siaup like i‘m on the prpor taps at the start for this
) :

+ Identificatlon oji veasel
- Namo of ovner {
» Identifization of‘! load

+ Place of depart.uxfe

. Location of duep!

» daws of captain ‘

. fdentification of covering parmit.

12.9




The captain then acquires the tuo pre-sclected moster Loran signals.
The two Loran Rezeivers autonxtically acquire the slave signals and aute.-
ratically track, thus providing and continuowsly up-dating the two Loran
lincs-of position. ‘l‘hereﬁpontha Printer automutically records the two
lines-of-position and tims each six (6) minutes as determined by a clock
in the Events Unit. (loss of Loran track is indicated by a visille and
audible alarm, and the two lop's are displayed on the face of the roran
units for use a3 a navigation aid at the discretion of the captain.)

Wihen used m.th SIiDS, at the time the tug's hawser is rede fast to
the scow, the LEP3 and SIDS recordings are synchronized by similianeously

depressmg a "mark now" b\i‘twn on the SIDS Recorder Uait and a ™mark now®

‘button on the LEPS Events thit in response to some prearranged signal.

(S:...alarl,/, the two recordzngs are again marked when the trip is completed

and the hausor is ‘.:cizg de

ached.) ‘thon SIDS is rot ueed, a pre-assigned

‘button on the Events Unit is depreased by the captain at a pro-defined
“point (e.g., passing buoy ?XI) to signify dsparture. Other pre-selected

events are pre-assigned to*othe; butions on the Events Unit (e.g., Passing
Ambmse, start of dump, dump conmpleted, ete.). Whenever an events button
is depressed, the normal sﬁc«mi.mxte recording period is interrupted, the
specific emt is recox'ded,I:Sy the Printer along with time and, regardless
of clock time, a complote set of data is recorded at 15 second intervals
for two minutes.

Upon return to poij, the'captain enters the date, time, and place
sand signs tho printed tape; (aud that from SIDS where applicebls), signify-
ing he certifios that the data was recorded on the spoeific irip and vas

not msnipilated in any way. He then delivers tno data within 12 hours
aftor roturn to port, for ozampie » using pre-adiressed er.welopea provided

!
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by NYLCE.
Of courze, the ceptaln iz alco required o keep his normal ship's

log and to report by radic to the harbor supervisor each dump trip departure

~ and return. Similerly, he is required to report to the harbor supervicor

any LEPS eguipument failure or suspected ma]i‘lmc;tion based upon faﬁliwe
alarms on the equipaent or suspicious perforiance such as coriti.nuoué loss of
Loran track, or incorrect Loran readings ab navigation points where the
correét. readings are well-mown, ete. |

ALl data dolivered to the NYICE is briefly reviewed to reveal suspects,
and the data is examined in debail for any dump suspectcd of being improper
(see also conments re this in Paragraph 3.3). Although not a part of the
recommended plan, it is svggested that NYDCE consider a contract to a third
pardy, such as SSHD, to receive and file, and review and exsmine, sll re-
cordsd data and o idsntify viclations for furthor action,

Reports of equipment failure or malfunction would result in the
tirely dispatch of a trained maintenance man and spaves to the vessel at
docksidé so that there wouid be a minimal delay, indeed if any, in the veasel's
next trip. The dockside maintensnce, to be accomplished only by NiIDCh, is
based upon replacement of the faulty plug--in unit by a good spere unit. Th.e
ramoved unit would be carried back to the shop for further disgnosis and re-
pair or returned to the factory for repair. It 1s recornendsd that NYDCR
glve a "Maintenance Contraci" to SSMD to cOVer-lthis naintenance and the
inspection, installation, chsckout and training Hunctions deseribed in

Pavagraph 12.3, abovs.

12-9
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12.5 PLAMITING COST ESTIUATFS AND TTHE SCHuOULRS

Estimated costs for equipment procurcrent in accord with this imple-
mentation plan are shown in Table 12-2. A breakdown is shoun to give some
viaibility regarding the origin of the estimates. It should be remambered
fhat the initial buy includes the start-up costs (Q.g. , design of the Events
Unit and E;uipmmx.t Racks, and geineration of notices and instructions). How~
ever, even without those start-up costs, the gystems of the second buy are
significantly lover than for tho initial buy (e.g., approximately £9K vs.
#11K for LEPS) and so reflect an expocted learning curve. The value of the
Mfaintenance Contract", which is not included in Teble 12-2 is about $60K
per year and is besed on approiimately 24 man-months of field erginecering.
The maintenance contract sh.oul;‘l start about the sixth month after procurement
suthorizat.on. An allowance o:f about $500/DiS/yr. should be made in budget
planning to cover the costs ofi detail repaira in shops or factory. The
schedule milestones are shown h Figure 12-1. An additional allowance for.
spproxiuately 18 m@onths/year “oi‘ engincering should be made for a contract
to file and review recorded dai%a.

It should be noted that; the estinatos are at the "cost-line® and do
not include fes. It might alli:anappropriate for budget plaming to include

an allovance (say 103) as a re to covor itcms posaibly overlooked.

f
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A,

C.

TABLYE 12-2

PROCURRMIIT COSES

BASIC 8YS1Ed (1LFPS)
Description

Seientist & Superv. Fngincer
Senior Enginéer

Engineer

Draf'ting/Layout

Factory Labor

External Subcontract Mat!l.
Product Material

Pubs Material

Travel

Totsel Cost

Number of Systems
Total Average Cost/System

Total Averege Cost for
66 Systena

IECRRMENT FCR DELPS
Starting Costs
' Running Costs
Total Goast

Number of DELPS
Aversge Inorcnental Cogt

JHCRR{FYT FOR SIIG
Starting Costs
Rmning Costs
Total Cost
Humbor of SIDS
Average Inorccuntal Cost

e 4 £ o v e § i ol

$ 37,300
97,200
8,300
32,000
10,500
154,000
24,800
1,500

1,300,

$366,900

24
$ 15,300

$ 13,500
5,600

.$ 19,100
17

$ 10,400,
~2:60
$ 14,000

- - —

Second Buy

$ 32,900
43?600
15,700

257,000
39,900
1,100
€00

$390,800

42
$ 9.400

§11,400/LEPS

$ -0-
1,900
$ 1,900
6
$ 920/DRLPS

$ 0.

2,80

$ 22,800

3

'$ gw/sies '
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APPENDIX A

-

DEFINITION AND MATHEMATICAL FORMULATION CF LGCATION POSITIONAL ACCURACY

Vessel locabion position accuracy as used in this report is d=fined

as the probability of locating the vessel to within a speeified ecircular

dump radius. To determine a location fix, a minimum of two umzasuremenis .
are required from a single or multipie refercncs datum., With a single

reference datum point the measurements will consist of a bearing and a rangoe.

With two refersnce datui points, either two ranges, tws tearings or a combination

of the two are required. With a hyperbolic navigational systen, the intersection

of two hyperbolics at the vessel position establishcs the location fix. In all

! of these systom approaches, tho,two measurerents are made with srror csused
by systematic or predictable ertors and/or uncystematic or randon errors. The
unsystematic errorc are subjcct to a distribution accordivg to a Gaussian er:or
function which ars deseribable by the astandard deviation arnd the wean or bias.
Whon two or movs errors ars coubinmed, i 45 gsnsvally assumed tho crrerc are
independent unless known to the@contrary. Coxbining errors for a two dimonsional
error system (bivariate mormal distribution) is performed using statistical
techniquos which apply probability distributions ir two dimensions. In this
case, & probability ellipss is used to desoribe the behavior of errors. For
the special casa of an orthoglnai system whore the standard deviations for
each axis are equal and uncorrol%ted, the probability «1lips: reduces to the
special case of a probability cirole. It is comron practice whan dealing with
the probability ellipso to utilizo an equivalent civeular radius to defins
positiona) accuracy such that the enclosed poaitio:;al data has the sama
probability as the ellipse. ~“e,nubsections following miocent the
mathematical techniquas of daterTining location positton&l acewracy for the

varlous location subsystom approiches considered for the Sea Dump Monttoring Syatem.

41 ¢
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A-l TVWO BEARING LINMS OF POSI'ffON (THRRSECTING BEARINGS)

Thu calculation of the radial error (radius of uncertainty)
for the case of two intersecting bearing lines, each having a bearing
error with a standard deviation<”, is based on ths probability distribution
given in para 3.1 of veferenca 3... Results for the 95% probabiliiy eircle
have been computed and the tabular results are reproduced in Table A-1.
Given the angles of the bearing lines, base length between datum referenco
(c), and the bearing standard deviatimnerrors (o), the redius for a 95%
probability 1is obtained fromthe equation.
Eq. (A1) [, = G X €0 TALLE VALYS

For other porcant probability eircles, assuming orthogonzl bivaciate
normal distributions with equal:“'s, the radii of the uncertainty circles are
related to the errvors by the equation; .
Eq. (A-2) =

g e ta
P=1-e€ heen A0 = rading

O

Table A-2 presents a sumuary of the results obtained from equation (As2).

TABLE A-2- FROTABILITY FOR_RADII_OF LNCERTALATY
PE Radius = 2¢° .In Terms of CPE
25 7585 o 6442 CPE
2.3 10° : .8493 CPE
50 117 & 1.0000 CPE
75 1.665 ¢ 1.414 CPE
90 2.146 o” | 1.823 CPE
95 2.448 T ’ 2.079 CPE
%9 3.035 5° 2.578 CPB

For the general caze of a non-orthogonal, bivariate distribution having

unequal and correlated errors, a coordinate rbtational transformation may be
performed which will result in uncorrelated errors in an orthogonal ayaton.
It can bo shown that the uncorrelated errors Jre given by:
E. (4-3) o,'," . (f".'t»c-’:: s 1) #2600 Ky bele-T) eel ¢ LA V

¢y = 05 s (5--7’) -2 C'Igﬁ Riy s (5“-'7/ S S AR Y

where * fan 2V e Oyhaer i 4 205 Oy buy &

“‘ N, ., 20 ,w -, '-'t
av S Lo '%'.2“..‘ ‘:Iv kq{ corvF .'\‘
[}

A-2
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TABLE A-1 (contloued)

a
" in Dogree f e 55° B =1 60°

ﬁmﬁS’ pa70' ﬁm75" ﬂu=80' ﬂn85‘ ﬁﬂm" I‘IH95. ,1“!00'

005
010
015
020
025
030
033
040
045
050
055
0G0
063
070
075
020
0835
0%0
095
100
103
10

0.0374
0.0344
0.0323
0.02¢9
0.0302
0.0301
0.0307
0.0320
0.0339
0.0367
0.0103
6049
0.0510
0.0389
0.0592
0.0832
0.1024
0.1302
0.1724
0.2414
0.3665
0.6328

0.0351
0.0333
0.0322
0.0313
0.0509
0.0313
0.0323
0.03%1
0.0367
0.0402
0.0449
0.0511
0.0591
0.0637
0.C311
0.5041
0.1529
0.37¢3
0.2437
0.3794
0.6583

0.0352
0.0334
0.0324
0.0319
0.0320
0.0328
0.0344

.0.0368

0.0402
0.0439
0.0510
0.0391
0.0459
0.0346
0.1050
0.1347

0.1799

0.2582
0.33%6
0.6791

0.0343
0.0333
0.0323
0.0328
0.0334
0.0347
0.0370
0.0402
0.0147
0.0508
0.0589
0.6697
0.0816
0.105%
0.1356
0.1818
0.2579
0.3970
0.6919

0.0341
0.0335
0.0334
0.0339
0.0351
0.0371
0.0402
0.0415
0.050+%
0.053+%

0.0692 -

0.0311
0.1050
0.1355
0.1324
0.2538
0.1014
0.7035

0.03:0
0.0333
0.0343
0.035+4
0.0373
0.0101
0.0442
0.0199
0.0577
0.0584
0.0832
0.10¢1
0.1347
0.1018
0.2593
0.1029
0.7103

0.0341
0.0345
0.0355
0.0373
0.039)
0.0438
0.0492
0.0:u3
0.0572
0.0313
0.1024
0.1328
0.1799
0.2579
0.1014
0.7103

0.0345
0.035¢
0.0371
0.0396
0.0432
0.0484
0.0556
0.0657
0.0799
0.1602
0.1302
0.1763
0.2542
0.3970
0.7055

0.0352
0.0267
0.0391
0.0425
0.0474
0.0343
0.0610
0.0777
0.0974
0.1267
0.1724
02137
0.28%
0.5549

0.0261
0.0334
0.0416
0.0162
0.0527
0.0619
0.0750
0.0210

£.4224

0.1669
0.2414
0.575¢
0.67%1

" ia Degrees Bx 105° f=s 110° frm 115° Bea 120° B ms 125° B on 130° fom 135° B o 140° § ns 145° B o 150° B e 155

010
013

822228888

0.0375
0.0105
0.0H8
0.0309
0.0595
00719
0.0%01
0.1174
0.1668
0.2324
0.3663
0.c383

0.0392
0.0132
0.0489
0.0509
0.G6686
0.0337
0.1116
0.1326
0.22i8
0.3509
0.6326

0.0414
0.0166
0.0541
0.0649
0.0209
0.1652
0.1439
0.2097
0.3327
0.6022

0042
0.0541
0.0610
00757 _
0.0903
0.13:4
0.1952
0.3123
0.5674

A3

0.0479
0.0558
0.0702
0.0009
0.1242
0.1814
0.2596
0.5233

0.0326
0.0646
0.0331
0.1133
0.1654
0.2631
0.4853

0.058
0.0752
0.1020
0.0489
0.2389
0.4397

0.0673
0.0506
0.1312
0.2113
0.5507

0.0792
0.1142
0.1829
0.3353

0.0970
0.1341
0.2852

0.1259
0.2325
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Thus, given =, "; » angle of intorzaction 9 and corrslation tactor K.,

the errors . J¢, vy in an arthogonsl set ars obtained which are unccrrelated.
The unequal . ylolds ® probability ellipszo contour rather ‘han prqbnbﬂ.lty
oircles obtained for the case of an orthogonal bivariatn systom with equal
and uncorralated v"s. An equivalont, circular arca resulting in the sawe
probadbility, howover, my bo obtuinsd using the curves in Piguro A-).

If ;=% (e, 5750 ), the rodial evror/ 7 ratio corrosponds to the tabular
results of ‘I.'ablo A2, If .{.‘3, % » the results shovn corraspond to the one

2 2 &

diuonstonal dlutribution caso. It 1s to be notod that the 508 probablility
curve is usually refsrred to as the circular srvor probabilsty (CEF) curve.

F B (See reference 5 & Pigure :.l).
i [ i A-2  HYPFREOLIG HAVIGATIOH SYSTRMS
o Ly hypormlie nevigatinn avatenms, tha mattional acowracy datarmined
: - { frox intsrsecting hypsrbolas is a furotion of Lhe crossing angle and the
%L : scouracy of the lines of posiiions. Ths exnat equation of the radial error
' L obtained via digital corputer is given in reference 3 , p. 161 as:
- k4 L TS
4 . V& /f%. (c... 4y - tyaram ,J_..,
l | ' Bq. 4-6) P(’:“‘?\):l J._\: ). it oIy
‘ : d"“‘.} n f/‘ ,o,‘.:-::. *: 4.‘&} ?
" -
‘ vhcre
11
t : ¢ = plane acgle ovor intogration poricd
o e - v= ratio of ¢ of interescting hyperbolas, reduced to rectasguler
S coprdinates !
; ‘ dl = rms ervor {635 Prubability) i;inn v
et |
v (&-7) “mg | ..‘.a.u ::.&*ﬁf:id u:nr!! ’é\ & Cresting icvg!-:': gt WIF
. P oaa'B
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A

Soluticn of equation A5 is difficult requiving use of a digital
computer. It has buwen goneral practice to utilize 2 drms as the 95%
probability value for the equivalent eircular radius. The procedure
outlined previously for case 1 for non-orthogonal, unequal and correlated
% can be utilized to doternine the equivalent circular radius for other
probabilities. Figure /- presents probébillty as a function of ?‘"‘.'c for
equivalent circular radius for orthogonal, uncorrelated and equal;' ‘-",
orthogonal and correlated equal ¢'s and non-orthogonal, uncorrelateci equal
&s, It ia shown that, for correlation factors less than 1/2 ard non-
crthogonal systems having vertical angles up to 459, the results for the
orthogonal, bivariate distribution having equul r"t eom provide an approximate
solution for hyperbolic syatems., If cross'ing angles are sevore and

correlation factors are greater than 1/2, it is sdvisable tc utilize the
transf yrimation procedure outlined in section A-1.

A3 RANGE-BEARING (7 +) SYSTEMS
The probability function for rho-theota systems is given by ths

. -~ r,
equation S0 R
, 0 N .:’-'a'-.:\/ X 1”-“.":{1 . l\ [k ., . ¥ .'5-1

et .f._.'.;.-\. Sape P R O S T B B A P

A T, e Aed vay » ar Fa & S| Zpgmpe T jAE
(t‘\ > r'(:l.;‘ 6{7 ""é“:"’" \) 2 ) v Vlt‘u L‘- 1‘ 0}9' /

S (3
where

¥ 2“‘/!’1 %:.'
0, = standard derivation of bearing error

, ‘= standard deviat:lbn of radial error

(o <+ = distance to target ‘

%z = Bossel function of the first kind, zero order

uw =
non

iy s a

- - —
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3

If it is assumed that the dista'ncc error is proportionul to
distance ("J + 5.2 ) vhere 8 = % inaccuracy of distsnce, equation (A8)
is sinmplified and solut:{on raesults ére given in Table A3. For ziven
standard deviations in range and vearing cnd fix distance, the circular
radius is computed from thé equation

(A9) R =7 » Table Value *°

Radii, for olher probabilities net incinded in the tabular

values can be determined as outlined in Section A-1.

Tabled3. The Radial Frror B (Redivs of the Circle of Uncertuinly) of
Rho--Theta Nacigation Syst:ns
]

Probibitiy 90 95 98 -
Deirm Mereeal  Perceit percent  over mam.

seddpereent o= 0.3 00312 0.0:03 09475 20
T 00103 0050 00527 20

15 00301  0.0575  0.0622 20

25 00020 0072 00018 o0

2.9 VO 00232 01037 20

89 0038/  0.1047  0.1236 10

3.5 0.1026 01213  0.1436 10

0 01167  0.1385  0.1637 10

0 0.1450  0.1722  0.2040 10

40 0.173F 02062 02444 10

se10pcroent = 0S5 00201 00230  0.026% 20
0 00310 0036t  0.0421 20

15 - 0013  0.052%  0.0618 20
2.0 00383 0.0  0.0813 20
2.8 00725 0u3l 00020 20

30 00867 01a3t 04222 10
$5  0.010 01201 0124 10
40 01158 01372 0.827 10

30 0.1439 .0.iNns 0.2032 10

6.0 0.1725 0.205% 0.2438 10

s = 0.5 percent oy 03 0.0155% 0.0180 0.0711 40
10 0.0292 0.0346 0.0109 10

.5 0.013¢ 0.0515 0.0611 20

20 0.0.376 0.050% 0.0513 )

L5 0.0720 00357 0.1016 20

30 0.0183 ©  0.1027 0.1219 10

4.} 0.1vos 01193 0.1422 10

40 0.149 0.136) 0.1623 10

20 0.142% 0.1711 0.20%0 10

6:0 0.1723 0.2053 0.2136 10

s v 0.2 pereent o) ve 03 9.0115 6.0172 00204 40
: . 10 0049 0.0342 00106 10
ns 0.0:31 0.0513 0.0009 20

2.0 .0.0574 0.0:3) 0.0312 20

25 003 0.5 0,105 20

3.0 06531 0.1026 v.1218 19

o o o117 el 19
‘30 o) 04 0.4 10
S0 oMW 01710 o0 - 19

60 003 02 02136 0
A-8
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APPRIIDIX B
PERFCRMANCE DEGRADATION DUE TO YWZATUER FEVIROHMANT

i ARl i

The subsections of this appendix describs tho effects of various
veather environmonts on the perforraice and operational raliabin;ty of
the key aysten clcmenta of the DB candidates. 1

*

B-1 RADAR _

In inclemont weather, the ability of a radar to detect targets
is decreased because of attonuation of the radar signal in the path
betwean tho radar and target and becauss of clutter noizo from water
particles in %he vicinity of tho target. Attemvation iz caused by
abeorption of wator vapor as well as absorption and scattering froe water
‘droplots. Clutter roise rosults from ensryy scattered in the dirocticn

of the receiving antenne and tends to ohrowre dasived afgmale, In
i © refevencs 12  of Appendix G, a theorotically derived equaticn ex~
L .mlmthqmnmbilﬁyofauurihinclmtmthnua
l ' function of tho rage capabdlity in dry veathor is given in terms of

- typical xadcr paramaiars, atﬁma,tiop factors for water vaepor and soatter-
L: | ing, and relative humidity, Figure B-1 presonts range degredation of an
L X band rndar in reinfall, assuirg the following radar parameters:
L Paak Pover =0
L Antenna Gain = 28.6 dd
Wave Length = 3.2 om ' !
| {. Boise Figuro = 16 db |
. Pulse Length = 0.6 usec -
- . | .
. }
H
L N
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As shown in the figuve, the rudar ronge capabllily ia wmoderabs refinf2ll

rates (4 w/hr,) enn deerssnso by a factor of 10 cver a dry environment,
In a fog environment, the scattering effcet is negligible and the

} radar range attenuation stems prinarily from cthermation causcd by

‘E absorption, Figure B-2 presouts the range dogrelation of the ?::.d%n' in
- - terus of visibility at specific tcuperaturos. As showa in the figuve,
' rango dogradation becomes appracia;)lo only undse conditicns of intense
| fog. Snow and ica weather cnviromments can vbe expected to have similar
. ' reductions in rangs as rainfall,
o To arrive at an estimato of the parcentuge of time signlficant
) redar parforience degradatbn can be oxpasted, :m‘ccorological w2ather
4 data for the New York area was obtainod from the U.S. Departnent of
Corezerce, National Occanic and fimoupheric tdminictration Envircrmental
- Date Service, Table B-i presents meteorvlogical daia for vhe 1§70 yuar
¢ as vell as normals, means and extremos. As shoun in tha table, the

neen munbar of days in which a precipitation rate of 0.01 inches or rmore

L.

vas measurod is 121. This {s comparable to the mmber of days in the ‘
Washington, D.C. area mecsured by the sams eriteris, snd information &
contained in the above rofareace will provide a basis for estimating
ﬁe parcantogo of time significant redar range dagradation can bs ox-
peotod, Pligure B-3 extractod from tho atove refurense shows tha hours
por year that a given presipitetion rate was .exce-nded. Taking a per-
formenco degredation corvespurding to light ratn (L me/iw, F .04 in/ur,)
as boing signifleant, tha bours par ysnv thati; W04 in/hr, can b ex-
pectod ars approximately 270, For an 8750 ho{xm year peciod, the por-

)

:

L
]

B-4




T e e e 00 -

e, s

e - NS 3
T I AT I
- B0R SURYYD Pus 332019 s osraems oo
fufor: sz Sowsmeprvenitog ees e m ‘ > h.cvn-lbn..o"n-“.‘ e 5‘!‘-‘ Pﬂ-&!’!ﬁﬂl‘i-.ﬂ",ﬁﬂlll
< ) S I RN L WA DA AT oo emotew's l.llllhﬂ.o.‘.l.!‘.u-..‘hwﬂn. i
., e R T ey wrisy g s m WIesh 2% “owmEe VWS soe, 1 .
- T e 5y o ot o Sy AR Ll nesa Zyenmy )
> e e e e ] “semmsstuss gttt a2
B g Futreieuns g wrsed wwe L B iy b1 I g Rl rgried] ey + S peop g riilens
*A1u0 93vsed sevdwos g of ¢ no!dn-!..-....dh nummu.ﬁ\ 2 swattss ek, \...”.'.\Wu”mw oL b snes Sebdy -uﬁMz. w1t ot Kormet sonas o oren 2% o8 Vdrl'!nl“_a -
A3y vesane aamhint P Wy o ad s W1 ‘pgepaewe w o _.I..!... o d ’
. 999N wesen ¢ 1P SY=4208 I0 0o, . [ opd
SEESTAITEL IR B
W 07Ny ‘emwaivre g cwen Si *L8 Wiwg-01 ‘wej-gy 4 %0031 w4 Ssa Liare ewyreg
prp-mobtely Ty ey i L Poan Lot A Do M T Ao B B o "l ) Lavnanog w3 seervy ¢ 1g (19Ineus
ﬁh!ﬂf‘qﬁ‘o‘l%‘i]ﬂ A w033 (11 PUIA Jo atve uwbncﬂ.-i.dcupu» POV BULISINS BEIJ NIV SLOQP VPUSIINS P ™
. " 20430 ¢ . N
1ne110] ¥e Layy et w3 up enay ) stst]erel oesrlentlerns fimon e |u
T 2larent] snaleecel porsleveatlicrey fuee ..!_ m i
. 1 igeor 0%z | eoall doaci ‘ets _ sge itone {@
. L8 A (1) a 4°82
oy - ! e ey _uo—amuh mz. mw"n woer u-nt H mhs | vicees ozre 200 “Mn“”."u MQ-M“ €o0e 1iote "
: T A L ,_u._a.r:MN: kel Py L erl cout ees vee Moeliee | srantsrel araniced ue |5 eeiiss cente |eee e 8
Lol 3 e ! Yoo jor luw ot | cont]te h_ s igegr)y con1izon: eg iy
e R i | meganils anen e |l sl i i f BhE | EERE R
! [P < ' H jze log log (1 i 2 ¢ 10800 g8t b3{ o £ye1 26 3 i i -
: o e : s : PS3ia jEe s ¢, 0% . poddd tisitit et [0 1 coe i
arh e e I o s o zelzsfaa e e o0 36T 4v°0] sretiedely, iae torwerlsati oone (o0 | acee
$ e RETI Lo sy e wee 4 } 2iee peceet, j0t' e RIS
e sk M eais] 5 o toerivarel ceatiney liecg g e e _u..” :
(173 1] L . 4 ‘gt & . o :: ~al §ue * 13 " T 2 @, 2 » [ 1)
taels e B on HEDE ntizee [t lce .ﬁL«- mo.. vl s s et ¥ by ifes 100 gtz Balin e _o.on RSB
oo w0 _s “ - "o_ r forcice S T Ll e 4 - _...v:""ﬁ pipiE I THERIN A el astjeict jleny 1% Toerifle] oLel. 44 eniee L
ot H e _4 ' *€ 27 (*4%? 9052 laf (26 ine ! 4 9%, TANY £°3° . $633,Cy°0/ o fegeg 'ogs . ' L ]
R d R EREB R cabER R mRR G| R e AR ) RS SR DR el 3
: I 3 ! t e g ¢! s P00 2T ILe . HO RS RN T SIS w01 154 - X IE
Hot 3> S e It 2 2y gst et . LT trel il e nepT L .J«. [ i : LA F P 2P ¥
»wild gy o 7 jer f3t e fiereeet i | o N is et 2ot i : B g 4 °r 2 ; &
WM.J.D _MM u“ ” M“"M it et m. 0°% 136 ; & mcu .On o 116 m_nunﬂ nama.n _won ~ .MOI! J-n m 'Y wn— m M.ﬂ m Mu— M W ® mw b -M- : v..hl P o
/e i i (¥ N RSN L AP H ] S 4 s » g W .
e ics lie lis fot loatenine 1oy R L e [elelen 2 datmn | § PEI gk mm < & m_ < .rm.m M !
T SNERTEFIFEra S R FE 2] ! AT {5 lzk
RS ErT M TR TR Fein 150 35 3 Lilloie : P i < re—
wn.mn“umﬁnmuma vv. 3518 uhm _u aj ﬁm um“m : L _ m (=
g7, H 2ipsiq &0 H 2 ) [} ol I3 ) —
5500 b, M_mwmuu» ..||Immm - ot —n * n—u v el g e Savrmbasy
] ——— PR TR - iy
,m.n_ s | ey ! M “ ongens w + | drprony ’ -
% gt susicrstnsy 1 . ™ w i, ]
: P e—— -
: P \
i SN[ STYIWUON
' SENTEIXE GNY ‘SNYIN
v . ! P _.. L. 0 r-
P e isees o d Joee lse locos leeww qon
! { ! _ v feee 0 leeog lesese _ v | feers! _ _. o
. [y ., ®
_!. jog 1oe Jot [ae Jeo Hid ) *ote .-. . _a. 1 T“ muuu ...mu um... sy
! i eshl™ | i o io Horr bl ooy mm« R HE RS R e ¢
awo e *ﬂ e v o len . 1 foe {esotlece foe leo mw“ St 44 jont o1 _“n.- nmm r-.r. PR R R e e _unu“ e R+
3 H ! Lt im ot [g°a [$°1 o€ 108 ! ] 19%0 ‘sact | jog2 29 Jos® oe ig°03 i ‘op | wr
~ 8§ . lasg {3944 laved 0t Is 2 ‘es [5°4s To
. o !t (o2 e teg Irw v letz oot 1eo foy | e »- 80 g o lge lp /
.M.m“ L FEH _“ I FIE R 1 wealarer hive M..“ m oo g {11 e lareg omm e e
133 e o | ve lay teg 120t (et 2y v TR 81 ke P . )
et o ° .o 2 . M s 1t et Int 8 (1% |8 : 7] [ | 0% o " * o8 ire itorg Wiz T ce o
e s e o ¢ ¢ e fer ! i iR ou te%9 .va« 41 1 43€ | o0 e seg . #°2C 6 | vvw
s e [ v o e oL a0t ot 3 9 =t of ‘oge . o1 o8 |2 e o2 fzeov | a3g
A N e | ol e SRR Rt R RS E g B
. . * - o Be
mee fe ls o s i I w6 fi fEeE i ik A |l B 8 T T e Y
e jo ! ¢ je i M 3% et levatly ise iPe % uf ol ~ o e gt b ;
I I B IR LI Btivtaiics ARtV IR LR IR i % -
- i . - ag- 1 M
1wre (e I L L B - IR ARAL R | py e ' : _ _ _ . -
22l e ity RIS Y .w.m B il gid § 13 e et ien i o ¥ —_— : —
HERTREH AR LHEREE SREE P e lls e s
mm;m“w“n 1§ iwmum _ LI PR 1 o deinir g oot oy ‘avey | e "
¥} ] 2 ' '
s&i i ' 1.1 5 H . Mm | S, -t ey iy safogy
m.w.m a,,.lllf.._. ‘wipreey _ Lonand Spptony weeriag L’- e oA 89N WBA Pge g
T aadesy “ v ™8 : AYRAYAVINOS WYV¢ YYvaeS)
ELt sty A sovenn . 6 00 tomywy IS o e \ € IVl
: ) . LY N
_ — A I IDOTOYOILTN
e YVIA INTHENO FHL ¥OH ¥
e . ) : . i
. : S A —JF —d--
| _ T o
~ e D e
. S e S S S s SE e Sy
— 0y e } - TR
HI | i L

By o GO S £
B S I i AT AP0
i

B




20400 INOY-ouo
Y} WOI] PAAIZAY A0 PIINGRIOD DIV IV PIALASIA0 ATERYSY 10U 0IY SIAIND JINN JOYIC TrY, TITP awni-Tung pralds
-CO UOGR PISTY ST 0AIND INOK-JUO YL D (1 ‘UCISURSTAY 1T §93UL JUIOG JO3 CONNGIIISTD dATEIDIIND *C~qNha

Q3033943 SV 3LV¥E JLVNIQYD IJHL LVHL ¥V3IA/SENOA
(o] S ! €0 10 600 . 100

FEB IR T D | Wis s o 1T 1SRN $00°0
e et o o et 1 s e £00'0
SRR R 00
| 1 ;
P X i :
. Lo H tpy ~ _ 200
: i SRR .
TAE O 5 B o0
i ! iy dl w o i i : 600
“ e L
o i ] ST IR o 5
5 i I AT R m
2 f N IR L 1 R T 1A R T S O PO
o i H : {1 I oro I . 20 Q
o ! ; : | 4y [ ' Vol C I : <0 -~
[ S ] T i ! H ! IR I “
w 1. ; v ety s : - S N
o IR SR T X, SO I i SR <0 x
|t rm ANDLYECGY f-.m_wmu.nww.ﬁ.c DiCTY UTMINGY hd or/ - et i _“_ . boobt . m
0“ A STHYCNYIS 20 MYIEAY TNOLYN et P~ e + it et b 10 b=
=3 155 it b e N LTINS T ; : — : d
f e et : 3ot ! u u.ulﬂl] : . - "r
[| STVANZLNI SNOINVINVISNIARG = -=-=-¢ &~ 7= % -
I SIVAUILNI HNOH-2/1 B~ =T 2T | T[] " 1 ,
i STVANILN! HNOH-1 A RN
H SIVAMZLN! ¥NCH-2 A8 —— = — L1 :
i +3Lvy NVYIIN SHL S3A!9 ONY H3LVA L1 4
i SLVIAWNIOY 29Y9 Nivd 3H IR - P
xR at ok psug T X —T T P e
- | o e 1 S b b : P 0 0 ! I
o o o e et 1 £ e B, : e e,

B-6




[ .

centage of time that perform-nce degradation (correspondinz to the light

=

rain condition of Figurs B-1l) results is approximately 3.1%. This per-

[; centage is utilized in section 10.0 in enalyzing candidate 2.
( B-2 OMEGA, LORAN AND DECCA
ﬂ' In the utilization of electromagnetic wave propagation rc;r radio
i ‘ navigation, consideration rmst bo given to the effacts of weather environ-
‘ ment on operatioral reliabllity., In free spece, all radio waves, regard-
i‘ loas of f:jequency, are propagated in strajght lines at the speed of
l A 1ight. Along the earth surface, howevor, propagation is genorally cato-
ﬁl ! gorized as either ground wave or skywave depending on frequency. Up to
7; abovt 3 Mz, considerable tra;\smitted ensrgy follows the curvatuxe of
MM the earth (grourd wave) whereas at frequencles up to 30 Miz, apprecisblo
__}[ ; energy is refloctod from tho ?{,or.acphsrs (nkyeave), Since the fonosphere -
r’ layar caused by radiation .fro.’ the sun varies depending on the tims ¢f
““‘{ ; day, season and the 1l-ysar s]nspot cycle, the transmission path is
4 3 L " unprediétablo and h=nce skywave prropagation is seldom used for navi-
' » ' gation systems; itc use is alnéost exclusively confined to gmund~baeo
_;E direction finder systems. Icnpapheric wave reflection, unfortunatoly,
g also affects ground wave syat.eq;ts. The gruound wave signal is con-
- taninated by skywave energy that arrives at a recelvor by a devious path
_‘}' and special treatzent o Tequired to isolate the two. It should be
. noted that the skywave signal ;trongth can *u greater than the ground
JL _ wave vhich furthor asggravates fhe problem, Skywave contemination is

conirollable in systems vhero Pulao tronsdssions are used since the

H
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datos, it vas rcessaary Lo pryvido an estimata of tha par-mnf..:za of

edge of the ground wevo aveives sooner than the skyuave and hence the
tvo vaves sre discornibla,

The propagation of ground waves depends on the conductivity and
dielectric constant of the sarth surface ard thorefors diffors, for
example, for aait water and ground, Yhile the free space pouer recaived
varies as the juverse zquars of d’.;:tance, ths roceived power using ground
vaves varies as the inverse fourth puwor of ranzs ard depends on operat--
ing frequencies, Figure B-4 shows the ground wave fiold intcnaity as a
function of distance for various frcquencies over sca water., As choun
in this figure, ground vave a:ttenuation at 190 miles for un operating
frequency of 150 KHg is 40 db whercas at 2000 Kiz, tho cttonuation is
44 db, At greater distancss, ths affect of frequincy is mors significant.

The major weather influsncs on radio navigation systeus is

i
- thundersterm activity which rusults in so-called atwospheric noise.
’ 1

Por frequencies belov 20 Nﬂz,"; the useful ssensitivity of a redio receivor
is limited principally by tha!atz:osphoric noise lavel of which tho most
important generator is lightn;;ng discharge, It is estirated that about
50,000 thunderztorms occur oa:&h day throughout the world and that, on
the average, about 2007 are 1:; progirass ab eny ons rowont, Atmospharie
noise power at the input to a ;remiver dsponds on frequency. l"-lsuro B-S
preaents the frequency diatrnhuon etzosphordc nolss for both night-
time and day-tiro oporation, As shoun in the figure, the stimsphorie
noise input at 10 Ts is approxirataly 10,000 tines gesaler than at

10 Mz axd vuries sign:lfi.s'xt.l: fron day-time to night-time, Thus, in
evaluating tho voathu' mvimjmnt on t.he perfonicnea of syatca cudi-

i
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time atmospheric noise vould affect the radio navigation systeins uti-

lized for the various candidates. From Table B-l, the mean number of

days per year for thunderstorn activity in Ncw York is 18, If it 4s

assvmed that the thunderstorm in the New York Bight area prevents
reliable transmission for a period of 8 hours, the percentage of time
performance degradation results is 1.6%.,

From Figure B-5 it .ia appavent that Loran A, vhich operates at a
2 Miz frequoncy, will be more reliable than either Loran C (100 kdz),
Decca (70-127 Kiz) or Ousga (}o Kiz), Thus, in the evaluation of the
candidate systems, several of:the ratings wers estimatel to roflect the

above considerations.

B-3 R:DIO DATA LINX

R e

In goveral of ths sandidate systens, t-};c enbogrd vooool informe.
tion 13 data linked to a shora; station or center for data procesélng,
assimilation, snd recording, -i\[n these systems the operational relia-
bility of the link is of ex’oreéte imbox;tance since the entire hiétory of
the vessel dump mizsion is preericated on the data being {ransmitted
from the vessel ard re-eived ai‘; the shore ceuter. The influence of
weather envivonment on the data link essentially involves the elsctro-

f
mognetic wave propagation considerations dism}ssed in B'-2 but is move

oritical due to typically lower power availability aboard the dunp

vessel. to transmit data link simals, In addition, the data content is
contained on tho received s:lgne:l vhich must be processed to‘ extract the
infoimation, thereby resulting iin goms aignal losus , arz.-:‘.. ia more sensi-
tive to recoiver Input noise. Thua, tho operational reliability of a
‘.
!

B




e R AR R RS

'r.,;,.,.; ,v‘

i

data link system is somevhat less rellable than the veszel loecatlion,
navigational systems discussed briefly in B-2,

Tha data 1ink, if usod for transmicalen of dump signal stotus Lrom
the barge to the towing vessel would utilize an opurating frequency in
the VHF band since the transmiasion'path is in the order of 1200 fards
and line-of--sight limitation is no? a problem. Required transuitting
pover at this short range is mininal and estimated to be on the ordef of
several hundred millivatts, For the vessel to shore data link, however,
line-oi-sight frequencies cannot be uvsed snd oﬁerating frequencies in
the MF or HF bard would be required for transmission of signals at a
distance 160 nm fron shore,

B-4  SsMD TESTS ON_AUTOMATIC TRACKING LORAN RECEIVER

-,

During the study, SSMD psrforred tests on a Neleco Autofix 500
Loran receiver manufactured by the Hautiéal Electronics Company of
Baltimore, Ma:yland. These tests were made to determine the opérational
difficulty in acquiring and locking on both ioran A and Loran C signals,
and the capability of the receiver to automatically track signals in the
New York harbor area.

Two Nelco receivers were installed in a station wagon'by
¥eleco for Sicxvy, and a simple whip entenna used for signal detection.
The station vagon was driven to various piers?and docls s&long Manhattan
and Loran A, (Loran C a% times), time difference signals were recorded
as well as signal to noise ratios at critical 'locations. The results

of the experiment are swmmarized by the folloying reicarks.

E-12




Operational procedures to acquire aud lock on Loran A
signals is relatively simple with the Nelco Autofix 500

receiver, Loran C acquisition is somewhat more difficult
:
due to signal strength of the Dana Air Force Station slave

|

and noise levels in the Manhattan area.. 1

The Nelco receiver showed excellent tracking capability |

except under low bridges and “unnels vhere the signal

wis lost. This was not unexpe:ted since normal radio
broadcast signels are lost under.similar eircumstances.

At all docks and piers where checks were made, acquisition
and lock-on of signals was successfuily demonstrated.
Either Loran A or Loran C could be utilized as a vessel
location subsystem for the DiS; Loran A is preferred,

however, due to the rolative onea of acquiring and lockin

" on of the Loran A signals.




APPEHDIL C

DESGRIPRION OF VESSFT, TOCYUING. METHODS

[ Yy

C-1 HYPERDOLIC SYSTIMS

The hyperbolie navigzation systems conaidered in ths study in-
clude Omega, Differential Orega, Loran C, Loran A and Decea, The sub.
gsections following briefly describé ihe fuﬁdamental opersting character-
istics of these systcma and, in psriicular, factors relavent to ubi-
lization of the szystema for the DMS,

C-1.1 Cmoga .'\\

Omega 138 a long r%nge radio navigation system utilizing phese
differenas woasurvicnta o{ 10,2 RHz carrier frequencies received from
each of two stations whosg transmissions ava phased synchronized,
Hypoertolic lines-$f~posiéions of constaal phase difference with the
stations lying at tha foéi of the hyperboles provide a position fix a%
the intérsection of the égo lines-of-position. The accuracy of the
fix 1s proportional to thé LOP angles of intersoctions, 9Q° bsing opti-
mum, Characteristic of CQ phags neasuring systems, cyclic ambiguity
causas isophasos LOPg or lanas evéry 8 mu. To increese the lane ambiguiti,
the stations cyclically tranzidt the G waves ab sevsral frequencies;
i,e,, 10,2 Kz, 13.6 KHz.and 11.33 K=, with a 0,2 cac, off period bo-
tueen ench trancmission, With'a two fiequency recelver, the recolubion
or lens ambiguitvy increaées to 24 rm and with a three freguency re-
celver improves to 72 nmi Gonerally, with some minimal dead rockeoning
navigation equipment abogrd che veseal, lana embignity is easily re-
solved, A typlcal fouctional Mock diazram of an Siega navigation

recoivar ia showm in Figlre C-1,

c-1




o o g1 1 < <o et

HIAI203Y NOILVOIAVN VOSHO NV £0 (WWHOVIQ MO0716 IYNOILONAS -0 3IWNOIS

—
proarm e

<
@
0
—

-2

J
ES & A
. . .m
!
. i1 O0A .\ <
t6-9) m ST T oReo |
L\ * . - b
to Mni.,g.
| 219101810 usia .
L] S
. . r's m “. | : .
o t+ ODA I Y S
: N T OMTO J
& :
ml. w U I
RS KR KR Ry v : :
{
{ " h-r . “ll'llJ *
(8-vi m . | oon L f 3
i I oxeol *
» . .. /- ) ] . Nll'll‘l-




Ads discunzed in Appendix R, the propazation of Omeza sipnals
conformis to the earth-louvsphors wave gulde which hus a divinally vavy.-
ing dimonsio.n along the propagation peth, This vaviation in lonosphervic
height produces an seffective variation in propazabion velocity which
muzt; be compen::d‘i:od for as a function of time ard approximate position
to assure predictable phase comparison, The veriatien prodictions,
known as skywave corracbions, have been tabulated tased on a predletion
model as a function of tims and day for spocific locabtions, Results
of measuvamont progrars have shown an operational sccuracy of 1-2 um
RMS depending on tims of day. Improved accuracy is possible using the

]
!
Differantial Omaga appro%ch discussed in soma datail in section C-1,2.

C-1.2 Diffecenticl Cnoea

RSARTE Pl A ¢
)

+
In the Diffsrentidl Caoga soncopb, a rew Creon resalwrar ak

.

a knovn geographic location is utilized to corrsct certain unpredict-

able propagation anom.aligs » thereby resulting in improved fix accuracy.

)
It is assumed that the Or-.’xega receiver used for position fixing iz ex-

periencing the same unprefliictable variations as the remote Omega re-
celver at the knowm loca.t';mn and honce suitable corrections may be
determined aud:pplied to corrcet the dota measured by the actual navi-
gational wvecolver., This approach rsmoves time dependuint evrors and
incroases accuracy repee.ﬁability to aporoach the relativn. accuracy of
the two rucelvers operating in a siumdtbazneouvs enviiomaant, Expori~
mental data obtainad wit;\ Differantial Onsga shows an iuprovemsnt of
!
421 over a conventioual Omega syclan with averego LOP ovrorg of 47

centicycles at night and 1--3 centlcyslss during the dey (1 coubicyole




|

| fiani

,...,

equuls approximately 1 microsezonl which is 150 meters on the bassline).
Thus, the Differential Orega concept is recommended over Cmega for use
as a DMS vessel locabtion subsystem for the small cost of an additional

remote shore based receiver,

C-1.3 Loran C .

Loren € utilizes ground waves at somewhat highe.r frequency
(100 KHz) than Omega but still providos long range coversge (approxi-
mately 1000 ma). Tho concapt used in Loran C is the mezsurement of the
line of arrival of pulsef\s transmitted fronm two stations whicin gonerates
hyperbolic lines of equal time difference with the foci locixted at the
stations, To obtain a po’sltion fix, tuo LOPs ave requirsd snd thns
three staticns (one mast-_ér and tvo slaves) are necessary., Unlike Omoga,
the use of pulse transmiésion rather than CW trancsmission provides a
means of diécern;‘-;ng the *i"kywave from the ground wave., Skywave contami-
nation can be expected s%:%arting at 30 usec from the start of the pulse,
and hence with Loran C onfly the first three cycles are used by the re-~
ceiver., Fine tinme difi‘er;znce measurerents are accomplished by phsse
difference measurements of the carrier frequencises with ambiguity
avoided by the conarse tims difference measuranent.

A1l Loran C trans:.aittera cparcte at a frequency within the
90-110 KHz bund, The master station transnits its pulses in groups of

nine at a repetition rote of 10 to 25 groups psr cecond. Thore ave
i

five basic rates each having eight spocific rates. Spacing botveen

pulses in tho group is 1000 usec. After the master transmits its

pulses, a slave station trangmite an oight pulso group alsc spaced

G4

i ik . st &

T e el




1000 usee, The time botweon iraster and slave trsnsmission is ab least
equal to the oane-way time from naster to sluve plus an oadditiopal

2000 usec to allow the skywave to die down. Still later, the next slave
trancmits {ts eight pulses, The use of a train of pulses increascs the
average poveor transmitted similar to the use of pulse compression" in
radar, Fach pulse uithin a group may have its RF cycles in phese or
180° out of phagoe with an established reforonce ’ thereiay providing
identification of station chaing, and serves as a communication be-
tween stations,

Because of atrospheric noise which, when viewved over the 20 Kligz
receiver bandwidth, is 20 db higher couplel with as much as 120 db
differenca in 51@31 strengths tetwean station aecd perhaps 35 db of
interference signals, ths Loran C receiver requires a very aigh effect-
ive sclactivity ard filtering using elestronmachanical or digital serwo
loops with slov spoeds and long integration timos (;" 10 sec.) is re-
quired, Initial scarch ard acquisition of the signal ray take up to
10 nminutes. ‘

The chief pavumetors affocting Loran C accursacy sre stability
of propagation and the crossing angl.e of tho hyperbolic 1.0Ps, Although
propagation variations of up to 0.4 usce have bean observed, thoy can
be partly conpensated and propsgation errora: seldom ezceed 0.1 aee.

In the Basturn U.S. cbaln, considarabls dxta ihc\s tacn obtaincd at

stations shoving an ervor radius of 820 ft, for 953 annuval avereg:.

.s
|
!
i

!

]
]
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C-1.4 Loxran A
Lorun A is sinilar in operational concept to Loran C but utilizes

higher opexating frequoncies (approximatoly 2 Miz)., This higher fre-

& . quency limits its operational range and Loran A is utiliged primarily

;; l | for merine navigation near shore, The system utilizes a waster and

* 7 | two elaves; the slaves norually atout 200 miles from tho master. To

; g disting\;j.ah various chains from each‘ othor, three carrier frequoucies ?
o are used: 1850, 1900 and 1950 KHz, (TwenLy-four gets of pulse repeti- ,
J tion ratea with half-emplitude pnlae durations of I.O psce with a 2
Ji | 21 psec rise tima), The g‘m.ster transmitted pulses ave received by the j
o slave station ard, aftex a fixcd tine delay, are robreusnitted, Tho |
! l--is differential dolay botws?n tho reception of the mastor and slavs pnlses

[1: provides a lina-‘of-pasit_ion, tvo LOPs rcquired for a fix. Ths accuvacy }
of Loran A depends, as with Loran C and Omoga, on tha hypsrbolic LOPs

.

Jl 3 crogsing angle, as well ’u the accuracy of pulsc-time malching in the
. ar .:

receiver and slave rapat.,ltion acouracy, Total measuramant error is ¢a

-

the oxrdor of 1.5 psee, hou the base line between stations accuracy
is on the order of 1000 ft. whoross at cxtrome ranges (~800 ma) and

at right angles to the baso line, it is on the oxder of 0.5 um.

C-1.5 Dgcecs
The British daveloped Decoa systcem is a hyperbelic radio naviga--

Y I 4
prie.

‘ tion syatea which utiliwos lov froquoncy (70 to 130 KHa) G transmission
L signals frum a masior amd three slave statlons to provide a positicn
fix. Each statica trancaits a stable Ci frequonuy signal that boara a
Tixod relationchip teo t.h;o frequencies of the othar tbr_sa sbatiouns,

¢




Phose coiparison of the sigho:ls produces hyportolic LP uhere the phasas
ars cqual, Typical frequenciss transmitted would be as follous:

Mastor Station: 85 Xz (6 f)

Red Slavn Station: 113,333 (8 £)

Grecn Slave Statioa: 127.45C0 (9 £)

Purple Slave Station: 70,833 (5 f)
These fraqueacios ars multiples of fiequoncy f which in this case is
14.165 KHz, The roceivor incoming fraquancy sizaclu are mudtiplicd by
factors to produce frequency differcncas for ths stations whiah aro
either 30 £ (Purple), 18 £ (Green) or 24 f (Rg,d). These diffoerencos
are measured by a phasa mster of Lhs continvously integrating type
(decomater) vhich Lidicates total and fractions of cynla that the ro-
coivor passed through, Insirameat accuracy is on the order of 1/50 of
a lano corresponiing to 5 yards along the bascline.

The Decoa system utilixes 3 lwmo identification techaiquo for
solution of the lane cmbiguity pioblem, Esch station tranzuits, in
addition to its fine fixing signal, a lano identificstion sigeal by a
secord trancmitior at apscifisd mto?:ala. This taechniqua, coupled
with a comparieson of tha I frequency for cach of tho throe phasa cou-
parison ayateas for half a sccond, rodunes lans asdignity to 1/100 of
a lane, '

Practical covorago for Decce Lo linite;@ 20 nbout 200 = bscanaa
of oontimwous vave propagation ard r'ijvawn m%haﬁratien. Figurs G2
presarts accuracy ocoatours of Dazce Jor tha t!§.i ¥asb const 2z a fuao-

tion of season oxd Sixe for 954 prohahility of fix ageurasios,
. ; .
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C-2 RDF
The use of ground based radlo éirvociion fluders for fix locations
has boen utilized for rany yoara and jts application to ths N3 is a

natural considaiation. In this systen, trancuissions frem the voucel

are recoived st tvo shoio RDZ ctations from which besrings to the vessels

arc measurcd; ths two bzarings uniqualy fix vassel location., Ths tuslc
principlo of divection £i:ding (D¥) is the mensurawnt of diffarontinl

dist.once to thy transuittor using o Joop or Adeonck typa antenua, Cuvrents

genavated $a cach voctical segesat of tho lcop L:iuced by vertically
polavissd transmissiona, uhou. oqual 1in mplitwle ard phase, rosult uken

the loop is 90° to tho dircctionm of tha avrived signal. Whilo many typss

of ROF antusnay sre in use, the Adcock typo is parhaps most ettractiva

for a ashoro-bauy>\ RO¥ 3tatial§. In its cizplest fora, this aqlenan con-

sints of two verticel ant-e!ma:s connected to a receiver, Oparation ia
sinilar to the loop antenoa, ihw m)l indicatlag signal dirction,
Duo to the size of antonnas t:%‘uhad in the 400 KC to 3} Kiz runge,
phycical rotation of the unter;na is not practical ard a gonicaater in
conjuacllon uith four or oishf; antenna tovors is uaed, The goriomiter
is an ina* “imant consisting ofk_e tvo sots of vindings b right angloes to
cach otlsr with a contral rotor vhicy in offcst teanslatxs the resaived
redio field ab the sulennas ino 3 rinlatuve mignatic ficldd ia shich
the roter opsrates, Th: weglei cutpul ¢f tho ganloemaler s2ie= thea pro-
vidas tha dlisstion of the t.rgz.;mj.ia;ﬁ slgnal,

Ascuresy of an 5/ é;fé?.é;: depo i3 mad oaly on $aghrorastalien
exrtors but ol ¢a oxlmmal §§E;c:’ £ 3002 su3h o3 fhieas Latovicrense

g .
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effocts, polariszaiion ervors, tilt of tho lonrospheric layer, and site
irregularitiea, In a wodorn R system such ay ths Marconi 8480, boar--

ing accuracles of +) degree, . 4 with calibration corrections are pos-

‘siole. Ab night with skywave' contamination, lhowever, accuracy may reach

20 gt 100 nm and as much as 4° at 500 nm,

C-3 RADAR
Vessel location using a shore~based radar is determined from the
time elapsed between transmission and reception of a rodar signal (range)
and the radar bzam antenna dlrect:witv (baari ng) The operating prin-
ciples of a radar in its smplest foin utilize a transmdtier which
generézt ¢s high power, short cf'm:ation pulses uiich are rediatcd in a
narrov bean by a paravolic 1‘911%1,0; virich 15 rotated in sazimuth., When

=y
= 'J'f
i

to the antenna which is amplii_"ic.. in a receivel'; The receiver output

the malses sorike the fary

8 small emoant af nouar is radiatad back

is displayod on a PPI 1nai¢atgr; the radial scan is generated in syn-
chronigm with the troncmitte d ;pulae rate and a rot 2Ty sesn with the
azimuth rotati-—~ 1 rahe, Tkls" causes a spot to bo f1luminsted on the
PPI in which che distance and inzinmth ave proportionsl to the trus

positicn of the target.

’3

!
!
When the tavget is coopp*ative as in thz cace of the DS yessel,
a secondsvry redar (r cdae bea.cojx transpondnr) can bo uslgd which reduces
power requirsients of ths rarl.-L tronsnitter and reduces clutter by
ubilizing dii‘feren}a frequencieg, Modulation techniques can be in- -
corposated on the bsacon o prc*;*/.ﬁ..de voscel Jdentification apd other

coded data.

¢-10 o

s s i ek R




| e

B

t‘. -

| st

At 2

e . e —————— e an— e

The frequency of radar oparation varics depending on range,
environment uscd and accuracy vequired, Generally radar yaage accuracy,
which is primarily a function of pvlue durabtion ond display resolution,
is on the order of 1000 ft, and bssvirg accuracy, waich depends on azi--
muth beom width, less than 1%, Because of the high operating frequencies
of radar systems, line-of-sight limitations prevent range coverage out

to 100 nm,
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Fron To Fupotion Shrnak Chocastarisbic
Ant/Coupler loran Lomn Station RP, ) uv to .1v
Receivers Signols
b 10—
l; Inran Revre Printor Iovau Line of BCD, f-wires eash of /4 colunns
Al Unit Posiiion #1
L R " Oparaling Status BCD, l-wire "0" :: Inoparable
4 151 Loran Revr. #l
,' " A Evonts Unit  AutoTrack Alarm  BCD, 1 wire, 1 = Loss of Auboratic
Bt Track
i 20— u i v Print Inhibit BECD, 1 wir2, = Inhibit
Coe \
J Loran Revr.  Printar Uait Loren INP £ BCD, 4 wires Each of 4 Coluwmns
Pis
! e
i " n Operativg Status BCD, 1 wive, "O" = Tncperable
-~ 25 — Top, Pave .:.2
, “ Events Unif Aulo Track Alam ECD, 1 wive MM == Ings of Aitomatie
N . : Track
1 S " " ;  Priat Irhibit ECD, 1 wire, ‘i%: Inhibit
v . i
| f 3907 Evenbs Unit Printer Umit Flapsed Time BCD, 2/ hr., HEM, 4 wires ea. of
: - ': ) . 1} 001.
| " " i Vessel Ident. BCD, Pre-Sst, 4 wires ea. of 2 col.,
. 35— " " ' Events BCD, Codad, 4 wires, 1 Column
@ " » . Print Command CD, Y1" = Print
- Note, Al} EOD Sigasla: "0 is - 1.0vto + 0.5V D33 "L" is 42.4v to + 7.0v IC
T peart Sens iing Frintor Unit Drafh Signals  Dlocrebe switeh closwres at follow-
Unit ) ing frasticnal parts of full lJoal:
/4, 1/2, 5/8, 3/4, 1316, 178,
-_!i ) TABLE 1 J)/lé" ,LU[JJO
45—
{ ‘ Syst\:n Eleetricel Intsriface Sigrals
o !
!
( s .
b i e i e ]
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3.1.5 Detailed Features

3.1.5.1 Operating Modes
The follouiung operational or status modes shall be provided:

. Power-off Mode :

. Transit Mode ., ' i
. Dump Mode :

. Tesat Moda

3.1.5.1.1 Power-off Mode

The power off mode sk2ll be the de-enerzizad status of the DS and
shall bs evailable for sppligation when the system functions are rot required
or when malfunction, .nintemmce , shipmont or other requiroemonts nocassitate
withdrawal of pewar.

3.1.5.1.2 Transit Modo

Tha trunsit mede L3 tha aormal operadirg wucd: used enrouta to and fren
the dump 2lte. A maximum of:ilon minute warw up shall be required. Minimal crow
G?:":JAC“".' ?nwtﬂp#nnf! an c“\n"] by raq: dfrad in thig nade snd gshall be 1imiten
to initialization satiings and norsal ncquislumn of Loran Muster stations.

In this mode, continuous mon;iwuo"mg of location of the vossel shall be provided
by two autotracking Lors:n’ recsivers, and shall ba rocorded at avery six (6)
minutos which will result in a history of ths entive misaion. In this mods,

the operator shall be able to' record significant evonts by depressing approp~iate
buttons on the events wnit,

3.1.5.1.3 Dunp Hode

— R —a

The dunp mile shall be initiated upon command by tho veossel captain
by dapresalng the "Durning llow' evanls bubton to signify tho initiution of
dump and the "Dwsping Completcd” Lution to signily the complsilon of dunp. Upon
depresaion of thesa and any othar "Ssonis? buttoans, ths vassol locaiion shall
be racorded evury 15 soconda rl;m a tvo mlnuto poriod,
3.1.5.1.4 Tust Mode {

Tho teat méu ahall cuirnonod following activationa of tha tast rode
sulbch and wou A be onioiad roiunlly at dockuida prior to and after roturn of
a dup misadon to asecee ta'n prop ciulpront oparation. As a minimun, this xoda
shall provide gross woliunctiunh fndications of tha Lormn rocaivera and various
ovents buttuas, An alim shu}l Yo soundod ond a light 1it vhen ths Loran
racaivara locs lock. -
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3.1.5.2  Fsda Szauence

s~ Formal opwational. modeiny cequince siall Lo 23 Lulious:

o Povas-off uods
. Teat mdis

« Tramsit wode
10-~ . Dup modo

o Treosih rode

o Tost modo

o FPouor-off mode

15—43,1.5.3 Llactrical Powov

The T3 eqalypmant shall bo energized fron thy fU)Vasirg chip pouer
jscurces

20— . DC, leminally 32V (LIV to 5)V), nainolly 100 uults
1
3.1.5.4 Cnoling lbh}ttiz'n_i;azv.‘bs

Tao I8 sral) cparats withovt nead of exbaenal cooling ov haatine
2 Joviess for the ssrvice enolticns specifivd In moozgosh
t

;.1.5.5 Dita Twwnadssion

L]
Tho orureting concept ia based on tiaa captain or other parson in
o—atthority cddi.g jnforunifon to the vesorded dats sueh as tyno of wacte, date

and hour ab tno stact :z-fl‘{'»d ot the dup toip, buzothar with 5 slsied atatomoant

that the data vas nol ropirilated, and trawsis d“;' the vecard to hao Sorps of
fnglneors via U.S. lails,i s.:o.fing a posizmick no Jater toe 12 hours atier
raturn to dock, ‘

P.Z Charactovicstica )
3,2.1 Perforsancs Chavastovristica

tho I3 :f?mll pm':i"* the ragquirsl funclicna ulihia t.n raquived
acavaeion #p3sifisl heveln widiy sy aatucad eecinniiong of ¢ wrice cosdbiinua

isted dn povemgraph 3.2.7 asl folleving tho narosl opsentivg :mg\ ansal meaniatad
n pwegesgh 3.1.5

3.2.1.). . Patestlon

/9~

a5
Tha Jailatlon of dum ehall bs deliestnd e ovenng tha 0 alos

hu" owunts Wablane e sl .= SRR AR R IFILINY S BN SENCEIE: B Sn) ni.-.—*:‘-i.':’-;
kha "Moeaning C-"a alats? granbs Wvton, In ‘-vix Pag, sy a oy 3 ‘N-,\é tnih da
vaployad, vooaa) dralt sl ta s; sured 9 e oesn ooy 60 5% 00 e de Sl gl
+

B
w -pL such w..mn, Q-s””.\«zd':; ey weleslty onwver,
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3.2.1.2  Vassel Iocation Accuracy

The systen ahall detarnming and rocord location of the vossel
uithin the following performance limits,

Distonce Fron Harbor CEP Error, VYossol Location
10 M M . 0.15 ¥ M
100 ¥ M 0.25 N Mi

3.2.2 Yhysical Charactaristics
3.2.2.1  %Votal Weight and Size

0 -

PIRS

g_’;a

P R

“had weight of major coul;eent'shall ba 1faitod by the requirenmt for ainzle

23en E“w Justen rack csse :hall be mowinally 297 ulls x 197 high x 16® dilp; or,
RN

i t

P L omali la . dA aswe. 4. - T P S g s A A bt o - noa LR 1
: o s . ' = N

e ‘:’f‘l." 3223 "Q;?) iw" ?"&f’ 71 . N l 9 ’7

P . e e T

Tha total waight and cize of tho MiS onboard equipasnts shell be
nsistent vith good dosign practices for tha intended application. Size

portaoility of an iadividial componant, snd aholl be as specified in the
lotajlad equipcont specificatiocns. The noninal systae walght shall Lo 85
rotiads, The zaxlwan uafzht of o sfnzlo in~tsllailo uait shall rnot axcaed 45%.

wior option 1 shadl be noninally 16" wide x 32 high x 16" duep. Tne Deall
mnzing Vodl chadl boonoringdly 10% wids x 3% high w 17% daep md roainelly i
.2.2.2 Twavarproof '

The syaton oquipments shall, to tho maximum extent procticable,
vide accurity frou unauthorised adjustzent endfor tanparing, Yhare
vabls and practicabla, suitadle asulesures and fastesing devicas shall be
vidsd to discourrze abucy of cyuiprants or willful wsodification of systesa
nction to dafeat the inteuded purpose of tha MS.

.2.2.3  Syster Instellation'sad Intarchongsability

The D&S ghall ba :lo"},'s:wi for agay installation sbosrd tugs and
ol f-pronallad durn vessals. Tao Spipwat rack vould be loceted proforvadly in
a0 wacal ovss. 1iw saterma vuuld be located as bigh a# alwre onlwmal). The
aft Sonzing Unil wuuld: bs Joeatad talou docks ro thet Lt olays bolay the water
ine o Syadeally wouid B eorasuixl on thoe whipboard side of an sisting sea

% i1 a cua vatar $atsNe lind.  AlthougA auch inctallation vy bs custanised,
sach major oavigunens ard the cative rack shall be intovekar uable wilh other
fmilacky mariod tialts witheut toitificaidon or cdfusin-at of the spipseat other
hen gre-soet vazael hiztitiers ¢md dralt satliinga.

¢

2.2.4  Partshilily

e 1463, oxsenially ‘s wale ayston LS, zhall b *porlaile” ia
he st Ut sl oo B erveiad eloard a voxsdel vk At el end 0o
mirirs iaca) or oy ezl poeilitenltan, ea vied in this Wy, the
brtians ey B2 el gl te e'z'is;b»g wedtal vaila or - e e L L
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other zultlable exicling ctructure and ths ~niomma eshlo partad Ehres
cabloways, openings, ete. The only ships inbarivze riuivsd thall be a P
' fuseqd cad groundid rouse Input connnetion to LR noaiii o whoragk, 1ha int -
.l’ of this ruguirsncat i3 to perrdt usa of tho cysic o vesssls only vcuanfunally
raking a trip to the dup sites uboru ft 48 nob daxdecd 4o goirtora a coustly
T 10— vessol podification to ascept tho eculp-ont o bo assign o syaien Just for thot

', vesaal,
3.2.3 Rollability

i 3.2.3.1  Oporational Lifo

*
201y

Ky
-

i}

18 - -

Tha equi::ant shall have a riafzuwt tots) oravuning Jife of 5000 honrs
i' without ajor ovuclenl butb fneludi-g rowm a) osvietny vnd rndacssnnk e pacts,
-4 Sovvieing wathods wiall presorve sid rafntzin Uha duadsn bee®,

‘ 3.2.3.2 Ousratforal Stalility
Thoe cquipiisndy shall rutizly the roquire-eats of thia 8uoei “ieations
quis R i 1 LI
-, continuonuzly or ins . it atly fer a piviod of At Qaast 209 haues witiond

n2e3slty fuv any eljusizants othar thon wdvral opriation,

25-- . . .. 2V . ; .
3.2.3.3 Rellabi 184y fa Moen Tioo Motvick “nllupes

- -

Jl The squipueat under motmil eparaiing eavitunrsaly shall have 3 pwen
tdno botueen fatlerss (H14?) of LU hours. : x -4

'
J.2.4 Haintatnabitiny
[
aintenance shall be baacd upon A conaepl of: only praviding
roplacerant of fuxas, eta., at sou; narslly aplacing ynits {o.2,, Pronts
wiit) dostinidag re~~lly ‘roplacing aluz-dn ~asedlics ot a ropelir dapat; and,
ruplasing Jriudlad parts and ploccs at Qs dovul or factory, a: sanstopriats,

.

v —

i 3.2.4.0  Falpsead ¥aintainahility

The [ sqetmanta a™=10 hava n 10 Tien Ty gy te (0091) of 1.2

a8 e avecang Ukt to el Zeccastiva

e

- P Theury,  Tho NI fe dofired hoeosls
*alateaanaa sotion falvdinu:
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treinad meintenance man altn spares and norma). test equipment.,
3.2.6 Service Ambient Conditions

“lof the ship).

e — g . - — e Mmae wis aa  caman e s

SV STEMSG 8 \WWAGEAACNT OIVISYIN COLE ALY SPECIFICATION

B L D B s A e e @ S ——— P --ﬂ

The spccified MR doos not include logistics/administrative
tire for shippirg or transporting the faulty equiprent to and frow the vessel.

3.2,4,2  wainteranca Man Hours pev Operating Hour (1MGi/OH)

[
The IMS equipment average in maintenance man hours per oparating
hour shall noi excecd 0,03, !

3.2.4.3 Built-in Test Featuces ’

The ejunipment shall have built-in test features to record the status

of each Loran weczeivar und to indicate tha loss of autematic track of each

Lersn signal by scunding zn alarm bagzzr end lighting a flashing pumel lenp,
S:L*'Llaﬂj, £ elern £hall be provided to indicale aa imsernding loss of paper supp!
3.2.5 Availability

The 185 shall have a maximm downtime of 2 nours for dockside
regair f‘ol 1o'qim, auncuncensut of a nesded repair and arrival dockside of a .

The eylipmicats shall opurals satisluaclorily wdor wuy of the

environmental service COIld.‘LtiO!]S or reaacnable conbinations of these conditions
as specified be 10'1.

3.2.6.1  Anbient Temporatuse

The DiYS shall function in an ambient temperature environmznt of
+35%F to +10097 without the requircment for extarnal hesting or cooling. The
antenna chall function in an ambiont of ~20°F to +150°F.

3.2.6.2 Sea State

The I¥MS shall functionin all sea stats conditions up to Beaufort
scale 8 (gale forcs winds of 40 Kis).

3 . 2 06 . 3 Rela.tive Humi dj ‘uy

!
The TS ,,m]l function properly at ell relative huniditiss normally
encountersd in the salt-sea atmospaeve. !

3.2,6.4  Rain, Snow, Ice

\

The antenna shall function proohr xposed to &1l norwmwl rain,
svow, and ice encountore? at sea. (The remai der of the [MS is in the protection

i .
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Handling for Mointonance

8 1
*3 - N
]' eployinent and logistiec =uppert of the [5G uill nceessibale
-4 trensporting of "qu1unan~n to and from docksicde from maintosunce and spoves
3 dapots, requirlnv a rinimuin vasber of peiscinel for handling, installation
‘ ;]L 10-~| 8nd recoval from the vesssl. The S shall be designed to pervislt onc.man
3 : maintenance and trangporting of system units,
E ] v 3.3 Design and Construction
A 1
. The dasiga and construction of the DMS shall bs ian accordance with
& v . 0y
.i, the following subparagraphs.
aal 3.3 Materisls, Procesuses, and Pacts
|}f , In tho se cﬂi of materials and par‘s for ths LS, fulfillazalb of
o % the major objestives of dhs ,j.;ue.n shall be tha prime censideration., Xmphasis
of Lte envivormeatal and) sarvice coﬁdmuran irmposad on the equipeents shall b2
1 a major censideration in i Awl‘,.l and gnlection of systea couporents,
Bt Ih.t eirinls and procszsses sh 11 e l_u,ll.Lz»:.}, vhara g .;p"o;‘r'a* e, which mininize
- deterioration and c.o‘ro-d on due Lo the salt-sen atuospherve.
_ 25‘-7 A.
: ; 3.3.1.1 Cavliag 2ad Cpnaecites
i
. The DH® equipreats shall use cables and connectors to be spacified
i]i by the contractor. i
, 20— N

4 - . |' ’
3.3.1.2  Starndard Part b3 an 4 Materials
1 )

I .
Lj! The DMS e upmnnt chall wiilize, where foasible, shandard
[} ) . e
comnarcial parts and matoieials, Won-skandard parts inecluding electronic

s 351 tubes, diedes and transistovs °u.;].'|_ be parmitisd whon component performance
| -ll Gegradation or systom rellability is significently reduced by using standard
Tl parts,
lJl 3.3.2 Nameplates and Preduct Marking
3 j 40 —~~
L .
’ Nawoplates and produch parcking for equipment identifization shall

it be in accm‘(‘m»e u i tEh slandads Lo be spzeified Uy c,u.mt‘ac’co“ and will clearly
L show ownavship of egaipaont by the Corps of Fngincecs.,

V.

Py L

o, 435--13.3.3 Workmonghip
1 .
IR

i Yorlmanship shall be of high quality o =ssuce fullilluent o the

. aslgn objcctive of the TS, Mi) ~i'uJ spacification Hil--SVC-A54, I‘(‘t'{tllt".“v'.?'lb

P 9 suall scvve as a guide in bho desiga aad peoeure coat of pocts avd ecuipneat
— so—-{ubich wight larzely follow bost comacrcinl. p.hci,m .
.-_“. ' e " - . - -

5P5C MO, oy 7.y - A VAT .
1311 N -
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3.3.4 Interchangealbility

The THS eqzu‘p:wnts and corponent parks shall permlt initerchaageability
with othar menufacilred or svpeplicd designated equipment and parts unless
stipuleted dicforsntly by model, drawing changes or other information by
contract or ovder. The interchenge of unit.i ghall not significantly altor

gyastem perforurnce or relinbillty.
.
3.3.5 Safety .
Th2 LSS dasiga shall assare operational . T3ty of the vessel crew
anlfor rmairlainanze pvusomzel. The elsctrical syai. . shall provids suitable

“'15 g aud grounding of equipnints to wmirdrmize elecirical shock hazards.
ihe aquiprent anall nol exhasust sny flmmable, explosive, or toxie gas during
;“1 opcration or at elevated temperatures up to 250°F ambiont.

[

3.4 Docurenbation

L]
7 Documentation reguirements, i€ any, shall be as specified in the
contract. :
3.5 Logistics
J.D.d Fednienaace i"h;i.iosophy .

The systen shall hn designed to require minimum maintenance and
adjustnent over ibs servies hfe. Maintenance shall be performed on a unit
podilar leve) at designated mpintensnce depoti svd/er equipment masulacturer
acilities. Skirboard mai uteia ice at dogkside shall be considered only to
the extent of roplacement of fuses, adjustuents, and replaciment of separately
installable units, ! '

H
1

3.5.2 Skop or Field Testing

S .

¥ajor rop’L rceabls wnrits shall provide ) to the extent practical,
specific test gJ:n s for easo rof‘ field and shop tasting and maintenance. Access
to thase test points chall ba pv'ovir’ml utilizing equipment cover platss and/or
vy wnit rewoval riom the equipmeat rack.

3.5.3 Spures Supply
The spacag o mph cfg for tha IMS shall bo as specificd in the contract.

3.5.4 Facllities aund Fquipnants
i
Maintonouce depots nhall provide suitable test facilities end
Lo povnld (‘aulL igalaticn and corrective malnten-aes of '“ﬂl*‘tmcﬂonir»g
uid by, and goneral} \-.qnm:n:,m, gavvicing.  Repairs requiring exhsansive work ow
apncializad seeviclng shalld by perfermed by the equipmont zonufactnrer,

[ ]
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Dockside repaiv skall be pousible using no more than a stecderd voli-

| Olureter and oscilloscope.
3.6 Personnel. and Training )
The TS shall bo desigred to be operated, inslelled, wmud mainbained
101 by reesonably auelified trained pewsonnel. Tae vv.,.,c'l capil ul'S oporational
tagh shall be mininel, requiring virtvally no btraining cicepl for opsrabional
jnstruetion, '
Ll
(.
. 3.7 Major Component Characteristies
s-...
{ The chavacteristics of tha major componzats of the IS chall be
| | as deseribed below.
3.7.1 Antenna, Unit Dt,s_Lgr.'tion 101, (UD101)
20—
The antenna shall be a vertical .mio rmarane sbyle antenna approziwabcl;
] va
15 feout in length and loaded tc operate at Lo.r..-n A freguency (1500%ha).
25

3.7.2 Loran Recelvers, UD 102 and UD 103

The CMS (‘O‘ﬂfl'i zs two Lovan A vececivers, UD 102 and UD 103, each
a‘;proxmntel/ 14" wide x 9" high x 12¥% desp, such as Rautical ®leetreonics Co.,
- 30—} Inc model autofix 5C0 raceiver modificd 110 1tly for this application. The
- perform2aca characteristics of the Loran recsivers shall be as follows:

. Sensitiv.lty 1 uv or besiter

« Signal-to-noise 10 &b or betier
35— . Differential Gain 80 db or iiovre
. Spurious rejection at least 60 db )
. Image rejetion -at lecast 80 db e
. Bonduidth, 6 db 2/, Khz i
A - . Acquiszition Hastor manualy slave, sutembic hunt a
- Ui 40— and 1nck
| ' . Track Autoratic
i . Loas-of--track--ilarm ECD sigtal for antewatis Judication
ﬂr | (loas-of-tivnck condition alse shall bo
\\ ! readily flsbsstable by maineeld obsorvation
; 48— ot CRY)
I ( + keceivor Status EGD slinpd to printse for conliwuas
i i recording of recsivoe status
T ; !
I -
‘ .
) !
Hspec MO ‘ R
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o [ BYSTUMS MANAGUMENT OIVISION [ COUON =0T SRReiFICATTIoN
)
1 SRS — — - —

LiNg MO,

— o LO? output BCD, 4 wire signal for each of 4 coluzns
to printer for recording of {wo 4-~rl-igitLOP'5, :
» LOP read-out Displayed on Niide tubes visible

on front panol
. Print Inhibit output BCD signel 4o inhibit print comrand so
that recording is not attenpted during

0 the interval vhen the Loran LOP
registors are being updatod.
. ORT . Visiblae in daylight without hood, to
show positiou of pedestal gates and
15— Loran envelopas |
. PR AFC to lock on Loran station prf 5
. ¥ront Penel Controls Minimized with appropriate interlocks 2
to snsure proper, simple operation, L
20|37 3 Printer Wnit (UD 104)

The Printer UYnib, UD 104, shall be approximately 9" wids x &" high P
x 18" deep, such es Noupert Laboratories wodel 300 modificd slightly for this .
epplication, or aepproximitely &t high x 5" high x 16" deep for Monsanto Modsl "
S13A =odified slightly. ibis shall be a 21 cclumn printer with alpha-awnierie
orintout, {on 3 1/2 inrch pfepr.'.-::.' tape) of the dabz ia varicus culwmms as indicated
baloy,  The printor chell ba rrovided with parallel enhey RON signals vhare a

25 =

HO# is from OV to ¥0.5Yi and a "i" is from *<.4V Lo47.0¥ L0. The priuter

shall record data each tim2 it receives a print comnaad., A visiblo and audible
alarm shall bo peovided t,p indicate an impending nced for replacement of panar.

30--
Column I : Function
L
) and 2 : | Vessel identifization
N 3 ! Event
3 4 and 5 ; Spares
6 thru 9 R Elapsed tims
10 Draft (vhen used)
11 : Loran recelvor f2 status
12 thru 15 Joran LOP #2 4
49+ 1 Dunp status (if used) '
17 : Loran recoivor #1 status
18 thru 21 Loran 1OP /1
“5"‘?.7.1,. Events Unit (UD 1C5)
The ovants unit, UD 105, ig a custom designed uidlb approyirmately
9" ulcs x 5" hagh x 10" deap. It shall contain an olectronic clock uith
Jl.ﬂcol-.:mn BCU output for racording eclapsed time., It shall provide a print
so-—dogiritd to the printer neiwally cvery six (8) minutes but every 15 seconds for
Swo wlnutss folloulny each svent, It shall delay a print cormand to the printar
NS A —— - e - .
MPEC MO, OATE: .
GB-13-1123 (Np) j 7-15-1 ) raculf el
3 sasa T o - {
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K vt o a s v

'] = . et e e e R . ;
- TRy
: | BTG MANMAGE A NG L RISLIIFRRTR S U AT 4 30
t 1} .
J LIig: MO,
i for the regaired showt interval 40 1% rnccives a peind ohibit sigeal fvoe tho
' } Ioren recefvers, [6 whall sovrd a bagser end 1ighto a Mlashing peock Light 40 a
o 5= sipnal Lo received Indicating louss of eubernble Jovan Jook, Tt shall tvasecanit

a two colwma pre--sot vessel ideatificabion EC) sipnod to the printor, Tt shelld
tronedd L-coluin B2D ziznals o the peinter in romponse Lo deproosion of the
follouing Mevent! butlons. The fchnnzeable® events bubions 5 threewgzh 10 shall
be provided to uccomnrdate dilfesa’ vescola, voutes, cbe,, oud shall have

8 10—} provisicns for the auproprists cuswoniged narkivgs.

N

Button Bvent
3

Leaving Jdock nou

Starbting dup now

Conplationg dunp now

Return to dock now

Prssing £ix point #L (2.g., Pooy "X(Y)

| SR

- W

’ Pasaing £ix point 2 (2.g., Mawosa)
S 20— 7 theu 9 ; Thres addibionel customized eventa
L.l! _ 10 , Miak Yowt (for synelronining wlih STD3)
. . |

ol 3.7.5 Bruipmeat Rack (U106 or UD 106A)

¥ H B

(L The equirrent rack shall he a enstom~desigacd houveing foir UN's 103
5=t Shrough 107 dnelvaive, (all tnits of th Dlete NS areent ho anboama and
: - Coupler U‘gi.t‘), ride ‘ ng the .j.z’;'l;er.-:-s;mec'i;i.on £ .-.:l}ip?:.po'.-::n'
3 LJ{ ' and 2 enitabla groved. pe épagacad ek, U0 ACGL, appeesdioabdy MO0 it = :
4 32" hiph x 20" deep 13 availdble as an opbion for uss whore less floor or bonch {
% space i3 available in the vespel wheelhouse. The gpecilic Eyuigmont Rack to

H 30— b delivered shall be as specified in the contrant.

. 3.7.6  Draft Sensing Unit ;(UD 107)

! ' The Draft Sensing Unit, UD 107, is a custon dasigncd vnilt approximatsly
10" wide x 5" high x 17" deep, It shall contaln eighi 2djustable pressure

, sultchos, such as iclsteon ¥odel 22219, sad a pressure lina for 1/4" IPS

‘u; conraction. Tha swlbchses ncubally siall ba act to throw abt the following

L fractional parts of full loadi 1/4, 1/2, 5/8, 3/4, 13/16, 1/3, 15/16, il

The unit shall. withstued a peaccuce of 65 pui without dimego. The contrsct

Uf ghall specify the quentiiy of aystens ordercd which shall Lo provided with UD 107,

e e et v e 2 st

4 Wualily Acsuranes Peovisions
Al Cancral. ’ ‘

The equipnenb coverid by this spreification sholl bo subjucted
Go thono fngspectioan »d testa ruing mwrtficiure Wleh avn constsbout ulth
the meamdactwrers nornel quality cosuvencs for busth eonvoeclal prachico.

| G

48

gy
-

L.2 Aecopbeucs Wosba ¢

8o~ . Aceaplanes off Ll 1'!{},-‘-5 snld b of contonetorta plont, buncd wpon
vaabs povforned Ly f:a‘:=.*.tv.'e.-ci;c~z'L:d'. Wty Metiihies Ao aohootiveskor Snetlitlos,
Tho biersreky of auncotaea Sbhala Shall b boond onounth Souts tedoe o ryalen
Lagks il chall ko siove’veve™ by desinbeat s cornlboncs whih U sioalfiuned

-
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' T s MALIAT I RSN LIS SO SrantRieNTION
' L. —— — - e+
Lt 1O,
]
s--| perforranee requirenrnis of this specification,
s
.. 43 Spoclal Tests :
I
Requirercnts for special tests, reliabilily tests, maintainability
;.; 10--} denonstrations, ele,, il any, shall be separately established,
- 5. Praparation for Doliveéry
. 5.1 Packaging
19 ~j .
D The units of the Di3 vhall be packagad for dalivevy in accord
Y with bast cormercial practice,
v L 5.2 Shipping
1t
Bt 20—
. Shipping shall ba to locations n,nd shall usz carriers aud routes
C: spacified by custonor.
B
i
!
E. ﬁ’
UL s
. 38— )
U .
iy
. 40-
) ,
1% .
b‘: 45~
\" 30— 1
!
| | .
' R - e ad
. Leee wo, DATS:
l cn“l"‘l‘.‘-’:') (‘:P) 7..15..71 : 'ﬁﬂﬁ_.v.n']‘,
s s e e e e s L - —m e s :
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X, Ecopo

Thiz Fooleddo tien Spsifiention csli) Luivg & vegiiyemoals Loy
Sastallatica of bho Yox £ MYnltering Syston (1003) ahoesd veasuls oo peovlida
surveillanss of osasn dusping peesbicas,

2, Raolor.aca Spcedlicaidnn;

68«13-—1193(!"%:!;;&;" ép?;%ﬁf};icn for S Drap Moadtoving Systea, nuaber
NES), azbr duly 297k,

Ingt-dlatica Specilioalivn Lor Soou Indexllrg Droft Syasten,
81D3, rwabev C3-13-2026050), :

3 Doqudae aaats

3.1 Stion Cokllguzration
L]
Tha 0275 e2.ov .l Poyula ds 40 two Toims, TEPS or BILS, Tha
v2P3 conndnis b lm!.‘.f;’ wad tha B0 eordlvs 7 uells, &g foll. .3 2ad as

grond A JLowes L ;

. [
m Qrorpane, ahy/Srs Aepver, Giea

Lt

101 atenta
102,103 1erven Rusotyer
10/, Peintde i

- -

A5+ LL. 2lp
WUrv x 97h x 12*d
9%r x 6h x Ju*d
105 Srentp Malh 9% X 5% x 20"
106 Equds-iun’ Rack 20" x 19°h = 20°d
or, vptica 1 (for uzy *haco lass floot/hanch opace 1s swmileahln)s
Baulpart Qaek b3 6% » 32°h = 20vd
plus opticn 2 (Lisd vhen draft gonrlngz i3 dyairad)
W7 Dealt 8evgdag Mg ) 193y 2 3%h 2 1714

o 0 ot P9 B

3.2 Lt Ao Aveae:eond, Fatnbline, ol Promdadlion
) & ?

AL LU valty et B Svloeaa A werded In gea meat-ands
. s 2 L 3 R XY 5 PO WY 4 o y
pens) tyne o3, UDLOH s GRSAY, Tids Heohyooad Reek (S0l05 oo UIUEN) shoY)
ba Jocabsd £ b vt thegdhenge, TRy wcluaatPla sates o, BD20), shd)
be lusbed 2udar o My e ol wr pieatiacTagyy Al Ieesb 1) Jovh frea sy
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LINE NO.
ot IEPRONICIBI.E
gl 3.3 Electrical Poucr

The IMS roquires a rouminal 1C0 W of eleelric power et a nominal
32 v IC. :

: 10— 3.4 Flectrieal Connoctions
) The I#S intercounscticns saall be as stowm in Figura 1. The only
1‘ external connzations to the I3S shell be as ghoum to Ship's power end ships
e grouad. The wire sizes shall be compniidle vith the requirzd syston dizin,

15—} nominally JCO wails maximum. Tho ships pover ahall be nov a..mllj 32VI6
T (adthough 11 V DC to &5 V IC acceplnble). EF Cables 1 and #2 shall bLe
j rade to length, using &2 53 V coaxial cable and

ships ground lead shall bz at lesst 12 &G directly to a suitable rf ground.
All viring shall be in aceord with best ship practice.

P

1

.- 3.5 Portable Conf‘l:fuz:-a tion

5 E, The HILCE iy ;rondu a rocmole L4S fov tc.u.oorm'y usz abeard a
H vessal which only ocensiorglly vequires 2 048, The vessau shell be prapzved
_ 25— D7 selzesing suitabla Jocalic . and i Jmﬂ*m "3“ rtho anbsnna, the cozploer
: wiit aad the 0‘}_63 coend raek; end, by nroad: ‘1 ny auitshle shingt povae and arcund
[5 in & plag, DAIBA), obiained ix n..a HiG8. The antenna unit of the poriable
7 I IS is already cquipped with § iversal mounting brackets for tenmporacily
clanping to suitoble ships siiuctuic. The equipment rack may be
ag—ashed down if herd cour 2,11'.{., Is rot practical in the temporary installation.
A 30 ft, 1org r-f antecwa cable 15 provided with the portable DS,
Vo
4. Q"alﬁty Assurance {Provisions
7
-] \)
a1 Inspsotion \

Inspce*ion of the 'fessel pregavation sholl be acccanlished by

3 Iveasel owmer or his agent snd shall be subjsch to review and : wuproval by
. __Wl*.’YDCE pirior to instalialion of sauipaent,
; . 42 heckout ‘
5 il Chackout of tha ingtnlled squin ont shall be accowplistisd by
‘ 45-~WDC' or its designee in the PI;C‘L 20 of the ounsy or We agoeabh and shall
1 U determing that tha installed eguiyaont is funciiouing properly.
d i3 Opsratos Traiuning i
.
i ; !
§ U . The systom requiceg voury Jitile ablen
4 - 87 vaplacauent of rocorder cibhof ond p-'.*.pﬁ:r 5 suguisl

il hperablon off ovents Lutions, ofe.), This fo roveal

ER MY, ’ AT

1 GB3-13-0124 (WP) - 15 Jaly 197
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LINE D,

and the Mate) prefecrably ab the time of equipuent checkout,
5. Hotes
10—~
5.1 Titles to Fquipuent

The equipnent of the L¥S shall remain tha property-of
and vaplacenant of printer rib..qn, paeer tape end fases zconasibls

front panel ars pimiticd without c'{'::eb.{ uritiza p.:?."jl.""‘A.OJ of NY

shall be nror'-ntly reported (e.g., by radio or t'le phone) to HYDOE,

of equipument., i
)
5.2 Use off &Iax'ig}z'tioa Inforzation
25 - On the ;“ﬂ‘x-.ip--i A ol
Loraa A currenl linss -r\! wosition as do

‘\J

‘ ‘l
GO GO0 Wi oW uu.vlbuuj.uu oot ai ohe discrs

on tho part of tho U. S.i Gorps of Enginoe va.

20— ;
f
s
i
i
¢
35-—4 .

40— X | . ‘0‘ “

$--1 Capizin and is souctimes delezated o the first Hate. Traliiing in these
relalively sirple procediwes will ba provided onze (to the ouwrer, the Captain,

the NY

District, U. S. Covruz of Engineors. Tampering with the eqaipnent and/or
15— ecome.d deta is ol permitizd, undere ponglty of lav. Only ncwvizal operation

on the
DGE,

Tha

Fach

indication or su oicior of systes =2l fucciion ov necd for sirer raintenance

20-—f NYDUE will be parai tt2d) tinely access for servicing and remova /replacenent;

tha Lovan rocoivers are prasoniad the two
Servuinad by the DHE.  Thasme TOPIR wayw
T3Uiu i The Gapluln wibiouiy ouiigaidon

Sht AU

AL B, LT R T P N PPURI Sy

WL e R St

45 ~— .
i
€0 — , .
D e T — R . -
3F GO MO, . * OATE:
G ].3 ’11?’, (;u’) ’ . 15 Ji.il}“ 1971 . "f\‘fii:'.li.... ::'.5.
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This specification cutohlichss
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dcwctn on of ccern dunping by tousd secis, hsveinaf
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316541 Cparativg Modes
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3..5,L.2 ml’ate Modo
Tha opsrato neds shrdl ba entered by ewiich activation of i ‘
rocordisy unll, In this neds, conbinund menitoring of scew draft to 2ad From thel i
cunp s.’d.s skall ba provided by an enslog rcoocdesrs The recording wiit chadd
cortain a manaedly opsratad rowentacy holdirg siiteh used for tha "inrk-Hou®

opaxabiry prce='ura to peovide suffizient iw.e to coupensats for' the stylus
print cfula intsrval. . ‘

3.1.5.2 Eiechrical Powor

Ths SIDS equipneat, r'nuc:'.l'ly enorglned fran tie scer pover
source noinaliy shall re-;uim 2.0 vl b 120 23,

3.1.5.3 Cooling Requirmizats ;

heating davicss ’or ica .‘ewi c'a con:’lﬁnns sp:cified tn pa:':'c'r.*p«l } ? 6.

3.2.5.4 Dasa Yeoassiosion

The scou Mwaft passuorenamd z'rc'-r'iir:; alrse with the LEPS digital
poiader taps %ol bs fzansuiitsd fo ihs forps of Angirosis via U8, mdd o
Coxior "Aitn & tiro period to e spoeifisd by the DOR, The opacating concept
13 bascd on thz tug Copiain or obher perucn of authority velldating tho
reoorded dalta by a siged atatoamt attosiing Lo tho fact thvi tha data wes
not msndpnlal bed and r:m..utu,g edditionnl inferuatioa bo the recondcd data guch 3
23 type of wasds, dato and ko of dundng and raturn to dogl, and vsgel 1
ideniily.

3.2 Ci:aracterisbics ) f
3.2.1 Parformenes Charactaristiag
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g Thi reavclie unld detvo rofor phrll preridn a ohaed a"-emi
eanpvany of 31 Ate ol ol gganiting epade T onmading e 223, net
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ba eonzistent vith zood desiga penetices foe the $nd

coandiad enpliction,

3e2:2:2 Tewpaepool

Tha cysten equipemis shall, to tha noddmm axteab practicle,

prov7idy zecurity froa wy nihoelzad -..'.lJu.»...'&.&'b ar.d/o*c Loaparinge
3,2,2.3 Systea Tuotellabica oA Yotewehongeability

Tho 8103 ghold, by Msloacd £5 ensy Insinllaiion c‘v: ed vealons
tupas of dwp reatiz, Tho zccordicg waib wun J"d bz typlesdly dooted in the
scoud donk hense cod e c-s..tf.'{. "r'v-!.w bl Yypledly iasiallzd on Zha dntmard
8ida of sxichirsg soo eocks idloy -,:n zef &:uw]--;m Alkprazh el
nct:Vadion ."" ha cestomtssd, cach by 22230 e Indoveh "'3!3!.\ wlth otkor
shilarly ror cd units wi "'mb ‘c:mlm.wr.:, {Mdjustont ¢f L prossurs
awtbelng L oo ithed.)
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3.2:3.1 dpoxaticnal T4 0

The emuipnent &hr1d havo & udetun Sosnl onsrating JiCa of
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wons of parts, !

3.2.3.2 Oparationel Gidility

The egulipeoat el 21 3atiely tho vequias vata of this
apm.u."lr:e.tion cont.r"zvv.»l) ortintn wi’.ta:utly fo. 9. vardod of ab Jaat ACO
kaurs whthoud necesulby Jor oly adlasbianie othoy '“ v Aot cfovationo,
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3.2444] 2quip.acal Paintalnabllity ;

The SIS aquipwmb etall kaso a Hean Pirs Po Ropadr (HMMR) of
1 haar colading logloties/aditnistraiive timo,

3.2,42 2ilt-In Tust ¥Fcrtures

e g i oA B e e

iho Rrcorder Unit shall provide a puch-to-toot battsiy condition
noter to rovids a vigsual iadication of tho scov hattery woltage lavel, using
a d:presacd sero ratar,

3.2.5 Sarvicns JmMent Coaditions.

Tha SIT8 eyinumis bl eporate satizfactorily wder eny ol
the eniivenuontal sarvies concitions or rensonabls ccibinatlions of bLaaze
conditiona as apcuilied ia the Lolluwing table.

[ ]

Aabiont Tenparsinre:s 0 to 100°%¢
Sy Ghrles  Paafurd S:01a 3 (gole foves winds of A0 kiu)
Rodobd 73 Jntdltyt &5 nonslly encomiored 1a a aail-sn

. .
aboonlwry,

3.3 meulon and Co—.tid.mu!.lun
i
Tho deaigh audicun:truction of tho SIS shall bo in accordanco
vith t3 folloving gubpuegrdnas,

3.3 Matewdels, Progusuas, end Perts

| In tho enlnctich of meterials and parts for tho SIES, fullillweat
of the rajor odloctives of thy wystas aholl ba ths plre considzcation.
Taphanis of the enwiruewaiol cad gavsdes condlilow Lzposed s ¥ eguipaots
ahdd b o njor craddesnidoh dn tha dasiza snd salastica of ayeien
corpotnabn.  Fetavlaly and g ooisas sh11) be ubilicod, vhavo aprocpriabe
vhioh nlelid=a dad:-devadton fud sorresion 4o to the srlt-sca ctraspher,

\ .

3.3 Cabding end Coapuclors

b a8 %gz;s.ign%nt:s shall uua sebles and oomdctors Lo be
spoaitied by the gratrwasor, ‘ o .
i

The ELG oopalps ;s aall wiiidee, vhere featils, stendind
gorn wlod priia et makivindy,  (fanegtewizad pals sbnll b0 wrifitad vivea

crpcwab prfen . v Cogedad s e ayatiia yeld-hality &a ajgatilontly
erina, b by wadsg ctopdiel gadiaa ' ‘

rataiials . ;
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Tha 8153 Rouiy wmts oud ce ‘....-'nv. gerds shedl parnld Lotore
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3.5.2  Shop or Field Testing ad

T Major rarx.rvc:-.als unibas shall pr o‘dr} 1, to the exteny prachical,
specific test coints for ease of £ield and shop tost.tng and maintencznes,
Accoss to thice test poinds shall be provided utildzing equipment cover plates
10— andfer by uvnit removal from the equipment yack, '

3:5.3 : Spama Supply R

: : The sgazes suppl ied for the SIDS chall bs a3 spreifisd in ths
15— conbracts - . » - -

3.5:4 F_acili’i;iea .'md Eqnipents
: Hai; 1+«=rsm':3 dspots shell provide suitable tost facilities and ,
o gged © :nm“xts to po‘..o.t. foalh igolaticn ard Sorrective :""1m,°z*snc3 of wale i
T funetioning vaids, ond goner; ), eguipmand : :zv-.cﬁ.z.‘, pairs requirln,,
‘ exkemaive work o sracislizad sevvicing sholl Do pe'.'.‘.‘ "~-i by the squiveent
wlachiuver, Dacksida ;.cnc:u shi 1'.' a acecrpliched using no wore t?zfm a
aagard 40!... Vicals RIS wd oncll : :

3
o
3

re

et}
-
R

2'—4—- ) )
e 3.5 _ Pm’.‘wn... nmi -.- Y
v ’1" e ,,IL‘S ;w*lJ To.desisued to ba eperated, iostalled, and
nxintained by reancnakly qu':lx.i‘ied trained persontol, ’"he *.'e::sel Captain
a9—] Opsrational tosk is mink w0l dequiring virtually no troining except for
1 operaticnal instruetion, ! :

3 “ 1357 Major C n.om,nt; Choynetericties 3
- [N S Tha coﬂz" cievdetics of the major components of the SIDS shall.
ba as descrlbad toloy l :
3.7.1 Deaft Sonsing Uslt (UD 201)
» j

he Deaft Sunsiog Uadt 4s conprissd of eizht adju tubla .
1 preaswra gwitoles mouvted in & singis housing widch, with the Reelnding Unit
| - sovies wveslstor boandk m oovidas] st :p chonges in ctrcu.‘.t.rc:u:sumca vhen 'i'.
IS - p’.""fj":.'. prassure &y 3 hohas malen] stoche D3 volk: aga bo the circuit is providod
p W oy Bha axishing secow bo ‘,v‘.ﬁ._;.? 2 prossuce sulbohes shall ba like eletron

toded no. 28209, Tee oversll size of the housing is ap'-ro:cirmu," 108 x5 -

i T fire dvatt SRR vall willd provide massveenent of siep cbzvges of veussol ded'd
L radadive $o the £01d lead dredt in dho fellewing sheps: 1//,, 1/2, 5/8, 3/4,
Jflo, /3, 15/16 exd Toll, Ths psrformance o arncheristles of the prossuxe
suitehes shall bo as follovs :g :
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3.7.2 Recordsr Unit (UD 2:32)
Tee Roaer
Raateak Vodel 233, a o0

,;:m*-'
cize of the Aecadsy Unib is approxiralely &' x 4% x 10%,  The resordsy
wvhich proiides am inddowvs, dry ...-:.wﬁ.ng, roobilinear roconding shall bave tue
folloving charachoristicss . '
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the panufachurers novaal’ qwih by assurance for bost comasreial practice,
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s—d 5, Proparabion for Dolivery
5.1 Packaging

The units of tha SIDS chall be pachaged for delivery in accond

s0--] with best comiercial practice, E
1:5.2 Shi.pping _ : - :

. Shipping shall be to lesobtions and shall uss carriers ead ronbtos | | §
154 specifizd by ensterer, ‘ E : . »
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Ry Y et Orvin EQUIPMENT SPECIFICATION
,. : SYSTEMS MANAGCEMENT DIVIGION AP?:TOV/\L RECO”D
rooo | al
" INGTALLATION SFRCYFICATION ;
. |
FOR |
' |
SCOW INDICATING DRAFT SYSI® ‘
(s1D9)
L. J
APPROVALS
NAME OATE POSITION
P. Dizzigotti 1/35/7L Rasesrch Suction Head
J» Charlten 125/, Progzrem Monacer
'
. 1!
' |
. o m s e o 3,
B ECIFISA L TON | AIMOF It AND BATL “ CODE IBENT KO, 1o04 | .
GP13-11760:1) ' ' W Ry S
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R ean SYLTEME TAANAGEMENT OIVISION T EQUEPMENT SEECHCATION
LINE 1O,
s—d Lo S=ore
Inis Installation Specificatica esi-blichics the rogulvasonts
for installation of tha Scou Indicating Drefd Syston (Sib >) ehonrd towed
scous, The SYDS is uszed in comjunction with the LIPS instal lrd on the

0 towing tug to provide surveillance of acaan dunpi N
2 Paferance Specilications '

o PEouipnent Specification.for Scow Iqrhoati on Draft Systen (SINS),

5 — nizber GP-1125-(17) ’ o-,cd 15 July 197,

o Fouipaznt Speeificalion for LIPS end LFLPS, nusbor
GP-1123(1P), dated 15 July 3971.

20— 3° Rsquirenents
3.1 Systen Cenfiguration :

Tho SIDS is ecmzriscd of the Deaft Scasing Unit, UD 200 end

ps] the Recording Wdt, UD 202 es shom dn Figure 1. .;p‘.»ro*’amt.. sizz is &3

? folluuas

1) Coaponant SbxLSys ADpmers Shug

30— 201 Draft Sonsing Unit 1l Jo® x 5% x 17"

202 Recording Uait 1l 8" x 14" x 107
3.2 Installed Arvangenont, Mowiting 2ed Feundation

26—, The Recording Unit contalning the LC aualog recoidar, battery
netar, resistor bank, and "ilark-llou® switeh are mountad in ons cass end
shall bo instnlled in the scow dack huuns in o convenient location for
opeiation and servicing, %ha Droft Sensiag Unit gholdl bs lecatad below
decks and insiallad on eri«ttng piping 1nbcerd of sca cceka go that it

-] 8enses sea ueter prassuve. 100 location shall pimit occasional servieing.
A povnting chall be in eccord with Lust ohip practice,

33 Blectricel Po'-mr !

“_j Tha SIBS, which roquiros a “.ox"irw!. 1.0 watt at 12v LG, &)L
be opsrated from an exishinyg vau**rf/ genmee thopnd tho seow, A brt*ny
mater containod In Records Unts UD 202 shudd by ui‘.i).i.w.i to ¢llek battavy
esondition prfor to lsaving dockaide for a dusp mleston,

VCIBLE
Y.
}
cm ] A T & U MG S S ;;:;20'0-1‘ m—-';- R . Sd Sy WA B CAREAr LR VA n w
[: G202 1%5(ir) wly 15, 9N, raned o A

a8 M9}
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s SYSGTEMS MANAGEMENT OIVISION EQUIPIENMT SPECIFICATION
S ——ine ST,
LINE NO.
& ~—d
I 1
: 390 :
Poverx ™ Unit
) UD.WZ
(Nom, 1w @ 12v IC) ‘
A GTY
18~
Ceble # (P/H TBA)
20~ .
P# (TBAY
23~~~ Draft
Sensing
Tn!t
’UD 201
”A—J
Pipe Connsctor
7
38— Existing Piping .
in Secow
a0
!
FIGUFE 1 JNSTALLED SYSTwM IHTERCOMMEOTIONS
”—u
o .
. 1'
}
. ...L. PN "f -]
bseec no. DATE:
Ci*-12-2000(37) My 25, VN raov.3o0v b
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6~ he - ity Assuranc: Provisions
4ol Inspection

Inspeetion of vessel prepavabion shall ba acceaplishad by

10—-4 Veszal ouner or his egent and ghall be subject to roview end approval by
' Uil prior to instullation of cquijuent, ,
he2 Chackout .

48— Checkeut of installed cquiprent shall be seccqplished by
NYLSE or its designes in the presence of tha ouner or his agsnd znd ghall
deterpine that the installed equipn-unt is fuwaciioning propawly.
4e3 Oparator Training

20 —4

Tho systen requires very M4tls attention during nornal,
cporation (replaccicut of recordsr paper, "srk-llow! menmal .mltca
activation, hottery status check, c.-"uc.). This is nornmnlly the responsibility
of the tug vessel Captain aud is sciretimes delezated to the First Fabe,

gs— Teaining in the above eperaticns will bo provided at tho $ins of equipnent
chzekout,
5, ‘I tes

s0— 501 Titles to Equipicent

The equipimant of the SIDS shall voiain tha proy. rty of tha
NYLCi, Temrering with ths cquipnmant ard/or recorded data is not pemittcd,
undor penaldy of law. Only normal operation md replecensnd of recordsr

ss— F2por are permitied without express written permission of NYLGE., Each
indicaticn or suspicion of s;st:\n nelfunction or nced for obhor mainbe: 1ANCO
hall be prouptly reported (o.g. radio or tolephone) to NYLIZE, The iYOCH
vill ve porattted timaly access foir sovvlieinz end rewmoval/coplacoient of
faulty equipnonis, ,
“—
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Appendix H

Princival Investigators

This study was basically performed by the following principal

investigators at 3SMD:

Mr, Pic Bizzigotti
Me. John Charltion

Research Section Head
Progran Menager

Consultation and contributions were irde by the following SSMD

personnel in the specific areas indicated:

Mr. W, Dee

Mr. H. Dannals
Mr. A, Rrinsilver
¥r. G, Hpas

Me. M. Hans

Mr. R. Rypdelcon
Mr, J. ldrrison
¥r. A, Sperber
Mr. R. Wochinger
Capt. L, Kapanks

el

K-

Legal

Comwanication/Radio Direction Finding
Reliability

Telemetry

Ocean Instrumentation

Loran -

ioran, Omega

Redzr, Bogcons

Goneral, Printers, Draft Sensing
Ship Operation

s SR 3 bl i i+

o T

Liidesss.
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