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iiasr~>'3r o&-crvi~bc-3 a study of of OceJ.Th.co oZOceng

Opec.~in th-C IMýW YOAC BI~ght. rnr1re r :i:,system a pproaches
ai~c ~ -aeiicf are e-I~cs A bpiche caid~idat,- syst-ias aire de-

scr ;.bid are u' ratud usln-' custovaýTedl evaliua,`On vn .analys`iS *Lecnxlqlico.,

inelvn' lvnl coniide':t-tic'n of toltal -oz-t of %omrncrlp. TAhe 'lprc'LCrr,.;dl

I- ~:,i thus deflnexi is dcscrlLh' ' t `Jx tex k. enc in auppcnade h-ardt..are

prcurc~i~r-ýn' fund 5.ristaJ Tht.ion Thee~caers .... fe rrec! x:te~i

utilizcs Lcrar, A Zor pas!ionc ffixirP dx-a-ftIsn foz- detccýLngr the
oecii~rence of dtunip, tndnz for re-eording llhesc 1-3 lmU as 1- portant

cvcPnvS. For ap.:pL~ ic3Aat-ion fix.b.- -:a c3 rp dtctae'Vc;n ::ubqyz;ta~

is &U1ta a bzasic systeri. Mae b-.u;-ie sy;~.-A.i is ca31-ld 8LEPSu (for

Ir-i~n3-r~t~1-ys'kA~ll . Iriln a YAx're r-I_ItjV SenSirg Of. &iJip is

veisd oil the stf vaxns31, t~h total uystcv. i 1-3 exA~ fli-TE--S (for

towi-d bairp Or SCOI~l t!e Z:U-3Cnt On tho- towed vcze-l is callcd. I1s:DS1l
(forSco) d~~ttr' y-~ SyZW). The basic sys c';i is co- Lained in

a si2ngle ublack-box:I, requir.)a mini-mPA vcsselI prepa~ration, and ha-- TIe

aevita~e. of trr ejx: tbili ly in tbe.t it can b-- placedi aboard a ve-ssel.

upon short notice. Yto zys tne conflomration requi~res a co-lnecti-on betwcen

a to.v-_I drunor ani the- touwing tvZ. Ftrnearmn, the prefeirr~d zyiscrn re-

qu-'--s no major dovalap!:nt effortp. "Me syste'z c)n-cc'pt involvcs the ra-

m7!.-rZ, e-,:r,7 si.7 trntc. off ve~ss-l pito az dz-to-I~ncd `by a,-!K~U

wid U-irod& off dr~ift oe~nslrgý if' ec'c~imd. Pro-.-&sln i3s nl-r- n- 1 for

Iz~.iratc=zso~n rez.1-ouits of7 thn Lk~rvn lines-cf-1vosition ave vJs_'leI.

.or a- nav.;_-ntiim ;~ r`t the'lo rti! of th~e Cýptfin.
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I

[ SEC'I'ION 1.0

SIN.')DETCTION AND SIP.-VARY

1.1 PURPOSE OF SIUDY

SThe kiuy Corp. of En-incers ban thie responsibility to grant per-

; mission for the dumping or wastes in tbe ocwen. These lem-its authorize

the dumping of wartes in specific #'Ap areas accor'ding to the n-iture of

the waste material. Occan d'u.ping is believed to be occurring in locations

other than the prescribed dunp areas. Th, extent ai'd typo of the v-olations

ix no', exactly known buca~sa of the present lack of a suitable monitoring

I syste:n, but. it is asvmod that the violations are rarely attributable to

safety considerations or ýa.rgency conlitions. The convenience and com-

fort of the captain or crew are possiblo pri*3 factors. Rough sess andSgen.arally bud wcather are consequently likely conditions for early dtimping.

I It is ax,oected that faulty nal~i- tion occasionally may result In a dwup in

L other than tha liconscd lcattlon.

For many reaonsn, Includi ng the poitentbil severity of the impact

L of such piictices oi the evwiirorwin1t., the Now Tork District Olshc, to

Lo apnre that the dumping of rvster 1c indeed taking plce according to the,

provis ions of the peraits and applicable rmCulations, cndl accordingly has

L authorixod a planning progran to deflne a surveillance sonitoring syste.

The problen ir statod as rol' .wxt Ocean dWping by llcero• d dwp

vassels Is occurring in othcr th' the asgnd dump areas. Sinc this is

a violation of etwin; rCulubtion- (for whatever th) the ) tw York

District is con'runted with thq prosl)ru of litdting sucb violations tw

w•tc-.er le•np! ns are avz-1atl-t, xzb as imposing ,evmiv fl•sa atod re-

vok~ng pornltwt. It r,41ns thin Wo d~ne. A %btqa v.M-b can pmr149 the

bet:4 for cirrnct!la f-'.-Uens.

1-1



.1 O ~n 22 Ifrrcý' 19 7 1 t !ný Yc.'r: Vic. S~'t .!hste -)rr

following:

. Pbcajir.63 the XNw Yo~rk oc,-ti d'x;pin- SCLnLar o,

. Daterimneta syzeia rattirnr; crit~oria,

0 Determ:fnzo ey~torn apac' ic,a,

0 Review cppronch-.3s and en-didat~e systoxap

0 Bxamino porforrwince chaiuacteris tie~s

0 EXa&!tina comfparative cosits,

* late ewidtdaite systems

. Select and recom".nd :a "preferred" systemB

. Priepare in izplex-ntaition pilaa

The ro~ults Of the plannirZg pror Cconductced by SS:.*-T ar presented in this rc,ýL

1.2 ** .. *

ftrnce tds was tiot pu-eiy a theoretic study to increase the rclientific

* bank of knowlodge, but rather was a prograrn to definu a sy3tem and dcv-,,.0p a

plan capabla, of being readily Iimpleznted, practicality was of prime Importanice.

The system uipproacti vas to consider .e'c-uip",nt to*

. *mwna the o4ý-urronc4 air d",r;

. Sam*e the locatiton of tbo du.ap- arO,

* &dt~ably rooor4 the det..

Factors contributtit to Ott requtircm~nts P-rA nproAchas 4ro discul.-O ioi 4;ct

2 &Wd 3 of this rvpgr. Poth r;1-.t~lim 4rd p~ea-occirmenice re~rtir.C of V

recorded d,%t. were owijosei-ed. Alto conildo~v4 warc a,.- Collowit do-trail syteON

features:



.Positive eetection of dumping violptions,

: • Simple operating procedures,

1 Miniml equipment,

0 Reliable, proven equipment,

L All-weather operation,

. Common equipment for different types of vessels,

S. ComWible with existing and future ocean disposal requirements,

. Simple maintenance,

- Easily made operational

S*• Tamperproof

. High legal effectivity

L . High cost effectivity.

Li 1.3 CANDIDAE SYSTPA43
A large number of candidate systems were considered, as described in

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

- to sense occurrence of dump;

L Draft sensors,

* Monitoring of Dump commands and actuators,

Monitoring of Dump valves, doors, etc., and

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

to sense location of diup;

SOmega,

Loran Cf

L Loran A, 
A

L • Shore-based RDF, and,

* Shore-based Radar,

1-3 i!.



.1 - to record tCe data;

- Magnetic tape,

. Punched paper tape, and

- Alpha--numbric pr-inted paper tape.

1.4 SU•.1'ARY OF RISULISZ

The system rating criteria end ,valuation procedure arc prc.-

sented in Section 5 of this report. Perform.ance, Reliability, M-3f.ntain--

ability and costs are discussed respectively in Sections 6, 7, 8, and 9.

The various candidate systems are rated in Raotion 10. The:secosdx'•

tions hove led to the identiification of a recorimended "preferred" system
which is described in Sa'Gion 11 and forrs the baso for the implementa--

tion specifications of Appendices D, E, F, and G.

The recozneendation for tbe Damp Monitoring Systera (DYS) is a

basic system embodying loran for navigation and position fixing, an events

Sun.Lt for entering start ahd end of dump and other significant events, and

a printer to provide a written record of dump-related activities. This

basic system, called LEPS .for Loran Events Printer System, would be

augmented by rositive dump sensing when appropriate. This approach is

recommended as the result of a systematic consideration of many factors

J and, as discussed in the report, best satisfies all requiremonts. In

operation, ship position is continuously recorded (every 6 minutes) by

J printing two lines of position from t'.:o on-board autoriatic-traclO.ng loran

receiver,. Also, the two' LOP's are presented to 'he capLain for usc, at

his discretion, as a navigation aid. The captain presses a button on

the events unit at tho start of dump and another button to indicate the

completion of dunp. The events unit is also used t• enter other d..ui-

ficant events such as "passing Anbroe'e now", otc. The printer Is a 21--

channel paper tape alpha-.nvujv•ric printer.



Appropriate fu-Rng and i 3s-of-funricton a] rvir aru provided.

The equipment for the basic systern ]EF.}; is housed in a single eqnipmen,

[i rack which can be table oi- deck moutAd, requiring vcry little shipboard

space. Only four electrical connections to the rack are requi.red. Two

for primary electric power, and two for r-f (one antenna and one ground).

[ The simple installation and low weight packaginr 's a decided advantage

of the LEPS, since it permits use of a "portability" ..co p;. fur uZ -boa.'

ships that only occasionally dump and do not justify the investment of a

penrmanently installed syste.

An addit"orial feature of the reco.Y.mended system, LEPS, is

that it requires no equipment aboard a towed dump scow. Thus in an

operation where any of numerous tugs may tow one or more scows to the

dump area where the trip Is fiequently made, the LEPS, when not in use,

could be kept at the scow-loading area and, using the LEPS portability

L- feature, placed abon-rd the selected tug at the time' the iug picks up the

[f scow,

Furthers'1om, the fact that LEPS does provide two Loran LOPS

for use by the -,ptain as navigation aids (at his discretion) is another

decided advantago.

Tho LIPS includes no equipment for sensing the occurrence

of dua.p and, instead, relies upon the captain to enter the start of dump

and end of dump via the events unit. This system has many '

features but certain situations require a more. positive dump detection.

To accor.modato thes3 applications, a draft sonsing sub-system would be

added to the basic system. :mrncn contained on one vessel tho LEPS plus

1-i
•, ~1-5



* ~~~dm,"t qslioni i6 calJlcuiIr~Y (fVurDiaf hiAzi tr-'yc:

Examiples Of' such AntJ-.ain are ý'Alf-propxc1.., ecl drpo[!ýp (l U- I'

Creel,, sewur sludge; ciu!.-,cx) or ns:h v~tdb-;~ith la-- on-boar~d

crews~ and si gaý'in~ L ait pive r feric ration caipa bill ty (like Nuoran 101 x~rg

used for National. Luad's acid wast). Wun the applica tion involve., a

bargec or scow which has crew or po,.e:r limritntioccs, tho towinc-- tug would

carry tho basic LtI.P and the b;,,c- would ca'rry a Scov Indilc-.tingr Draft

Systzwm (called "SIJ)SY').

The problemA of monitoring Eca-duylp opor.ntiors can 1)x, solved

-in a practica]. way by eniploy-Ing, the recc.rc!.i~ordcd systcmis, DýLPS or SIDS

and LEi'S. The I'oCo-umfendell systoius Szatilsfy allrczrr.ct ilccp.'-

serntiing low-cost app2'o,.cn4s ihichi are i1reitiyap1ll :cable3 for the

prei~duijiL bl~C:s aiid 1-Uuilrtu flu .31fujoiuald. Lite duhill s;iLE

move offshore 100 or 150 miles. Furtherm~ore, the rccomm-vnded systemns

- ~ can be used in aiuy arc-a c? vered by LOIRA1N (for practica1. purpo~ccs all of

continental USA), for the:'monitoring of ocean dmitping of wast- material.

1-6



SECTIJON 2,0

SY STE~M SIECIFI'XC'?

2.1 GEMI.blL

The synthesis and ovaluation of candidate systems for the rD.ap

Monitoring Syst.em requires a comprehensive under:utanding of present

operational dumping practices and detiled inforimation.and characteristics

of the dvmp vessels thoinsalves including vesscal berth locations, speed,

range, dump control specifics (acuation mechanis-:, and control), and

navivation and co.r.r-munication equipments. Additional factors to be con-

sidered include dump vessel traffic, type and composition of dump naterial,

existing shore facilities which may be utilized for the D.S and vessel

owncr/captain cooperation. With the above infor.ation, system require-

mtr-:nts includhi. ooertation:ii roqu:rociens, wi ssion requirc;.niean anTd sub-

systenm porfonlnanca requirements can ba formulated end utilized for

evaluation of system approaches and rating of candidate systems. Figure

2-1 shows in diagramT.i.atic form, the port.incnt factors to be considered in

establishing system requiren-nts. These factors are discussed in this

section.

2.2 OP?,TI OQUAL R•Ut P;t •

2. .1. • f I

Tho dwnp fnect Is cwprlced of both salf-propolled dump ves.ols

anJ totmd borgus or 3cc'vs k'%raL tnf. frr trt•ts in Manhstten, VasteJbstor,

LanG I]tnid 4nd ZVc' Jersey. For the mwst part, the mo" veesols sw

r~rulaily involv-,J in chnaplrs -krt would loeically hvat' a p!~rpart'rently

Povv-..czr. r or uto wtt~h vorsnlrv only' *oca~slorlly Inv1VAd VI~h

a deuip, a portablo syst¢c •'hich can tb qTickly Inatilod abosrJ would bo

2-1
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dc!2r1 1'~.Tnblo~ 2-1 pres~bntn a siu-xtmary of tvgsi end dtipitng vt~sze s, by

co~j~uyc~i~ii0 th-: J&r:.;j flcot. to whiich the N.YA.C.G., issues pori~nts

for occwtn du!;ping. Du~i-ng the study, these copq~anios were contacted to

obtai n opccif~ 2i c~noi T1Mat3on coacerni~ng op.2vatl nc proec-cduro:3, inaiterials

duriped, areas of cp,.ratior, on-board eq.Upip'nts utilized and dumlpar char--c-

teristi.en, such a3 typ,-- of' du~ip wer hanisms utl.lizov, eirafts changecs friom

unlondoed to lor~dod Statc3, rmýrIual o.. autoiia.tic actuat~on of duirp controls,

and specd. Virits were rado to sov.;ral of th. o:pnin loading docl-s

and offices~ to obtala additional infi-;a~ation a:-d iudersta'id~tne of op3rd1..

tional procedure., and v~ e ssel cha~racteris~tics. The n i~nc1lidod VIGUiS

to G, eat JLnke3 Drudge an-d Duck Co. , I-brarn Towin~g and Trar1 )p)rtation Co,,

an~d DNpt. of INLer Ykur~,juri~ai of W.Lter Pollution. The romfirks

conta'.nrd in Table 2-1 sr0 deiXWod Promn In1'orv-4uon obta!.1w:d fruai thoso

~i't.1~.~.ne rvr--r',rsnions with kakowled.'uabI.-j ~w.lof

tha companies. Pertfi:ent inrorat~ior, and data ralatod to the present

study of occ,'n dump rnonitfring systutis arc swnaiysed balow.

Dump scows pre'sently urad for occean dumping; of dredge

spoils are of several basic typ3s employing differont

dump actuatine mochanIzz.w. and configurations. Older

and ema)lor scrow gonerally contain C or it pockots,

each of which contain double, gi-4vity duiip, bAt"-,. dourn

norskliy told cloand by cablas and a ritchat and pawl

type a=cbMnam. Rolva-- of the poujl for ldxunpingl in

providod by bdraullc jacks o-ý.'ntad by cootrol vnlvav

2-3
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oip u'1 s dLvm,- control.s,, Uni ~!to

pawcr ahoard Ivrfs

'Uhi & -Sull.ivanx I. 11. GO-�&c /,1!8, 119 As Lubove

Grcat Likes Dradpo D. C. hynn 09, 10, 12, 13, 14. Carry monotly d'daI-turial..
A d D)ock Co. John Do-,nn 40, 41, 42, 43, 61, Bolttom dunp 1.-ýr~fs of hitl.ý t~yda r"

t e'lky 62, go, Si, 90, 91, pockvý,t typo (6 to 8 poe'.')Ut
92,'93, 94,, and 95 dotible doors hyJr-aulically

op-im~ted andl centriodlld try scovit. .
tues use raia'zr for dwLup zate
locuition.

zA.Ilixter Brothorat, Grace, Janr, Wtir.0 7FI Tues contractcd by othcr evppant3ca;
* ~i'STO0 gi ana 3tudc , so uc-id

Ju:4.1wi, G.23. Dovi a1t~horityO h 2 poCe tr,.uwp out

Dorothy, K-~am.Sw~

Xork~rot, tIrnncy, id

)4omin Tovina anid Terom-, (,4th.- P 102 Tcgs contr~ctUzd tiy attwr v~pinlPm,
'vransport~tic-n Co. le, atr-cO1 104* t.O dmtv :!T', I, collnr dirt,

lJoorriot, 11-,1.-n -10103, '106, no uz--. for e11nr
S110 dirt, 101. troi nc'r! wato, or,%*o-

Pete..~-. C~,rol, tI:n-r-d:w tqlrn to Pnh-c
in hn;~i~ 1trrulodcw o:t

) ~ ~ D -till,~ 1 <
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[ (Cont.U nued)

?-4d Star Towing Ocean Stnr NoeTugs contract~ed by other comnpanien;
*Tranizport. Co. Port J0VD'I~r.;on1 all tugs have Laran for naviL/atton
L Occan Prrica aid for 3.00 mile diunv site.

Red Ahar

:ntont-ash Fool fkine &pi.irklrtg VWýtaers Cari-y caustic wasrtco (Dupent,
7 ?ran:%ort. S&rivtce Amc iican CyrI':Aido, Chav rýi,a,~.U

CCniP-ny.-; Dutnbarf~ t.oied by kRed
Star Towlitag. &,rmotely oparat-d du!-p
control fi-o: tug; lxirgc hns 4.-300,0c:
gallon tank'K~. No scov~r:3n on barge.

",I.Alrr Tank.*. Nol Sufmini.. el propelled .. imp sevag vete

M~~rinin Corp. used by !Las.-u County; hais (6 poc-kcts
with m~anually opar~ted UnWL valves.

5.a~ld..rd Tank #oe 101, 103, 1%/ Generally carry dredge spoils;
contracted by other ccmipnlyi',

struction.*-

¶.Ocaoa Coa~stal & raticis. Balrnoy, None Provide towing oarv'ice; tugs are
i.toebor To.Ang Corp. 40ean, Kntilleen, dieb-al powzvrd and have gyromapisp13,

Boys, Mnrlo J, .radar & RDF equipaient, no control est
Jainss, Givls, tug# to activat.e duaug$avorikee tov
Ha4rrarot, sand speed isa 7 knotsa.
Helen Turecayeba

4. ofC Wuitr Coiviy Island, Solir propolled mtuer aludee %veow'1s;
?,ýrmtcei trauBc~vry F~y, owls hoad has - 3 double teOn 9 and

V~tar Pollution Tel~rxnzi Island, sow.p dump~ed by munutally aperstod
Oul~s H'2nd and gatec valvan. Vessel. centiirs red-ir

X~von Cnack and radio;, sped out. appioxc. 11 ~e
mkIon .38 all* round trip.

.-,% Dift;or-4l Co. TUnW Ocr-.-.,l Maposal 11 C3rr covecr sludea, chwo4c~l vuisto;
Dunhnrjo bottoiA drop du~p~r with 8
;oxkats; hydrou11cAlly opr-rntod
plug: vulva* which can be "no-lly et-

* n~a~tso-ey activated. Towiing, speed
approx. 7 kntot3, 33 hour round tri
to 100 Mloll dump site..
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locctrzt.M.M~rlhi the s~"'b'1"jge: thry e'r: .wIl con.-

trols operation of t4~e vln;for e'1 ch pck:* .ý, d'sp ice:

Several. of 1-ho dwa.-p SC'fi:- C1L.3 of 'ite hinge t.ypzs contui~urcý-

tion; the aucrw is eo;mprisc-1 of a port :Lix ntmted

see'vAon which ame hInrc. 'tops Ido (fore and aNol) ei<'ut

which tho We.- sojct"us rutntte dtiiirg; dwup!, opzrittk(n.

Lar&.', I~~~.~ yru le zltOns ]cc~eILc t* t!:,fo

and aft hinges cause the Wo :e::lcn to bott.::x.4 tta~

athus allowing tiiho dvedia :poiln tsa, jraxvlty dump; into tho

Ocea.n. Dup nIt ettatcdA by a scov,!,-in nctivati.-

hWr~il~ic z-caltrol v&L1vca. Dump ti13i on the ordc!%r or

On some har,ýos the dutapintj is raiiotoly acttivnt~ed anir con--

*trolled frora Uy~ towing vc~isel. and j% scowi-aai need not ba

aboard the bargea.

Selt-propollod duviping vessels era primavily tined for

sever abWte dispooA~l in Rev York andi Long Islarnd. SeP.wer

ealudgc fre.- Nfew Jcr~ey, )mru-vnr,, is cnv.rtci out by t~i-strc.

Tho soft-~prorllt1 vonelc Aar onttittjc'4 .tth r~al

opcraitcd gnto valves sir the stnis oithor Cr~nYiLY

dwumpcl or pwzipc4- wit.. TMa nn.abr of cc;son theo sAtf-

In-p'pillta TentQJ; nr i~ ao4 2 to 6, eo+ýAInjX on the

ins) DrcMr3 tso"ro tuiLt tzl On th2 rvJ47r of

2-6



Hazrdos h~cA%-lsand cat-ic w~astcs war carrieeo out to

tug.Dumin3 inorwios f rom 30 minnutoas to 1-j hours.

S*~ ilan rf chamoo fron loadecd to unlowied ztatets

13 wdnonbt th3 sef-r-pVZ);i-I dur-ping Vessels
and to,.,vl0r, titu avera~c a ch-iog in draft of

3.2 fact may b-) cxpec~tei.

.Ncavi-atlc'i c~qtxtjip--ta~ Ccvvd on t~he P.-Q-rity of the ttuw.
ar4 so!-.:'~.i~ veY.3j.1 in~clude i~ radJio

du.,p in Mdition hamve Loran A rvocivors.

. over aboard thn dea~p scovis is eiL~ nd onl1y usaso

during duut.p. Scu,.ýn abhoard the b~irt:e genera11y use a

ga~s lantern for llghLti- their quftrtors. The selif-

yaapallcd durp vensc-la- arnA W-4 on thW othor harmi,

h.Ave both P.C. aid iA.C. poz--:r Avnil~hln for radio, radar

an?. o~htr clltn. *ri vol *- go-mrg lightinr4.

O~~1'~~~a;t ,' ui7i niwiz to% thr ;,tAc nzt~orlal to

2-'f



* fl~~ar to b,-- issucd by th': foe2 aCL~ sp.:c;ifud ;'iol.f Lii.

on~ job ChCtinC~,md r-ty 'ý;ry fro.-. I di:i to ai:; loi-q. &U I y.:1r.

As proviou.3ily ln'JPcŽ.tcl, t.he M.it -f( l'L .rI-C ]',e.t,:rl r'."

I Long Is1.~nd, No Jtc).-y coztd-40. z.ndl ri'ior loctt.ýons w.1 cnlor:; "'ar anzd

Ifuclnou Ilivors o&' Fo'jw York, Oixera~tib, p'ro ndlure-. whui]o cnmv..-,:toz the.-~ do' *p

sitee dopzIAd on Vie& tx*Lh locaticai. sirev~ mv ;6L..Me llalr~nJ bq3ttwl~~' riviea~n,

duw to )osjtvaffic, w-ill t.-e -ine3 a clor'.a1 tou!';: d; A:1-~.Cc K--

bir.e and tug as well. at; slo...r v~slIn On

r.utet;l bridj~c Vill ~jI-44ra~ t~ Ltti: or verrel c,-tptn to. alwrd~~

to haw-r tb.- bridq, tima lW.ot 10-: ntyival. at V.-int 'iu~.For LlI,: r-itjz-!i

lct,, or th', chdtvp r1 ;Icnto inlvz.id baL~! zys andJ rlverZ, th ~:.:lIA

sorioualy curl-ilcd due to h-ytraffic. OthterAvivo the bar,-- r.-y E'

urnc~ontrvolled due to Vta.e; !tpd currents.

Proxont cljrz1onl prz-ituri ni~-ts~it~tt-s to vwza:ol captain

enreute to tt dir-p ::t to ce,- ''1u)e rtto te' tho hni-birw pasIizr whon

in Vw* vicinity or Ni'v, !ork Dv apitný is gnim~rt~y port'o.'cd on

the wvo; tho Y.r.tt, fw.vcj ttwiAlly o):otit Pw- d-,tp v' dth-> to ~

usA Upo micht.-C thiý du~pnivt*-, tI'ý ctptn' 4'%I~ t~te'

of dv-it- to tho- r:n,.-azn by tvý*tý to

V*4hma



out, to th dump . This tay occur ar average of 8 to 10 times

during the year. With sewer sludge, large storago tVuis, located at

th3 sower, plant, a:e typically used for storage until the weather

Li permits du'p1pi~i operations .to resurge.

2.2.3 Fnvironmontý.l Recguirements

Ocean dumping operations are perfonncd 24 hours per day,

7 days per weak throughout the year except for severe weather condi--

I tions which may jeopardize crew safety or result in vessel/dumper

loss or daage. In the New York offshore area, severe weather con-

Li. ditions which prohibit dumping include hurricanes, severe blizzards

or strong Northoasterfly winds and gales. Personnel of several corn-

ponies have indicated ibu.iping is curtailed on the average between

_ "- . ...:-" ":-". - " ' " ........ ... . .... .... ..

pected to be performed over a gamut of weather environments includ-

Ing fog, drizzl.e, snot,0torms, ice storms, thunderstorns as well as

U in fair weather with corresponding conditions of temperatures, humidi.ty,

sea states and winds.

These waather environments may be expected to influence the

operational performance of equipments (depending on their operating

frequencies) and consequently become significant in evaluating syotcm

approachos and in rating promising candidate systems. Appendix B, Figure B-I

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

I procipitati(%n rates cqised by back-socattering and attenuation in

I 2' ' I
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* I

rain. vegradnti.oh ran,;o due to fog is sho,,i .in .n gt're B3..2. It Is

apparent that a systcn candidate utilizIng radinr will have a range

limitation significantly affected by wviather crrvi•'nern,. Also shown

in Appjndix B is ave'-,mg' normal and extroe weathpr cordi tion- and

meteorological data, conpiled for 1970 by the U. S. DeparLmenit of Comx,.srce

Environimental Data Service for the New.i York aroa, and staListical dý,ta

from the Was•ington, D. C. s.'ea (w:hich has cc-arable Weather conduitions

to Now York) indicating the nviuber of hours during the year a given prcit.-
pitation rate may be expected. The data will provide inC:Jht to th"? nimbor

ii} of days dur•ing the year v4-,rious forias of pro cilpitation occur a2 well as

thundorstorn• activity, w..:d speeds and di.roction, and hu;i5.ity conditions.

!Systou cafdidztO ut.-I izi.ng e.i..r l.w or hMh fi'oquoncy tr-t's.-

arc~. alo ea-ther vRhiovpne fl.d

A signals are propagated e.ther along the •urface of the earth (so--calledt .11 ground wave) or ref?.nctedt froma the ionospbare (skywave) depending on the

transmission frequency. Up to about 3 It../, ground wave transmission

predominates, whereas skyi-.ave propagation occurs between 3 and 30 I.

-• In the latter case, the transmdssion path is inmpr-dictable and conncquontly

this propagation mode is of little value in navigational systems. Even

with ground wave trana~nssion, some skyw.ave propagation takes place and

special treatnent sonebimes is required to discriirato Cech sigt:,al.
Ground wave trans:,i•sion Is affected by atosphcr.c noiýu and in ob'Ved

to be worse at night, pariculahry at higher oporr •ing frequencios.
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SA1lso p!',Zc,•¢, in AprdUrix B Is nv.,phoric noV intensity is

a funcLion of f£roqueni- iacy m- cc at Scituate, M, sachuzatts over a

period of sevcral years. At 1 Miz, the atm-otp'cric night time noise is

shown to-bo 500 times gronter than the noise occurring during the day.

Increasing the receivirgi antemna area does not help the situation since

the increased area srimply picks up more atmospheric noiso. A furthor

charact•ristic of ground wave traimmission is the variation of propigation

velocity which results fron. changes in conductivity and dielectric con-

L. stant over the earth surface. Althou~h this variation is mil, corroc-

tions are necessary to assure accurate fixes, particularly aL long rangos.

SAbove 30 lz, transmrtsion of signals Is limited by line-of-slght

(LOS). Igiiorilmg iiultipath problemsi, the transaission path is highly pro-

dictable in the 100 1,2i5 to 3 CHN. frequency band and is unaffected by

j~ipia~iuu ~ U.J ti:, of &--. o~r cx~cort. LU.-of.-aiCght

systems, however, are subject to horizon lirdts and the maximm uscable

range one might expect is givan by the expressions

(2.i) l.2 h,- 1.2 . where

R =rane• in n.m.

hb height or transnittLing antcnim in feet

hR hoight of receiving antenna in feet

Another aspect of tie ýsoathor envlroravit whic has esipti-

[ c ance for tho dt.tp manitoring myston rosultm from ths use of dmp

2-l
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lea and 14yr)w exposure at thsprcd-Ji~tz rinir.Oj:. oj-oýv Or hy..

draulic adwnatcd dtv,?',p mzmchvn1.;.-, ani t~ho rc Is:~ fcitvn rncu .i.red to

chip offC tho, ico bifo.-o the dwm.?-0 cen b~,.- i'vl.t'.I~t*l~~e of )i:'r

at, tho&vo 3c '-ions are g~ ~~ikoto dwtl jni i..- fm £ooinr

operation t.1 horeoror, cwotb.:] zl-It ýLi~n i.n bu Zg~vc~n to tirn~or

inst~alation loca~tion and caw~o :;i-tu.ct'. Xt is8 aIpia:1r)fl too, tb.hrIt

tho sontnor dasiea s.o1i.1d no', iVtzilf vq~ploy r. oi.; nI. hich v-4

freowe w~der the f ce-tt o.:,o:r. zA tIhcroCorcv, vefa1C(

detection cnusrs. mm tioll as the th*:~ eoi'-ip 1~~. 'Ii~~tt

will W~ exoj~zec to zcvora ualt wctcur a~nd duzap ws.ste i,

2.3 )USSIQN RMIJM4IT

2.3.1.

2.3.1.1 D=mP S.Itca

Presont occan dCnpinGi opraition~s In the Rev' Yor'c Pitht

mvre rgum.4t by tho N.Y. Dtstrict Corpai or Lge;Sico-r -shich, isswo

pormits far dwrpinm At cpceiric ocon'ri 1acitl~o-iss dtir-adbin,7 upon thn

material to be. dslns. Vit~h~n the N.Y. Dicltt, VtiO du.-Pintj tbitci

SAcid y~ato Dxw'pird Givi

*Sever Slwkco W.4rin, CIToItI

*Cellar Di rt~ Gtivur

W* r On "!: Ort-am O.-;4

Vmck Dwpl 2-, Co



[ ~Is provid-cl for Moo~ diip1F.g, of cmtantic vet~$tis arid other chemicnIs

con~3doic'J h doxia fir dutp.-)ad noar rioro. Tho loo*ntion of tho.se

I. ~ ~dump jgtoundu~ t~.kk :~oo LJLr).V In givim in TAtbC 2-2.

TR~Ui'. J:-AR~ING FROM: DISTA, W4 AAM
-v s j~- (

ACID - SU1R .13P0 10.?1

ACID .. IWi*i'WIT 145? 9.2.

I ~ SI)i17/,P]~4 301 4.5 (10.0 1!I T'o P03;rt~t

* ~Oi M'P.WR.S L.¶UJi

CMAR DiI'T 1700 4.7

END M.") Culi WUJ SrcIE 19"4.0

& WIIC.K 1u301 UA.3

I!AZARCOUS MMt.2XAL - Apgro. 100M I

2.3.1.2 Tito -ud Pango of ?tissions

Since 1oatift- piurs and docas are lo'ated at verioius

point:% in Nov York,# New, Jeri y md Lov%'t Isbind,, the ranee to pre&-

out dum'p situa fr'om& thoao l1oL'1ioflO varies. For the puxposo of

this atte3y, ePn ayor~ga rai'~n of' 10 n.m. will be as~~umad for tho

no"aWr ao dmu.p evito and 100 n.m. for tho h'auardous a stoi dw*p

grou.i., Tho 10D n.ts. r-'i ould air.o ba arplicablo It dwmp 81tc3

ame cxtor~d oul to thp~ od~ or t~ho chm~nointal .4s1t'.

Ttale nlsoton tirmo, including dmip, time, varies and

dep%0P on vrmaA tb.rth 1ucei'ion# dm* antritra1 carried,, fosmae
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typnr ~ ~ ~ ~ ~ ~ ~ ~ 1 fol rfc ; "ý:!r -,1 on-

nuirby rdu!.ip id1qRe:;p t~r m i'c rty vw,j b4t.t%;*..,:n 5 to 8 S tv

vhorars tho Ion,- dwI' ?p d if tlj,,jcni is~ on t!cý or rcj^ /,0 hotmn.

GonnrLully tbo retur!) trip IA,,,a 1a .h~1~~ . ith ~~i'

trip, pow.ti:,l)y duc to thoe t-b:'ng3 i .OýA or cczn eurr,.dtn,

At-sea don.-.Jt-, of dwup v) ;l i~s a~tin fK.t.&,

systm-i ujpmacfma w-4 In rnt3inr of can'Illd"L:V.~ ;b.~~ it )'-

pro:]udc uso of' an ot! h .iivi a wA' lo r -nibiy hl.- rat.r'

canldi.lflto uyste~l. Alths-imh tw o $.~p Maot I., i o rI o Lprw.xi-

mately 50 dvvi~ping vracib1ls (c.ýa]dlnv tugs) it hij likely thst only

15 aro in zzivioo at L:Ijy ona t!!te, and ri-yle 30 in alny oneC d4.~

2.3.1.3 PI'ejsemty !jacd c ZLdtS Dwp Site-ri

Tho duwip v,;:.ulu Nhu;*LYp. LOU ibvi £d UW aerzoy flai-ii

gate alovg either A.ib"as or &.xdy Hlook channols to tho near shore

dumpina t~timads. Tho japtirtd goncralIly utilitses doad± reckconingj na'vi-

gation (yoopst'chory.-ter cimd clock) to reach they dump Sitots

ond thtn tadcou sov-ire radir or radio direction finder fixesi to

accuratidly locate Mnaclt relativo to th3 cite. On tha long r4n,,e

diuap rdsolon~ip Lov~n in utiliacd a3 a navigation~ aid to mi~d frcn tho

durmp uite. For this minloa a I nspecto~r umwt~iy bc~rdsi the.

dwmqp vacue1; it iai rcquircA that~ tho X.Y.D.C.Z. b2 nct.1fiel at lec.3t

4Bhours In advane:o of .tho doparI~urta t1rus for the lont: rwtwo dimp

mim-tion.
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I The primru7- objctiVves~ of the Dump M~onit~oring Systcas arc

tvo~rol.d:

1 ~1) The dotoi'motatb of ocean du'stping In other than

IauthorixsI du:7p loca.tions., ard

2) Thao wCcfs8L'til 3X1ent~ficaV3.on of' dui-plug vio-

I ~ ~latoi's witLh aurfticient pmoor to instit~ute

legal tc-t~ion.

To actii ho Atoy~io objactlynsp~ tho systao'1 should pro-

vidcn., no a tdnfr;-wt, the fc1lowing- functionis:

1. Dotoction o'I' Dt'.q O~currcence

2. Vos_-el Locuition~ at tho TVi:. c's Dump

3. Datai Acqud:;1tIon ,Rnl Stora.go

Th'o ie Au~ictionad rt-q.Aqive:nnts arc not to ba considercd as

La firm rcquiru.-e.nt Imposcl on the D.0 but arc proscribed to Indicate

the gonor-i intent of the System~ objective. If# for oxapple,. a

sysC4tt appin4ch ccutinually kni~tored vetmol location and tiiao during

tho ontirt iii~s.-on ard com-lunaively sho'icd that. the3 dumnp vessel went

to tha dirip site$ it is rorllc~ ruiblo to aa..-Uio that the veasel, did

1 ~ ~actuntly du-'sp at tho sita s~iren thoro vot'ld bo ro acienfiount M~-

ventiTO f'or the caý-Wn to dxmp crrly. M'ile the legal efftcttvo-

Lnoes ot' thA3 appro~ch to qu .- tionablej It most ansuredly siould doter

L iikpi c .tn nbiao mcrIa.ck'd viola~toz3 would be Sivon vantv of
licaiuoo rvvozatioa if tho 41)egfil praot~ioo oontinmod. Mmllaorly,

I~ ~ ~ I app~as. : ~roach utilizad di~ap detct ion aencors on Imoys Prord

I2 1



at tho duznp olto nn thoe dirrin de~catc aric vl uow, wl;Ii

AvosseJ. ido tiflea'1c.t;3 it io rov:.ovn~blu to cnv-rc thait thb'cp.-4

] ~ ~did not durty~ pnjir'uray ninco, F.Sa'n, no -Ini c-a.i.~xnt ad'vu ntolv-a In

gained.

j.It shou~ld bo statM.d, how.-vor., that If a toy;;tu;, <,xpuah CmAe-

plied with all throo of the taboya functional reralr1emaints, unt.,quivooo1

proof of illegal. du~apir., op,3rations wauld bot obtati ned 0:1: h in all

likelihood would hold tip in tho courts.

2.,4 PERMVAUCY, X.r.JI -:Mk-3T

Tho II.Y.D~d.E.. has atipula:ted locati~on of ti± vv, at

tho occurroaco of' drl.p.) be ktriov.l to tho follovl.4rau:,

puturo DM'Rz Sites Git 100 11.14.) 5 nia,2 a-

2.,4.2 DeqLý.q ! tecU.

The detocticn of direp, if uc-.d in a sy3tQ.- :nui'4datop

shall have a proibiiMity of dotec' ion of 9 thrc.lýZhout the raitire

dwep misdsion.

2.4.3 _ ~~bt4

Tho data recording vitsnten oznboa- the d-,vp vonnol or

tug shall have a probability of nieco.astul rccoiMog of ?n:atvu(A

data greater th-vt' 95%1

2-16
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2.5 ~ i

The desirm of tho dum~p .;-oniturring systcua shllaU consid~er theo

saafey nispcts of the voisal, cruw us well as fire protactioa and

promcition aloard tho d pvescols. The equipmcinto considorod for

the enuizd1.to ayjtc~v:s u~ro prlm-'ý,Oly olbestrical dayici and ouiltablo

fusi ng of ChIp'S aOC-1 pO.L~n!It3 di.id intr1 ~rfco wiring: will be provided

for all eCV.1tr,:-r-nta- to 11Ogatto tho occtn-ranco of electrical firou.

In vaddit-i.onx, the sydt-ýU deul21n shill be conVI~ared to provide fail

- Isafoe lectrical eircult V..-cavir fous~ibio, and shib.1 Ll uot ilize

*components t¶.ihlch glvo off noxioua or coclbuvtlbio gen at elevated

-. ~tonlkplratir.:J.

The dimap ;mnito-rina asytc!a sha~ll be wired to jadmiinie

shock hazords et.A all eoui; :-ents shall ba electrically grounded aboa~rd

t1~o vce-sol * Knoba roid suitchas on olectricnl equ3.peiorts shall be

fabri o.-tt of n.-cr'nhictl.ig, irctrcx:I suchx as pbeixolic or plastic

* * Cotroc~tions.

L.2.5.3 PulAtO.

UtUlly.-t3.on of dunp s.onsors requirina irAificat~ion of

Lyozrsoi plpin-: Nlich n-dratft ran!',r or r1o-.n:ot(,r, -Aill be inst.r-1lcd

1nbc,%d or extz.-Aingz~ cocia Pi-A vtflv@a to c&x1.are usal.7ty of tho

LI vessel.



* SECTLU;Jl 3.0

SYSrr;Ui- Aeh{O?±GP$S

To affectively aid in ontoCxa;. t of o(end~. vgr.yh~v~

the DArap Moni toring, Cyatrum (ws)J'zt mc.c:.-nwo the loc.atio. v'hera, dt-cpitng

occurs. Yu~rLirnro, the VMS nurA, have a hlg~lh legal cf'toctivil) vveta as

* ~~would be prcovlc-xl by :nqrzns~rianbls~ uitjt recorded frcna a ta'.;pcrproot jf a

In this plnr.nnlnjL proc~vart,~a.2 conduncted,, ft%- thý? Corps of lht
rears, a piann'nFg pof;au lrai~ M."13lt,)iift'~~C'B1rt~Pn C

based on a sytst'rVttlc c/f!u&lIIttion oC th:! r-.::6 prot:!c~ng( catnd~c.Los. The

-2. system approaches are3 prevented1 In Lbls Fcctictf 3.0 without rcrocz\:Icc to

specific oqniip:-onts. Tha ratrinf technlqwn;- tnil vvalk.-t 1 fn of confdiLhj3s

aeprene.ý-stcd in 1!3rto~ c:t~M: frd:.n 1 en IuAiillatiou Sy..cl fi-.

the rocorrmnMdd MI4S is prorwunhd in &cselon 12.0.

3.1 W14PV Mb:CCIO;I

&inc tUso Dwiip Xonltorin3 -System (eMS4) In to provide a m.-zt.*n for

monitoring -cn SqL 8aj- ofwUS noiln lw~iny prahý

the syntem Muct Mont tot- the occ~irrvvnco or a dumtp. Thits c~n ho dorn in

sovorel toys, ats follfx4n.

(i) Tho copttala o~n ricorwJ and certify ktta n.N c.%tinG tie:

start ard. ecumpir~on of Lha 3' p Thits itvo)%vao w-ivIr-

of hardwvtro ant Cozw rcpz-ezsnto th.o irort, wvgltblr

consldtndng cqutps-ýýn& tactora only. It lo pN:co~ntvqJOt

I ~hovovnor, tfrA tho ijproach dcr.vi': !r~r. ht u ct'i'.1y ornd

a. th't tt, curt-41.tn vus raabot V.- tl, nnzT-0 h'sn
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1 (2) Vcm-,l ': rIuCt can U?'~z: nirl rozoý-d'.d. Tl)':, cdr~'t. C,,11

be inat rd and. 1tIn4aatvc34 Lo zv~old vaviu pro!.,ýa.. Th1lo

[ apjprC'n.-:; requiros ltird,.Nro c:,r probibly m~odi fication of

the vo.Ani (a1lhoush :.',)st venaIs do hbive r~e* wauter

[ ~intoko lines uiich could be t~aipad vhtybeoird oft' Lc s:!a-

[I cocico thus pezvIttrng~ Ina Thltion of tQ* draft' soviong

systoea witbhout drydocking the vcsaal). Fvc thoutii o.*o

[ ~veccols do tako arn mae vatecr ballast, it, has Laxin d.tcr-

Smvined thi2t sannine. cleinLj. in vooss& druCt. w%:uld yiold

a positivo dot arliation of't Uw occur~i-neu. ct' a dumip.

[(3) Sea wt* chmidcal or Phy~ica, rroper~.ie c,)utd hi~ rotatorod

for cI-,t;a up'rn ou-avrronco of d~uu. Wo--vo t~he W-..to

12 mitorilo dne~s not r,,sult I.n a siQ1ificant -!.inurable

II'chtion;a 16 satvwater proper'-i~o, dyo or a vtfC radon~~chive

tracer cpu1a3 4-. rcdd! to th., vtelxi witerial to 4a sensed~

In tho ma imntor ttirte dwaping. Thic approach Is relto

awkmi vitwn~ao A~nd difficult to r,.tko tma.,arproot and

accordinel~ uwts quickl~y dincaraod. Hmiewr, It r~iould

be rumicnised that tho use of varlous rucd~onctivo tcacora

doos ctn idtintification of tho dumping veoual and ivIght

tUrt.h~r to umof01 In a d~tcr41*rv~t~on of th* wasto rat~tor

dlsp-4r~on *Ad %mt~r tranttport maiw~nics.

( M AMA* at.ta dwip lit* valwu, durp door*, dtu:-p pmpa, durp

satuto~ia#*r8et4. r4n We toontorOc. ?his appiriach to sanse

the ftcoirrgp"t or * cn*p 1i v*aid. tWrInd tho st.~4, viny
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oxcc.pL'oni, tho re'I~r ! oiL.~-.:uJ(~~jddiA oi cý,u1J

bo reaJd 1y addod to tlm. Ic evtut'j or imich uvcvsa, dooms,

3.2 LOCATION

Tho loeution of thvi nettuia dtr~ip jimut 1,o riacireid. by tlho De',. Vita

i.s mat rowllily acemip1*.I Ad b, wma,%'vpj 10: f?-covitlon of dvitceh-, veazsel

or tu,,, usin- nity of tho follou.ng tochdtrxis, as fu-w dt:wzed In Lho

* (1) F.tsic v:o'! ji nvi~ljýaoa - an carrtiicd by capLt.ir.

(2) R'ndir Poui It7n "1.x - Pshora or m1or

(3) fL-d4.o Dirl-c!iin 1ý'Irlv - a_-h'oL or nbor

(5) Spcc lt od 14-p'Wbic - Usdng siultlpleo IX-IS chorts sataions.

*(6) Speacdnlimi4 roxt"4ty - Ndldi, sonne and t~rauýo~nd-ra~.

Thu dittfi."sy of f*tdx,'ilaLt" 4: racordc~d d~ vauirlw with VI.4

candid~to tochnic.io, iLu In 011 C4308 U0o CAMidate 1 considdiud rulfl~vtely

t-qcrC1p1oof Wihor%,V"P 4 OWAWAuS ti~tsA record %ould be kopt uxhovI% yearod

poaftlot" cnroiit* to ano fron~ LM2 &tmp arca. It. vcO)d bo ex4.ruw.1y d~fri-

cult to fabrdc i tv- uýh 'A ttwd recard it &,itsitfiaJ1 print44 on LM

@mCp1"n-1 wuwd~c t,, th.4 Corp~i of Zftim-ais, &M t", vyr.L4u evnw- tsn pr*-



3.3 NIO)IT'C•.cNG AND RIEPORTKII'

The t:,onitoring of ocean dumping operations using the DIMS can

involve real-time or after-the--fact reporting of data, or a combination

of both. lloal.-t.,: recor•ing of data is gonerally expected for most

[ candidates. Howevar, the characteristics of the candidate DMS will

determine whether reportinng to tho Army Corps of Engineers will be accom-

pplished in real-time (eg. just prior to dump) or post--occurrence (eg.

within 12 hours after return to port). Real-time reporting is nost

easily accomaplished by a DS .h.r.., the basic position nmeasuring equIp:.ent

is ashore: if it is aboard the duinpitg vessel or tugs, real-time reporting

usually involves telcm'Dtering -of data ashore (thus adding costly equip,,ent).

Al+hough real-time reporLing allows control of permission to dtmnp, it is

suggested that the Corps of Th&gine.ers must then take care that their actions

du lioL IoutIlue a cotr i~•.o Of V65se.[ ±ocak-n, •u •,., -pv-

jval" of the dump.

Post-occurrence reporting can be accomplished by delivery of

recorded data by courier or by.U. S. mails within, say, 12 hours after

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

L real-time action to prevent an 'i1legal dump, but then, the Corps of Engi-

L neers is not legally charged with the responsibility to prevent illegal

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

occurrence delivery of data dc- s not detract from the legal effectivi+t .y

of the data and is not incompat..ble with providing the Corps of Engineers

with the necessary control over tho issuance of permits for ocean dumping

of waste raterial. Accordingly, post-occurrence delivery of data is a

perfectly acceptable syctmm ap.roach. Because it can provide a high legal

effectiviy, it dces not detraot from a syssem's stroing deterrent effect

[- in preventing improper dcu&,ps.
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The oparntions associated v:ith a review of' the dabt ",t, dcii-vc,.

irnst b3 consid.2rsd. It vou.ld bc dcs.lrabl .ý to h:-vr. £ recorde ...... t

"compatible uith nachine reder.-c. However, ragnotic tapo can be too easily

erased and other appioachas such as punclhed paper tap, requ,.re costly

machine readers. rthcrimoi.e, it would be doirable to have the data

recorded in alpha nunneric fcri in English 1 rio zpage (ulth perhaps sOio sim--

ple coding if nocessary) so that iti s rarn)'liy readable w.itbouatl difficulty,

This is desirable so that there would be -!,ore legal. m~arn to the captar'.'s

sign-,Aure (the data must be signed by the cfpbain) c,ýrti ?ig tthe

data delivered is valid . The Corps of Engineers peoro nil reqi-ired to

review and file the data can be kept to a miniiýivn by using a format which

would allow a quick overall review o.C each repori, ... I.. ti.. det.i.e,

exainat.oii of cy those r.ports idtantified as suspect.

iii
should include the following.

(1) Identification of vessel; load; place of departure;

location of dump; owner; captain; and, valid peiqnit.

(2) Date and time of leaving dock or loading site.

(3) Time of passing preselected inlet or harbor buoy and

other well-.narked buoys or navigation points.

(4) Vessel location (preferably continuous or frequent periodic).

S(5) Duap sensing, as applicable.

(6) Time of start and completion of d).Pp, entered by captain.

J (7) Time of passing same inlet or harbor buoy on return trip.

i (8) Date and tire of return to- dock br loading site.

_j (9) Status of DMS malfuction ser:rsOl,:, as appJ.icabl•.Saltb A n,, d&Mta.

(lO) Signaturo of captain certifying V of dat,"
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b ,,; allou,',- 2'.ttic a;n jo:.•Uible and requtaxi only very simple adjustl:Cent or

opoerltA-n' !.roodur- so it. rox- Iporfori.--nce cannot b-3 purposely i',adm, to

occor w.thouL ifnl.'ing the captain su.n;poct.

In addi.tion, oper.,tAonal practlcos would be defined to reduce

costs for fac.litioe~, raterial, and personnel, and would maximize the

delivery of the d':ta as doscrl..bd In Pantgrvh 3,3 above. The operating

procelures would place as little as po~islblo addlitional burden on captain

aand crew and to cnc.rago proper uso, the DMS and operating procedul.'s

Lwould desirably provd, worLh-uhile .infor.l.atlon to the captiin and would

reprecent action ho should be taking even if there were no "IAS aboard

-• (such as rocordizg or loggl.ng 'of specific events, etc.).

W There s'rould be no operat.-i.onA resLrictions invoked by the DMS,

Sit shid 11-a an .- stccm capable of around-the-clock operation

light, tcwe) to 'he edge of the continental shelf (or at least 110 miles

L into the Atlantic from krbroso), It shal.J, be useable for monitoring all

ocean dumping, both self.-propolled and towed. If possible, the DMS should

offer a portable feature for oqcasionrl use on a vessel requiring minim.al

vessel preparation. If practidciJ., it &-aeU not require exchange of signals

between a towe-d vessel. and tug.

The eqiip:i.ont shall rc-main the property of theI Corps of Engineers.

Only very 1sophi-sticated sorvP.n. (like replacement ot fuses) shall be

poriittcd by the captain. In;;, o'ar as is practical, positive alarms shall

be proided to indicate r.al.function of equipment. Captains shall report

rmalfuctions promptly and upon the return of the vessel to port, the Corps of

Engineers shall !rc.pbly effect; a repair of reported mnalfunctions so as to

I3-7
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cOTpllOy 8 lg~Jr C01"'~cp C' L a to w itvaK- quiel, I O ph2 doc,; ih

repairs vuill norr-!a).ly be l~ml1tod to rpi o'PiuZ-Inl unitt.. PAd-0.1cil

roi.,air of' U13 fatilty units 41n~i.l b- cciý~ in a CoC,;)o oC ~~nV

repai~r slhop or :, tha- is-inufacturr:x~; facilJitics.

Thereo 3-:3 nO DNcic~i ~S whu~l~h w?.i. p1ow kei cntow r1 g of a

so~crctly v.;aw.e Oce-nn emir..p. Accord5.n-ly, it~ is n-camiary to n;-mucc thrmdi eo'dC

captain roport each s.,ý,a dvu--p. T ha pve--ýzit pccbi',req~i5.r~ir th;. cap-,

tain to rc'p,:rt 10,- acti,-vity to t.Lý; hj-----.,,,-n ,-Ihou' - ba contimAwc with a

pc,.L4OdiC check n~ade of his lol vc.rosu reported data. it i :s aloo exicoctod

that the pre:vcnt practice of wisirng patrlol. craft willJ also b,) contiriuA so

thait captains will know that tli:-y mig~ht be spotted locwlv5.w the harboir,

Very stiff action anid high ft:-om shoul.d be imosod for umnrcpxtscier dl)%l'ipJ.n,

Fily t At Z11,06 ~w~~ iv opf.3 nivns ardi nain-

tenzmce, lilKe tle. tD*I3 equijý;rim.unt should be kopt as simple as practical~.
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/iiC ';', • 4,0

CAE', D .. "A , ... k ,1" :,o"

h/i, R~TIdA'iOeJ IN' C, .,a•_DAC.• YI..,1~ar~4.1 'TL C) .1

Crit5..cnl evalhatlon of tbo alternative approaches for the ,.lec.-

tion of C"l...... ng •"st ,, c lan ,• ktes involves an obj lct2ve a .. ,nt of

design chara.-ciri'stic,•; perfor;'anco capnbl.li.tioe. with respect to sigoiiCicannt

doo;itgn featurum; and syst ai rcquirv'ýi•,Ints 5%pvcif5",:d for the 12S.;, D ..srablc

design fceatures; conr;.i.dered in this selection are shown in Table 4-!.

TASIV, -..I LI.ST OF 'AM.',1 D~.SYGN. _'AfTJP'%

Fea.uro No. Featr

Positive detoction of viola"ions

2 jImpl!e operating procedurasL 3 M~inir:,ail e9i,•,
3i

L 4 Reliable, provon equipment

5 All-weather operation

Li 6 mC:mon equipnmmnt for different vessels

7 C~iii-vatible wi.th present and future dump requiremonts

8 Simple maintenance

9 Easily made operational

10 Tamperproof

11i High legal effectivity

12 High cost effectivity

In Table /-.2 is shown a listing of the various systom approaches revie,,cd

in tho, seloction of those systeom candidates for further examination. Tablo

4-3 pre3cnts a ri;at.ix showing the approxirato ratings (oxcellent, good,

fair, poor, or no capability) for the various approaches. It will bo

roadtly obs)r"ýicd that the first five candi.datos offer thse T.ost promise an

V-11 candictoo.-
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trap ,-.-tI i-tor actlv-al" by> :*d:;p~ i~ hc (1,:1a iocordc1.n',

3B 313- as (3A) bUt coil{t _C1,1l ca'r~i!IY- th, Mir! OCCI.r-

r~~by st.lI r go n-tcd~ aw-fitte..r

4 S s f.) -u I t !ic't tl~*Ur~ ~iCV for cu'n.

5 cm urig~KcAg -boavtid 1.1%.'A i 0011

* I 6 one as (5) L"' u,,Ang inertial. rmvi~ator.

7 an ~~~~(5) u -1n Ljprcmr 1gao

8as (2) b--~J.- cht. w n] anbrcodig cd a cJ1cuul 2

p).n v~i~. mni.~or.ngof Col!,p.

9 E~~atellibet vvij bAn/ -b:it -,)p sz.n; -iBg/cn--bo-rd
recording.

J.O ~ ~ ~ 1 ,ib~ n~~~~ wtrO-l photography axind visual xmonitoring, of
tho vosse1. and.th~e d~i!v,:.

11 hinin'ai ytl rovlew~ of on.-board 1c)ýboolks for vessel
tirnl,-, of d-rfi',a-rrival. and dum~p.

¶12 EPP? trzinspandoi, or rAdar bocncon on buoy it durtip site
* ~~~intorro-ate'd by eaum.p v~sJ/nba dim-1, sons5.ng/

13 On4-h,.I-d YOFli u:-. .rtntx- n a -hore tr~nnmItterz-/on-.boi rd

14 On. bi~ud 1i1it'!); 2 lgnimn't '-' c5.:6l off *board

15 $w-10 as (12.) L.." Lu; :A I-tir-0!; -s ank-A ait
* ~~~~~dittaq) sLj& irA'>Ls ,s by Vc,.1. rx:wii~uun



Approa ch

2 ~ - F F F-. G ~-* - i FF

JlA G G ~F-.G G F-G . ( F-C G ' F.-C G G F.ý-G

3B G G F.. 1'G G F-- 'i C F-4, G F.-.C G - F-
4 G_ ýG F4 F F- -i~ IF-G

E" FT- KC G G F P I

7 F-G F-6 F F-- G'4 F--__ F I G I
F ~'P P--F NC G G P G G-E. 'P

9 P Fi)FF ? -C F? FG F P

10 f P F4 P P-F NC P PP E P-P

11 N G E E G P YILF PP-
12 GP.. F P-F G F-C F FPF-G G P2

13 F F F-.G : F--- G F G G3 F..GL P-2

3.4 G F F IF.G F-- G IF FcF F-G I1--fP
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In sys vies .1. kire /1' -nv '2"r11 hyp,,ix)bbl.c rvtdionti -'io

S y.13n (11.10 CT preIASCni1y ft- j.dablec d~ifforin;y, in T'n~~e,.n ~lr1 '!C . ac04u 0Y)

and depend~inZ on sysdtcin :'r,-ufaLundrer, autrnn'ticity a]c.t zong the nore

p~romuisin~g syr't~eis are O,.ýga, Di~ff'crentitJ. O:LrIorain 0, Loran A and Docca.

Enchi of t~hose sy~tomrt znrr pot tint.WI.- c,-.3 i~lateo raid ti Co~ror, ea~ch willi

require individual eval nation.

Oipmga, describrad In grcato"r dotaill in A"pjxjridi~x C-1J, ut 1izoi phiaso

d~if.Pcrcrence convxwrison of 10.2 X1F , (ci:Ljn freq-tincy -,ysbaom) froma

Mhove bascAd i'o~c,.ve1 sta"Joiv3 rtosuit-ing in isoph~ie litio:n (er lar,,s) Corwiod

cvory 8 nin. Lane r~bignity is geourally accc:jip1.iehed throtui1h tdont r.ckonlnrl

and autoi.11"c lane counting. Paor the diu,:% mrin.tor3.ng syston, contitn'omm or

perioclic recordinig of' datsla, incilvdjing t~uh:!.. iil~l providc a mon~ns of' di~corninig
lanos. 1With i.v.o an-1 tla-oa frequency rec-Aveoxs (10.2, 13.6 KJI'/, and 10.2, l]1.33
and 13.6 K7Z), I&.LIC MbIg~ilty is i!ýcretiscd to 24 and 72 nmni, ruspc~ctivciy.

Acciiracy of 0jlgrt de~J'ls upon1 prop.-'ýgati~on va~riations ifunedby ionioophe~ric

activity and wil.l (Icp,ý,,ld on vvpuci~flc p~ath, t~imne of day and ti~mo of year.

Corroctlon.om; of th!" prop.;,,:tio-imit~~n basu3ed on a pledc.flcUon P.*001. Is

avni1l.bie ii. !'-aulur fii.a, di*u rnnaly in one hour incre:rn~s.s as a functioo of
g -ograpi Joation (known as~kw'jcorrection t .bles)adrslsi

hyparbolic li~ne-of-p:osition (LOP) accuracy of approximately 1-.2 n.m., 1cYdepending

on geomet-ry and tiwr.--ol-cday. :Presenit day costs of Omoqa receivers ravige batwoon

$6,000 and 3.9,500 which, alonL, with its reasonable perfori~qatice over long ranGes

maktes it a potential candidatc:,.

Tests performed by SS:C. J o- three Omega receivers aboard the NYDCE vessel

"HIocking" bas demnonstrated the Xensibility or using an Omeoga navigational

system for the Dump Monitoring 'Systcm.

Differential Ornivt is a syntemm concept unsed to predict spaitial

prop)cgaf;ion error variations b~isod on an Qnega receiver l.ocated at a known

goographic alto (mnonito-o systoii'). It is assuized Wi~t the vossel1 reoivar in

exporienoirmg the sarne vnriatioval. crrorn as the- Donitor tharciby rci.--ving tho

Una. dep.andonL orrors. Aecuraniy of fix usiw" a Differential Chi-.egt system Js

improved by a fatctor or anproxlnaltý'Ay 4:1 ovar convummtion.al Requiring

only ore adiditLional rcii-oto O~n~iga roctivor (twro foer reliability enbancamont) t1'0

Differenti~al Orucga syct~lln pt-nidlns v&,co.1llnt poaitioral a,,xaraoy for a

n~'~ighl~ irsX~~i n ~dte1 to~m. (otcm: Tho i'.)n~tor Q!- ýr recolvor will.I.-ovo t~he ontir,~i C~lc~ot *C diii.tp ve.niol~s.) Foi- this ronson Di$ffarential Orn,-

will~ 111; soloo'.,.A ovoe comriv.)ttonWI. On-vi~a as) a .4yatten w~r..1tcnteo.



LoroiA C has, boe.ne ~~ ahonvd IN a'.1 vcs:',ls .,i a Iona range-

natvinlaIAlon f~sy'Lr1-m for sor~o I-Ame and1 therefore vorJts consideratikion ,,s a

systemi cw~diUdato. Tfhis hypx;rbollc :vadio navigation system~ is 1:an;d upon the

t~rri of arritval. of' pulses from .i tio ptii's of Loran stations (one master and

on:o slarve pair) to dcltarmaline vessel location with an on-boird receiver.

Unlithe tho OIrcga syVLorail C does not have ~rr .bi,--uity problen.3 in
determining fix location (excopt for ono point which i, it mirror image

butis0uffii.~tJy xten{d- in ran, to dismnui, its possibility) b:ut it

does roquire is emch anid look initiali.zation procr.drie n'oa rforriiod either manually

or automnaticall2y with more expansive recoiver cu..points. Since J.oran C

util~izos pulea t-2Chfliquas (op,!.rating rrcquc-nci.). ,f 100 KIM),. ekywave conteý idnal o

can ba avoided atlthough caru itunt be takern to vssuve lock-on at ground wive

signal. Errors result±iog fi0:TI si~gnall p3'epngiation over different paths

bet'ioen stations aadl tha on-bonard recý,'~.ver (citlled secondnry pirio corrections)

however, are s~gni.CJcant 'arid must, be con.si!dered for high nccuracy P.'rfor,!tance.

With eccori'1nr~y ph~p- =orrcotion -.nd proper .3ynchroniziation of' nantcir

L.and slave ground w;,,.,. signials, nccexrany of Loran C is bett!)r thin 0.05 nrri for
reu~onablo eos~n angIs?-. One difficult-y of' Loi-an C foi, tl~o vt'3ssl locating

:;sytcmt P"v'-' t`,L:.vr -r3-:atipnal cnv~.roromont im~rp.,zt'Ž! ton t hc r.%varn
C receiver i n t~hn*1,uw YoroV-Ianhattan Island area. Aiorg the E~ast, Hudson and

Rahiway river Eareas, the st.grtals will be contai~iinated by atmtospheoric noise,

and signal irnte~rference from steel structures and bridges will cause the
receiver to lose look while in the automaiaWc tracking node. This is furthar

aggravated sinco the Loran station slaves are located 500 to 800 rim from the

stastor and signal strengthn vary significestly oveor different propngation

paths. The Dana Air Force Base slave station, for example, must travel over

land wlherens the Cn~o Fear and Nantucket stations' propagation paths are

t ~pr~luariJly over water. Initializiation and acqui-ing "lock-on" of the Loran C

receiver Pay be difficult for theno rearsons and the operator could orroncous]:',

lobk-on to the stdyvavo siunil rnttý.r thnn tho grourd wave; the ono-hop E-akywtnva

signal r.,y b-- atwsn~or than. th-i grourd -wnve sianal which, in the presor~ce of

noise, urny be erroroovrly 'equircd. Vith pro-jr treining and exper'ience,

howavor, iU is Articiprtoil pivopr &cqulcition Could be maide. It should te noted

thnat it iq naot nocanrncry thakt tho raceivor alwaydi trAck in. tha' flow York MAd

1C)t: Jare:,y i ivor rnr~e~ providing r-incilainition or' statiSon algnals~ iti batter

Manl trI'ta vin lnml atplo. It is dotalrhlo howo-lorp thnt a ch~ck on

prop~w Fuoi"onirg or tý'o,) Lorin rocoivor bo adeo At. the loading pfor an~i th.-mt

jvtr io h~vrn~fr tlhe dv;!p nita. thoe' nptotla t:%n notify t~ho 4*11CK or P.-tor

L..



track ~ T i co"-g I((.~~I. I~v Ic.; t 11'~.1 ol.'~ V;; r1

both Lora'n C and~ Loy-wa A !WI? .. ~ iIfc1L(. X~ ~A...c1 ~1)

Txjit is anticil; l-? ..Irc'Ayd d~ ~

w~hiio tho vos;--.o vc.w, -WJ1l tni~ Owc p.1;:/y£;,rL~¶2o'Lr~ri C

(or Loran A.) ova' an a~. %vus;,; 1- n, col~.r;;r., wi illb tc:I.'t" Ctva-.

bility of p'v1; thyv~ Awi~~ a (V1 i-C1 t CA,'y 1-oi. ljt3ir-:10.

basl.Li opr Lh i nbos arg. tni,p Jvint Yo. tin, p-roii L ulvr t-c- ;f!~ c~b. n .

ties to warr'ant consideraition -as; a vec;-Al ociatin;' mba'iate:.

Loran A, a UWor).d War 1.1 daveiop;ýint arvi px- ,cc.ni:;or of LJrln C,

uti1izos a 2 HUN oparational ri-cjuan~cy which licsi junt a~vivej tho ".. 'Io~

can~t band. Its opox'atirig print 4plca are c ontýIlYly Via sv-rO its Lorvin C

utilizing pulse t-3cbniqu-cr to disc.arn 4boL.--on zkyimve and jrrouet3 wrv

* signitdn, bxiý it is more misueoptib~a ti intertcroncn troNt bm cAt

stations. Duo t~o t:. .--- r~a~vtAy vs.-.Mor dd4tnc.- oC v~t.1Cr-i iT-cs-tor

at-Ittons to t~he d~ump xit:8, Atu1 "S.Ica th4 v5ltVt sl~y1l. -.111 -Oay appnr

* to thii right of tho rxitr P trch rml~ 1lcwet-c' pvo;ý74rnia tW-

eekoor thrw L~oran C. Lmrmn A bAr Wii u"- o~i oconn xv.o a rm rmy~i ycara

'4-



.o oC~1~~~ c:rA~t Loj:.ýn A cwvoi Lca CO jrie cap"O.bI~.ty

.1 qon th: jj orc q cC 5 n,:i, ulth an n-u rai o:* I-tlr 0:-11 0.5 ni.i0. fcr

[ ~goo,! hb.jperle)I c:' rncu-:. taz ernjzt'%',.: o'lth, V !oi ae* a!A

-. cv',: d gxi rcl:In', c:ipcm ~ L::.-z~ i tr. )i~'~ 1 ;w ) York- a rv 'o jv- mlr r~thcr

Loran A a jprantstne; l ot'-r.,; c'.Ian 'd is mum

dotal tn 0dot aA retA1w oONrt

Low



einLr 'Ld thrc cla':o Lejiý..;h 01%,; 1 ..fx it f''i.Aii&1 .

to -ho ir of' tiv- ot~'or t~~ t:JLiv:.ts. PJ-. c. %:~~' .1th w

ontknitd rvw~jivc~r '-pi wi E : PjiOo!S Y/~)!" fix. Tb' ri '~v fli ]1' of'

equni 5-!' dfi ~I~ '-1 C!-o' Or 1.r 0n.o3

of tho tiv.ia p!;.r ccIf a.tc' C:.!~ 9 c 'Ver a e.vov it Itwltt,

perittd. ~Ihc. th-i J):ve .' l~ "I V ot C c-1 i v' ! C.s q~ Z coz! 11,; ".11

from t'idz": 4 ea:: %;Vt J'~iz:- I * , '.At ti-4cIn Mh ~irt? .,)~1

skywalu btrf?1 th kd..o ''u:.' rn of' W-At AVC w"1';%I! tL 1 b~~

mi n. r,~~yor)1 *'~ t~O ).*i rr:. :;r m; w0 I n

býA'c 3wC P, tald*.*' **, .jt3 .h

m~colvvr in orijy I~4:,,t~t *cirvl ',:i C'/ DvC..'t .49ua~ .~U4 ~ <1A

for a cleano fro.- tha FZC t%)~i~ AhuL t c v;e Vi.-~ t iXY. OS'AN. for t'n

naticil'.xtcd r~Jocution oi"tr t~:t t -,0'.Lvts. t~o v~rv P ovnWlo et~t t'or

mzarn~ ~wIt~ttp.C#'Ridr~tol).ct thiU p:mthility vit~h 3 Vmx~iblft erLerolcj

chutdw'.n poricci aild th- ri m t-ay.4 of' bilit d wi'tt0ýt u:-:.)1 ti oeg

pouiorwa4 by tUhr cnrployIIc u-34 1'urtitr cxIwrt of tý* Leo~n

8/ites Oa ok ctmiat0

Spto~ upro%,:4 2 Itk1t~w.~i 6t Ini ~ conj.tt lctlo vWti A

tadr 84L tt~IIn !to-O (v I L* olr .AI-il' Ce'lrly pt.

vese rwF Ar p Uili wi iz wztw!# ý1 , 1) J- 1-,. r 04~h urt;4rwtV

1Acnt~fit;4fJA of Uu- vqti."A -tl it,# 0._ n

4t tb* 54'n .4ýg; It t~

5,1 t- t~Z.~
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Sice g Ifrequency tiau,.i,'sicnw are iilizd with radar 6sY:A.i•, this

sysbem is linc-of-psighi. lim.ted in range and thorefore cannot be used for

the longer range dumrp .missions. If it is assibmad that the shore based

radar is locatcd on the World Trade Center Bui.!.1'.ng with an effective

antcnna mast height of 1,225 feet, the ii.aximum range would be less than

50 n.m. for the iaost favorable weather condi-tions. For present dumping

operations where the is on thea order of 1.0 n.m. frm. Ambrose, this

sys-4 .n approach is -elao;ible altcouc-a its operat.'..nal ch.aracterl.stics is

highly dependent upon veather enviroi'r-nts. Location accuracy of this

systen is primarily a function of tVi antPnna be•a. width which, for hbtter

radar ,systems, can provide a leav.,ng accuracy better then I degree;

Lrange accuracy is generally batter than 1,009 feet. At the present time,
none of the she..-b:�s,�~ raar b t. '.... n the I ew York B!p.nt area are

will require development and a oquisi.•ion of a new radar installation. This

of ncoeosity, will result in high initial equipment expenditures with an

L estimated cost of S500,000 axciusive of land, baildings, and installation

and a long time schedTue estimated at three to five years before the

system becomes operational, Considering also that each dir.p vessel would

require an on-board radar beacon and duip detection equipment with cor-

respondii:g acquisition, installation operating and maintenance costs, this

s ystem vpproach is exi lye and pro,,ides no growth capability for dump

monitoring if" present durmp site.s aro extended to the continontal shelf.

However, this -ystem approach can provide a navigation aid to the

captain. For these reasons, systeia approach 2 will not be saalectcd as a
\I I .

I S1



Co-A cci, -ra'tivc; 0-:jmr -ol~y Col- ~t:~iu i; ~ a Lc

SiYedr-n t-pp~r0oI0I 3 is a tiw-o..:1.;rJCP 'on't; i

utilizing,- two soo bodradi",o d-iroctioa fi nding sk n'.ons and an oun-,)ard

trnn.u,,0t-'or for trt*an!i; n o 4OSi dLft~t pn lr statut,. A radio

or to3.ephone link from i. 1l1)?eaon i rvcdi rrn5toord

data to a N.Y. P.O.E. pxe n cen'L:.'-- foicc:,, ta-?o of loca-toio

data ansit-.7ilatiofl and rpc-vOd).n-;-. T;ho- s, c-'al t---:1 ev';u1*OcI fromn tlhŽ- Cdum-

vve.eia trarisceiver wold1x scioctead in 'he r i o. CAdo -te lC1h C, e, b-,,n d

of 2 to 3 eMIz to assur' dq.~a Lig a:IUy n this freqjuc,!ncy bzind,

sk-vavaerlcital~r.n-Aton, anii fA*- L'oac:t:ýit. signal. t;f . could

syst~a pprach theRI~? s~t.nn ono *u1d 1-:) inst'allerd i-n Coas~t Cuard

stations selected on tha basis 'of geo!,-mtr-Jcel accuracy con f~derat Ion s;

typical~ly one i"iight vo ins t.nliJ~d tit Jonot, Beach Coaet Guard -tation on

Lon., Island and the other at At~lantic City Cons' Guard station in F!ew Jcrosey

for short range dumep sites. fl!)ý cquipyiacnt costs for two statlons c-:ciu-.

sive of lannd, buildim-q, and 1i1CAt.1iiation -is aIpproxi;*,a.tel,-.,.(-Y ;A-1.0,000.

This systen approachi provi*dt-.s cýýati naova rol.it. ori-itoi.ing of dnimp

vessels and has navi-g a ion ad i~opab.llt~y ,A';ýh rea-ona bla locatio-n accurvey.

Althoughb requiring FCC or' IRAC. ap;);rovol fc..: opz'ýrat-*.on, thils syslc:;, has

sufficient merits to warrant A,.ifthcr ovalun'ti-311 as a wd.'tsyt.

* /.-10



8y~c. j.'O~i13 ,sL:2l~ to sy-'C.' ar1'~ou' ch )ti"3na

hyn-Mrb~ic inavi~gti.):l sjrstew for ves:;ol locatilon hut di.-L'fCr3 in that an

[on-b-boardC printer i., not umployed.

One v:'r'.ation of approach I would delete the dumip de-t.ction1

(draft rxnsors atAd monitoring of dum:p actua~tor.-j, valves., etc.). Continuous

[recording of -thu ~se location and timer, at specIfied intervals (e ve ry 6

mfinute.s) pr~tsa Lin~e h-istory of vessol localt5o.on for the, dvr:p missison.

In this c~ase,3 the n~sunit (cont'ainod cni either the self--propel.1.d dum'v,

vessel or tM oo!n yes esel.) is activatedý. by th,3 ca-pt'ain dhen dup is

L mit-ia ed( ar-i whlen xp is cro.,-inlted. Tesc events are rccordedA on a

L.digital. printe~r elorig wilt'h vasso] locatiAon and timie; the print in~terval

during-- this~ timo -z; well 1,Os othe-r spacial evunts is chanigood to0 a :15 second

cycle for a tw-1 tepo' ted oko that the printout of the actAivtecd e-vents

arc, clearlly c-V-*icka:-'1I ra-i t~he r-cordi-ng. Afteor th3 compl.etion of diu.rmp, the

pr-int eyglo w-udretturn. i4o its nombial 6 milinute prinit cycle. With this

system, th-- captain would. !-A required to re-view the-0 record-ing of the div:mp.

mission and validate, concui~rrence of recorded data with his signature. Thus,

Leven thoughi the occurrence of dump is, not suecifically detected and recorded,

Ithi-*s systom will miio.nitor chunp vessel position and time enrouto to and

froa,- the dumap sltes t~hereby provid-ing imipJlicit- evidence -that the vessel

Lactually elrnmpo-d at the Site.U (p-ow??turt? durmping is significantly deterred

since there would not; ho any -Agni-fi cant adlvantaCge in early dum~ping if the

Lvessal had to go to the durup slol inyw,.ay). Further, with recorded posi-

tion and timte, thu durio -e ssel. veloci ty is read~ily calculctid which might

provide a reasonmble check of suspected prc'mettre dtumping violatorn for

Lcases wh-are ve~ssel. spced varies. w.ith draft or l~oad. The -n.ajor advantage

L 14-11



OP V.'.L. It:, I *Ž*'J.7:- ''~b

rl.C-p'cpJ~idudi:~p vl. ,'A4 L iOut cl ()I'*U ''A.zd5~: ;

Variouis ty~rr O.jLr*;:dv~;:c Tloi, nti l 5oiz v

ccnpaerd w~it~h Olthelr ýT1-rcaehos. Th,. C poh Ims ii 111h 1nLS tsf-WOr

be rmi'.:ý;mbercd that it does not provll al postv c.:~ sr~~ ofVta

which m:ight be espo-c-lhll~y ceo-Olrablu, for "Ioti catioans rnch a.l for' fluid

I'm sto.3 whi ch ni f 11t 1- LA 1c OUL t  n '-ýW l e) t l A I ;

The dceaA ru-clMoip!-u.Cq:~'C<1.Ld n~~Q

througýh 71 i'.il i. so-l-looarcd n%'r5i WatAior, smor!; -"o P1;a ov"J ;t. 1 O~ C!1Z on

jinfo~.o~..ation. Syi;t-.ra. zatPprc'n.h -5 5. s .fa n wt C~o.;t deuad rfI'cckcii r~ rP",--

inclutd .c~S~L ana and~ iao ~nd
inluea tec ocl Of1v ;2o thrA3 ado 1:'(Al L,,'c U-, J~ei.ve..I

allof t~c~ ap )chs, occuiE-mnCC of d.,m,.p is CP'tdwith C~)s~ir

and re'corded to~e-tlhcr witli ~c;.lpoeal tion. Critica-l. oval ua tl -n of7 th,1crc

dead reckoning approaches has fl;hown that for ion.ji' so i wdirtos

vesoel location accuracy is noor. evcon wiLh soire ian- of u~~ain~posit~on

suc a ~ adr ix n iboso 31.3gthip. For approahellvs 6 an~d 7, the

cost is high (about -,50,000) foii each) and re(41ab~illIy is poor--. For system

approach 5, the syste-m is subjeut to irna~n-pulation~ sinxcr- the cnmtain is

4fami1liar with the ve ssels n.-.rig'-,tl on ecpq-uipvnt an'd pr; -rtly u-se.d sy,--':ms

(gyocoripass and volocity do-ciied frcimi cýLure -aio'~o)are. hig;hl~y

inaccurate. On tha bnais of th-o above factors, syateiii approacho'. 5 through

7 were dirmissed as cOnelicatcs.

Systaii approaches 8and 1.0 utilize an airlborno hol.l.c.ter or

a ftcaC. Tho it jor JJ vtg~of ti-os. ayst'vi- anp oa,10-1r10 le roaie.S..j efc



[ te.in:0~.. Jry of Ll,:. allrcv.-J1t to opcr-tto ill all. WerIther ocivlrorn,ýents.

c~ct-il (oac -,ýA! is.~g5~ p -o1'ab y -r~ro poa 'tin ~'c c ~c o~~toL

w~hich '..ould aL~pooxciucle aircraft frcni flying. In additLion, opernting

co-At, foi- Airc.i~it srv(Al larec ar3 11141gh. On tho basis of tChos-3 arg'oiocnts,

sy-At',m apro~acies, 8, 10 wio lll not bc sel~octo2d for further emxami-nation as

cu ndi~lat~es for the dump Ct:.oigsyta

Systemi approach 9 incnrporatcis a satallite navig:a luion nystcm

ab,:rd tho V323,. along WI.thl dtu1-1pp d1-tectioll sen~sors anarcrdn u~

including anigle tracking, range.(, and range irato systms, Vh-3sa techniqcpus

Ldiffee in nuiilbEýr of satelli1tes us-c1, vasstA ork-b.iord ecruiprments recjuirod

and c 10 *.'.l~y of grol':ind ti-ncki g stations bagetzcin. ~s

sif-mals. Ba. C ~-' w :r~r .n~-'~ ;fic:i

of -two or miore a~ lt~ a position fix is estnbihd h nl

L rsue~etsmmst b-- Tad-. with great picecision an, er-ror of .0101 radians

correspor~cds to an error of 3 to /4 minles in the(, fix. In addition, vessel

local3 Vertical 11iust U3 linýav:ued to aboxit 290 arc ueonds, a diffi.cult

reqiurciient in MrtseJ.f. The range".e tc-chnicri reqitr,1!:: a ground station

tiackingL a na n.1rai of two raltellite3s .xnd sends cod;d signals to the3 vessel

Vin satll.i~tea tramsými.ssionm. A transpr~ner abnftrd th~z vessel returns

sigrixils to the ground statijon via tha atuits. A gro.,nnd computeor

computes pnsition by using,~u~. e vniues ofraun6-S from the Vossel, to

the ulatclli.tte. Tho rng rate sateJllitu naviga~lt~o technique m~asures

Doppler s~hift of a ro(,ei-vcd -,jteljjto slgn~al a~j a function of tieand,

with &II ou.-hoard voso1 co~pUter, voMmll poslt~loa is cc'irt~pu ed on-board.

4-1.3
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IIAl.) of 11'(Ir o

board -LLý v;o j.n o or gsuI tatiovc r & 1 ý

t.Ifor such F1y,ý,.-r sruý hM. i. In addlitiocn, V-t-il1Aitss forv t±.. pr-)po.-,cd

aPpro,1;,-,sr1l.~c. nuct -,:3 yot aw-Mr.1ble for 24.~ 'cui.ivsc'~~

A ~~Accuc.racy of t tr; is an Ulf,,v.~ of I. to 2 miezJ w~h ph

CCmfputersu'3 cn be srsvon terni:.h of a inillc v.1%. aP

system. For t.he s-ýa ekmp Im1ci ,tOrlnj sy Uha u:;,- Of s.' LAllMito y.-

gatMional t~ iqu si too ,o'-.Alc-itLC cd ard~c9;;~ conx~ ied with o'U(:-Ir

Syste-1a approachn3o an'd thiifr, {n.-t *bc os5.eŽ ut~

In systfl-ipc~c 1.2, sxf'ace bu~oys inmplant-,d at tha dim.i~p

Sie C f -hlin an I1f o--, :cac>r 'b"_ ' " r-'n r~spon;ds L~o

*interroo-ited si~ignal., from thea vass,,l, and ran..e t:o thnc b:uoy datcrmirIv.;o

With an t'Ay;:r b-, 01~;obc~r.d~j~r*

111rl~ c~'11rmcC A dirp .*l1 irinc is 1.c( for Thrg'.norcii 'Iff . ? ~

d3umnp occu'retica. 711. s3ysl-cri;i apo ac h do as not prv.3ccntinuous mo;'0 lor-

ingr of dtrap vessol posi;tions; cnrout.U.. to the dwiqrp sito and thus3 navira~ion

aid cap*-:.biiity for the captain' cannot be provided. Tho major d_', sadantago

of thii- appruach, hver, froi-ii tho roquitrzmcnt of i.p'un uoys

whichi, ror the long-rwi~c dump site, is difficu~l-6 and coc-'ly ducý to th3

greater depth of the ocean. Orv the basis of the above argiurvnts, this

approach will not be conulkrdo A ., a cnmidata for the V4,33.

The lgont-y systdr1 , approaich U)l i.3 a iMiini-ma]. dunop ir:Uori.orin

Systcm ap-Pi'-c1h !.- W11C th i reqiii-od to onstor into tha oW. ps

log the timae of 05.grit f i c-,nt- evcr~t,- vch it )oavlng d'occs pasuc ~oa

dwq) starteod, duipp caopJ~ct-Ad, C.'11 retura to lin-rbor. The lo.oC',ad datLa could

* ~be raiu,!ncntc v.ith additt.o,,il facts3 'ilch rro 6n~riro t3n;:tv hin h:ýlin(g,



a 'L-c. In tadd.Ii. L.Loin, adui£~br ~ri.~~u.LU efterL a poriod or

timae '..hirlo thc3 cnptf3Iri vouid 11. roqut'r (I to lei~vo. at tba cliviip sittl foi-

subfx~qtiont suvi-olJ-t~rice by a L'OE' patrol crv Cit couild be~ co~iidovad with

this sys"Gor1i Oipprvnch, Althovu§,-1 the deter±..mI.L lralv.e of tbh is syster-m ap-

proaich cmmnot býe rnueAly n~casitiod, on±e r~ajoi' disadvantage. vteras froma its

legal inoffoctivcnoss in the proo-ecuLLýon of' vioilat~ors. It is belieived -that

th -ih deg'oo vi!a iv.en; ~ is ocItical to the success of this

-tseri appoacr c-nd tha'cfove -it v~i'.1. riot be so3iactedI ab a candidato.,

Systeon arproach 1.3 utili-as an on-board xradio dixectio. finJ-.

Ing eq~tipr:mt, dvw:Ap sonsoz'a arn1 a rocordiarg sub.aystem. In this appc3ach,

the vresst:J VDFl wi111 prov'ide bainsto twro av~ilable shore transyrItting

station~s g~oograpbicaJly located ý'o that vessel po-sition. cn~n be doetormni iod.

L ~ ~Tho ~gi dixs stntuls mid ship ht--ad 4 rg 'i~ii be recoideld at perlodic

L inrtervals. The ves-ol locat~ion aecairacy utinit this sy~skri approach dopands

on the Ve;3S"ol licading occuracy of ths yroco-.upass and -the accurecy of the

oa-board 11DF equip-ietnt. Vessol, location accurracy usIng this approach is

poor, in tho ordler of 1045 iim at dum.,p sites 1.00 ii.m. off-shore, In

addition, the syc~t.:-m can ba easi~ly nomnipul~atod if the caiptain is requit-red

to operat-e tho OlF coiipmnert atnd operatiown.J. raliability in sovere w..eather

conditions in poor. Por the above reasons, tý-,stec'ý approach 13 will not

be cciij.a.dored a c'andid.ata for tlv-)MS

Rango-ranoo sysUtens sucli as woumld tob used for 'approach 14 are

presently available as completo lJ.ocition systems d'imignod primi~rily for

off--shore v".11-ey anin rerilliing opt,,ations. This e;cjuipctoflv is3 not suitabio

for the V48 bommio it iýs oporcptionrilly epplieciblo to only a singlo vossol.

Thus~ thil appno.,ich w~l ri ot bo consi~derucl as a~ ciindlin't.o.



cies Cl.tc'd in vystc-;i appjJ -tc-h ) 2. Yuruhturzvrni th.'? r,ýiwgo ½ ih'-L{ I-nu

no~t depr) ;-r(,- ile. AcesrrcIV7nvly, Vthino ~;~~~ pcch;<J1ntt J cd

as a iidcanc, beat fo;. futhor ihf'~ Ijb n

Table 4-4/ n)O2~~ sti nUThiiY of' the- c:ystTte c".ecs

for tho Dufip 11oni t~or-ing Fyztorn. C,-;p]etc, Oormoripti'rii o? h~ can.1Ia'ter,

ir, prezented 5.n 4~Uo/-~2.
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~y~to~l Loca~tion D'~I'p Ntection erin

UniV li, Ac Lmttor andI Pr:1 nta r
Door Switches

IB Lr.nCDraft' stt~ vvc. n ,, On-.board Dijgit;-il
Ullits, AcU;,utor ard Printecr
D~oor ~ic~

I ~~~Loran A Draft A'-.at-, ,,Icr O.l'mc t:1

withI I-t1' Uui( , r,.ctt 11--b ard P -1cMm rRUidr laco Poo &Iitvaoran Pcrdi~nt

A 1 ShLora A~e EvenkP~d% L~ua Unitt hOn-urr iJ

Di~rect~ion Fj.ncd-, I Units 'ýatu.uLtor cuzd~ Procte.sirt, cndwith Oil-bonad Iratni- Poor "wichns ~ Fnordi~ng
mit ter
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a di ial c ocii I--.1 0 1- ;. .o-r. -

Thic systcrn is idon't-,.cai to ca-dikitdc .1. lb ut Loran A i,; v.oic

instoad ci' Lorian C. Sa.: also Fgr4-2.I'ca6*iin, the Dum,.-p Statuis

Mlondtors and tne Draft Sj;~nsg Uw,,lht axrc not reoju-Ired ua,-.-rd th tij towi%7

a dumop secui.

J ~4. 2.4 ICn3~ 10*.or.'. A ý;5 th nTot'Pea cVh

Since th5U.- syst-.en cand Id. n, 1doeos mot on-1i....oard rdui.rp

Li ~~en~sors, it is perh:i-ps ono of' th,., U:,L, pc¾-; a P3 WhichI

liicense revoc-atiori of violators.

This systoizi cadix~date 4s ctzupc-ri . lrxs~luýIy of Vro Loran A

automatic tracking receivers, an 'Event~s UA-t wAIJh d!jl,-t40 -cyook, and a

-j digital papor tape printer. A functiorma1 blolk. id-kajarem of this candidato

is given in Figure 4--3. Operational procondurcs with t-his syst-om requirc

the .captain to "lock--on" to thue L-j:uan A stat-Ijit uh;ai and to activate

Ithe control. evont switchen on the iEv..-t~s Unit at coxroin tines. As i.n

system candidatoo ).A, 113, and 113', thu printer will. rocord data at pro-.

sp~ecified interva].e and upon thea ontý:-cing of E1'v~mtn.s

/4-22
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[~ 4.2,5 Cnnldid'1; P Snorwi .c'fv!.. .i.h On-..bo-.-x TRilu' D._cn A

1 ~This sy~vtcrn e.2ndicbto ritilizs a shore bamxl rotlar inturrogat ton/
A racelvor 3tatiorm in coiijunctic-i with an on-board radar boncon transpond-:,r

a-rd dwirap suncr vqtilpanýnts to I.-ovide vessel. idsrtity, vessal location

and dump ut-atus data to tile rada. ;st~ion. Since the datat is rmade avai.l-

able at the -horo s Lation, this syvtern docs not requir) all on--board

Lrecordinmj sstcm and providet, rcal-ti.-a dtipil monitoring, ie. a cliuup1.ng

Lviolation Is detected at the thie. of its occurrcrnoa, This syst.-tn is
_jCI.milar to the ATGRIUJ (Ai~r Traffic Control. idar Beacon Systemn) cuirently

IL used ill tho U. S. for air trafile- coriLrol. In~ prL' ciple, the shore

basod radar station tranmcmis avi interrorrAion signal1 to the vese,31 on-

board iradnrx ao trj' v l' wich if.' ~tt' ro'si-onad to thne in'-rroeation

-y , Il
tr~anspo-ador roply codes currentl~y In use pl'ovi.deo two fr.wuring pulsers 20.3

L uiic~econdaia~rý AWUb 12 3 n~fornation pulsos botwean thorn resulting in

a system capable of producin~g 4096 difCferent coded repiei s. In addition,

a s~pecial posit~ioil Id~ntificati.on (SPI) puJ.se r~ay be used with any of the

/4096 codbs A ift,,ch s~pif,~ied trnuarpondor reply code would be required

-for pro'sont oce~an dv,,pIIng operations. The interrogator. code could be

that prosortly una zsi-Lgnarl for civil aipplications and is cornpriaeid of 2

pu~lse patrs 25 microsoconds ap.,.rt.

The data proces;Aing and display cantor' located at the radar

saincould ba oithor a manually c'purated center which uti112;s

conventional V'PI disp.1ays or an uiacmiatic~ally ?poruted contrer utilizing

L 4-23



IdigýttanJ cor-1t)uter'i cnvd pr:l.ntura. In~t i,!, C.0 %T1 woll)-(,

V 1.0 '. th. IT !' a l. ;! a4 oI jý. .- Q .,L~ (-- 2. tu*'o t C

identifiy the) trar. sponrl.r' roply coildC aniV aocor?.W¶ locCX1J ir(s' 101 n

j ~~~during the mis.siomn.. A c:ý;.ir.a fiy~l't1;i Could 1~uI>i? to 'r 1..

J0cattion at various iAl'ces for 1oijal Ovidcrcce, wlith erfo:, i~cO~

oporatod Conter, n dii3:1 cc! tuwroUld Coll 0-ca~~~t srig Ccich

ve1'ssel poJ.qtion., du'ip stat-ivi, etc. 7A:u.iýýrnlyp~tcltl llIa

pe~ri odic interval,,. WI1J.h a co~u~,a s~ .ry r ~C~.i of ill U~J vos u;: A -

IT irng acti~vi ty O'I1'o. a: rvýn po?1'od eoul~d 'liyb vci. Yre?.o

for a spocif5.c-A t1,11 perod)~d itheL c(.-futor cain prInt ont, v~osr1 iSaent. Ly,

* rwntjab~r of trips raido, niflbcr of v'.ola tione1, &,.Ao and ti.rie of each 'o.tci

I ~etc. For pux po.,;o of tho el n c;Ludy, it is asu~c ma tnua. C~ t;atr wLIA

be~ utliJAzed.

lunit, the evonts v urat, and the dvu-ip ncttuaticn .,Aatus rmoitoyxs (11f necc-Nary-

or dosi~rable).

4.2. 6 Candidchte 3---- Sht' scd RJJ? SU.~ions 'Th3 On-boýard Traný,,,ttcr
and1 Dtnin S,-nsnrs-------

iiThis syotemi candidlate ut!1ii'ens tw,.o sho-re ba-Sd 1UDF stnotisb to~

dotorn!.n vcsvol locution ffrcwi ~(,rnalu tranomnittcc1 from an on..toard ýrana**

iuitter. The tranernitted sig.-ilau aor todulated to c.)ntaizn Lho vucjý;l dtzip

status and Its i~dentity. The3 receIived sli~aal at asboro are convcý-ted to

digital for-inat ula11g a 'oyt-dji1.convortor. Tha IFDF nk'tIons

I connidersd to bk- loewtod pit t,.o :.vaitl~hhl Goazdt Guard atntttons 'sJoInoted

on the baswis of geometric al ncuiwaey ccnvi3oratior, is wnuno~d to contlain1

4-26
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Sto c.i.ýLr v~r, b',!inr;. ih~i; h.arlng data is rot -.-tn~.-.' 1 tLod

on a tf-opl ji~o.t or a;.~dc .Alo Lo ai contUxv.A. p-t u3xisg coiiLui' vaco the

VC!, .,;1 I t~ 14-Y) A.tati* preIbltt. da~la are coviro.'atecd anid recordod

on a digitul. pr'inter.

Siricn. the procozsvlIng ccnt ar wifll rocoliv3 datn f rom m~any voo-nls

ove.r timo, pcrltrdch; ranging( .Vran 6 t; 36 hours cdep-dinc, on eump zaJlsaions

which maý ovecr~up, this syol.to-, wil~l roquir, a cdigit~al com.p1. er for data

as.-ori-Unet and corz'%.:dIor. In tillJie~.oc ail 1/0 mu1,j..exe will

be roquired to h. iorececived dat~a. The- computtr also parmits (;onmpLta.-

U, I tiori of v=;al location from the two bo3arirn's tAken at tho selactod iUJF

stations- es~ as serving as a Geoi-ra). storage record for an in'dividuail

the draft sensing unit., dmiip -teatus monltoric, (as P."-ded) aznd mn Eents Unt. 11o

E' on-board digital printer is required; tiio data is toeceietricd for recording,
ash1orec uJr oditiorn of thb st ;im trars~r-tter used for ~'dC.

[4.2.7 Candidato 4 - Diffor~tia 7itn QCiga with On-board Thmip Sinsors and

Sy~steii candidate 4, isi ' similar to candidate 1A except a dat~a link,

is provided to transmit dmm'p staitus, vessel LO~s and vessel identity to

a shoro conter. Tb digitnl printer and the requroremont to ineo~rt initial

time as Utilized in candi ehte I&. are nnt neecessary. Fdr the sams reosons

ILdi scusued in purc, raph )i.P. 6# thl~i rystfi candiduto requiros a digital

L proccusor and an 1/0 ivultiploxor at tha shore center for data corru.lstions

L ~com~putation and storago.



.1tmn v-1110 o '

.1.,T f th. ,;Vi i&.3 01 tAIU-i w j :--lL~! Y M0111 U,

I In c'Cnw r1~i~ ~tr.~/.:UL~ y~1fin thr,r~1ru Ii ;.c

I fml:crI c-;rA(.Ly in till ~~• ~~to, c~ld 'nt-c 1¶¶~l (A Vd L'ut.

its:Af oltivalci~ .&s~~n~A i~vld Uw'f As; cm V all~ngiyi.,~i~. :i

Of o:Itch VySt,0-11 '0th cIi'.V1 erce.Uvý!irs~ corsldhrcd. woudclnaiJ Litt tho

I rclatvr3 j.ýcAtt1 nmi rr.Ai.is w:c'.ld ýnth,,r .~

Thni 9'M~lraiorti' tcchuiqu'az f1::tc oi- thei cor.'virtivn. stiu'y Is

basd ofl afl overal.). score ratilata c.Ž1nique ox*,~ by tW-3 proellict of' Via

subý.caro rati~ngsi and Win avar-af, .iýa tc -rib-. coro ratinj~ ef ~fc!9

8,'3tcr faictors. DAt.-OiJ., of th~s rutim:; alppreoach is pix.,-tv.mtd in i',1krogaph

I! ~ ~5.1. In order to perroiin an U!r~ui'devalst~icn cf cjvdl~dato vu.tow'a,

ii
scoro ratine technitqnr, In accordhnc'3 uit h tho atpproeol1 disumid in

I ~Paragraph 5.2

15.1 SYS11N 1MIN11 1,M11,O1

Tho ovorall ocuine (03) w'i,. 'h',d to I'oriz.d by d~ri

I.- I L'4Or OrfU~X~ (31) $2 330 -4 1+-1 ea~ch wtb.vC'ru ýtxuq th.

I I e81i~atiomit OV4011ation D'.Aovs " h.-O th,- r'it, 4 r, .4. Yn auý

L tion rorat, tha ovqorol acoaro m. Ix, v, S tt.~:i

(5.j.)~5q~. S,3 + S, nI'ie{~ .-



Th, A:i t of tht4.. p~rrm1tzt rat-irm rvthod ovcr othar rpt.Ung apprv,"cboa

(foe M r4 r.atirc-) J1o.c1 'An the c~qxtb1D'J1,y of eliu~nating a P.~or

L ~candidtokt caie1y in tho evaiua.Ion th',-rulby paraciitinig conzcentratetd erfort

on the rorte prom~ing cai'diaato syztums.

Th'j sub.:coroni (S S -0-.-S n) cnre dot3r1idned by the produc~t of a

[ voig~htitig fa.ctor (W) am nd am se:;_-.rvnt rating (R) for each significant eval1uation

factor. Thus, Inge rd

L(5-2) S I :W x R

Tho vci3htjixij factor 1W sv;s to waeig't the ova~uatioi fatoo ~rs In

accorzdm:ce with its~ rclativo 1rnporLancc to tho ovr:,ca'1l -.yut,_ji rmquirements.

Cos offcc~ivenujust for cxar~qlo, widchi !3 a re~nnure of my~tt.,u prrtotvi-nea

roln'i~va -t~io Iacyvclo cce-AS 13 waightcd five t~j.'s3 moro s.1gnp ifcaut In the

The evaluation frtLors unt.d In the overall scoro rat~ing, entablished

jointly by Spoarry and tho Divt~ilct Corps of Endine~s. are as~ folloIB3

1ý- Rome~o of Covterace' - Cost IEttctivc~ousa

8 2 - Locael Sfetvne - Lon~ation AccuracyIL83 -All IVeathoi Capabl~tty 88 - DoutpI~cn r

L. 8 - Autumattoity 89- teaoenamous Factore
3 - Initial Cost, 1 B - IMar4'wo *Availability

L tfto e fActere aro d1wipad in detail, Ina14lmtIg assignd vot~jtk.n

fatr and r~tings, In gm*Vej'hm 5.1.1 througha 5.1.10 Whlob tonwl@.

LI



Jtht) olrera~ioi'-I. or, * tc.m-rr<;:, to Irnci.1- b.-3t!, r',ort rs,:; (10

j ~for ruvti±o dttp ft op-t~ico. To conra4idr L%; 'i r.-nýo cwmovq;' rqejul rt:; t-L

foI1.o'lItg ratiri; --ca1.c vats thi~~ If~ tho zyt-,r CCAV14-1to 1,; C.-ti!)1o

of oyoirat~izg out to~ 03j Conitol-n-t'i1. ft&C,, urfty' h.t-J,'r W.-

as:sjlnfc-d. If c.-tr-llaof~ opjrailutlg bs, ,n1 tly'j ST'A' V.i1 Al rýt. oi;LI

dL,4 baintoizaJ to 1.1 t~o a:]'? ro.3d ca-tbili Ly. Prcp:rLirataoly

Ii owur ratin~s nror .5.withiL~ d.-crenaing -t~ingo C0.L31 Tn x5

H uu,, 'mr1mas th,ý AnR051O!Snf rMatng o 1ItdIn UAW)~t 1V L11,7 ,ýhnvu

PT*T. l~ici.o 11wi

0 to Gru*~ter than 300 US.K. 1.1

0 to I(* N.M. 1.0

0Oto PIO N.M. 0.9

0 to so0. H. 0.7

o to Pronut DL, lp S La 0.5

Leas Than Prec*11 Dz~p Stwo 0

Tho asuaGits"- valhtltitZ for t~ho rtC,*O GI' cwwvk'-p fatAor Ix ~teýn aa w'ity

so tht 31 X RI

S-



5.1.2 (82)

The legal effectiveness rating of a candidate system Is subjective

and is based on the credibility of the evidence in the courts."

The diup monitoring system is sImllar in several aspects to auto

speed law enforcemont using radar, and court rulings concerning legality and

accuracy of those devices will provide some insight in the assessment of legal

effectiveness of the candidate duwip monitoring systems. Based on

radar court case history, it is evident that the accuraey and reliability of the

clu-ndp monitoring systea being ai ew concept will be challenged in court andl

export testimony attesting to its'scientif-ic principle, construction, operation

accuracy and reliability will .be required. In addition, readings and/or

Ii riuuordings of thu du'i p mib0Ytoriing SýStlem, iin Oer o to" o0 ai a conyCii:.,

will require clear, convinci-n&Jund unequivocal proof of its accuracy either

by test records performed prio4 to and after violation or by multiplicity
:• !j'[ of ecoded ensr da,•tcor elt-d in such a manner as to poide reasonable :

proof of proper functioning and operation of the equipments. A significant

difference bot-wen the radar spqed sen:,or system and the dimp monitoring system

is that in the latter system, continual monitoring of vessel pisition and dump

status during the diunp mIssion is provided; with the radar, speed sensor, only

a single piece of data is availbblo. which must stand aloni as evidence. With

periodic monitoring and recordiig of multiple sensors, correlation of the data

Spackage would probably provide 6onvinoing -evidenCe of proper functioning

L rand operation.

I5-4
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S2is givenA~~ inrb. n 52 T ,. yi'm egtggf",Lr obýi

taken w; unity (*2 -R2 ) Sj~nc. thn pf-J. fry objecti'io or tn ci~~ :'~.r

system2 is to poie vidwica for th3) criforrcemc-nl. of diz~i, n;-~ rý,iulain, 1,12

ratngrs were qtrJ~lnfl-;-nt.y vcet to rtulp out nny candid-it.- systo:! which would

not generally hold up in court.

Data FCf 1tao' 'ity in Colrt 1Rat~inv (R

jiAir T14ght Alwayi 1.1.

Gener~ally will hold up In 1.0
Court but not al'.rcyj airticght

Generally not likely to hold 0
up in Cour:-t

5.1.3 All 'eettr ymi~. L(S)

U' ~The &Ul uzaIhor capability snibscore re'flects the capability of

the dumip maonitor~ing systs-m to Vporf'ori-n in the service cinvircnuiont di ieusned

in paragraph *2.2.3. The ass~igncct asso-ssiment ratings are pres?.ntod in Table 5-3

and the wreighting fthotor selcetiAd for Lhe overall syste.om candidate 'score

is Unity (S3 = R,3).

TA_3 RT. 1T11iWATM- CAPABTTJ!TY RAVTING
jpLnuactj of Thather ohne I±f q r r 4 n c

Sigiiifi chut dlegradath on occi irs only
for weatbev conditioni.. which do not excood.

I . l'1% of tiwe1.

2% of. time,- 1.0
1 4%Of tima 0.8

51. off trir- 0

I %5-



KA
Th.), dogree of n'utomaticity of the dump monilt-oringt syst-ern candiidaI~e2

I iIs an Irportaint evalu.wtion critoria factor fro!-ii soveiral -standpoints. WithI - ~a complectely sucz~l ys tem, vesmei/barge erev operational participati~on

~ t L would not be required thereby rn5.nimiiming improper operatiton and abuse of system

equl pmciit. In additicn, autoin-atic .systaii-ns will provide a deterrent to cquipment

ta~~r~n~due to uni'"V4liarity of thce system, by the croer. Finally, an mitomatic

y~stem vii hei.oo dily acceprt-ac by v~swel o-,mers and the c, pt'i snce

p H aric I pat Ion by thorrn would not be rt-quired or would be minin-inil at most-, thereby
Itnot adding a work b-.n-dden on thom. The reco-l-pajendd assessjient rating for

the lut:owatIcilty nubscorsi is provided in Table 5-4. Tho assigned weighting

I Thctor is ____ki to ba, uiT1y sGo

RLPequires Oinificantr Attention of 10

Captai/Crew and/or Coriwiderablo Tachical

Skill el

Thif; -mb;3CO.1 is incl~uded to sloow sjusilj.ivity, if any, to

{initial. cost or to rul-e OU~ any ý3ystei,,u whose initial cost is above a tolerable

amount (e.g., a billget linit). By agreernent with N.Y.D.C . E, R5 ~S5 1.0

for al~l DM5 canrfldates.

K , 5--6



- -~ nes Indeterrio 11.1prropw~ ipn d~v oJC cJ c oy,'.!lic

rele.PLi\'c value o37ý pinr.o-r~i"'.nco efct, cs. of aic.t~d~~~~: bý, the

* ~~5 yozre cost of 0,'10r~ fr tho ce:1i".C.att. Iitc:~1c 1.11oTh mo~t

effecti~voness factor cmi. bo w~rittcri:

( 5 - 3 ) '5 tfh or e ,

1,1- Cos ý effectivroe""io; fct,

C i.' the costA of sytc~ owiacr~hi.! for a 5 yonv (Aid n5',
3! -the' weightc~kd relativ 0a.?co e:otnoo~c;L~e'

OJ. CL

i ~The T3'O:rIef.c;i' "..'eVL~ lo; r:V.hX ot

D.L.0 candidate cuid is def!-,cd by the folicwilng ecjua~ionl:

I+ "PI +

DD' L R 'E 12

-P DD PobtbIU.ity of D.Aetcting Occujrrence;- of a Dum~p

P PR'Oobbi.1Jty of Iioenti~ng Veose.l widthlibn Sp -C1-iecd Accurtacy

P Probk11xility of Corroct Recordbog of Th.'~p in.VorIat-iOnR

PD rb1Ui of i~dumnt0i~ynz Im'pcnpr envx ps c"lu.n.11 lvrxn10.DIda-ta rovlmi p I

P Prob-hNility OfVEc~~v Ut.?U2;:iUl~on of Alta;~t

Uvorth of eaich st,.b.,,utcn; in dot ri. -Jn, .....1g2. 41lwmpng

5-7 i , I~



~i~i/~J~lt ~cd pz~t~txiX~ CA1i.C~V3ias n.ot Cirtati-onliig, its, 1.OS3

pr vi.' J Att -co!-Jcl voscl. InCH" 1 on and t:L!".

1.Thi-g t'lio ib'21 rat'lo~nul.o, tho followii.n w&.ighti-Qlg facto-rs were

Dx.., Di::tetion 'if5 g'.,ig -. W 2

Lccatio.-i A'Ccurnecy Wit~.lT~*. I

- R

ExfectivJity llvigihi U W 1

L The probabi].i-y of clý-Loo iing t'ho oc curreceic of a duiopp is a £Lunc--

tion of the spoc-ific dtmiap doet~e Ion &tppiroacht' used as well as tha type..

ntimboi' -i~d araca~tof sc(!nrav provid.-d. Thns., tho probability of

diu;p det.c-tioa v sing on-Iro )exd loisoro- riionlitxc:biZ vosso-1. draft, dui cGro

and duimp activity-, rvay bo wxppob:tc to d.-..fexr from on appDroach on.ly sonsing

draft. In addition, far a rpooltfteai syseten approach., alternative avrarnge-

vion~ts of Sonaors are Po-1n thie -(~x-le radan~da~qqy, so~riaJ. configuration,

Stanl~yre.ýV-Rwitoett.) 'tro that tho probability of dwrrn

drtceton PD i r&u de~tc- c!'a:atid bj-. tho emprlt spci -



Th .1, Z.%.V! ýue~I

P. dapvndo upoa tho flccv.oy& of' thC locwbaxio mmtcJ "A:.S. wd ts ý r-~

- ~t~ional. State (oporti.i1 1 >bi.JIty) Thu o.raiJ. will. dcpci-d

the 3 cv 1Je14 at Vv ' -ie ' Vhf)* dC:o*Lr) *voo-u lcavo. "lck IUri op.:1-a-.

tional statu:; oJý. *[;he ct.P1. o ~ ~ o 1  of. Lhe vi;l'c . cfn-.

sidorod to be ý.bxut two,,.f* ;ootn than l o.cmurrcnce or.

a~ ~ ~ ~' dmEcnc h: l~~vcna a volative wei0 t of.'/

The piobabiliaty oCý co-nt~c~bt tarm'o Ap-Co'ervv".tion. of jiJflforini..

tini oll1.;' yP i .9', It ohoul -,

notcd th'at- thd. d r '~~.4tr dwearch notL CIly on -uz n CO.-':atu~ro, of hn

caxyt-tid-at ~roach zach an bOc;heor tlh-evd-~a it, rocord-d -aboa~id the

j vos"nJ. ort data 11rikcd to' a :;',retti~on but. aJ.ýo -%Actlisýn- a solf'--popacLJc~

dnpngvems~e3. or a tow:1 di "aoor (di'cd~g;c- or scow) is i b~nn cons,`idored.

Thepro~hl~ity o-' correct data roview, PD~ ci~~te rbb]it

of ~ 1do1tif'y aj r rper i~ given xecoorded cdump int'orixiticri. This prob-

abili~ty. de.condl on thl Vao meU'cd uoýd in data rrncord!-i-, and the dlegreo to 1whi.ch

aixto,,atinc data,- pi-ocoo.sizu c~nv b.,) ut5ii-ce.

TheriWn £zto, is~ .1 Ira rnofSW of Vhia Crodia~llty of tho

cjuonco of th:U ninfn.ii-tton. T!ý3~str ';11.11 )VA 'cý OffOC±.'l3tiv iC cithar the

proaeri;aid info-mtioaV5.oisis n~o 1, 0a. vt,.!.(I t~y or i if J Inr ncvol Ituad to indict



ari. LV1Prouccuto c'il of.cnmier. Tihe leilal exTectivJ~t-"y wzill. dcpeni-11, to n

c(~I~:tc~.;1,i~. ;~jt)on~ theo Sy~te..1 ariprec:;ch ur'ed., hr' iaHemn

raid pro:~:,ccutiA~i o.f. a vi~oJnl.nOr .zflbo in.citicncod by the runAn.,ratlaton

.end pvoa ..d.xit-ti~oa ofC tho data. An impior1~uit cons- dration here is tie

wvJ.;tdntilon of du.1-lp ltlsilon data by the captai-. I.-c-ai. effcctliity anid

LI pgrot~ecai~ion io s3drb. cilhant-M. tfheL rccordod. data validate-d by

the ve c:.ot-n is uf-erl~ood by himT~. In -iddition, the detv-:rrent

eff~htoC Of V. ei ei~ captiin val'Ldat.-Lon is b;1:ýieved, to b3-

Wehilel the pei'fci.u.manca ef1Tectivencas criteria established in

this Fecticom prc'AidoQ. a, syaorb .o'stci e ourhiner appreach for

fe-i.untion ofi. a syste;Im Cm2fIi -dat;;, ~so~re-ral s-iilrdfi caut f'actor~s are 1i0t

as adetrret aiA cn b Utiize toprovide sonme reoasure of assurance

t-At the dum~p vasý,.el did properly perlor tho nilAssilon. In. addition) the

timer is important in the overall systemi de sign sinca print conmman~is to

the printer are onrcd by the trimer in several of the candf.date qystems1.

In tho peri'or-.ranca effehctivemass analysis, it will b3 asnurkod that bo~th

timing and mis. ;'on overts are 1:ovided for all systoy. candidaten and that

thano factors will not i.0imnge tho relahtive radking of the candidatesi and

accordivgly can be onitted fruti thn analysis.



Tic~ co-ot of ovi..x:wobp, C, in o qwtA.i.on (~3 A .

cost for a zi5nglch cyntc:,, ovo-!. n fixc 1~i1 ~~ cm' an ~Ai~.tbuy

of 50 oyotocs. The US .1% cycl;) colst is- coirpri4 d oC ,h.-- '0.c .r) ....ain

0 Acquisition Costn

0 Cos;ts foi- SpalnoS

o InstalJlation Cos-to

o Operatin:1 Costs

o0'i~tpc Costs

Generation of sysf~~ ~iidte-Z life cycle costs I.ncluding

Ii tatcyI asn~vilp'tons and cou1n j~rocecduxv. ava pro-entec1 in &ction 9.0.

The su~oefor tlhi co&A offocti-voress cr1trl is(1.tr- r! i 2t' ¶nc d

usl.Ig al alm.e-so'oht , ~~~o. of ii- > ~
ifro(6 "-''"1)v,(

iillzr o1. k. aclae.L% ul



Tnablo 5-5

L c,,'.i . ,,.FacI5or

N. x 1o0 6tin!,

Abovo 1.0 1.1

0.8 to 1.0 1.0

o0.6 to 0.8 0.9

0.2 to 0..6 0.5

Undor 0.2 0

I5 .J.7 A•- am (S7)

The accuiacy subt-core i.s b•,-d on tho weithted average of sub-
scores for the accuracy of moaf' uring vessol occation. Vessel location

L 8ccur'ncZ in c.:on.'dor,. oi tihe bhsis of ranire to licc.-ser' durnp areas rr.m

kAhbros3 Ligjhthouse. For pro.lent dump c.ýraztions, a range of 10 n.m. is
applicable, Whoreas future duawping ri-.u1~tiozvs may (tC[enld dump are-as to

as far as 150 n.mv. TTh3 asignaed accuracy rating is pre~cnted in Table

5-6. A unity subwaighttng factor Is applied to the location accuracy

,rating, so thnt &" 17 .

STAIME._-6 L0 ATIO11 ACCURACY

Error in Yriavur'ing

Ghior 0.35 n.m. 1.1

S0.35 to 0.55 n.m. 1.0

L 0.55 to 0.? n... 9
0.7 to 1 nm. 0.8

Ovurij I m.0

LI
I. I-,•'

!I



...........

- -lx o 1,, x -, an.-.

factorB, with ascl~ed subwoiS.h1i, nro prem-r-Atd in~ Tihxz -7

Rol _ul ~

11intainahili~ty5

Li W!.ht an~d Si-ze I

j ~~~Po~z iqui re&.nt s1

W~i;~-p ~'~ re0ucats

Aasuirped rati~ngs f~or L~he clesig~n factorc are precointcd in Table i4

Tho -ovdrftll rat~ing is coiuputed; frcku th-3 eVprossion:

wbero tho mibscript i doot~os qach dontgn factor condftore.

jTb. vaighti ng fadctr "1oetdA for thu ev~tst factors cao'xa is taken as

2j, oo that :2 Rj.



Over 500 1.1
400A to 500 1.0
300 to 4,00 0.8
150 to 300 0.6
tiich,du 150 0

Undo~r 1.0

1. 5 to 2.0 0.9
2. 0 to 2. 5 0.8

-2.5 to 4.0 0.6
Ovar c4. 0 0

Rac~da o tc. 0.5

Po~isr Recyaim~antius

ti~~ I* ap.Ibi..l Isv~cr rriqntmd10
Requirfa :1 5.4Y2- nLot. tWimilly

aboctmldlcpw vc-urale 0.3

?.hdr 2 1.1

(rood for. apvciail wotev-Al -pmvlcldmz

Uwe~i rev.trd~d-
044 'vi'vt. wt~aiy 4nro.vdVAtb )"0

dSonV4rmtW vlyuA:n~~ ý

0.



Th-; 1 Ykl~lani-rum FvMcot wv to I- ;a~i:~. t i t.)iz t

crltfijr!.- conprv- e.wi. -dJ'1 e1E-.L:J¶-t, c *O .:'h tu brc

ro1'~to direetly to rynt~ erf1-:m~ c n eo h z W,-: ce)-!*,t~l!d

In th-3 djaiX1n Caiz'Vor.t. Thi. r w ctl'i:j1 6

vuburelgijtingp aro C~vevi In T~i'k ..

&a Cety la~.uror,z 2

Ine'tftiatloii Fjo.1itARL2

Tanor P, a,5 10

Crouth Catpl~b.ltty, R~n1

Givv~b Carbility, f&w Aid

Omi~th C-p~ability Acu.nraey

Trak"Irve Roirvi 1

V-wa a Iot'errc,-wit3

prvild.A4 in Taib1@ 5-10. lrw tý,,o, it; t 9)

(~4) K~ik £

Tba oorul *utýýnmSo odt-v



Factor &_ai•g Ri

SSafety Features

Inherent and complete 1.1
. Normnal-requiros some addit.ional 1.0

Requires special additional 0.9
Requires extensive/special addl. 0.5
Considered very unsafe 0

Interchangeability

LIMS and units completely 1.1
Only similarly marked units completely 1.0
Only by selection 0.5 I

i None 0

I In3tallatiOn Flelet bility

.'Usable on all vesrels with only minor
vesoel preparation 1.1

Only minor Vessel preparation, bit minor
"custonizing needed to make MilS usable
Con all vdsels 1.0

bi RequiLres sigiVficailL vebsel prepa,'a--
tion and/br customizing 0.8

Requires extensive vessel preparation

and/or cuitomizing 0.4

Tamper Proof

Inherently ta'iper proof 1.1
Reasonably tWper proof and requires

only iainor:. additions to be acceptable 1.0
Only moderately tamp3r proof but if

manipulated is readily apparant 0.8
Is easily manipulated and not readily

apparent 0

Growth Capabilitr, RangeGrowth Capabilit', Nay Aid

Growth Capabilit y, Accuracy

Provided witý no addl. equipment 1.1
Only minor oýuipmont mod required '.0

L I ignifLicnt e(4uipment mod required 0.5
Not pnible 0-6



T , III. 5 30E-0I CT.R AI i .T

t.. Jf . .. , .

F ac_.to~r Th.4, g

Training rcequired (for correct
operation), hrs.

Under I.5 1.1
1.5 to 4.0 1.0
4.0 to 8 0.9
. to 1o 0.8
16 to / 40 0.5
Over 40 0

Value as a Deterrent (percentage of
trips estiuato.d that it keeps captain

I "honeskl because he knows le is being-- ~monitor'ed) '

Over 70• 1.150,7- to °,0'ý 1.0
3o% to 50% 0.8

-i :Under 304: 0

5.1.10 llardcbre !.vai,0.1.1it- (S10 )lr

The hardwa.re avai.lab•1ity subscore is based on an assigned

weighting of' unity (S.91 Rio). and ratings specified in Table 5-1)..

L " 'TABLE 5-11 2..I.A.RIA1 .A!AII.,ABIITY rATINDG

3ta- -tus of bIa.jor Units AtinZ Rso

Olff-the -ShlJ.f, o mods required

-Of .-tho-Sh-hol., fon.y iyi.no±r mods or 1.0
developvent rookded (up to 10% of cost)

U I Off--th)--Shjul.f, 'gni fLi cant rmods 0.9
roquIrcd (10 tom 20% of cost)

Major iaods or vi•ior do'v'loplmiont 0
requirt-d

j. 5. 1.7



5.2 EVALUAPTION 11O$J!-1

In 012- A u j4'*jri LO ~ cvalua~lion of ~~ dd~a iL w~as

necessary to con.ider inputs firo:a scveral sources. These inalude:

o Fiel.d data and overabicnal1 experl~rxce

o Equi~pr'.iont perfortr~ance ebai c tori sti cs

o Analytical. investigations

o Experien'ce with similar equipment

Since the ov:evall. evaluiation oecks to cormpare DMS- candidates differeiing

significantly in systema approachos uced, it is im~portant to assure that

the data used for evaluation is norinaliied to the sen b,,se- '.hus, iihile

field data maiy ba avalJl~able ftor ccratan equipmnents prosant].y operational,

it catnnot be used directl!l in a cotmparlson with a system '4 haro ol-ily

raeage r or rno data is avad.able. To achi-ove data nois--alization., the, fol..

IIn tho three key areas of'.p;erLor;~aance, cost and uquipinent reliability,

the input data was duvelop-xi, by a sing-lc specialist. Data was assembled

from the above soiirces whi-ch was then rcduceýd to a camamono bavo for all

candidates. Thne qulputent peroroinoutic'3 characteristics was olotainad from

a ccombination of analytical investie.titons and published inf'ormnation.

Equtipmoiot reliobi.Jity o!stlmitets waro dovolopod by combining fiold data$

specifi cation C igu ro and ::::::n it sxia :equizcmentsa. z Who~

soparkrtoly by inovo than one oneinoor and later coamparod to 6otain a singJlo

ealu~i~tion. Section 10.0 prosont~s a Eu!'".vnry of the indivildU11 3ubsoore

and total icoro for tho U*t3 c'ndidato. Also described is the nt~ionaleA

and 'me ,pultticrni rc!M5lt~ ond~iu to th3 ratinra which aru. hasid. on

v4-j nvln~y-rt rozmlts piveonted in 83otions 6.0 thru 9.0.



*ShOva' J31-~od Rad.?t W1,1O1b v e'~;i~1~

* *.j~ ~ .. ~i~ A ~r.hi~cA. In thi~is repý-.wV, th~ w., ~ity ofr t~h

vassol locatilon su~. it~e sstl'c rrwi~a1. Circula er�r (rdixu of

,unce~rtc:.bty) lin whieh 95%~ of' t~vi fi-xcs 1"11~ ftA."&11 o~r~ov ;v~

5ysten lcctioin v:t~nkajy roqW.jx ica1r~t, tho probabl~ity of lo,.atingt; ho vccnnol

to with~ a ritccMA tvi~imi.?w :c-;nor (radr.10. orror) 1:'V ba datorrined.'~ The

Inc1c;r4t.', DVtCikW~:riL 1.0 I P. A fI tt o- In ~ S tl.:,

-~~ I T'e ccktrao Of th r !" .j Pl. o 1 ,it fl. 4e *w

Ir Iflf'



For cw,, i2L.~~ lp-rpocaie; c.S Otiai O;c,a cvi~ova ava also 'Shown

~ T J1) 0*ý"ýSG &Lc',f: - O 1

[ ~ ~~DAY. xIi

[D5iffcTrent2..al 0. 25 n~ii*. 0, 5 fl. in,

I. n~ri% 2 no.m

LIn t~h. -3fewm yo.(k BA1.""t P~vllea, the c anglea of Crra re on tM~ order

or C4.,5 drceýjs~ wJ~th vain.c3 +~rd: lov4-1) at~ ravuiýat iroyi 0

L-to 1('1 A.un ffo:i-blocu The:i 'I'~95,! f C ixy£i cfn be co.:., e

d~r. *~~; *~~~ ~7 :~ ~-~ixA thiu Vat the L0V e ro:. re

aorto~rtd by a IC~itOz' NJ 2 1/2. Table 6-.2 svvmilcs the 955 vrol..ibtlitY

1 ~~~clrculttýr e-,rav -for botht'i 5.o DUNNt'creatial Crte~a zaid coCii~.10 ii op. Uto1s

wbi'1z, th'i akbt3'io dwtat? Ifn .0 applicable for both thu 10 a.a.i o'nd 100 n.1.1.

M~~c ', !*

.~'6 %2D1 *~IN~rT. U ':;A ;,'I) (r-::A_9PJITA' !To PalIM)Da it_
L .6) U.". 1.39 i.

O.2.77 none. 5.55 ".a.

Tb.) c~t-c1.?r cr pro.11Mt.1all Orw 1/, I/2, lo vnd 5 :1-p- lcoation

fo Pia %ri .ij J f 1c I - l* 103 rrora ucra c~h~an 14~l in aOoorIaco

-at~ ,Yt 1 ýt'4 It r~p.:.,w'ix Al omi AP. A a~~r of rw~ty

ava NTýO~b 6-I



TABT.J*4: 6- 3 T'nC2 '?,3 'hl TY .* '.f L;r, "i.DC . Fro

Radial*f Or'

0.25 2::.::' 40. 7"4 3.'I%

5.0 100 ..# 1.o; 0 0 90"

6.1..2 [OR.i;! C Jf.007Y' Th' ''.Ch

error to 0.17 oco.ds In t1hNwYo~ h

arav':i U1 zs~ uw~tb1. Lsa C ch'diia (11.awtea.~t.,) zvo N~im Air Force lk

anti tIN .. Axet (&iavaa) wid C:~p. &-xe, INorth Catrs.4I.Inn (Av cr "l-at3.o,). At

a 100 na'i. circ~le hv!e- Amu:s IJJ:;, tho utui~iJ' nnj~r, vre rc~o.tbly

COUiuitia At 80:;'.t&y~ d~~: To V Ea vmol owi cLlu e.cui-aoy

In n-'alcaziJ. ldux,$ t,.-. TOP t1.'l di e-rc-~n, I a.-or i- .jt to onnvoitoolI to

distonce c~rror In~ wk~oal Pl~c-4 at %fto v: ot ,&ttui;. T'rblu(-'.pCl

a stutwvry,~ of the o '..-tico'i1 r,;~v..L ir Coto 95 ci'vvv1.,e

prob-!Wy ervor an n f'\'.cttw1.: of s'u.:. ~~ 100 n.T'. .ýc.'looI equI LOP tU..-. C! r*"M..s UP~ 0. 1.. z. 01A~ ?k k* U..o o /2.
Im re~~~iftl fo *--1.1.v lI

Aj~p~4t. A4-3



I I

I1 , 6.- 4 LORAN.I 0 C 9 I5D.DSAT, ERQROR O)R Y•TIMIE ITT ON

True Crooving Sp-Cirg in Spaclng

Por 0.1,u- sec. 95% Podial
,ip.. in r,.n.1 Gron _... ... ro. In n.

/750 89 18.8 7 .0183 .0085 .039

900 77 18 16.7 .018 .0084 .039

1050 6..5 38 16.7 .01.8 .OO8/, .04

120) 65.5 17.7 15.7 .01.77 .0079 .04

L 1.350 63.5 17,5 15.7 .0175 .0079 .040

L ... .... I S .0102 .0008 .0/10
1650 65 15.8 16 .0.58 .008 .039

L 18o0 65.5 15.1 16.152 .008 .03/

'11,4ht-tim.;c accuracy at 100 n.m. can be dator-_rinod by -. ultiplyIng the

95% Radh.l Eriror f tulveo aivon In T.•hlo 6-/& by tho ratio .(I•fl. 1.7.S~0.1
At the 10 n.n. cireu~lr rana froa Aibroso Li•ht, tho 95% radial error is

L, 0.035 n.n. for dayltghth oanatton and 0.06 n.r, for niPht-tV1m covorigo

at eny pointi along the 10 n.m. circle. It in apparont thtt tho probable

Loran C ovre."n iw leza thnn 0.25 n.m. 300~ or' t~h tirns.

ii

Ii

ii



6.1.3 XM~ .iCT:~ J'P~

Litic .{ ..Pc ~ cc-,tcunic iurc Lw.)L-4± A . .n>ic .,ovXi

of mztgnti-Ldo1ais V-11).1 L'Orda C. Fur duyU~t'Li.ýIA).<LPt~

diI'i'orenoe cy.ila is folrx t~l ."~c zi c ~.t lt i~r:.ý 10",~

increauc ri adr.tltonalt crjfcY.orca~d. The ofi 'Jj .T.Orr~i A in itho

N.Y. BIZ~ht iii awy..,h-L voroc Vthni Lr~wroi 0 vai'yi;rr;b~~c 30 to ?0 i'n

depondi.-ug on thn v:,d3a.o i.tlhl - 100 .O rt.. n. iw- from A,.;ht'boso YAi.~ht.

Tabl~e 6-5 rarixsri'A3.1 Vie 9.5;ý prabOA12-L).Xy valuh.3 of reil."i'.i C aror~ I'o t1-ý C-ov

1:1, LOP Vine1 d 'c~OCY~ f3r l a 1 n.ti. -r-11 .100 P..r, c~rxo..'

froai ki~broso axt selectecd r-ngj1.i~r ) oc' ibi~on al.ong 1-11 ci.rclas

Li ~. ~RA~C~~ AT 1to A.41 1Cr010~ 'U11 4:1

True LnI'v1e Pttdial E~rror 'A hm i An"Ic PAIP..- I~*In nm

750 32 0.36 0.72. 23.5 0.45 0 I
900 32 0.33 0. 66 211 0-39 0.73

10 ~ 40 0,31. 0.62 34 0.346 0.6-9
1200 /A4 0.129 0.58 /10-5 0.33 0.66
1350 48.3 0. P8 0.56 49 0.32 0.64
1500 52.5 0. 27 0.54 5 6.? 0.33 0.66

16"58 0.26 0.52 67 0.35 0.7
IO62 0.25 0.50 .. 0.710

For 1/4,. 3/2., 1 end 5 am veiawss locoUn; ti Aext-tritc te, V"j p-.r4.nb prcb.'bY11ticin

ot Mi for tho azowiAc 114 WO orroes Tcr 1.wa- c ~iui.ýac~d inr a it~aroi*

similarl1y= a~d for Ovrzgot. A nel*;ry of' thbu r.i1t ii rceactood In 7~.1)12 6-6.



0. 50 n. m. ',). 9%90

L0jm 00 99

Tho~ amxEeyox f. . .gt Ar ,:a 2p Rnzi~o Drcio e

0.25 n m. of% 52%2D 'o4an lea.rc t ~lc.I D

CWIi12UV 0.50r~g nrim 99.9%in 90%rc o a~oae

Litm *afti~er1 suitable~ 10 ~ttn3i &rndrl 100 o not. raicr 10wit

6,1,4 &:rom. Addtiwxt eror a.CCTXO! however,

de to hae act'p~ Zttu..zgtolahri toa b rros , lthirS~o Diratio n Yi due

L stotionphr':s layerd ti~lto zroai athe frn~laro tions. to wV)r vuOF, sthea
t.orta criokcig3~ orro Laer.11 'doc notic'. exed t2P ~zrand ttorfe m wAh ('avh ~rD

L 8 ~~ovitior. in bne.ftUL tt boe immadg toh bot ~ica t.aorde of a 10.wao iD

£sUm4 lnt, h after )itabo-e ootRn~taiow geper~iix P-1 ano tho~resl ta1 vbulte

onccioopj .tj. tl m .m ln h hddig t irela (0 oerar o nd tio, tho e r,

CCu Sto t~ionoLT intoie'c :,('foer t. po1wri-i GOoStation3Inlatowal deviaAion cb

of boraVA terrrI nauti~cral r~ont~~ IApordx-ir teests tivm I Tabl



Truo Itidli- :3.1vrv!ý 1~J .3-ro
ile03 yr.'~ PqN,cn

I90P 14.43.

1lap 2,) 13.2

1350 1371/.

15001.

16'1.? 12.8

'raIA a 6 3 pr -rict-;..~ ptiro' przil.1. f c.4, 1A4, 112, 1. -;A 5 n.m.

0. 25 n'.25

*0. 5 a.m~. 60 5

1 ~93 1

5nw. 100

orrk'W -t-t4 r wlv%,-g -aI4



I 0..0

for n 1 rr1.I:r afltnwr., to 5ý) for an 13" ent~epmn-. For this atudy, an

aylui~gLh iddtl of 3~ is astariod' so that thca 1-W bearing accurcy its

untler 1 dcgr,ýc. Ri-I accurac~y, asmu~in~n a pulv3 durati.on of 2 /,, soc.,

is on t~hz om!~a of I.,00coat., 1 - . With Umve bearing andt range

*ccuraclesi, vovaul1 lcation accurlicy Is dotcc.3dnal? following the appro~ach

t. otiin'd J n Ajpimu-,vllx A-3. It is aa~.w'td tho ,Phora barad radar is lccatod

at Amb1row) 11ttht at. a~n as-,ur-c~l axsttenvi h-Al~ht- of 100 Noot and th* vousol

I I ~beaic:m haeigt is 25 feat. For tha~&, cooditions,, thO rvAxiuti oprzatlnS

r~np s ppox-,!lllyISYam.Long rpin. ,;-)]~. of' dt'~zping van-

soel 13 not f.tvctiwvlS C~val fox' A rraJ:tr at'ip th-i till !t"3rld Trade Contor

(1,2i25 NO..; tl') natu r.,nbc la only xibout 42 a.m.

Tho 1); Pt-claib.lity ~ilcrre.oi* for a 10 u.m'. rinng;, trru Aasbcoca

ltea La toa be 0.1. it4.p

Tablo 69-- Alhuu Use p~rcunt probt'Ality corroupondirg to I/A,
1/2, 1 aarl 5 n.m-. rkelx radvil erors at 10 a.n. *kr4 100 nms. vanngs.

% Pr~t~i~iy fo: % .Mmbqbdlity o

IAn.vs. 62.5 '0

5 n.m. 00j

6.2 M.TQ'\'4t1Jfl or' OV1,9.rf

Tooviqwl t tt't roe .' ws tog~ Uo cc mnce or 4 &uV for th, enlectod

* M coddlna r Om 23(I1U

0 D~rI



v t-It vv ! LJ tV, *ct'.,C t.j t:.ýI:;~~1 crk V'~x.l

a est~pox cv..Tcilf,7,%, pitA eA l)T~log )Vccoeul. Tho uit: rrU.

MI am urn w4uvJroa' ;z.d4att" vvxt r d ,.Is C-v ;.,ThAA. 191110 thIs IV 1A ing nnt

a dL~vet t.:v oCtli:. o. 'i. Ohn:n uw; in 4Yi umt.1ý

dtu- dcylva~W so "bt~ tN"y :;,.S VI.I ve,,Jfz0wo of' &.j th i~ac'4iiof

X r?. WAI # cwnru-j:: -tvx!U *rni)'vs rater- ctri~i ralehIILLjL4 for

tho vairlove &ni,) rixnura ctwdt--NN J U113 Uttia AVAi UhUj -Iil~ U10 j.'4U11oI

.9 M



• '• .: . , ___________________ ,____________,______..... .,• •

The nrobability of d.,nb detection required for the perroripence efeoctive-

ness analysis discussod in Section 10.2 is baued on the single sensor

probability of detection and a worth factor which reflects the 'probability

of.any ona of the approaches making a positive dumnp identification. Thus,

the event unit -switch would have a lower worth factor than the other

sensors since it is not a positive indication of duap. In the subsequent

discu8Ioz1, Wlorth Factors of 0.95, 0.55, 0.80 and 0.80, respectively, were

essuTed for the -Draft Sansor, the Events Unit, the Actuator Switch and the

Door/Valve sensor.

The probability of dumip dotectlon is calculated using the equation

for parallel. redundency. Thus,

(6-1) (DW 1 --KiPi 1--K2 P2 1 I-K3 P3/!..1-11iP Pi , where

(Ki is the worth factor associated with the 4ridividual sensor probability

""o o • '*-C •t f , P= ' *I. 6- Il j 4 ..1". . "1.. .....

for various 3ombinations of dump. sensors for both the 6-hour and 36--hour

dump missions calculated using equation (6-1).

TAr:It• 6•-1i PROABITY OF DU:,. DFTOECTION, PD])

PisftomHrfissiton
W E f,•ve P..o r 6 Hr. I or6s1 'dn M__~2•,_~~gi qi

Draft Sansor, DR .94,940 .94642
Eventn Unit Switch, FU .5%997 .54986

Actuator S'.itches, A .7"95 .79971Door/valve Sensors, D/V

9U + DR .772,3 .97218! EU + A .9990W .90934ZU + D/V.o•.o9
LUD /V 499 A .909814DT1 + D .98988 .98927

D/V .98988 .98927
A + DDV .95998 .95988
EU + DR + A CS$ 4 , .99W43

U + DR + D IV ,§9544' .99410

A +OR÷ D/. .99798 . *99715
A + DR + D/V + Elu .999090 .99888

6-10,

, ,|



LI 1onitorinfg of vo-sco1 1.ocation .-n the Occuri' .cc of' u~ n.,.

prevlou~y indicattd ri iry bc, performned odther aboat'd the v kwA. ~xngr a

LI ~~dig3.tart printer, punt~hcc1 paper tatpo or niagmntic t-apý 011 by a tov iiy

[1.link to a shore processing center with sultabilo coqulpvont. for &iA. ren

sing, assim.1.ation, and recording/Rtoxrago. In the care or' eyO:;Le cat-Aidates

LIutiizing a shoro bav-Pd voese iocatin,, stibsystlom it Is deslrablo to

telemeter cbrnip dotaction sitnals and othvor vo~.infunsivAlon, to th-2

shw-e center .for cory.1ation with tho e (s~it31 location c rt~sobtained

di ~~at shore thoreby providiný real.-Atmio ocean doirping ~r~i.3c.~~n

candidates 2, 3, and /I am. exniip).os of' t~hi Ja-.-4ive rvmil rlrrn- anda eurvel.11anco Gysto-m approach.

Howover, thid approa~ch genirallJy 1ivtolve-i cc~iip].ex rnd. costl.y

equiprtionts. Vessel. on.-boqrcl recording, althoilgh sIn-Jer and l~ess cont~ly,

is limited to po st--ocaurre -ace surveilllmc'nc and requires the cinpt-in, upon

return from a du;!'np mislt5.of, to repiove the recorded data andl either via

courier or mail send it to, a processing center. Determination of tho

probabil~ity of obtaining a- good recording or data thar.3toro dep~.mds on the

approitch use~d for each candidate. Further, for aysttm candidnteýS ut~ili-

zing dumap sensors abcird a toved barge, w-ith an add-tt3.onat. rocorder,

tha roli~bilityr of the rocorder must ba factorol1 in tha probabUit~j

Jfigulro

The probability df obtaining a good recordirig of dat-i for tho

noloctod system candidate.4 Is basod on the equation

j(6-2) PR ('RT) (POO)

j~6.-31



lWhoi13 Rf i.-t!, rolin.1-ity of the~ dutL- tran-f.&iiilor and

U ~reconior Embtysnter durIng the dump missions, and
P05 in the probabi~ity that the data tranwioindon and

[I ~reordar pybsyctý;mi is functionally opor&;ting.

U ~The reliability 6e3timltt)aS for the trnui ssi~on and recorder

[subsyt~turm (AT) u'k-Ilizczd by tho syetom ca~ndidntes wzcxo hused on theoqi-

imont failura raturi and wera comnpated u~lng an ai-stwnd ex~pon~ential failure

[I distribution. B-Ah tho 6..hour. (10 n~m rangu) and 36-hour (100 n.id. ravro)

dir-'.p mmcsIon OVIG J.aL3 Oi cotis~drod.

[ ~Th:3 Ipro;b-ibi.ty Ovt t he cu~bsystem IA, furitior.-Iy oporatiLng

(Pos) involves soveral conotdorltons. In tho care of a long-rtn!A-

tei~~L~y 1'nk rrc' ,3 vcv5,3 to th-a Qh~ore, cl3ci'c1 rIturL.9yWAs

[j ~~caus'd! by lightning-: diring, thundesorDzms at. Li.Vould ttuuso the i"I3to to

ba untroliablo. P'e1iability of eata lirk trainmiission in depusndont on theLr ~time of day, weather conditionso, mmolon, gps~ogrpnpc location, and dat*

link Crecmnoncy. In tho Niew Yoek Bight armsn the nomin nm~bar of days for

thundorstom1 activity to 28 (Pzf. ~INI~nM-1 of RDFcwi~rpbY)- If it is asavu.-3d

tbhat tho hne rtmith vicinity ofO M*ti Yor! Bight ls$oo

for an 8 hour timm period darin-, which tik-3 noise provents ro1Iable date

tran-Awsro~ttn to vIhoro, then Poo 0.980 Ahl ch has omly a piell lupeot.

[ For the OYA,101 CardidAt~OR %%Ull Mh& in.-bosrd recordting, the

probablit~y or sctionsafu urohitor~til deorouds oth th-3 d~ata t'oing receivAd

by N.L.D.C.F. TP "ho 4vtwrimr or t.'ii Pont. Oi'#iL lose* the rocordod data,

manitorirv g n m, . c~.rautidret1 tucco"~Nl. It u411 boo amt"od that loAt

L ~data 'iVI. oq~mur no yeiI9 th~n one t~iro In,00 for which Puse 0.9W9.



In c~ndid-tt3 vy:1t.,ý, l nv;c).ving a. tridetephorri i1b,k frVircx.,.4 str~~:.itio.ci,:

to a contrail procLcDwing ccixtur, tahý pl--b-iul~ity thz..~V. link is~ ru-1c--

t~i~onily oporatinx, Is eiuUra~ted to ~ait 1onst. 0.95M9.

A ~Table 6-12 p±'mcntbu the er~.i~tA vjLl.Vr. of Lh pvobaibili Ly of

II ~ ~trwaiwrsion acnd tr"tutoriiig for tho coyn d-N~i c sn dt:t'n ,A cqi'-ttion. (6-2).

TABLES 6-12 P1Ei1AAfILX'r OF O11YUMN:;G. A OCKID 101fORDIEh o0/
DA'yA P,,

Pnt~bitYTProbidlity pr Pcb~i t i iv'3"
Syst~um 6, r *3 1ir. Ameiot -i 6 11r. 36 Hr.

lA W1~9 .947 0.999Y- .991. .94,7

in .991 .94,7 0-11,9 .991 .1, 7

.10 .994 .W, 0.999 .99/1 .96A

12 .964 .1/87 0.93 .945 W

3 .931l .885 o.93 .962 .6

4 .982 08. O98 It'll



Iii U~LDADLITY AAYI

L 7. 1 P A,
Reliability is an ir'portaint considsiratiou, in the ovalw~ttion of

Lcandidate sut;%usei rot th.3 V'un.p !Mnitoriig Syst--u. A Ayutom whicb r-.y havo

oxcalicnt p'~rfor:::m.tce crpaiblity anid ranuk hUgh in 1ccyAi orffctivoiloss is

of lit~tlo value~ if 1i4- rliubi3 ity is rvor. Tito conacqwUicis of low :iystezi

roliability are:

a Htigh ineidonce oft no chtt,% or u~nu~tiaul data

0 hiviin ~1ft-fl2Zu costsCu~ddrn

. Rcqttlrc' tAu for Lsrvo Hihrbr of .044r;,

U:: rova1/roplaccmdnt of rearduis
Louw siystem &vuiAmli~ty for N-an b-p Monitoring

U ~ ~Intorruptictis avd.D)21"a~ of Y'leet Dum~ping Oporations

Las,; tian devirt,4 -truo control ov-r oceani dwtmping practices.

K SLtctlor3 7.P and 7.3 u.b40% follo' provciks an~ asmmaznt of the reliabilit 1 y of the

L salooted c'ts#Lcbttite for Uto IX*r. Tio oq'uipont reliability figure* obtained in

nect~on 7.?. are U"n In voction 7.3 to deterrdu, tho ov-r.rall systewm reliability of

L 7.21UP.r~.,l1

Thblo 7-1 prvao-nt- a lAstne of eott~pY'onts arAi ccorrapcfldin WWB data

for Or.- c~not :jdt~i c.Anrt ~u Tho RMf.' dkata Its baiottd upon tI..mos iappjiuaoble

Lt ai rov~nf ,vt."l Arroe.-,.Ao~ n riyvtar rot rw-a l'1 dat-ts 5secatfication raqlLLrt.;.rnts,

e~~ri~a tea ''~k. j j -nd en4ctimntoi lp-sod zin pirtt3.COUft. To obtaln *



Loran A Recu.IN~ 1900

Loran C Rkowivar 1850

W.ýj'A (:C~V~r2000
Shore P,%scd 1:Aar 500
VesseRaci 'dar Bikac~on 1000

It'idio JY~r~ccion Firdwr (8*io.ro }r')30G0

RhW Traiw.-ittor 600

Ship to Shoreo rat% Li z'

jor, Ie n -_;-* ¶? 1si. t~rj 630

. Sh1ore )Irccdv*.r 100

Reriro to Ticting %V~c~iJ-k Liak,

j Db-ital Tape Pkrintur 1000
'~vents Unit 10,000

.1Waft Sensor 9500
Dtnp Actitator Sensor 100,000

Valve/Door 3rinvor 100,000
Antenna Cotiplur 17,700

computer 2000

2 ~Chi~hera Sycto4 50

Line Printer 1500

j Drj~o Recordtir 2180



I:~lfl. g 1'U. datai anid to plrw-e all cuqipx.o~nt.s on tho, sar.e relativei basis., experts

within ~SS:M') wei c consultod in their spoulaltilu!. anid the Aiuiorzp.ation obteino-d was

r on~lieital arnd rori.,alizcd by a rcilfibility toc1inical .sj'cialist. In this

Lregaird, tho orjuli~ants and ctnmponzion.i considored for -,he DM3S can~didates will not

L be subjoctad to th. stringunt reliability us~suranc3 prograrls typixil of govcrnmrw-nt

de1'ens system~ oquripmencts and it rniy ba antici~patedc that comv-r-Anrcial equip-iints and

IL ~cc:-ýonentvs contel2iplated C"or thc fMST will hava sore-wlrnt lower~ NUF& vailucs. This

S a~pect ,.,as taken into con., .;dcr. t Ion in the I?. ?.1igures shown in Tabl~e 7-*1.

L The astIimite of system reliability for tht; EMS candidate,j 3.1 derived

fov both ahur ;hrangoflO (10 n.m. froAi ',.-,.ivbXoo Light) and thu Ion,? rar,ý;o (100 rn.Yt.)

* cL:"~ ~ The co'~nL ~ira! t;jioti tir.,-:3 (rcund ti f)ior the EAL-,ove raisu,.'s is

1 ~ 1.) tsi h ourti in~i it j noucs i pi& . *)L1J tV.*tUIdJ WJ1

V cam.11dutes liWnlvo both shore bused and vessel on beard equipzi..:nta the relinbility

Ostiz!V.lte takc.;1 into callsideratlon differen~ces in cnvirowvri3n~al condi~tionso as well

an c:qulpr'.-ýut rodundlatcy onl .3horo i~nst.aklatlona. In addition, uiystce candidates

util~r J rion ito g cqi~p.-y.ints aboard tho hirge will requira separate reliability[

estitrý-ttcs for thi solft-propoellnd du!',p vs3land the towrd barges. Tim reliability

cntiT'.\tes iucro bao on tha expoilcntial failure distriLution (canetart failuro rate)
giv^ti by:

uh.oro f ovwrall cqij-:!oiht failtire rc-.to and

t = ini4mion tiMe

L. ~7-s3



II ~ ~Table 7-*2 pc~ai;a ',ou~ary oJC Iovw'jil E~B i~g.arrea tox' tho st;ulc.-Lvd

j DRS candidates. T;'.bl1o 7-3 m'rt,,;ro liailit .I ci''te for L!A;c syt

canfl(ia Los f'or both the 6 and 306 hour d:mpriso-ion:s. Th'., ovo-raij.i. ('I*,.,., C. ur~

takei into acc.ount tho pr~talJ.' redunrwýIncy of dwiap siur 1iort;, In t)hts carc, tNe

S actuation and door/vaJ.vo switches as wol. as the draft stt~aus are considoru.d in

par~allel; t~he events unit is aswxmod to be Iin ser~l with othor. t;-4idpii-nt. An

equivalent tpp.-roxbirate- failutru rate for' LAe p~nuaflln wqp as derI~ved vihch

was then added to the other oquipr.%nt fw.).u&r rato valu~m i.!oru vi:-od in mo~ijnelltton

with eqrati~on (7-1) to darilva ths reliabili.ty of the systev cdlat.

TAB~LE 7-2 1'jT1)X FORi S""'..EGTE') CARD11TYfAjS

:3ttmCviV or I
1A 420

1B 368

lB' 372

10 453

2 122

3 128



..,x~~i C-miato Ralinbilt Nst u.

6 Hour Miss.ion . o

S , Self Propelled SewL" Appet.e
1A DicMrcrn~ialj Oir.ea with .986Vc

19S6 .939 .918 .933
on-bo-ird D:up S inorq, Events
Unit, anzd Dl.•it-al Re'inter

11 B Loran C wi~th on-bp!.rd Dutmp .984 96 .90' .923
Sensor., mvents Unit and
Digital Firintr.

L 1B' &argo oa 1B but Loran A .96 .997 .908 .923

"i C Loran A with on-bo.rd .987 .987 .924 .924
L Digital Printer and Events

Unit

2 Shcre U.iuod I•a.diar with .951 .955 .745 .758L on-.brtrd radb.r bzýs-con, and
dvap sen.-'or a

3 RM ,., V u .. Imn CIO .I n'-7 ,,/ 6
with on -board trailmLi.ttor
and duw,,p s.rnsors

4 Diferontial O weg, with on- .963 .965 ./96 .809
board dum.p naurors and

DaLI nk

Li

L;.

L *
I

L 7..5



iLifo cyce.A txy tmCts of' ai sy-- is Oft't1,Pa Al~fi gr ..C'Id y3 't-citi.C~)tj

of thts aytnipitoc m co--,tr. A. r ~th.-Ltt Is tot~h qIrI,01lY 0."11 c:.1..11y

cocnts, to kurp it op,)r:iA th-e.!ng~ its 14ii'a t 4:ichbict,

I ~thercefor 15 is~ .t -1t .factor iYr the) aef-,kj%* ¶. of ai tcu' sylil'.-I

or equipcont. Oneu of Lt03 ;xýii.'vacy ubjcýýtiVuL In L:ay 'Iisitioa j~Pi;1-..' 1: to

goancrato a i untenumir ofio:jt t ;v: ~~d: cchIc-.-ji!.v ot, art; ?-.IW

bal~ance b;tc :- l oyt.ki.i.: co.10 G Aty c.ei p-jtý-Iti't' life Cý.Clc e...T

fae~torz, r.-. In~i~l 1 bi.d oti j.¶;vr.i&i~.ty *u

Inintcmtimca trudihug, fcxji.tbunj, t.crt cpr::.it.i . cquiWIr't iivx.it 13

app~irent tha~t Gtn~irtLt i of a rCi¶1t-,tininc fo a r..ýw J3yaLt.~'i ýqd r~oa

J tuNriar.-intal trauleoCC d.)--altmi'. %-~Y~Jft revrc-.%tn,, Io*ji t .toI

criteriaL, aiA cost rwýAzrc. Tho .jinl ci ,.:n rccit. 'u'.: rit* iroltwlo f ollowti-'

*utt1Aiivl.ion of m~tor-Itjc "'itohkA VI1XI rtIml 13 I1olAiora wa 4n

interal C,:Awcof'C t~ji yte 'into rw~~ v~t'# f cvi t-.C~ton

tiumo.

~ eI 1 l~f.~ q .:n.~ ~ Or. v~to t 1,ti# to ftIc

j~~~A *.v; toti Lh.~4~ 4r U~ ~ ~tt)

or A*r~d tl~wv~dz, Zn.Iv1, ru-t I*Alcy ro

to2o.11t,~;6q40:- e . e-1d



Appllecq't3.on ofi fun%-Mio.n~l, ri-chmdaicy to alliow on~-iin, rimintenanco

)f critic-i1 or hl~h frtiluro raito mo.,pzonentu to minlfll.'b'O Systom

dotmr-*tiori foi- corrective ~rnintuna'nce.

Adopt~ion of dtny of tho at.'ov approaches wu:4L b-7 carcrully evailuated

si1300 pota~n'J.a.1 dottvi!'nital iside offoe.tst on vnriotis byto#LLm otffctivonmOss

parnw~tera aMt ]ciaiLJio ftotors 4oýId easily ron--lt. For axami'plo,, the use of bu11t.itn

then it volvo3 ir It is n~ot pvr.,erly deauien'zd or is overly co:.4p~1cx.

LIt con~sld'erl',& 8 Lkfltbtenunfca coarxept, for Oa nii 3veral, signific~mnt~

[, factora ralated to ý.ro.,ont oc~az. du.*piri, opmrcttions andI th-mp ve:asel, pNrwn1f,)l

sihould La highlight~ed.

L *Th., rnirbe.r of' crev mytabr- abo,:-rd tho dwsp voaznl are ganoirally

Iona, th n ~itx rav,,l thtr t.e Iici tralnrin, or s~W I ovals ara

.The dum~p V033013 aro typically small, by cowpiparibon with U.S. Naval

ships ard vlrttrtlly htivo no on'board t~ouit and rolidr fa~ctli~oo.

Li * Duftp xjsai'nts Aar geneirally less than onu or* twjo days

In dur.nti~n with a non-.oprat~ve tim pý.ritod At docksdde for looa~ng

'iI ~ of wastv mstirial.

Corps of 'ý WCMs

t.Th* dinam fron thtt R. . D94ra~t Corpoi of Rognveora ofricos In oa

b&tMttnn to lot-Ai~ it rg 4Ml dooks to tyricatly loss Uma 50 n~lon

thoraby tAn'vA~~, juvlotms ot lolistici.

*Th* ~Wn ehou1'i nt rtcar t~-*Jor p2%it:-LA~ln by the visap veoaml

omv2 or in an AIy t;VAth tlhlrnei ý-v.rA otwatimioA dutlo~s.



-Th ________::Aa t-,) U-t ror_________to b_.) t__!:_c_____

On th- b'asir' or' the ak,;;o cor i-Akr.r:Jcna,j tgo 1'oll cn;1u~~~ co'~c,-it for the

1. The DW4 0A] t riot hr.vo iu ps-Cvvu_!-t.Co ~i., ~,i:A j z ov a fult

2. 0n-bont :nven, ~ cj ut' U1, ): by t'~i. sn

eloctricil faCa P in- ~.l' "r-'of Lhvt r'A ~'O p x~rcijc,

3. XL 3jv~3 ev.As o,^ st.vUrAotý nitli orc tho )'

equi~.: -thalbul oiz I%',-;kby -t;)JO1,00 Cu. *f

fsAlura ty t~he du!mp vuotcol cnytatt.jor in rtu.rdarnca vi4h a~ aul,1t~.hl

I mninterba.- :o po-run.

i. TheDM vhzi3 e mplo4i)1y a unit 1:Cow2# l 1 Mtvd "tntiixt#'r concept at

j @~ tho rtt~ titt.

S. Fh~Ulty acLtw ~ d Uni1t* - rrvvJ i ""h"- ch"r Ztt-~A1 by tt:o

dayot or qit the cqd nt ~'~vx'

A I-



8.2 MEAN COTICTEMciV MAI.NTENANOI.S' (ME )

The'meau Corrective waintenanco time is defined in this report
Ai as the time with the observation of an eqais.pment mlfunc-

ath averagect9 be-ginnin a e.'pman

tion by the serviceman and ending when the equipment (either replaced 111th

a spare or repaired) is restored tc a normal. operating condition. The time

Ul includes the average time to identi~fy and rem6ve the faulty equipp'cnt

from the vessel and replace it with a spare unit tnd to checkout the system.

Logistics and administrative tMne for transporting the s--3re unit or nodule

from a storage depo~t is also included. The 51ct for the system is computed

tusing the equation

.(8-1) Rut ? (2) where Met is the average corrective
Maintenance ti>±e for each unit, and

. f is its failure rate for each unit

BEstimated values of Pct assuming off--line unit -replacement maintenance is

I based or, an assumed iogis~ics/ad,1ainistrative tiime of 1 hour; estimrated

L1 average tir0 for removal. of the faulty unit, replacement with a pae unit

and system checkout varid& from 0.2 to 1.0 hours, A stnmary of the moan

corrective maintenance tim3 for the selected system candidates is presented

in Table 8-1. The operational, availability of each system candidate can be

L computed from the equation (8-2),

(8-2) Ao = MT-'F where MB- is the overall system

.. i'i3F + t mean time between failure

Ll
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'•System Candidate Met

AlA 3.5

IB 2.5

1]B' 2.1

IC 2.0

3 2 3.7

3 2.1

f4 3.8

8. 3 ME~iAN 'f1M1 'rO n (14TTI1.)

Th-i Mean Time to Flepai- ('y...'..w is the "loan corrcct-,e . nt--an.

tiime IMct) plus the average th-'o .. a re,..a.a,:]abl.

a.,s='¢ at th. .. : +.. . .depot .,•A th... !-.I '." . . ''• .•• 't

time (for transportation); The UTTR is a measure of systf'-- caI1p.excity

and is utilized in the overall score rating criteria preentmcd in Section 10.

Table 8-2 summarizes the.- estimated N,.TR for the systern candidates based on

avaiJabl.e 11£TR figmurea for similar types of equipments co..pil.ed by tha

U. S. Naval Applied Science Laboratory.

TABLE i8.TTR FOR SECTED CANDIDIDATES

Systjm Candidate NTR.•fIrs.

1A ,5 to 4

j IB to 2.5

. n_;5 to 2

2 2.5 to 4

3 2to 2.5

4 2.5 t;o 4.
8.-5



Si.(TION 9.0

Ii COMP'ARATIVE COSTS

9.1 DEFINITIOIN OF TIfE, TOTAL COST OF O.,w1mISHIP EI,",IENTS

The Total Cost of Ownership (TOO) is comiprised o.V the following

cost clements.

* Acquisition costs for the DMS equxippments.

- Spares Costs for Equipments and Replacement Modules

L • Ship and Shore Dased Stations Installation Costs

* Maintenance, Costs
LIJ

•Operational iCost-s

The acquiiAtion costs i.nlulne both vessel on-board equ.pleots and shore

btsod eqm*unts., acqui.sitibn costs, Systems engineering and design costs

as well as start-up costs ire included in the acquisition cost of the

systems. Cost of spares Por equipments and replaceable modules are based
U.

on equiplnent unit acquisition cost. The mumber of unit spares required

L for a system candidate is based on the umtnber of units required for dock-

side maintenance as well as the number of units in the pipeline for repair

-athe depot/maintenance facility,

U Installation costs for both the ship and shor, based facilities

include the costs required for the preparation cf an in.,tallation speci-

U fication, detail installation drawings, checkout of installation prepara-

tion, installation of equipment and system checkout. The cost associated

"with ship preparal;Ion, sucb as providing a mounting surfaca on a dumnp door

mechanism or a pipa connection for the draft sensor will be assu.xed to be

9-1L



& I~~~th o r .Snis'lb iJi. ty ofl L1h' clit'2v-lp 1 oc.T: ~f wv !~c::

reflects co±'rucetivo vr3.in~e liec3 :o ? cnid d!.ýPot tdn~~c i~:r1f

ail~~rc2co-ots. 'Pic opf'-rational. 1.3~T i.-'; b:o.lal~Jy o" .1 a m'L.11 of

.1 ~ ~N.Y. D.O.E. prer'ienne . r oqtd t~o opeltctra viv ,lin ~l.tor Mho~ r:.,S.

SYSLCIA candidtaIe's ara basod on a 50 dutiy v T;5c3. rS Luy of.,.rznting for a

j 5 year period a 1g2,000 opnati~n- hoivsw per yiar. The co,1-patationJI.

procedure for t.A,P-,tt~ng the, life cycls. cof';t t. on t~;e ntov chfi~nod

TCO el).cýek's)o is dc~scrib:d -in the fol.Tv71c< sgectiolio. DI)Uails nr1 rw;:'oniiJe

used in dieve).oping Itho TCOO Oor the six candi.Ovtoo is xsnelin

&,-&ction 9.3. ChavL.3 in t~bis SecCtiOll hi do10,1-Ls for a 50 vo-3';l M' Lily.

II ~9.2 TOO IMElI OD~

Th'le !i:o-thod. iz~:d In ei tirvgth TCO I,; oxtlin.A 1Ž'ý1o;, -and

4 (9-1) TOO Acy-uIsition Costs + Spares Co&L + Installation

Cosits + Mi~antenance Costs +I Opera i~iorn1 Co~ts

The spares cost is takený as the ,,LT of the equIpinent ,-pares cos'C and the

replaceable mtodole. sppres cost. The ecaipm-ent spares cost is b~ast:d on the

equipmont unit acqu~isition cost tinies the nniziber of spares estiLrated at

20% of the acquitrcd units for both pipeline repair and dockside m~aintenance.

The replaceable iaoduJle spares cost was taken as 10'i' of tha Oquip~rternt spares

J cost and was considered onl~y for certain system. eqv~ipn!,onLi~ such ais receiAvers

and transmitters. Ship Installat.ioll costs are I-asod onl the cstiniatod

numiber of wee~ks re~r.,ux~ed ito pr'epare installation spccificatlona, propare

detail drawi.ngs, checkout instal-lat~on prepar:v.tion, intall~ 1 oqj~t' tp:vnts and

9-2



chockout systoni for 50 vescsis zaultiplicd by applicable porsonno1. ,ickly

S;da y.

CInstallation CootJm (ntfýO.~TiAin Tim~e ~*in - X (Iqo. of Vessels) X

(Week)

Installation costs for shore facilities was estimatcd basod on figures

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

nhnce Coots for the systor candldatte was taken as 4/,year of the initial

acquissition costs. Over a 5 year life cycle, thIs figure results in a

I.aintO~nxeo co; of 20%,• of the initial acqu.sition costs. Field se vice

cosrt- for all cand dlaes was ssumred identical and th,,rofore was not con-

sider(d for tho '•OO analysi•. A mora rigc~rous approech at estin.'ting

i....L..anco cos vo...d hv m;in~enance ua hours per oper-

ating hour 11-1 conlidering both scheduled and unscheduled maintenance.
OH0

Realistic figures of rIU/Oil tor the systema candidate equipaents wore not

Lavailable, however, and the a.bove approach was considered to be a realistic
estimate of the rmaintenance COsts for systexiis of the complexity considered.

Operational Cost is estiimated; on the basis of the number of personnel

man years .y.equired to operate 'the D.S for 2/. hour day coverage -for a 5 year

L "" life cycle. Thus,

L Operational Cost ( Year 5 Yr )

L 9-3
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9.3.1 C!.~.~i~ o~pt fprn(- d cpe vt'm.

The 'aeqW~s5.itio~i coo~ts foi- thoe carcid.-Iite qYstAC,,;rs vrovo )i.usad Oil

estima~nLod costs ft~ioe~ eonilp-.ýt c:ni n te.a riiu1equip..

ment suit as~ well as sypteiongner and ist.rrt-.up costs. Fsti.?I-,ted

equi~pmenit costs wore derived fr-oT rclu qupota Li.on 3 obtan n~ ~cA equIpmj,-ent

roariiL'ic-Lurers, past quiotas on identical. or ii.:rccquirme-nt3 avwallabi.o

at SS", and eUat cb mend frc S4) e~oie in' -irbl,,- ien the

eoqulpr-mnt. nrvci -)f co.,.-cern. Table, 91-1.~aie h n!.Le on- buarz1af(

:3hore faCil.:tty UCCuiu1.0 tI~on cost., for "h.-: candidate- SyA-em>s.

TABIi.P, 9--1 G CM'is YCi A &TV Y~iFM

t I

-Shore F],quipmocmts 44,000 - -*81.5,000 402,000 15 5,Ct.

Totl.Acqistio ý07 00 802,000 569,000 1,856,000 1ý293,000 1s415;.00

_ ~~9.3.2 ~p~'~Jo ad.aeytm

The estriitcKI nuirbi;r of equipment and replaccalble modul~o spares

for each candidate syiea.for a 5 Year J.Ife cycle was based on a figure

of 10% of the sypsl-emI opejratiovnal. units riequi red for docksaide 'innac

and 105 for units in the pipolinn for rework. The spares cost was deter-

mined from thoeat enti. gatcs and tha rc.'ilts wiu.,riarived in Vie foll~owing

table.

01-



I ITA3,:' 9 .. 3.... SLT2: . r:,? 2. " _1 Z'o C'.OX;'T ..... .;iL.• Z S.

F C~~nnrli-d(ate Ef
1A13 1 2 L

II

{.Module S'pares 7,000 WOO0 MOO0 100,000 lOGOO0 16JO000

Unit Spares )MqLg Q_ 9".•oQQ (Vu,12,.Sk.2 0..ý Pg,0O. l._O9__ Q- .8,0_p.
•iTotal Spare. Costs 1.1.4,000 104,1000 693000 241.,000 150,000 204,000

Table 9-4 smmaari ze s ship and shora facility Installation Costs

for the candidate sybterns. The ship installation costs were based on

stir•atted manpower for installation of the fPMS aboard 50 vessels

assuming an eng',5.ncor ing burden of00/.;,.. Shore facility installation

costs for candidates 2, 3, and 4 w.ere estimAted on the basis of inform7ation

presontod "1n r"afercerees 2 and 3 of the bibliography.

"1 ~~~~~TABU',. 9-k. C:,-LU..A•. .J{OhST

Ship Install. Cos', 104,000' 104,000 50,000 104,000 104:000 104,000

Shore Install. Co0 -J

Total 104,000 !104,000 50,000 604,000 45A,000 154,000

9.3.4 MAintný,qo ohp for adid-.te S ~ms

Table 9--5 mvi;-itr.zes estl.mate ralntonanco cosst for the system

candidates based upon the "4/ of' the acquisition cost fiuro assunedL..

applicr.ble for the DM, excludiig start-up costs.

9--5
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*~irntnaiice C3o~ I.$6,0'00 140,000 94 600 32O0026,0 200

J ~9.3.5 Cost.--,~1 for' Oan~ixatn v~n

E~stim~ated oparaticonal. cosLPs bascod on tho wirof' pw'ootn-1.

raq~uired to opei'ato each .;,'vtorn can(II{Aate .for& at 5 ycctv ~ireo cycle arta

sun,.,!iarizod in Table 9-6 (ao~iuf!c an ortig 1 ro~AS:Jnry of $15I,000/yr.).

]A

Ojp.?vationai Cosý 75,0010 75)'C00 75,CG30 225,000 435,OCO 225,000
+ Telephoiio

A9./4 cowkR~iVl CosT :Ji,-24ARY

A simmiary of' tie total~ cost off ol.r-ners~uip for the ,,ýLemn candidates

*basel upon the rasults contatneli n Section 9.3 is givon in Tablo 9-7.A

Candidate system IC is shc.,mn to! havo the lowest TOO whereas canaidate 2
* ban the ereatost TOO. Tho comparatively large TOO for candidato synterai 2

results from -the high acquisition and insta3.1stt~on costs for a rbore baned

radar station. This is al so thd caso for systotl canididato 3. Caandid-lt~o

IA and lB are comparable in coat, dW.rrarIr.G! casinti-illy in tho utoning costsi

oC the Oimega ta.,t Loran C roceivori3. The low' TCO ('or %,7st,.xn czindiditu 1C

Iis duo to tbe imdnimnlC on-board qqiý.kt uttlUivxd re:;ultInC. fraw the

approach of witHt.ing aiy v,)rnsors, or abriard the tov:'i The

I TOO for candid'nto in' is) aus VcI:wILrJ "I - 0 to toAl'Att) iD.

*19-6



TA 9-7 TO COFi 0 P1' 0..1FSHIP F~OR TA~flDT 'YT?1MS1

Acquiottion 9050,80, 00059tO 1,856,ooo 1,,00 lp,5,OOO,

UInut-Ia~tion 104,000 10/4,000 50o000 '604,000 454,000 15/4,000

Mivdntena~nce 156,000) 140,000 941,000 320,000 262,000 290,000

Opcrating -1AT -. 1.5AMO 7PQ ~~*,9*.,.iQ9

Total 100 in 1,356,000 1,225,000 857,000 3,246,000 2,524,000 2128~9,0000
Dollars

4' 9-?



.01

Tba cva3.uati.U.) of' thc~ scl'od I)M c ,diMU'tr~o: i..; tm.::' !d ona Lh'3

ovorall &Cara ra ti.. io drivooi.- o f rui cri'. 4x'3 a il u t Fd Z I ~ r. o 5.0.

This criteria utili!,-s w.eifgm-Ital ratinga of s4 tiA.'icanit W3I~:

(Subaicor~io) uich cn ±r;ý cornbin.1,u to i'cf)Jout. Pi 'ovoz,.1li n'wo..

The uignitficcunt to b:-,,c~irc1 ihg:J;~. ~t * crud

rat3.va,:, follow disc wiounz of ECcULoV 5.0; civi ' de've"op-A ill

2 ~ ~ Scti~ons 6.0, 7.0, 8.0, and 9.0. TheP L t:pb p.aa t~he
coiputat~icn.i and raiicnIie ino dti~emtnrAlohý the ovn':d,. seonz! of tho

2 DS ~in~iki'~~ Pir~~rph10.2 tv -7;v~.*a

of t~he caindidat:-! synto.ol which J.. u~~.r.I n ScaLiou 30.3 to dr~1ve th.

relative cost o~rfct.1vcnoss of the J)-.S CtLr.Adtte.m !&'cttokl 10.4 pr.t&ovnts

the pertinen~t factors and ccjmptAtion3s leading~ to the, c os_-1ioia1.i~at of

the parvu-tutor' subscoras and tba overa?.l scul-co rati-ntp for the MIXS C-In't-

dates sv~n:xJ.zrjd in pjte~t~raph 10.5.

* 10.2 PRI140~'1UCI FV:-CT1VF~rAIS

The perfozpanco offo'ntivvtna~s of' t~ho pynenc-.-Ai h~n ceifm

as the wulghtnl ro~ntive valios of tha c-ti~i~Wltlvk r in aorýql Wh~i fig

the doeinoc levi.ýiut 0(1.'jy:) ýý .t. . twb., L ktrctlle

in pragraphi 5.1.6 ovrc3 I- .tti-w c.y ,Mon

IVV+ th VA .

to 4



Pj~j) probibility or~ cl !ci~nZ Vjai occurr-.tce or' a djtp

rSportCie~d Acc.ac~y

El i pro1,jbjtij of1 w? -c-tet reodoAl-A o.C dwuv) Inlorst-AlonL PDRt protbaili;y of 5 ,aitlfyltq.j bn Im~proper dit,'p

Wi. V ci cA o? --mbt-yi vort'u

Eaea or the. above probibSitty tomii for the *eo1.ctid sexavdtLne was

ant*oted frw up1imible datu~ co.atairod 5,n Sacnna 6.0 and 70,0

1 ~~ 1 10.2.1 j pf

In $o;ction 6.2, t~m ptotibllity or ttotecUng th-a o t-irrenca or

dump for varirous dwiýp vcsors .dc=WAwt1'fn± tt?*roof cempkit*d a M

sm-rited. Ac zhoun in Tab1~i A-9. tho dLrip dot~octoi jn'o~bdil1' dojpcnds

on tho ty~po and tnv--tor of dcr-,,, d~t~octicn. fanzar uttizCI4 for 04o ciAntidat

IboIlog ovz1w't~d. !!,L tt x pti.on of cmdle*.o IC, elcmli 4d~~
0 fejA Cu-i dvtcl contvOrr ZVI),

d o -- k j -. tsc~N1dW1 lit, 18, M,* 2, 3o ArA t. ,r@,~



in aproioOt.1; . foi- b,,14 th..; 6 u-i 6 d1i.,!.A-. h; Cij

danto 1C,, w'.iilt uiil.i:en ooly vn cs-.'Vlt~l Uiz~t. Ills to'. r O.cutt'io 1)!-0

b~b.1:I .t 0e IfV 0.5/j99 i n.-A fo~r ; 6 h v w hrear ldip

10.2.2 PrliM1. ýOr m1_1.t.o Tu;ac

The prot-'aM1ity of iLot~.~t1.- tho Ow!u vi.-~.r1j to wAUhln a op-01iod

acciulcy (r)d~2Joil tho ac(irtv . or tk!, l~' O:3t!c:a jt,

uvedi, It., relhabkli.ty du.4r, th. C!p .- ~I its up -t.eU'v1 ftA-t"'

thonrm Vetriao. hs

T1-)oj clu~ x~i PtCave t: Poo ucit frlare.b1~

th7%'M*Kv~nA tha vl~la



In Section 6.1, t]e performance accuracies of the various

systema candidates were detemlinea. As part of this analysis, the

probability of loczting the vcss,31 to within 0.5 n.m. and 5 n.m.

corresponding to the short and long range durap mission accuracies

specified were computed for the selected system candidates. A summary

of these reo--uj.ts are pi-3ýented in Table 10-1. The PR and Pos for

the system candidates also included in this table were detenained as

follows:

g The pro~baility of the vessel locating subsyste.ms being reliable

::.-)(PR) for the lj and 36 hour diuap missions wa-.s doterm.ined for each candi--

'! 'date based on the equ~prient faillre rates presented A n 'fable 7-1. The'

operational status probability was estimated based on the weather data

[ pre,::ented in Appendix B and, as applicable, on estizf:ates of approximate

Spe•-:entLago uf Lime where bridges, strong radio signals and other r-f

[A' interferences causes a limitation. The overall probability of locatirg

dump vessels to within the specified accuracy requirements for the

candidate systen.s was computed using equation 10-2 based on the PVL,

PR. and Pos probability figures showmn in Tabl.e 10--l.

Li "

V 10-4



II I.

I IT IJ 3 T ,' i 0 - -. S U I ,. '.:' , .Y O F' VT,S: F O C A ,.-.! _.O ;i C U .R

PR53A-,"llTlF., FORT1 ry CAT WO)"',S -

Systell PVL pit Pos PL
.CLndid]t A B A B A. . B A B.

IA .81 1.0 •995 .973 .99 .99 .798 •964

IB 1.0 1-.0 .994 .961 .75 .80 .745 .768

iB' .999 1.0 .99!, .961 .90 .96 .891. .922

iC .999 L.0 .994 .962 .90 .96 .894 .923

2 .987 -0- .966 .795 .90 -0- .856 -0-

3 .625 .600 .977 .859 .95 o.85 .587 .437

4 .81 1.0 995 .973 .95 .85 .766 .827

IOT'I: GConl - A is .for 10 n..m. froa A )e: B i. for NO n.-a. fro•m !Vbi.oSe.

[IiJ
10.2.3 _Po_9.]L- tQof ucc.ssful Data R-cordijg

U- The pvobab~.1ity of successftil data transmission and recording
for the system candidates was est~imated in Section 6.3 for both the 6

and 36 hour dump missions. The results are Eurlmarlzod in Tableo 10-2.

TAL,10-2. PRUCC:KLIT OF L DATA P,' CORDIT-M

ystem•_ C., d.date 6 lIr. rPR
IA I

14 l.A .99. .947
1- IB .99. .94/7

j IB' .991 .947
* I 1C .99/1 .964

2 .945 ,772
3 .962 .868
4 0.963 .871

10-..5



S10.2.4 pDo!'iý•.h-•ityiof_ Dot-, R v•.•w

The probability of identifying an i•i:. rop•r du.l-p dur.'ing a nonml

data review is assmuned to be 1 for system candidat.es utilizing a digital

Sccmputer for dct.a pro-.s.i.. ard 0.995 for systei c,,didacWs utili zing

manual processing but using good data formats. The ratioonale for these

estimates is as foll.ow•s. With a digital comrrputer, properly progr.•rT,•d,

functionig an d dobu~ge.nd, the probability of icoxrrcc process.ing would

b3 highly unlikely and could arise ,z-rhaps fzom so-- obscure progm-ya

routine ,hich for a peculiar sot of data would ,_.vo incorrect compute--

"tion. Situations of this type occic so in(re(pueintly as to be considered

unlikely and therefore PDRj is assvuam..d unity. In manual. r-c.- 19,a-

IL..,m, errors at ti-,as do occur and it is co-nceivable that an ocean dumping

offender would not be detected duo to inco-rrect reading o? recorded d(ata.

in lieu o.f' applicable dtaklai -1,.1 ........ 1. ............... ..... .. " -"...

of times an error would occur, it ',,.a, asstji,.ed that for every 1,000 caCes

reviewed, an error resulting on an undetected violator would occur only

five (5) times.

L10.2.5 Probability of of Di'Ia ri.-I.Izat~on

For the perforrnance effec.iveness study, it was assumed thait

L system candidates which uti•ize captain cortification of recorded data have

a probability of of'Tctive utilizati.on of thW data, PE, p 0.998. All

of the other candidate systems are assumed to ):ive a PE= 0.95.

LY
I.-6.. 10-6 K•
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a's de-CJ.11Oc b5Y V.." 'asr co:1pA2itod. vr:n!) -or, t'r 0i0.-J) hnascd ollher~;3t

prv-.zcntod in -V i.1. 10 .2.. I~x a i 10 .2. Tabl~e 10.-3 Lie3th

roilefor thec seoloctAC system a-II foix bollh tlhe o rt r.;go ~

Jogrzev-1o dn I I"Ssioxs. -As sho.xIi the, tnble; , oy tý- ewrir3.idate I"'1

(Lorao A Ith dup cniisor and px-13i3tor) flo dc.oslyby czwv1:d'iate 111

(0cawith dxo s dsol's) hao taho ~(h. c.tv vaboo of af)j"-S er-ndi--

date :im ticCOI siI ~'Ch vl-'0ý th I-onf?(~ n.tJ33c ~

cezni~dnte IA (i;ertj].O.c; .t0-orc nor)fo1Jlolwcd

-~ clos"1.y bj ~rUcm-datc0 1.31 .11-- Tho iChstý ri-idate 2 h,ýssaL V

for, the lgrn -e Aissid~ ~ ~ eOf tle; xA3ýn tag -0'tx~n Cr~.dt

hr r;ducod systce-a roliabilit'y.

Li'

ILA .929 .969)
[1lB.911 .904ý

L I lB .9L1 .96
10 W17 .887

2 .929 .586

3 845 .764

4 CI 89:;.95

310-.7



The re*f1.tuiveo cost. of (c'ctivon,.is of the systemn candidatos wasl

calcul.atcd, using equation (5--3), foi- the tw..o duni.p ilissioas, based on

thc prcv.noffr *r"-ona"s figuros given in P.~iragra,)h 10.2 anid -the

total cost of owneorhip estiziltes stm--iinarized in Tableo 9-.7. Cost effec-

tivur'ass restllts are stu-I.Inarized bi Tab:1e 10-4.i

IA 0.685 0.715

2 0.28.6 0.381

3 0.335 0.30-3

4 0.396 0. z1

As 'shcim, in the table, can~didate IC hzas the highest relative cost

effectilenesse figure for both the 1.0 and 100 n.m. d-,nIY'p missions. This

is due to the high ro-lative Perforn-ance effectiveness ( 1 )couplod

with 'lhe low TOO for this syste~m. Candidate iB', although having a

*sowna%.iýt hicher val e of Vj)jý than 1.0, is shoTmn to bave lover rel.ative

cost effentivernes3 reou3.ting froim. the highler TOO assnciatec1 with

tho on-boa.-Mcbtdfunp E~151.The poor rankino of ciand3.dates 2, 3) anid

L J4 recults pr'irsarily froii the vary high TOO -usociatcd with ewcjulsi~tion anid

intal"1ti~t.11 coots, for ishore- buio-od ccui~pu~iMIUtq ciiuplecl wi.Lh scmv-;hntt

of -



10.4 DISULRJ 01 ATi NG 1~~''

In t'r fo~liowirnj; p ,:rcACraphs are pr-O POlcUIU.S L Of' Uie-

ratinL!s fox, oach I2KýS' c ncH date in accorrd,ý'co With the" Ca"Uri1bl5h. hd

* ~rating criteria conltainvd in 8-16-101 5.0. Ov~eraill scorn. of the D-0S

canditdates, based on th.ý V.atings:, is preoernted in 1'av~ljZraph 10./1.).1.

The overall scare proviide. f'feetivo evaluation iioethtod for us,- in tmloc--

ting the prieferred D2"13.

10.4.). I tuW~ne o:'Cc.r:Suxo ()

The usable~ rangAre of 0.1O.%coa systemisi1 appjro~jun~atO-ly 2,00C3 n.m.

J ~In the differential Omeg11,r-a ' 1. locating subsyst-ei- use,-d -17 c3-ddte A

and 4, tihe, shore basrd Ciega rlcieevei' prolicldoo corroclions to tho oky..rve

thercby resu ng Iin imnprov ed ur co t :c.. ,h~eer hc r ho re cclye r

the differenitial. 0!!-egrt accuracy is~ considerably reduced. Signiificanat

d-egradation occurs beyond a range of' 400 to 500 n.m. Thus, the ratings

selected for both DIMS candidates~ 1A and 4 are 1.1. L~oran C range caprability

exceeds 1.,000 n.m. with little i.acgradation in accuracy. Thus, the rating

ii for candidate 1C is also taken as 1.1. Tho range of Loran A used in

candidates lB and ID' is on the 'order of sevarail hwidvc'd ni1.es depending

on propagation path anid tim~e of day. Accuracy is sos-w.-Ahat rcdue;ed at

jilong ranges and from a cc-mj:arat!i;,#e evnalralAon of' tha LIS cune.id-ates., a

rating of 1.0 wR3 choson. The ilhora bw;.scl rna syst'An approach us-:0 In

cnrndidate 2 ha~s JJm~itoc1 range c'xi.-lUit~y due- to 1-Incoor..sighit c, siedcra~-

tions and degradation c&US-Or bý p~.Jt~~n on. ~v~p.mb~

I l10-*9
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lo~cati~ons~ to prvw rOi-ix mt bumi antomia hic-I.guts, tho Jline-of--sif.; gt railgoI.1 O is the. orI,-,r of ^0 n.m. from A, b:ro~o, Thus, thr., ranr~e of coverage

ratirtg for cnndidato2 vias -IAken as 0.5. With the RO)? veissal location

Lsucb"ystr 1sc~d ill camn13-date 3,. tho rancm of coverage dapends on the

112ye sc~l tran.-it ter poweor an~d ! li operating froquenicy used. A.stivming

an caporati.ng froqcuozncy in thf3 2 to 3 Miz, hand and roacanable tranesi.-tting,

vpov,.er- (100 to 15010, a rarge\,±. J.O6 n'.m. iUs not uncommon. The rating for

L. cndidate 3 t~herefore i:,s esitimatued to ba 0.9. R~atings for Ri, the

ralo cpnii~tyof' the E-IS canw~di ates, are sul.,zarizod below.

SICa'ndidA! - Pa in Ri

lAI 1.1

ic 1.0

~Li2 0.5
3 0.9

H ~ ~10.4.2 t 1J~tvh '

The legali affectIv~ty ~atings for the so].ected ca~ndidates is

subjective and, in ancor(danco u,' th the crit-ria set 1Lorth in Section 5.1.2,

all. Of tho VMS candidntes wIll oenor-Al.y proviide suff'icient data wh ich

will hold up in court. Sintce it; is auitlcir.od scxmewhat groa.tor legal

effotivenas is erivd w iioh systezi using on-~bo~trd dur'1y -ensoi-31 event-

thougfh a ;tr2comrt cm-0 is c i7j Jmp1icit on On'i bsnis of vommo1 location,



recorded events, tii;tng, and captain certification of recorded data, the

- rating assessmunt of candidate IC was set soinewhat less than the other

candidates. Thus, the legal effectiveness ratings for the 131's candidates

is as follows.

JAI Y 1j 0-6 LEGAL EFFECTIVITY IMAT11GS

Candidante RatIng R2

1A 1.0

1B 1.0

JiB 1.0

iC 0.8

2 1
2 1.0
43 1.0

IL10.4.3 All-Weathert Cability Sub Cote W)l

The all-weather capability subscore provides an assessment of

significant weather factors on the performance of the W candidate.

Candidates JA, IB, 1B' and IC all contain on-board vessel location (with

very long time constants), and on-board recording subsystems, and thus

are not significantly influenced by weather. At times, atmospheric distur-

bances would result in loss of tracking. Thope rcentage of time this

would occur is eatirzated to bo lesi than 1%. lLth the, shore based radar

approach used In candidate 2, even imodorate precipitation ruttoa signifi-

cantly roduces renging capability or both tho Mhore boacd radar and radar boacon.

Based on the data presented in Appendix B, it s" estimated tkat slgnificant

i11
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Sdegradation would result approximate 4% of tho time and therefore the

rating is taken as 0.8 for candidate 2. Candidates 3 and 4 which utilizo

a vessel 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

environeenots would occur+ approximately only 2% of the time, and thus, for

01 candidate 3 and 4 a rating of 1.0 6as selected. Ratings used in the 83 -

All-Weather Capability-Babscore for the IS. candidates are sumarized in

Table 10-3.

[J~Q TR 1-3 ALL-WEAThKR RATIMG

IA 1.1

1B~ 1.1
IB' 1.1

j iC ~.1.1

2 0.8

3 1.0

LI 1.0

The ratings considered for the automaticity subecore Is a

U measure of the dagro• of participation by the vi.ol captain/cev

required for proper I.!S operation. In system candidatec ]A, 13', and IC

Li only minor participationis required and that with little difficulty for

alamot the entire dump misaion. Therefore their ratins were chonen ais
L1  1.0 In candidate 18, moderate difficulty is rntieipctit In the aacuisttion

101
1@..1I



S...of proper Loran C station signals by the vessel eptain and tiherforo, a

somewhat reduced rating (0.8) was used. For candidattos 2, 3, and 4,

essentially no participntion by the vessel captmin is reqcpdred and thcrx-

fore, a rating value of 1.1 was used. A surnmary of ratings for the MIS

- candidates used in the Automaticity Subsoore follows.

LABL 1LAILM!jQIfl1ATLA

CIardidate

IA 1.0

1B 0.8
I'

15' 1.0

""1c 1.0

2 1.1

3 . 1.1

M/1 1.1idCs -af 5

I

A At a nesting with' NYDC, it was recomen*ld that for the present

stua, a value of 1.0 be used for all 0ysteM candidates, Indicating that

the ov.U more be relatively insensitive to initial cost.

I•[ 20.4.6 Q e t. M1 a., UAf.

-he ratings for the cost oft'octivonous subscore uerc btoed on

the rolative oat. ffeettvareas vuluts calculatod in Pragraph 10.3 and

mwwarisdd in Teiblo 10-4. A stumary of ratings bWed on the 02abulat&d

reasuta and Uo rating r'it~ria presonted in Parma 5.1.6 is as follove.

10-13



u1 0.9

Lf 18' 0.9

IIIIC 1.0
2 0.5

II.3 0.5
4 0.5

10.4.-/ ___nA fkw~ z

Location accurAcj ratfugs for the Ma4 candlistes vere baced on-

the perforzmc. accurftci4 & cdazted In ",crtlon 6.0 unstn tho rating

Li ~ ierirra eiven in Paragralh 5.1.7. Tb. rolowiii ra.i~ag iiera establitzhd.

?*m M" 0 UM9TKO AM=DA mrIT

LiIA 0.9

15' 1.0

I.C 1.0

a 1.0

21.1 3
L.



The rat~ings for t~ho Doeign Factor3 uzubscoiv i3 b'ased on a

weighted average at rat~in:'e vstatb1lehoi for re1$abflity, minnlitnabiltit~ys

equipme~nt weieht and size, cn-t,^ard U.S pmotr riqcuir.-:,.rnts, UMS wa*-.r.-up

requirements and service envtronumont. capabili~ty. The table followinig

wmertzarcs thte individual ratings for the above de~iga factors are] also

Alos the overall deuigni factor rating3.

1A 0.9 0.8 1.1 1.0 21.3 1.1 0.93

is0808 11 10 111109
1.8 0.8 0.8 1.1 1.0 1.1 1.1. 0.93

iC 1.0 0.9 1.1 1.0 1.1 1.1 0.99

2 0 0.6 1.1 1.0 1.1 1.0 0.55

3 0 0.8 1.1 1.0 1.0 1.0 0.61

0.6 0.6 1.1 1.0 1.1 1.1 0.09

As s~mm In the Table 10.-11, the sign~ircaut dectig fhsof.ors which

inflummc the M~I eam~dato ratting are reliobllity ani ftint~trabIrity.

TMe reliability rating criteria u*3 enLtab1ipbh4 Lin #Amia of the over-M1

Vatm KTS and. ft~r cttdAtoas 2im4 3,, 6r* zi*mto obe 1041s t-~n 150

hour;.TM a-~that b1&qr NliiWU Ly of cori-t4 t 1A nvý, etu~a toa

4lwovad 181 Umb~ mte of. e1tM * -n&Li V9 4,t Af rvr _-*tvf¶J

Wto tb d In ammil~te 60.h;ýrI~lt m NrCa~~oI

ofU4I.t~t



10.4.9 •4iscUln~oug Factors Sbsoornq(o)

The DMIS candidate ratings for the Miscel.lanoous Factors Subscore were

based on separate ratings for the fol.lowiug factors: safety; equipment inter-

changeability; installation flexibility; tamper-proof; growth capability in

range, navigation aid capability, and accuracy; training; and deterrent value.

Ratings for these factors along with overall rating ialues for the DM8 candi-

dates are contained in Table 10-12.

-' - TA•BT~LE 10-12 - MISCELLANIEOU S FACTORS RATING

[Ir1- PLEXI-TAI4ER G RrOWT___H TRAIN-DEER- OWSRALL
S=STLEM1 SAFET CUM -, G 'P., PRO3OF 0i '-REiG WAV1 ACWRACY ING PMNT RATIUG, R

IA 1.0 1.,0 ojý9 1.0 1.1 .1.1 1.1 1.0 1.0 1.0

Li 113 1.0 1.01. 1 1. 1.1 1.0 1.0 1 ,0

IB, 1.0 1.0 d.9 1.0 1.0 1.1 1.0 1.1 1.0 1.01

L iC 1.0 1.1 4,1 1.0 1.0 1.1 1.0 1.1 0.8 1.03
2 1.0 1.0 if.o 1.0 0 0 0 1.1 1.1 .90.

03 1. 1.0 o,0 1.0 1.0 0 0 1.1 1.1 .94

4 1.0 1.0 0{9 1.0 1.1 1.1 1.1 1.0 1.1 1.05

1.0.-4.10 JLa are Avalliabilt.Vscore (SIO)
With the exception of candidates 2 and 3, all DMS candidates r.re rated

[ 1.0 for the SI0 subscore. Candidate 2 which utilizes non-existing shore radars

and vessel radar beacons, would require significant development and, accordingly,

a rating of 0.5 was chosen. Candidate 3 requirexs considerably less development

Sand a rating of 0.9 was assigned. Table 10-13 summarizes the results.
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I.

1 O .-3 AkT 1, TTY I' T PC1.

"I"

!-SYST•,i. --5 0 iAT.IFQ

J4 A 1.0

IB 1,0

* p113" 1.0

I I 10: 1.0

2 0.5V "

3 0.9

f4 1.0
0D.4.11 Overall Score ofi '14QCaundidatesi

I The overall scoreoof the DWS candidates was coiaputed using equation
(5-1) frcz.a the subscore raýJ.ngs contained in the preceding rxirr.-mraiis and the

the INS candidates are sho-.rn in the following table:

TABLE 10-1/ SCORE OF DM.S CA!DIIDATES

S .TE3. * ;.OVERALL SCORE

1A 0.89

IB ': 0.87

lB' 0.91

.10 0.90

• 2 0.04

3 0.16

4A 0.144
I,



o l As sho.rn in Table 10.-14, oystcm cmndidntta 13B has the hi,:host

overml score followed closoJ.y by candidate 10*. It should be noted that

candidate IB' also had the highest relative value of performiance effective-/Lil

ness of the ca'ididates whereas candidate 1C had the highest cost effective--

ness due to its low TCO. It also should be noted that candidate 1B' differs

from candidate IC only in that positive dump sensing is included for

candidate IB'.

10.5 Sum•. of Evaluation

The evaluation results of the pieceding sections have identified

candidate lB' (Loran A with Onboard Draft Sensing mid Digital Printer) as

K the preferred system approach for the Dl,5. Since this candidate differs

K from candidate iC only b.y the addition of positive dump sensing., it is

desirablo to consider candidate 11I' a.de up, of the basic 1C system,

Li Lcrn /rntysýýI ter 5 (T,1WS) . supplemented, by a

positive dump sonsing subsystem. With this concept., mmamiu flexibility in

[4 the adaptation of the DI0 candidate 1B' for various vessel types such as

salf-proplleed or towed durmp scous is provided. In the case of a towed

duwup 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 an the towed scow. For installations complete on one vess,3l, sach

as self-propelled dump vessels, the addition of the positive dump sensing

to the b•sic ILVS is desiLmated D-FIPS (Draft/Events/roran/Printer System'n).

As &shon by the evaluation results, 6TS in itseuf provides

reasonable perfonnanco effectiveness a•d will be a useful portable sy&sem.

DWLPS, LENS, and L•S with SID$ all have the following additioa.al note- -V

worthly feature=:

10-18



2 o ~ a& re lolw cost w icw 'boi ha~ve a 111gh 1)rob,-cdiuty

1of' sat-.L~ jnr; t1V3 objocti.ves i'or the DMS3

{o LAll provide a high probabili~ty of' datcltJ.ii l ~V.)ations

and offer a rstreng dotorrent caabkjq

a There is a high con1'id,7nce i~n the designs becauso only

I off-tho-sheJlf equipriinnt3 and proven conceupts are uzod,

oThey are readily adaptbetoaldnp 
cohwh

Iftini'ua1 vessol preparation and 1FIS req-xiroe3 no simpal

j Itransfer be-twien a t.tig and a toired scow and,

oThey represent a systena apprac Mhirch could becom. e

operationlal with'll- I year.

LL

.1 0.



L!

dtmp sensing (conclldate f33) as the rscommorgdod preferr'-1 approach for mcon-

(cadidtn .0). Te oalui~ioal inalt.dad =ox n-iiaton of all kctotw reasonable

LIapprocheso, Athoug tho basi.c qc-teiap !SPS)r,,. bouedbyisl frM

applcatins. thea W11 ba situ&U~ons tliere positivo se'nsing of tho

Uo-acui'seIc of c'uzvip by ineasuriiig 'Prssol draf't is deenmed necesasxry or desirable,
Mrnen tho drcJCt asnuin.-, Is to 1FP3~ !-.y lnv;taUatlon abotirt. th,) s~rne vos~el,

avhn. #% en , t'ar-stitiz syc, zi- CMIc DELRD .

Dr&t-vont3-Lo1'an-Plrnter-S,7ate,.- When draft sensing is added to, a towed

scow, the ai y o~ t1S is iod aboard the tug and the system aboard

tho toiod 80)1. ia called SIM) (for scow., incu~catfrg-Dra.C tsystem). in all
three DUSci'iuatcs prv~na are mado to accapt and rooord status

Ljsignalis riwimonitoring ofdirrp -Ylvas, scow doors. *Oce However such statua

B1JIs, if used, would be cuatau~ed for each vessel. Although theo systems

Lill aro daccribed in vi.arionIs othar sstions of this~ report., in this section a

eum.W os~ritin o V10 oyfoctuires o.? the system .i'O presented.%

I 11.1' ATIMMU1V 7F1ATUflIS

Tho reruTdJ*~ nci thrae couC3.~urations has xiwor pairticularly

I ttract~iva fzaturos for W)is uppiocation; as dkiseribed briefly belwow

0. All tho ~ICtlo"VC-ica j'Or LEPS' aro btouasd Laz a singzle, 'bUaok-bo~c

L whih rorquirj sleeai'ical coitvcntions onlyr t* sbipa powor,,

I i iU-mi



jused) * Th se w tr pikonusura conw',ativa to th:, D-,.-tt Encdn11

iiUiit (u. w £on, SI 3DA) ce'n bo ra, tip ship -,d! ofW.

exictit?3 sac Cook. Vito all. reau~lt in a. slxaple imitallattioi

'ubich requires naitlvr dy.cijnor' co:-tly veose. modJiVJCaxtion*

9 L1U1S oi'fors a por~ta~3lityA coneeapt and1( requ1Y3i1riDt rVOmnO1 6w

Iprear~ithm, so UtI~t it is prastiea1 for a systc~r.i to be

UCpO1'c~3.ly usLýd aboiivd a %V IA~ch ciiy- oecaaior.-Ay needs,
a D3

a No spec)ialJ ashore iitction is requircd., thns reducirg coait endL I' ~ ~oor.plic&aons In oj~orat:lwai.

Q Tho systr-. roprq"4i'~ no ex hbnmt ot'egtC bot~wen ttu,, and

towed Ccipu-r#

a The system provid&s a jpri-itsr4 record of veama&l position vowaus

11 i time and i~ndimates sart it aid end of dw-p as vwi. as other keW

events (euch an "p4aninm PLý1roze now"S etc.).

*The printed data Is easily revrio'ic cxd readily shomou up auspoot

High r--:lkbV~ty isit1us e:zp~oab. Whb-i fallurao do oaccur th-3

4 imit plug-dat ooncopl poxmit oasy dookmid,) meintmumano er~d m~ktra1

o Opsration ia aivspin zind et.aily 1omm-A by Ca'pton tr~4 rto.

j.-



L0 V5osrw poalitmn Is Uw.iiw/-ayd for wws by tizýi Captibi44jn j

L ~diac.eotion,. (Ma.t vil1 pro'51!%bly provo to bz a vvJL-)ieb.1o

rav-Itc'nCddshould t~ho dvarp a~tta rvo veVf-,or off how~i.)

0 -1o-n"ecdfor iatenr-ce.is oki d taccacatoly ev!Ldoxx to

LItW Captain or ao
o The sysitoman CJIi tolrate a ticlv vai'iatbIor of ships powor inmxt

U ~ ~(nomiltfly 100v at 321- DO, but 11.v DO to 65Y DO is ampcsjable).

U 1n.2 PHYIISICL MOCSG M1UfIO

11.2.1 LSIPS

U Won installei thijiro ca- only two appa.rent. el=.)nto to the TAPSs,
noxolythe~qu.~'ozi R~~k .i te .,b p Antennla. For convortionco in hzmclling

14duri.ng instW.-1atic and m1nntenan'c'i, tiir arm fLour pl~ug-in vnits p~~din

Q tho !Ru4:.aektz, TIM t18,11 thns ccixpiver t'& six unoit.sr %ith Unit D33igm:Ltoin

(UD) 101 thirough 106 as L31ou in Table U1-1. The EquipmaiIt Rack., housiner in

one case the ociupeto L3P$ (psa antenna),, is to be m~mtod in the uheelhouse.

Two differont, size Equiplent Raaks are offorod as shotin in Table 11-i to

aOcoziodate differm-it mhealh~se spaoo, mvildble on dJifo ront vescals. The

basio block dIaWvm for LEPS'is shoma in Fi~gure 4#-3&

TAMAZ 11-1

Ii -qr=Q1UAP & OMN

101 Antenna 1 15 ft. Whip
2 02, 103 Loam Pecrikror 2 14' x 90 x 120

204 lhrljitur U'Iti 1 9' x 6' x M"8
106 Eqj~ T~ok 1. 26 x 19 x 200

06 OR,, Option 1 (for -s uhnm leas f Inor spaoV in av*L.nUle)t

11-3.1



1.06.A Mo;-e l~k 1 16" x 3211 x 0~)"
PJ.u,- OpiAAon' 2 (addod iwiom pozAt3.v' du'ip crs.n in, mwid-'d)t

107 Druft 53-*6sSino Vnit 1 10", x 11/11 x 5"

.: Whcr posi.tive dmap C'rnsing is de 41rzdf tho PML.P3 r.,-y bi obkairA'

fro-a hob'.czi systenm, URTS, by th') simTo a'?lOk1itiOvl of' the Dt S-.naiit Unit,

jJO 10%1, *a somm iiTAble 11-1. 'the Draf~t &mng Un~ it c~pvie1:03 eiz.-!it

prosworo s'4tchcoas, pl'ect for' each irstcUtlltior to s,:itoh in n'enu&--c- at tho

following fraotion-. parts of full load: .1/41 1/2, 5/8s 3/4,. 13/15,v 7/6,, 15/16

and Full, Tihece awitch watp'Jtts proii '3trt~f~ p~it c"-.i

on one chaunel of the digital printor. The unit is omennotea1 to can pr-sImprojlviaa 2/48 jpo21mo,which cm be ae4o upabpsh board ofan exintinS seaook~
or to a aimlups e3 Obact, It* difficulty fron so'a waves is anticipated, but

If leoess&M a d~Rying pot ecuid b., Wc~ds The besio blook d.Aagrm for DAPuS

Is shown In Figure 4-2.

2112.3 BIDS

j l~n ts ponitivo dump s¶oisiur, is to be obtsjired frcni a oP

msc, the tug is equiipp4 vlth the budsc qutem(Uv!) azd tha scaw is

3 e'&Pima~. ulth a 0wm iondctir. duvp syucya, SIM~ Tho SIDS wapyowts the

two %Unt ashma sb~xIn Ta~blem 1-2. Mh. Dre~.t S~nhLi, Unit, 90 2), ic tho

sow as the K)W UT) 1M. Tho R~ooordor at 116,2U202,. 13 a xud ooproicim

a resistor' bun~k, an Aral~og pr'iitor, a 'Osmk no'u" ut~toz c)MZ *c-t-otff m~tch.

Tba sm1stor bonk In c*cirw(tt4 to the ~~ho a-taa toe, DW'.t &~trtj Muott to



ths~t a steppe4 curA~'onbt proportional1. to tho pre.-out s~top c br.os iai dro't. io

rocoý-¶d T1 th.ý 'oavl printar (suoch cow 11bintraix Viodal 288) * Tho $I%, r~quitron

leas tb~i 50 mai at 12-f MC nci! gi. en4 votld zno;,valy opom'a frc£-.t tho c~owv's
battor1ns* Itowrc3', I-C nece-r,?ry, this low powecr dommand can bo, gpovvdcc4 by

a r.o-chwracublo %mteriii. battIory paolc good for at 1tsast 3Ob0ours botwoon

LI ~chargen, r he bai~o block diaeroa for*SIW~ is shwjm in 71gm'. 4-2.

TAML nl-2

LI

LI 202 U0 r3AW Unit 1 4 8 x 200l

11.3 n. OIMONAL UMMM1ON.

UL
interface sftrale is yrosmated ialFiulro U1-1, The tuo Lo1in reftieral UD 102

an D103 pmidd. tWo byprbolio1 lnea-of -posid m(o) 3alu

vessel positio to bistter thn 043 md. The thin Lore reCOiVer, oLUtaaatMa3

LI tvask the pre-colectod Lo~am A staot$.on pfa fter the station vastors an

Lif aamisy mWqire by tQ. Captain (a very vIuql. pwooto), !ha t4'* lop's ane

d1sybqod cm abde tubes an t~' rw io frot psnel. rag two lop's ane aso
trawitedto he t-nt~- w e ar t ut eam2WU print~od every sJ. (6) ximtes

MAW7 W1tosn (3.5) 9"OC sftjfr tWO K!ft~jato 1.mdi~t.3l' fl each

Meis Ur,-A kW n 621ec~i cloak In~ tho evabbe uit. US' GlOck

Is o to tAwtr3UOU At ~lereOn d I WA

tem (3.0) WkttoA I41ch "ao (4 tpr~ to 1?vdiqatos ad recard In aoded two#
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the occurrence of a particnlar "event" auch as shown In Table 11-4. Note

that five of the buttons are changrable, proset to acommodate different

vessels, routes, etc., and that one button is used to synchronize recorded

U I-data of BIDS with I2PS.

[II TABLE 2l-'3

1nLeaving Dock Now

a ~starting DwMP IoV

4 1 R'ottau to9 Diock~ Nov
P tassing ±xr..oint No. It(o-g. "§OYxx')

6 f Passing Fixpintu NOo 2

7-9 Afinoa Custoudzn, Eventsenomt
Signas .showin st~tus of. the tuv Loran receitvera ane also pftlntod.

In Qddtions loss of auto=t4*track in the Loran receivers vi actuate a

L [viaible and audible allrs in -the Evouts Unit. Approp-riate prInt-inhibit

i s are used to prevent printLng c•:mrg e interval shen the lop registers

are boin7 updated. A visible and audible alam shsl! also be provid6d to

.dicato an approaching need for roplaweront of printer paper. The printer

is a UI-ohmmel aljpia-immeric prainter usfrg 3."paper tape. Tho channel

LI allocation is shown in Table n-4~.

U1-7



TABIS 11-

I and 2 Vosso'l idcaitirication

3 Rvents11 and 5 spares
6 through 9 RIGlati-ie Timine

10 DIAaft (V-410-1 Us3ed)

r11. 8tatai-., Loran Rcr. No. 2

I12 through 15 LOP 'No. 2
16 Dwvip Status (if usad)

j.17 S~teuS3, Loran Rcve. 11o . 1
18 through- 2. LOP ITO. 1

M; A the eaid of each d&:p tritp the Cap 3iu sigm-i Q,3 rcccrtbd data

ml 'within 1.2 hours after retuxa to port,*rtsing pre-addressed en';elopas

provided by AiDCE. The dobxorad dat-a is quick~ly re-tiewed for plac-a of dumap

and f or total tri~p e?.apasd timto to -1dintffy suispect fi~p for f imther

exainlrationo

S . 1. 3.2 DMLP8

As previously, dosorilbod, MULPS is forimd by nAddlg pooait~ve dulap

Li ~sensing to the basico qystezt,, LPS. ThI-d is acmi3bAby ýonnoc-'Ug t~he

Draft ConsliflS Uitf, to %amise exttor1-ill tev' p;xýsctro adtiiti3 vos.-J. cc-'Jt.

The Draft Soentor Unit ccrmpriseai e~IZgh pre-zat prc.su±'o nuitchoa) adji.stcd to

An throw at pre-eat prmmira'vs repr,ýýv)Itir,- th-) i~c. Zo~gaJ. 'rnxta of

Sfall. load: 1/4p 1/2j, 5/3P 3/4) 3-3/16, 7/8)' :15/16; Fmia. Foto thjL4 thai eizo

*of tho step~a ares let-a' P.-ror to fA00, load. Th IukpLtým of thr.-Tu wviItecha aro



4.. ..

[ draCt diacrotos cot ucctd el6etric-xy to be recorded on one chromol of the

digitcl Printer, as sho:v in Fiutre 11-1.

U3..3 BIlDS

ILi As previously described in parograph n1.2.3, SIDS compriaea two

units, nwnoly a Draft Sensor Unit (same unit as for DELPS) and a Recorder

LI Unit. In tivis case., tho draft is recordod aboard the sco'i by SIDS (this

approach pernits operation ulthout a data link between the tug mid the towed

scow). Vhe draft recorded data must be tirm-coordinated with the ISPS recording.

U IThl.s is aocomplishOA by simnt~Itneously depresaing ýzark nou" buttons on SIDS

and on ULPS at the start and the end of each trip (conceivably at the time

Wt .. the tug havaer is made fast and ib relex.ed). An additional checkpoint exists

at the time of caii when the tug lc.ptain depresses the start and cu•mletion

L of duiap buttons and a corrosposdeu-a chw;.o in draft ashould cccur on the SID3

within 2%.)

- The printed data of LEPS. providez a complete timed bistory of the

entiro dtump rission. The contnu'opts timed record of vessel porition i--th

indications of specific locat!Ons sp-ecific timus ("tevents") would be very

difficult to fabricate or to m2nipifata or to temper with. In addition, the

11 • print-cut, io in EMgli•sh .e-gua.o (With -nay i sipIt cuding for eventS) so

that the CaytA a~n c r a~ce an iniM roviewi, theroby maI'.ng his signature

more zmeaurnful. Acc*3rclngy.y, it z~y bW erpccted thlvIt the data usuully trifl be

true repros,3ntation of t16 cap trip.

It may be noted tha't h i o~t13 I.EP is usedi the occurrence of damp

is incticatcd onlyr by th• Capt&tn d. oraa• g the correspond.in events Lutt'-n

1' 11SI



If

i ~for sta'rt f~rp w ~ic'u ofP!'rA~ h iii'%frity ,(

] G~~~aptain is rolied upoin and~, of couez'e, Llhs .j i.a-;, ca.n be a .o-d t

purpozAly misrzpmsemel or, rn!!inS,' a Iinorrox', I-D may 11'0--ge" to dci-prozs

j thasaaens o bii uttono at, th-c eorreat t oif at Oli, Thn rv oj.*oC -Ach elata

would thien sir~nply lookc for tlhc £&arthes t tra--;eled point., (gentlrally the3 1xviil-

I ~ammrou poizyt) a~s d.tor,'llcd by tha two lvop's a*It is theni e~ t~hat, thoe

J Idunp occuxrod at that points Cord';ainly t1,0ealit'i did not comei at .1 Airt4her

point, uince th.3 veo-seJ tra-mo3iod no Amr~mar. The CUJJII rirf h-:iv-eoOccux-,afl

earlier - but this is not vnoiy JlikoJy siinc: th-re i3a nor.,-aly nothi-O,13 to be

- gcained by cewaping early awd thený trxve11-ing furtiher. Hot!oter, in 0011,

situations early dummps aac ~~eippacd (such aa a trick.c1ne, cbitip irado for

jco:tfort in hea.vy ~eA~uii" thre hope Of ercapirv de--~a In fnct, On

eozlrly duai? might be attiý-,pt--d at tirmie.3 by ;aIocit -*ly Ctuptzadn. For thaeo

Ji case~s pesitiv'3 detection Of cccurmrence of dxmp shom].d be iaade,, using D.370 or

Mhould expmem.icns sho'i that adlitioual independent sensing of the

- occurrence of dmaip is neces.ricordln.,ý tho status of dump c~ontrol vax1.es.

actuattoraj, scow doorsj, otc., con cta ddA. PrJ~uter spare colrlmn 16 (ref.

itTable 1.1-4) has been reserved forl ithis uan to &give a zeparzite indic..tion of

Ij f the tine of dnLr-p. 1I~oeit irs Colt that for Izrny sitvatio,-i- the V1113

al~~~~~~ne~1 or wt CiS o D P l I n~dq¶ato -U thcxat ouch addition.

It is rowalized th.:% tp%3 YLLJO% pur-posO Of a. r3 jS r 't to ji s

thoexochequer by fines w'on .In ciou--* C'3 .0 but r.2th.-ii it i~s to control. oc.nm

dw~pinfg pr'aotice:3. In tbis raeavd, the vl1.te of tho DY*ýS as a d frrotmn; to

illegal or Jmipropsr pmx eo is Al' ~oA!,'ilV. dTbe tiystez-' &kfined ar L1U-Leed

to proy.1do -)-3st rong a dtrt woold 1, pvroirI-d by :.oiocctotacA



IL
a--moio costly 017i;.O coarse, .. an cpty "bC%--bCvx-n 'All ini..i~'niLy Prcr;!d~o

a strong detcerront too (that i!;1, Iti~l thi Capte?.In learns that the bvc is

inetf~cctv3 in cabehtiig vtolatic1¶l3), Tho de±'innd rrcferred rsystcms Provi~do

Fl ~a rathor blah comfidmnco thttleat lol ui.U be doret.ctei a~nd thus sh0'Lld
L retain their valuo as detsrr 'tr.

~~ j It in expacted th~tA T ~ ;pact,". dun'.s will. be vuesolved ra1oro often

~~ out of court thm. in court, T+ 7* 1v J r Ievir, th-1. tho Captain involved

will be given, strcrS nina such as might cccur, for exnr-apJles if it particul-ar

F ~ Captnain d..livrad data c.-tabiizing In pxttern of abnoreaJ3zj' L'roqualnt l~o.- of

Lormu tatto traocc (ard t~has no .'d eta for such trips). The NZIXM could

add wIai~ht to th3 ip-yc"tA of V,. urrings by b:t.rring thi) rmegynoi' Captrin

L froa d'i.:p vn~z~sn!s uponu the se-cc~d W.'.i~ng; bnt-riinq tha vc~cmf-w C ro-a rdwm.p

a-'tivjties upou the third !-Far~iiig FLet.j

1 U! Finally., it iu sugaejtýPd th'.i the3 Corrps, of En~ine--rs keop sight of

tho fact that not only is t~ho raiatively high-cost rconitoring of ocean

dumping requirod to help protect etin'nvirommsnt, but that the oce-ai woay be theIOrl~ylogical Place to dispose of ):ueh of the wa~to an.., accoreivgly, th'at, any

L {monitorig Jve-i~ty should not st fIo ovian dumipins. but rathor should. f ccilitste
the proper dispoo-a3 oV i~ista in Am ocean.

Ur
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SECTION 12.0

J310 9,•L41"TATIO11 PLIVIA

Ahn implemet.ntation pbla is pre3ented leading to an operational D3S

nine (9) months aftor contract award. The selected D1S uses the Loran--

Events-Printer System (LYPS) as the basic system to which is added a Draft

Sensing Unit to make a D•IPS and a Spoil Indicating Draft System, SIDS,

aboard a towed scow to provide positive duirp sensing. Thris section dis--

cusses hardware procurenont, installation anid checkoub, rporation and main-

tenance, and pro-rides planning cost estimates and tine schedules.

12.1 GEW.ERAL

ji. :Key factors vital to the development of the LUPS Instrumentation

Plan are detez-rinations of the nuober of systems needed rad vessel. assign--

MJwent or Othe. usago or Lhe BRLu.. J. i - LI J. .... U A .

operations in the greater New York Harbor has led to the followi.ng recom-

.mendations regarding the nwrber and usage of systoers. It should be rem enm-

bered that ownership (and therefore responsibility for maintenance) of the

equipment is to be retained by the Corps of &ngineers.

It is recoramended that there bp two separate procurem.ents of systems

to cover present operations. The "initial btu" would procure twenty-four

(24) systems. Te "second buy' would procure an additional forty--tUo (42)

systems. The two separate buys are suggested for flecdbility of funding

which might be in tWo different fiscal years. ýable 12-1 showts the suggested

asage of the.-e systems and the racomm;onded nuib crs and usaoes of DELPS and SIDS.

Note that the initial b-,Y. of 24 systerm.s provides for ueo of 13 IN1 PS, 3 LIS
with SIDS, ad 4 TEIPS for portable uvo. The ir I.tial buy allo'ianco for spaores

and 4 f

12-.l



[I TABLE 12-1

II r~C777 RECA01.M4IMDEM PRO)CURE14E134T .AIID USAGIM

U'

w SIDS LEPS MAL~ DELS SIDS LE?S TOAL,

AssiEpied to vessol owners

Sewer Sludge i 0 0 ii 2 0 0 2

Industa'ia/Cheomcal. Vkstes 2 3 3 5 0 2 2'

Dredge Spoils - - 0 8 8
" Cellar Dirt, etc. - - 0 15 15 15!

L Presently u ridentified -. . . .2 2 2 4
Portable Systems 1 0 0 0 . .

L (Sub -otal) .13 7 0 4 ;e u 3 .4

Y .... Spar•e Systems

Dockside Maintenance 2 1 0 2 1 3 3 4
Pipeline Allowance 2 2 -1_2 A

(TOTAL) \17 5 7 24 6 33 36 42

3 -

1 12-2



is 4 DELPS (which also spares the LMK,) and 2 SIDS (m.ak.tng about 4 swsefl•

worth of spares). Similarly, note that the socond buy provicdhs for use of

/4 DFUPS, 27 LEPS with SIDS and 3 LEPS for partable use. plus corresponding

spares.

LII Probably the d.uping of sewer sludge and tox.c industrial/chemical

f waste represent the most severe form of ocean dumping occuring regularly

in the New York Bight and, accordingly, should be covered in the initial

itbuy as shown in Table 12-1. The eleven (11) systems allocated to monitoring

of sewer sludge dumiping would cover Naw Yor~k Cit-y (5), Nlassau (1),

Westchester (1), and New Jersey (4). The five (5) systems for industrial/
chemical waste would covel the present requIrements such as for National

Lead, Allied Chemical, Speltonbush/Sparkling Haters, Mcdern Transportation.

The systems showrn for thesi usages in the second buy are reconimended to cover

additional anti cipated raqiti.rementn toich As naiwlcl hy ri•it.tino l p1 A ntn

producing sewer sludge and caused by the need to carry to sea those indus-

Strial wastes presently boii(g discharged into streams where such continued practice

caniLb.icnsd
As shown, it is suggested that four (4) systems of tho iWmial buy

arnd three (3) systems of the second bty be kept as "portable Vvtostms for

use, as deemed appropriate, aboard any vessel. It is quickly noted that

Sthe nmbers of portable systems decreases between initial and second buys

from 25% to 10% of the numbers of systems of each buy assigned to vessel

owners. The larger percentage initial kuy is recorimaouded to cover the

larger percentage of dumping operationa not under surveillance by installed

systems of the initial procurement. Thoco systems should bo LU3S.

12-



m ~ h . .. r,• ... . . ... . ... i• , •i i~ / :'-'? ', :• . .. •.... ......... ... ...

SThe socond buy includes elght (8) spyates for assigrnerit to monitor

dwaping of dredgo spoils. These eight systams would cover oporations In-

ii , volving about 3? barges and, for excuple, might be assigned to G'reat Lakes

(5), aericar Dredging (2), and Dunbr & Sullivan (1). The fifteen (15)

systwas recommended for the second buy to monitor dumping of cellar, dirt,

[j¶etc.,, would cover operations involving ab-.ut 4? tugs and,, for example., might

be assigned to Mbran Towing (6), MdAllister (5), Turecamo (3), and Red Star

[I (1). The basic LES part of these systoes might be used as portable equilmaent

L j aboard a number of pre-dou4l prepared tugs. (The towing company might
separately procure antennas and racks to facilitato the flexibility.) The

SIIM would be installed in the assigned dump scows. Since delivery of the

, systems of the second bay might be as much as two years away, it is quite

likely that additional assigninnts and di.fferent priorities V11l bo Identified.

ft f -It in fetlt t~hat a reaeionable !ýllo'janc fo.-- this =zL1d be four (4)s em&~a to
be assigned but, as shown, presently unidentilied.

UL Spare qstems are reoommnded, as ahown, for both the initial and

L uond bmm, amounting to abott 10% for dockside maintenance and a pipeline

ufloranoe of about 10%. These spares will provide the needed plug-in units

LI to suppwrt the reomended dockside maintenance philosoplI to ninm•vis veel

delay cmsed by an equipment failure or malfunction. Of course, tI. p/1poIl

Ll allowance ptrovides the needed units to stry operational while faul1i' units

are In the repair "pipelineW (at or enroute to or from rapewr shops or
factories). The selection of the "nuber of sparesa rocomaed is baseod an

L our exporience and is expotod to yield a high s nf•enco (,W greater than

9S% confidence level) that a spare unit wvl be la hbe" n ueded for a

reasonable .orlod (a1y at least two yrs). A i spari analysis,

- 12-4



Jtviich is not within the scope of this planning study, colJd bc .do uý;inil

any of several prograps decveloped for digital con•rabcrs (Ouch as by SSIIO)

to deteralno the nutaber of spares required to support a given progrs.w for

various confidence lfr!tts ,Ad op-rating times. The ri:tlheierics Por oUch

progrars, typicalJy baasd on an e.ponantial or Poisson distribution of

j ) failure tines for corpontmt parts, rcquires a knowilcdge of failure rates

and, of course, the detail parts are not yet fully identified for the

systems. Accordingly., it is suegosted that tho recorrm.sled quantity of

spares be procured awl that maintenance records b3 kept no that the failuro

history could be watched closely and adAi.tional quantities of ay critical

units thus identified could be procured. Such recorets would aloo form the

ba3is for futAre satres buys (it Is eost likely that unoqual quantities of

LI the varioun units i•~o'.d bo d.asrrd).

Li It s!8-Ad . vthe1 h- 11t.M tbnt the quantitles recomwnded for the

initial and the second buyas, aýa based upon an enaeais of presont .dupin

L operati,•s in dump sites near A Mose Ligh&t Tuer with only an occerional

dump as far as 106 a mi off•chor. Should tho licensed dcmp areas move

"significantly offshore, the rouid--trip tim would increase substantially,

and orevesels oul berequi4,od todump h r*autofuac rod
ingly, in such a case, the qumnitios and asasigaeuts of syptw3s should bo

LII ~re-.xorded.

12.2 RhRJMAi3P11XtfltUMT oa ej'.vw, I pi~r

7bo optima oW.41iso au1o%.o--AJc LriRcv am 4qt1pitr

IJan an, g aa lr intac which are be.tc&Uy offth-ch,-cI~f 41th only vimw*
Iodifccatioa. Houaoer, tto moAtu Unit, vnd tho Drat tisi Untt involvoI



1 '4,

[ a unique arrefl(eP1ncm' of proven concepts end oxisting hmrdware and thus

roquiro desin effort. SLuilarly, Uho ayatoma interfaces and tho e.qupuant

i i' racks are uniquo ani also r-quire design activity. Iho plan calls for the

design effort to be a part of the hardware procureoent of the initial buy

rosulting In equipaout deliveries from tho eighth throug-h t[v ele th

[ji month aftor authorization, as sAmin In Pipur 32-1. Tho initial trzy would

r also cover the preparation end delivor 1 , four months aftor authorizatimon.,

of a rotice of Plan, Installation Thnatructiona., and Operating rnstri, tions

fi or uarsandfor the Corpsof P~igineaer. The Notice ofPlan wouldbo usW
tr UM to advise us-er and potontial users of the plan to monitor ocoan

LI dqping and of the timetable and regultione fbr the start of use of the

U qWatows and the roquirewmmt to suls~itt tho recorded data. Mhe Installation

Instructi nma ould covor detai],3 concornfir Inatallation so that, regardleii

Uf of Vesse-, Configuratio~n, L, Vessel i-P.' t" 1, re~rAWn b I~r f tellat3 ou of a

permanent itwam or yiortAbW systen. no 193er Operating Instructions vauld

U show,, In chock-list Ybra and In~ back-uzp detail, the step'-by-step procedures

LI Lbfr uso of the equipaont and delirary of data to H=DL Wietiondl instruc-
""tim br un to, M= vwl•d cover their operations al4o in clhek-liat form

and with back-up detail.

12.3 IM8ALtJ!ID ARD C117MM vwaoua voose8 votd b% prpard to the o~mer3 to reeve the

Lste.To Prearation for LtS involvas aseiajniz locations and pROVIding

waunting hoas/o wdationa for the antnWM an dMat raczMdM9 a cc-
amal r-f cabl betua Um o totoent *ct r•tk prw tding to the rack an r-t

!' i



I ~ ~grovuui -,d 1ut:-1evol. prkX,';' oU..atrir." powar (no:.diially 1C~Ci&,ou 'i)

edditiaiLl vou:.a p ý:paraluioI1s for fl"'LiS i~n.-o)L'r:; a.-. *,.;~t a ].ocatAic,n v

providIP3 mowi-king ho].nn/ro'iiidation for Men Whaf't Saswirj- Unit, rrd rtwming

a l2-.viro aignol cable fruii thzat ioen-tion to the location or tho M-TS raek.

i For a SIDB, tho ves301 piveparation involvos assoiAzqn, locationsan~id providirig

mounting boles/folr-Astiona for the Draft Sansir'g Unit end tho Racordor Unit,

rusinhzg a 12-iaire Aiinal c'nble batureon the' tun, and providing; to tho liccorcior

Unit lo'.--ovo]. prih~ery p-.Oor (noid1no)2l, 1.0 iatts at 12v DO). Thopoctton of

the proyartd vems] will ba sutbjcot to ravio'i ed approval by ?(iiCE prior to

iwtaW lation or equiywnt. 'The equijxmt will. be iastalled wan chock-A out

bV RM3! in tho pros.cneo of the owiner. Preforrabiy at the tsi.'i or equip-

aftat intlainand chockout... tho captain (and ovaer aM mate, Uf dasir-A)

will bo given tra'in~n Iin tW rolatkvo1lr simple operating procoedars.

It ias recwx.'nwc4 tahcL : -vJCX contract wdith SSWD to provido thcaa

inpetin, ±stallationj, chweckprt and training ttmUOtnS 93 Well AS the

umeitaeasnee, function described in Paragraph 12.4., below.

f ~12.i OPOLiIOtI MN MA!ffY3)Cz

A typical operation stalrV at a dock or loadin~g &roa. The captain

21 - turns tb. .q~pwnt 'OW" and 4.oes the follovhng Infovaction In written

9*uuish an a. ruiabor-sWas like iorn on the p,,por tape at Mwh 3tart for this

t~rips

i i IdMn.r tiMoia of load
I *~ naor ot ajpartu"

* Loc"tion of ' tp

I *A~or Caj~AinI



Tho captain than acquires the tuo pre-solected mostor Loran signals.

The tw6 Loran Receivers autorztically acquire the slave signals and auto.-
Ui matically track, thus providing and continuouay up-dating the twvo Loran

linos -of position. Thereupon the orinter atom tcaly records tho two

lines-of-position ani timn- each six (6) minutes as deter.dned by a clock

~ iin the Evients Unit. (Tos of Loran track is indicated by a visible and
audible alarm,, and the two lop'. are displayed on the face of the Wran

units for use as a navigation aid at the discretion of tho catain.)

C*I I Vnen useod with SIDS, at the time the tug's haIser is irede fast to

Wthe scow., the L1VS and SIMS recordings are qmcwon!zed by sin.Alta-ueously

,•[ W deress~g a"mar now on the SIDS Recorder Unit and a "mark no%-"

-button on the Events Unit is depressed by the captain at a pre--defined

point (e.g., passirg buoy Ix) to signify departure. Other pre-selected

events are pre,.assined to31other bittorns on the Events Unit (e.g., Passing

E Aumbrse, start of dwnp, dun' completed, etc.). Whenever an events button

is depressed, the normal six-minuxe recording period is interrupted, the

specific event is recorded by the Printer along with time and, regardless

of clock time, a complete set of data is recorded at 15 second intervals

Upon return to port, the captain enters the date, time, and place

find sipns the printed tape. (and that fr'om SIDS where applicable), sigity..

ing he certifies that the data was recorded on the spocific trip and was
L~. not maniptlated in any way.. He then delivers tno data uithin 12 hours

[ after return to port, for example, using pre-.addressed envelopes provided

L i2-8



+.j
by 1Y1=1.

Of course, the ceptaln is aloo required to koep his nonvinl ship's

- log aid to report bf radio to the harbor supervisor each dm.p trip departure

and return. Similarly, he is required to rol.ort to the b.arbor supr;rvioor

any LM.P3 eq•Uilio-nt failure or suspocted tmwJInction based upon fa.lure

.4.1 alarms on the equipment or auspicious perfbrz~ance such as continuous loss of'

loran track., or inaorrect loran readings At navigation point~s where the

correct red.-ings are wel-kno1mn, etc.

" AL data delivered to the NYrcE i. briefly rri.e-l.od to reveal suspects,

and the data is extvined in detail for any dwrip suspected of being improper

(see also comments re this in Paragraph 3.3). Althou-h not a part of the

recoa.zrandod plan, it is sug~est d that NYDCE consider a contract to a third

party, such as SSND, to receive and file, and review and excamine, 0.l re-

corded data arId t%"- " I -t-""- lat-or for f=+t'har .. ti..n.

Reports of equiprent failuwe or malftuction would result in the

J{ Ltimely dispatch of a trained maintenance man and spares to the vessel at

dockside so +hat there u•oid be a minjima delay, indeed if any, in the vessel's

Li
next trip. The dockside saintenmno, to be accomplished only by NYDCL., is

based upon replacement of the failty plug.-in unit by, a good spore unit. The

removed unit would be carried back to the shop for forther diagnosis and re-

L-' pair or returned to the factory for repatir. It is recovv=Aed that 1PYDOG

j¶ give a "Maintenance Contract" to SSI1) to cover this mainterienco and the

inspection, installation, checkeot and traininD iinctionr described in

Paragraph 12.3, above.

12-9



L 12.5 PLANRIBIG COST JFSTRiIATFI AN~D TIME SCHD;OIJfES
Estimated costs for equipm ;nt I ocurcri-nt in accord wi.th this imple-

[1* nmentation plan are shom in Table 12-2. A breo-kdor is showm to give some

visibility regarding the origin of the estimatats. It should be reme.ibered

1 that the initial buy includes the start-up costs (e.g., design of the Events

Unit and ipmcent Racks, and generation of notices and instractions). How-

ever, even without tho:se start-up oqsts, the systems of the second buy are

[ significantly lower than for tho initial buy (e.g., approximautely $.9K vs.

r •$11K for LEPS) and so reflect an expected learning curve. The value of the

i ".Maintenance Contract", which is not incluled in Teble 12-2 is about -6OK

per year and is based on appro:.-d.tely 24 man-months of field erginocring.

The maintenance contract clould start about the sixth month after procurement

Sauthori-oat-on. An allowance of about $500O/Ii.Vl/yr. should be made in hIdget

j[ planning to cover the costs ofi detail repairs in shops or factory. The
wshedule milestones are shown in Figure 12-1. An additional allowance for

Sfapproximately 18 m-months/year of engineering should be made for a contract

to file and r'eviev recorded da.a.

It should be noted that the estimates are at the "cost-line* and doII
not include fee. It might alo be appropriate for buAget planning to include

an allowance (say 10%) as a re M• to cover itcms possibly overlooked.

L i.

I I 12-10



TAR3TE 12..2

A. BB31C eY~ljQEs

In i t 1.0. Initb3nBt L

Scientist & Superv. Enginoer $ 37,300 $ 32#900

Senior Rngineer ,97,,203 43,600
. gIineer 8,300

Draflbm.Lig*Yout 32,.000
Factor.- Lni~r 10, 500 15,700
IExternal Subcontract Mat'l. 154,000 257,003

Product Matorlal 24,800 39, 900
Pubs Material 1,500 1,100

Travel 1,300.o 600

Total cost 0616,900 $390,800

N,,uqber of Syst--,is 24 42

Total Average Cost/SysVeia 15.300 $ 9,400

Total Averago Cost for

66 Systems 1,D0LY

B. IUR).•! PV DK..E

- Startim Coats $13,500 $ -0-
Runin.g Costs 5600 Is

Total Coast .$19,100 $ 1,900
utber *f DRLP8 17 6

Average Ian tal Coat * 920/MtM

Jt at"ing Costs $ 10.00i $ -o-

Ttdl cost $41,000! $,22,•8

Iimbi at SIDS 5! 33
Avw-ap Irorca~untal Cos -IDS/

12-li
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.I APPE'NDIX A

DE!FINITION AMDj MUAHSIAT.AL FOYIMINIJA)Oa OF IJGOATION POMMELN~t ACCURACY

Vessel locatLion position acouracy asU used in this report is de-ffin.ed

as the probability of locating the voc;.el to within a specified circular

dump radius. To determine a location fix, a nirntmur of two M uasaromants

*I are required frow a single or multiple referecnt datutir. With a -inglo

- reference datuint point the measurement :i.111 consist of a bearing and a rango.

With two reference datt•m' points, either two ranges, twof bearings or a combination

of the two are required. With a hyporbolie navigational system, the intersection

of two hyporbolics at the vessel position establish..s the locatiun fix. In all
j i of these system approaches, the, two mnasurQirents are made with arror crtused

by systematic or predictable eri-ors and/or uiv:ystci~atic or randon.l errors. The

unsystematic errorc are subject to a distribution according to a Gaussian erzor

function which are describable by the standard deviation and the moan or bias.

'hon two or r'•ra errors are combined ,it in ... a..d tho cr..Orc -...

itriopendent unless known to the contrary. Combining errors for a two dirn3n.ionalU error aystem (bivariate normal cIstribution) is performed using statistical

• techniquas which apply prohabil.ty distributions in two dimensions. In this

case, a probability ellipso is used to describe the behavior of errors. For

the special case of an orthogin&l siystem where the standard deviations for

each axis are equal and unczorrolAted, the probability ,:.lips- reduces to the

specaal case of a probability citolo. It is coron practice when deali•ng with

the probability ellipse to utiliso an equivalent circular radius to defineJ [ ~positional accuracy such that tho enclosed positionial data has thle same
probability as tho ellipse. 'The subaeotions follo'in3 nocoznt tho

mathematical techniques of determiniti location positionAl acouracy for the

various location aubsystom approat-hoe cansidered for the Sea Dump -monitoring Sy,•tam.

I "



A-1 11WO BEAMING LITM-3 0F POSrTTON (11Tri 30TING BEAUIIGS)

Thu calculation oC the radial error (radius of uncertainty)
for the case of two intersecting bearing lines, each having a bearing

error with a standard doviatlon 'r, is based on ths probability distribution

Kgiven 'in para 3.1 'of reference 3.,. Results for th ' 95% probability circle
r have been computed and the tabular results are reproduced in Tablet A-1.

Given the angles of the boaring lines, base length between datum rieferenco
(c), and the bearing standard deviatkmnerrors ('), the radius for a 95%

SL' Iprobability is obtained fromthe equation.

For other percent probabilitty circles, assuming orthogonal bivariato

normal distributions with equal... '1, -the radii of the uncertainty circles are

related to the errors by the equation:

L{
Table P,2 presents a sumr.uary of tho results obtained from equation (A-.2).

SI If AWj6 A-2~ FOAL3:i, O Tt:flli OF L AIN

Waius L n Tegri of CPH

39.3 10,.8493 CPS

50 1.177 0' 1. 0000 cps

75 1.665 Cr 1.4u4 CPs

90 2.1.460TO 1.82.3 CPS
S2.448 •2.M" CPS

Lq For the general case of a non-orthogonal, bivariate distribution having

II I unequal ©correlated eorors, a ooordii.-ate rbtational transformation may be

L performed uhich will result in' uncorrelated errors in an orthogonal syatom.

It can be shown that the uncorrelated errors re given by:

[..

Ar (A-3) t Q 11W s1 r 0 ) n j.3 . L it

A-2
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[I ~~~TABLE A-1 cnn4

0 kD q. s • s55 -' 0" .65o 70- o3.. 7.5 - 800 p 8? - u0 o 950 m - o.

003 0.0374 0.0361 0.0332 0.03415 0.03-11 O.03*0. 0.03-11 0.03-15 0.0532 0.0361
010 0.0344 0.0338 0.0331 0.0333 0.0335 0.0338 0.0345 0.0354 0.0.67 0.0384
015 0.0323 0.0322 0.0324 0.0323 0.0334 0.0343 0.0355 0.0371 0.0391 0.0416
020 0.03C9 0.0313 0.0319 0.0328 0.0339 O.05.1 0.0373 0.0396 0.0425 0.0.162
025 0.0302 0.0O39 0.0320 0.0334 0.0351 0.0373 0.039-3 0.0432 0.0474 0.05271:3 03 .0301 0.0313 0.0328 0.0347 0.0371 0.0101 0.0-13S 0.0484 0.0343 0,0619
05 0.0307 0.0323 0.0344 0.0370 0.0402 0.0442 0.0o192 0.0556 0.040 0.0750
040 0.320 0.0341 0.0368 0.0402 0.0445 0.0199 0.0,43 0.057 0.0777 0.0010
045 0.0339 0.0367 0.0-102 0.0-1417 0.0504 0.0571 0.0612 0.0799 0.0974 f,. 129.4L1 0"0 0.0367 0.NW1 0.0449 0.05M6 0.0584 0.0684 0.031.3 041002 0.1267 0.1669
055 0.0.103 0.0449 0.0510 0.0309 0.0692 0.0832 0.2lt~ 0. 1 30 0.1724 0.2414
000 0.04-19 0.0311 0.0591 O-CC91 0.084 0.10.11 0.3329 0.4763 0.2,137 0.370.1

Ul065 0.0510 0.0591 0.06.99 0.0416 0.1050 0.13-17 0.179W 0.254r2 0.3896 0.0791
070 0.0389 0.0697 0.0346 0.1051 0.1356 0.1818 0.2579 03970 0.6049
075 0.069 0.0811 0.1030 0.1356 0.1824 0.2303 0.4014 0.7055
080 0.0832 0.1041 0.1347 0.1818 0.2538 0.4029 0.108
085 0.1024 0.1329 0.1799 0.2$79 0.4014 0.7108
090 0.1302 0-1703 0.512 0.3970 0.7055
095 U.724 0.2.187 0.3896 0.6919
100 0.2414 0.3-794 0.6791
105 0.SG55 0.6583

210 0.63Z6

LL

LnZw p & lPoW5Pa 10 i 130 Pal 20 a 150 130,P.. 33p:1 loes 1450 p15 3*m
0 .0 375 IL0392 0.0414 0.04142 0.0479 0.0526 0.0AM 0.673 0.079 0.070 0.1259010 0.0105 0.0o132 0.010 0.0511 o.o03 o.o0,46 0.0752 o.0m,0 1142 o. 0.2

015 0.01.2 0.048 0.0541 0.0610 0.0702 0.0052 0.1020 0.1317 0. 1 829 0.2862
020 0.050 0.0509 0.0649 0.0757 0.0909 0.1133 0.10-99 0.2113 0.3393
030 0.1i 0.0857 0.1052 0.3901 01814 0.2631 &4397
095 0.0930 0.1186 0.0009 00903' 0.2m a4203

"L 00 0.1214 0.1526 0.2097 0.3125 02

OtS -160 0 33218 0" . 57 W4
1050 O.65 0.6326

• I I0 0.65.65

Ii
0 53 o . o ., . .,

,• •,• o~o• o•, oA- o,3 o, .,, o
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Thus, given . " angle of intomraction 0 and correlation lactor X,.?
the errors J... in an arthagonal set are obtained vwhch aro unecrrelatWd.

The unequal ,-.yields a probability ellpgo contour rather than probability

[ -circles obtained for the case of an orthogonal bivariate system with equal

and umoo ated v.. An equivalont circular aroa resulting in the some

probaility, hoever, wqy tbe otaire~ using the curves in Figuro A-1.
If .. '• (.r. :.: ), the radial exror/jr ratio oorrosponds to the tabular

results of Tablo A-2. If :-z, , the results ehovn oorr3spond to the omeI jn

dimnstonal distribution case. It is to be noted that the 50% prbablUty
curvo is usually referred to as the circular error probabitory (CEF) curve.

(See referenae 5 O )igure

A-2 HliP OLIG HAMMIONI SY3T77.13

ih ypr 1 F0is nai,'san iy.tetss, the pInatt.nnal samoirnoy dattrumdic

frot Intersecting typerbolis is a furcot:on of the crossing angle and the
|1 aemacy of the lines of postiom. The emt eqnation of the radial error
L obtained ia digital ca'ter is given in reference 3 p 161 as:

I%

9 .

(.c1un..... - 6 - -•

Pa plnanle Oovr I nt"MOgrt? pWrCA

u or Of .. of interecting Werbolae, reduced to re-ta•-.l"r

no etrkt ft% .bnblity)IgOven h



.
i 

IV I
-

I ", 
I

I 
I,I'.

,1 i .

I :

It 
i -": • 

," 

,, i..,

" " 
-J 

,, /' 

i 
,

.I 

s, 

I'

" 4' I!1 
F 

/i ii
I 

. " 
' 

* " 
.4 

• 
S.

I'" 

.. I!. ..I •

, . .I , 
,., , ;

'"I 

i 
i 

/)/.,,

" .L 1 

I 
I., !• 

I :"-*- 1 

-I. .t i

€ 

•.4
--- I



SjL'J

Solution of equation AS is difficult requiring use of a digital

computer. It has been general practice to utilize 2 drms an the 95%

probability, value for the equivalent circular radius. The procedure

LI outlined previously for case 1 for non-orthogonal, unequal and correlated

can be utilized to doteniiino the equivalent circular radius for other

probabilities. Figure ,,-;. presents probability as a function of "r for

equivalent circular radius for orthogonal, uncorrelated and equal'.
I orthogonal and correlated equal s and non-orthogonal, uncorrelatc4 equal

. It is shown that, for correlation factors less than 1/2 and non-

orthogonal systems having vertical angles up to 450, the results for the
orthogonal, bivariate distribution having equal ': can provide an approximate

solution for hyperbolic systems. If crossing angles are severe arnd

correlation factors are greater than 1/2, it is advisable to utilize the

4 I, transf rmation procedure outlined in section A-1.

nr A43 RANGE-BKAIN1G V )SYSTMS
i. The probability function for rho-thata systems is given by thi

equation ".

21 I1n -k
where[L
C;= standard derivation of bearing errorL= starfard deviati.on of radial error

=! distance to target

=Bssel function of the first kind, zero order

A-.7



If It is .ssuznod that the di stanco error is proportlontAI to

distance ¢ . ) where S % inaccuracy of distanco, oountion (A8)

is simplified and solution rasults are given in Table A3. For given

standard deviations in range and bWearing, a~nd fix'distanco,' tho circular

Iradius is computed from the equatobn

(A9) R Y) . Table Value

Radii, for other proba-bilities nct included in the tabular

values can be deterd.ned as outlined in Section A-i.

Tcblk/3. The R4z4a, , .'rror R (RAib: of Me Cir,' ef U".crttinc) of
R.ilo-. Th!a Niaton s;,,,ns

. .': ,) pr ci~nt u,'a, 0.3 0.03$2 0.0.01 0.3475 20
If; 0.0 t3 0.0160 0.0321 20
1•3 0.0501 0.0375 0.0622 20
i.0 C.C.20 0.07.' 0.CO 13

_i..... 2., u.el o.oa-Z 0.1037 20
1.0 0.0081 0.10.17 0.1236 10
3,5 0.1026 0.1215 0.1436 t0

iý 0 .17 01385 0.1637 10NO 0. 145•0 0.172 0.20 -10 t0o•
S0.173- 0.2062 0.2144 10

., 1 -. 0 per cent vr#- • 0.02201 0.0230 0.09.61 20 -

1. 0.0310 0.0361 0.0421 20
, 0.0113 0.0524 0.0618 20

2.0 0.0583 O.002 0.0010 20
2.5 0,0723 0.AtqI 0.0020 20

.0 O.o o 7 0.1031 0.1222 10
3.5 0.1010 0.1201 0.1,124 10
4.0. 0.1153 0.1372 0.1627 I0
5.0 0.1139 .0.1713 0.1032 t0L a0.6.0 0.1725 0.4055 0.53 3 0o

;-A 0. wr c.nt as , 5 0.013a5 0.0180 0C0211 40
I;0 0 0.0."2 0.0S46 0.0409 30
"IJ 0.01S1 0.026 0.061 20
2.0 0A.Wit 0.06M G01IS 20
U.5 OrGi7o0 0.1W57 0.1016 20
3.0 0.V1:63 0.1027 0.1210 10
U.5 0.1U0( 0.1198 0.1422 t0
4.0 0.11,19 0.136.) 0.IG25 t0
10 0.1 IN 0.1711 0.2020 t0
6.0 0.1723 0.2l3 0.11.36 o0

a - 0.2 pcr cent as'. 0.3 0.01.15 0.0172 0.0214 40
.I0 0.0111• 0.034O 0.0 106 0

13 0.0441 0.0313 O.Ot0 20
2.0 0.0574 O.C,%' I 0.0012 20
2.5 0.0i1:: 0.0^1: .5 ,1.14015 20
3.0 0.rW.A 0.1cr. 0.1122 t0
35 ,, If11i 0,II07 0.I421 2.I

-4.0 0.1149 0.)11A 0.W24 so
5.0 0141" 0.710 01.ZrO t0
6.0 0.i I, .A2 0.2 306 Ito

A-8
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U APPRNDIX B

Tho subsections of this appendix describe tho effects of various

weather onvironjwnts on the perfor'&ico and operational roliability of

J the key system olcmonts of the M caldates.

In inclanaot wenther, the ability of a radar to detect targets

is decreased because of attomnation of the rMar sigal in the path

between Uth radar and target and becaus of clutter noi&e from water

particles In the vicinity of the target. Attenuation in cause by

abrorytion of vwtor vipor as wall as absorption and scattering froc water

drop]ots. Clutter rTAse rojults from enarzy acattered In the diractien

L9 of the recelyrIn~ rnntaimu ~nn tend to obrern'e tdw.rlwI mien--r.. 171

"rf .renos of Appeadix j, a theoraticall,* derived eqinatim ex

LL Wowiing the ranv capabilty of a radar in inclement Weatbe as a

[I fttim oto.f the. r&ige eapabiUity In dry weather is gives in tom or

typiosi radar pas'mLWaj, attowiatina factors for water vapor and moatter-

Li lagng# and relative, inmldfty. 71gure &41 presents reapg degradation of an

X bend r"ar in rftnaU#, asawda the fbllRrng radar parasters:

L ~ ~Antwn GaiO.n, 2t8.6 db
Vave Lesth z3.2w

LI Noins Figure : 16 db

L tlTasa Lenatb 0.6 macc

S

aF• " :•" " " ::' •• :iI • •1 :,• : ," • *" 'I
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As showni in tho figure., the r&1rbx roan & capabiii'~j -1a it att X.

rates (4 wr4/r,) c'c.n cn.;oby a factLor of 10 Q -iror a dr envi.rowrsnat.

In a fog environmont, the scattering efftct is nagligibio and the

.1 radar range attenuati~on stewn3 prixiaia.lJy from iczo-aiionAA cavausc by

absorption. Figure B-2 presonts t"e r,-nro diý&rva~Tt-on of the radar in

terms or visibility at specific tc.,ip4~1-aturo!3. As aihown In the fi~airo,

range degradation becomes appreciable only undaer cni diticna or intenso

fog. Snov and ica veathor ornviromir-nnts can be expscted to ha~ve similar

reductions in range as r~ainfall.

To arrive at an estimate of the p.3rcenta.- or time sigtillricant

radar perforwanco, dogradatbn can be oxpe-,,ted, matcorological wo~ather

data for the New York area was obtairei fromi the U.S. DeparLrnent of

Cotuamne-e, National Ocoonic 2-41 Atm~oupheria Ad~r.niotrtition Environimerit.-

Date Service. Trable hi-i proeaets tiaeorological dai~a !%or iwhe 197U y.Jar

as w.ell as noriagls, mieans and extremos. As s)..'. in thia table., the

wen wobar of days in which a precipitation rate of 0.01 inches or more

ji was usasurod is 121. This is comparablo to the ninaber of days In the

Washington2 D.C. area neasured4 by the somie criteria, 3nd infrorxration

contained in the above referunce vilf pro71da a basis for eatiiaating

J ~the percentaeg of time eipnit'icaxnt r*Aar range dagr!-dationi can be ox-

peatod. Figreo D-.3 extral-A04 front the albove ~refuýrere show.u tha bours

0.1per yeiar thaet a gC1ven pxswipibatioix rate 4mes *xce-AAal. Taking, a per-

forwianoo de~radatiorn corrou'rxii'g to light r~in (1. rm/lir. 04in/hir.)

as being signiflwet, tho hattra r~r ysnr that: .04 hi/hr. can b-i ex-

J ~ ~pctiod era appmozijat~e4 .y . For an r160 ho~rir yc4ir pertod, the por-
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centage of tiri' that perfor-'rnce degradation (corresponding to the light

rain condition of Figure 1-3) resilts is approximately 3.1%. This per-

[1' centage is utilized 1n sect~ion 10.0 in analyzing candidate 2.

B-2 9MJ&LRAIVAD DgC

C In the utilization of electrom.npitic wavo propagation for radio

U1 navigations consideration must be given to the effects of weather environ-
ment on operational reliability. In free spacep all radio uaves, regard-

S..loss of frequency, are propagated in straight linos at the speed of

light. Along the earth surfsc, however, propagation is generally cato-

gorised as either ground wave or skywave depending on frequency. Up to

about 3 l,11z, considerable tranas-Itted energy follows the curvatro of

the eart'h (ground wave) iher.eaa at frequena:l.es up to 30 Mz, appreciableLnergy i• rcflcct.Y 0,'.m th e nephtr• ( '.... . $., ince the iono.phere-

layer caused by radiation fro the sun variea depending on the tire luf
day, season and the 11-year a spot cycle, the transmission path isI
unpredictable arA hence skywav propagation in seldom used for navi-

|,.Ll I
gation systems; itW use is alist exolusively confined to ground-bae

UL- direbtion finder systems. Iono3phoreo wave reflection, unfortunately,

[1f also affects ground wave sMteq. The grojund wave signal is con-

taninated by eejwavo energy that arrives at a receiver by a devious path
L11

and special treatment is iequi edto isolate the two, 'It shoul be

noted that the skywave signal trongth can ta greater than the pound

wave which furoher aggravates the problem. Sky•ave contamination is

controllable In syctumo where ruhso tr ansdssions are used since the

-I 7

11
V 0•



edge of the t•'ound wive a'"Ives sooner than the skyave and henco the
i ~two waves are discerni~ble.

The propagation of gcound waves depcnds on the conducti.vity and

dielectric oonstant of the oart-h surface and therefore diffors, for

examploe, for salt water and ground. While the free 'space 3poiiur received

varies as the inverse square of dC'tance, the received power using ground

.1 waves varies as the inverse fourth power of range ard deper~ds on operat.-

ing frequencies. Figure B-4 showsi the ground wave fiold intonsity as a

function of distance for various frcquezicies over seat water. As choun

in this figure, ground wave attenuation at 100 iiles for an operating

I frequency of 150 KXs is /0 db whereas at 2000 KI:,, the attenuation is

44 db. At greater data•ncns, ths affect of freqursncy in more significant.

The major weather influence on radio navigation ayste:ns is

thunderstorm activity which ifsults in so-called atmospheric noise.

For frequeucies belou 20 WFa, the useful sensitivity of a radio receiver

is limited principally by the atmoapherio noise level of which the Post

important generator in lightning discharge. It is estirated that about

50..000 thunderetorms occur oa"h dr7 throthout the world and that, on

the averagej, about 200 are in. progr038 Ott Mny one WoMant. Atmospheric

noise power at the Input to a re*,iver dtpands on frequcticy. Vipre R-5

presents the frequency d3atrl&tion at:ýssphorio o413*e for both night-

time and dap-tima oporatioa. a Ooun in the fi~ure, the -tr.-phoric

4• • noise input at 10 rU. is app. dJrvAt.gy 10,000 timrn C•i•tor tibn at

10 301: a,4 vuries signitiunt1 ftro day-t•e tVi nW-t..t1ma. Thus, in

evaluating the woather jiro Int on the •orfon,,nce, of ayztoa. oudi-

dat.oa it aas n•cs-s"ar to pr1vito an oitim-tta of th r.-' po of

I
I!-
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thie atmospheric noise would affect the radio navigation system• uti-

lized for the various candidates. From Table B-1, the mean nuAber of

days per year for th,2nderstorm, activity in Ncw York is 18. If it is

assvmed that the thiunderstorn 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 Figtro B-5 it is apparent that Loran A, iwhich operates at a

2 NIs frequoncy, will be more reliable than either Loran C (100 KHs).,

Deoca (70-127 KHs) or Omega (10 1Iz). Thus) in the evaluation of the

candidate systems, several of the ratin:gs were estimate'l to reflect the

U' above considerations.

B-.3 XAM-21'0A -114
"In . .-.cr.l.of thO oid.cc Oy...,,• t.e .. ".' -.. -,if.....

tion is data linked to a shord station or center for data processing,

assimilation, nd recording. -in these systems the operational relia-

bility of the link Is of extreme importance since the entire history of

the vessel dump mission is pre icated on the data being transmitted

V from the vessel and re,-,eived afj the shore center. The influence of

weather environment on the datA link essentially involves the electro-

"magnetic wave propagation cons derations discussed in B-2 but is more

critical duo to typically lowaei power availability aboard the dump

vessel to transmit data link sirgnals. In addition, the data content is
"L� contained on the received, signý1 vhich must be processed to extract the

infoination, thereby resulting fin some signal loss, ard lei more sensi-

tive to receiver input noise. iThua, tho operational reliabiliti of a

t... B-If



data link system is somewhat less reliable tlan the vesseal ]ocatlon.

'I navigational systens discussod briefly in B-2.

rTh data 3inkc, If used for t ran ;ion of ehimp .Onal. stntus from

the barge to tbe towing vesaol would utilize an, opurating frequency in

the V11W band since the transmission path is In the order of 1200 yards

and line-of--sight limitation is not a problem. Requiired transmitting

power at this short range is minimal. and esti.rnatcd to be on the order ot

Jr "several hundred milliwatts, For the vessel. to shore data liJnk, however,

line-oi-sight frequencies cannot be used and operating frequencies in

i -the 14F or HF band would be required for tranutiision of signals at a

distance 100 nm from shorc.

. B-4 SSMD TESTS ON AUTO0I4ATIC TRACKTIR, LORAN P.ECEIV.I

- .During the study, SS1M performed tests on a Nelco Autofix 500

Loran receiver manufactured by the Nautical Electronics Company of

Baltimore, Ma:'yland. These tests were made to determine the operational

v - difficulty in acquiring and locking on both Loran A and Loran C signals,

and the capability of the receiver to automatically track signals in the

.- [' 14New York harbor area.

T.w.o Nelco receivers were installed in a station wagon by

.elco for Srxirry, and a simple whip antenna used for signal detection.

j The station wagon was driven to various piers and docks alonag Manhattan

and Loran A, (Loran C at timne), tiiae differeilee signals were recorded

as wenl as sigmal. to noise ratios at critical 1 J1ocations. The results
Wf the experiment are suzemarized by the follo. -iug rei.arks.

t...B ..2t
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. Operational procedures to acquire and 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.,

The Nelco receiver* showed excellent tracking capability

except under low bridges and tunnels where the signal

wi• lost. This iras not unexpe .ted since normal radio

El ~ broadcast signals are lost under similar circunstances.

U[• . . At all docks and piers where checks were made, acquisition

and lock--on of signals was successfully demonstrated.

.Either Loran A or Loran C could be utilized as a vessel

location subsystem for the DMS; Loran A is preferred,

Son of the Loran A signals.

VJ
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Al'?EIDIA C

J ~C-1 HYPEFRflOLIC SYSTIC

The hyperbolic neavigtation systemsc coni.Ack.,rcd Itn the s~tudy in.-

i clude Omega,, Diffe~rential O;,oglat Loran C, L~ora~n A arid Docca. The su~b.-

sectionsi foll~owing~ briefly describo 'the ovnaetdcpera~ting, character-~

istics of these aystcza and., in paxticular, fac~ora relavant to ubi--

lization of the systeml for the Di'S.

C-1.l1 Q

Omega i.s a lonig r4nzve radto navigation systema utilizing phase

di~ffcraria watsur,ýý-A'z,-to of 10,2 1,qIz carrier frequonciGe3 rcclvot! from

each of two st,1tionq;3 W1oetr.M3hjin a.t-.i phasiud syrnchm.-nizod.

Hyperbolic lites-of-posibions of constan.t phaze difference with the

t. stations lying at tha fo~i. of the hy-perboles provide a position fixc at.

- ~the iiitera'ection of the timo lines-of-po sit ion. The accuracy of tho

fix is proportional to the LOP an-gles,, of intnrsoctions, 900 being opti-

muim. Characteristic of CMT pMl.is r .sur~tzi systems, cyclic ambiguity

causes isophases LOPs or lanes e7ery 83 ma. To incroaso the lone. arnbi~uityj,

the stations cyclicolly tranl:3nit the CV! twoav at sov,3ral frequencie~s,

j i.. 10.2 1KHrm, 13.6 KR~i and 11.33 K!13, with a 0.2 Cec off period bo-

tween o.'%ch tranmmi~ssion. Wlth a two fovqumncy :ac'ec-fr, thu re.-a.ut~ion

j ~or Jatuio wabiguity inceoams~ to 2/4 run nnd with a thkLco f requeoncy rc-.

ceiver im~proves to 72 rm~. Gonor'ally, with sor-.io i'-AnIiA1. dead roek-onirng

navigation equipiiont aboard 6h ves-rals lano amliAiL-Aiiy is eanily ra-

solved. A typleal. £unict3.onta. 10J1ock r-w of an naiato

rocoivcw is sirnin Wigiire C- 1.

C-1
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As discusoxid In Appendix BP, the propa.v;;tion of 0aega s.ital.,3

coxiforri. to the earLh.-ioiouspioro wave guido w.iich h:.ýz a dcuzma.ly vary.-

ing ditionsIon along the piopegation path. This variati.on in .ionospheric

height produces an effective var'ation in propagation velocity which

* remust be conpon.atod for as a function of time and app.roximate position

to assure predictable phase comparison. The variation prt.dictions,

known as skywavo corroctions, have been tabulated L.ased on a prudiction

* model as a function of timo and day for specific lncations. Results

of muasarazont progr.w::- have shotm an operational accuracy of 1.-.2 umn

rj I4MS depending on tine of day. Improvcd accuracy is possible -using the

Differnirtial Ornga approkch discussed in some detail in section C-1.2.

cJ ~C-I.1 2 D.1..L'(-v:'.::g '2r.,j-.

I 'the -- - ... . O a .... a r. tc. C .....

a known geographic locatlon is ,ttilized to correct certain unpredict-

able propagation anoxnalies, thereby resulting in improved fix accuracy.

f It is assimed that the Orega receiver used for position fixing is ex-

periencing the same unprddictable variations as the remote Omega re-

ceiver at the known, location and honce suitable corrections may be

detenzined aid ,pplied to corrcct the d.-ta measur3.1 by the actual navi-.

I.• gational recoiver, This approaoh rU•Toves time dcppnd.•nt errors and

increases acauracy repeat-bil]ity to approach the relativo accuracy of

the two rsicelvers oporating in a zinuJ. :,nCou3 onvi.,i,•ent, E-qpvri-.

mental data obtailntcd with DiffoveaUtIal O-uga sho,.is an itiprovcmun:t of

4:1 oior a convoLtiotial Oujda syot' 'ith averigo LOP oarro.s of 4-7

centicyoles at n .ght and 1-3 centicyldos during the d'ay (1 .cu,'ticyale

CO-.



equals approximately I mlicrosecond which is 1.50 morsers on the baseline).

Thus, the Differential Omega concept is recomaended over Omega for use

as a DM3 vessel location subsyoterL1 for the small cost of an additional

remote shore based receiver.

C-1.3 Loran C

Loran C utilizes ground waves at somewhat highcr frequency

[p• (100 lIz) than •Oega bat still provides long range coverers (approxi-

mzately 1000 zua). The concept used in Loran C is the measurement of the

[( line of arrival of pulse'. transmitted from two stations which generates

hyperbolic lines of equ4. time difference with the foci located at the

6- stations. To obtain a ponition fix, t-.o LOPs are required ond thus

L three stations (one mistor arid two slaves) are necossaxy. Unlike Omoga,

the use of pulse transmission rather than CW transmission provides ar [ c
means of discerning the skyways from the ground wave. Skywave contami-

nation can be expected shimrting at 30,usec from the start of the pulse,

awl hence with Loran C only the first three cycles are used by the re-

[;ii ceiver. Fine time diffar.nce measureaients are accomplished by phase

difference measuremanits of the carrier frequencies with ambiguity

L [ avoided by the coarse tim,3 difference measurement.

All Loran C trans:aitters oparate at a frequency within the

90-110 KIz band. The mas••r station trancaits its palses in groups of

nine at a repet3.tion ra.to of 10 to 25 Lroups per cecond. There are

five basic rates each having eight spacific rates. Spacing between

pulses in the group is 1000 usec. After the master transmits its

pulses, a slave 3tition tranazitte an eight t-ulso group also spaced

C-4



1000 usec. The time3 botwoun master and slave tran:;dLilio igt Jets ea,

equal to the one.-way time from. naster to ,f.v1, plus, n additior..'l

2000,usec to aflow the skwave -to die do,.m. Still later, the no:t, slavo

* transmits its oidht pulses. The use of a train of puloss inc-croacs the

average po'ýzor tranmmitted airmilar to the tine of pulse co•.pression in

radar. Each pulse vithin a group pay have its RF, cycles in phcase or
!

1800 out of phiauo with an estab].iahcd refcronco, thereby providing

identification of station chaine, and serves as a comrwication be.-

"tween stations.

jj• Because of atmtospheric noise which, uahen viewod over the 20 KIN

receiver bandwidth, is 20 db higher couplel with as rauch as 120 db

jt difforenc. in vianal strengths between station ani perhaps 35 db of

interfcrence signals, th LorIran C receiver raquires a very high effect--

ive seloctivlty ard filtering using eleetro-i-iochauical. or digital seor

jL} loops with slow spsods and long integr.ation timos (1 10 sec.) is re-

quired. Initial search and acquisition of the signal mz•y take up to

i1 .• 10 m.inutes.

4i• . The chief parametors affecting Loran C accuracy are stability

of propagation and the crossing angle of the hyperbolic iOPs. Although

proecation variations of up to O.4•1.scc hivo boon ,lboorvod, thay can

be patrtly compensated and p~ropea,.-ition crror3' SCOJMOM VXC~ee 0.1 11;30.

In the Eastern U.S. chain, considnrablo daL.a has hecn obt.'incd at

stations shouizig an rixor rad~ius of 800 ft~. or 95% mr-ma a", raZ-)

G- i
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0-1.4 L-aA

SLoran A is soiilar in operational concept to Loran C but utilizes

higher operating froquoucies (approxiimatoly 2 14dz). This higher fre-

quency limits its operational rango and Loran A is utilized primarily

for marine navigation near shlore. The system utilizes a master and

two slavesj the slaves norzx-aly about 200 miles from the master. To

1i distinguish various chains from each othor,. three carrier frequencies

"are used: 1850, 1900 and 1950 KH1. (TNenty-four aets of pulse ropeti-

tion rates with half-amplitude lpulse durations of 40 pescc uith at

21 &sea rise tU.,). The moster transmitteA pulses are received by the
slays station a.,-, aCtei a fixed time delay., ane rotrausm~tted. The

differential d-lay bot.efn tho reception of the raster and slaTe pilsoo
provides a line-of-p:)sition., two LOPs required for a fix. The aeaturacy

of Loran A depends, as with Loran C and Omega, on the hyperbolic LOPs

.crossing u ngle, as Ven as the accuracy of pulso-time matching in the

receiver and savo repat~tion accuracy. Total measur=ent error is on

the order of 1.5 pseo. Along the base line between stations accuracy

L is on the order of 1000 ft. whereas at extroum ranges (S00 m) ard

at right angles to the baso linep it is on the order of 0.5 m.

0-1.5

"The British dvewloped Decca systca is a hyperbolic r&dio newiga-

tion soyate'a which utilivos low trcquoncy (70 to 130 XH3) W tr&niuoton

signXls froM a VmActe anid three SlaUo Gtati1t3 to provide a poatitn

[ ti. Bach station tra&%&tta a stable Cd frequ"U signal that boars a

fixed relttiourhip to the frequetnoes of the osar three sttioes.

0-



Phase com.pari~son of tho siencals produ.cco hp,n-LroJlic LT )P fihfrt tho p~~,

are equal. TyplcaJ froquencies transr-Lt~ted would bo as foJllovs:

lMastor Staition! 85 YJfO{3 (6 f)

.1Red S3 %v'j St~ation: 113.333 (8 f)

Purpl.e Slave Stat~ion: 70,833 (5 f)

Thevo friquexcios are multiples, of fraquaon'-y r' which in this cane is

14.166 Kils. fTe rocoivor incomling fraqitoncy 6iZ.wIz are mWltiplic'I by

factors to produco frequency dit'fercnc'as for the 6tations WO-! arc

3 either 30 f (Purple), 18 f (Greon) or 24ý f (RcfJ). Theso diffezonces

are measured by a pliAwa meter of the cozatinuzott~y integrating type

(decom~ctr) iihich indicates tottu1 and f'aot-ionrs of cyclo that thb'ý ro-

coivor p~assd t~hrough. In.atruniont acau:ixcy io on the ord'r ot 1/50 of

a lane oorreeponiing to 5 yards along the beisoline.

Ji1  Th Decoa qatan utilixesa Lmio identification tocbniquo for

solution of the lane ambiguity pwoblem. Each station trunwiits, in

addition to its fine fix~ian aignals a It=o identification sigoal by a

sewou4 treanmittor at specifirc4 interv4al. ThIs tochnique, coupled

with a comiparison of thla f frequency for each )r tho thbroe phiso coa-.1

4 parilso systo= for half a sonondj r-3da~oe lan vrblirtity to 1/100 of

Pra~ctil @eowroao for Dt,-cco- t.- l1Itnit to u~u 20*1 rnbc-t,

of aentMInouB V:av prnpý-'tlon ar '.V- v #I1Iin FlAkrv Cý-2

pr~u.'te acouraty ooitoars of On~." 'or Uvi? US torst. ato a tuco-.

tioin of **son owA tilt* for W5 prutvkhi~ty of rix Acu~lq
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C-2 ROF

Tho use or giound b.ao,.d r~vio dirocticai findlers fo~r fix locationJ

has bcen ut~li,,ed for r-Any vosrs .-Wd I t~i applic~ation to thvi !',,.'3 is a

natural coaisidai-ation. In this 57Lut~cF, traundcaiGcns frcm the voical

are recoivcd at tvo shovs RD? --ations fro,' which bearin-a to tho vossolo

am meaa-trcd; ths two banx'IngB u.Oruly fix vassel location. Th., t,.4C

principle of 4ir~~tion fi"4uing (D?) isthe btoneurciint of ditffronial

dist.;nce to tivi tracimirttor using a~ )Aa or Ad**,.- typ3 =ntm.-nn. Cuirrnts

* ~gozvarted to each vobi*A~ zoom-it of tUh loop I!d'ice4 by vcortically

polarised tranim,1sxionns when oa1 in vwplitivt ard phasej, roult Wh~

the loop Is !&" to tho d~ir~xfim of tha PLrrirod siW=n1. Whilo way typoz

'I ~of RD? azatcanftv are in use, 1h4Acoek typo Is pwhapio wist attract~iv

for a shom-b.awoA RD? sttatiozv. In its zILplYcst foria, thi:s an.iaen con-

ai'ts of two vortiodl anta~n, W cornectcd to a receiver. Opc~antioii In

ifDue to the *too of anterim atiliWi In the 400 KC to3 ICU aqo

phloical rotation of th*o onter~na is not prnoticul vrd a ganiameter In

co2nJu.-ction uith four or oilhq antonnin tovcore in used. Tho aor~iow'~or

i4s oz I dl ~iL~t cn~tat of,~ trU*do. a-ksofS -t ld-t nent

each t'-r~ tuth itcut otrud , oftc trwa-tte.l erio re4-Ava d'~ ~
rv~o ied ~kOwi.to4 *.at4k &tn-At ullahc0-I.roz.ko-, zt-lcspA s WtZaPvv~d*4U14 o %,ýh

Acut -Iotmiý-1t -A .ýAdki, I t%%041 0ý !ýa o



effoctsp polta'Iza;ion errors, tilt of tha ionospheric layer, and site

irregularities. In a itodorn RDF system such au the Marconi S180, beer.-

ing accuracies of 41 degreo, .. IVis.th calibration corrections are pos-

siol.e. At night with iikjwave contamination, however, accuracy may reach

20 at 100 =% and as much as 4.0 at 500 ram.
|U

C-3 RADAR

Vessel location using a shore-based radar is deteni~ned ftam the

SUtitme elap~od between t~raneriission ;Ycl reception of a radar signal (xange)

r and the radar baeari antenna directivity (bWaring). The operating prin-

i ' "ciples of a radar in its sinplest form utilize a tranamit.ter which

P• f! generates high power, short duration pu'..ses uhich are radiated in a

Li narrow boam by a paravoJic reit'lctor i-hich 1s rotabed in o.zimen..h• When

the pDuses .'k1,. th• targe;i a .._.r.fll .. .nt of ,.1.''R- , .

* to the aitenna which is amplif!c.. in a receiver. The roceiver output

is displayod on a PPI inlioatdr; the radial scan is generated in syn-

chro-aiiemr with the trannemittcd pulae ratso and a rot try scan with the

asimuth rotat' .. rate. TUiP causos a spot to be .r!tidnotod on the

PPI in which ýhe distance and ýzimuth are proportional to the true

position of the target. I

When the target is cooperative as in tho case of the DI.AS vessel,

a socondary rva, (rlac, beacoft tratspondcr) can bo us td which redu.ces
power r•quirae.uents of the radat trai vtter and red-oces clutter by

litilizig differeon frcquencoe., 'Voduiation tecluilquez can be In--
corpoi'atol on the beat.on to prAvlde oessel Identification and other

. coded dita.

C-lO



1The frequency of radar operation varies depending on ran-e,

Senvironment usecd and accuracy required. General.y radar range accuuracy,

which is primarily a function of puloe duratiou and display re.solution,

Sis on the order of 1000 ft. and bearing accuracy, vwhich depends on azi-

Smuth beam width, less than I0. Because of the high oporating fre(eýuncies

of radar systmis, 1-no-of-sight li-mitations prevent rmnge coverage out

( ~to I-00 rm."
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Ant/Coalper Loran Loran Station R?, :t. 11V to . v
liocoivors si.'clual

10-
Loran Rcvr Printcur ILot~l L'ine of' 130D, /4.-wlro each or' coJlurim3

#1Unit Position Z1

Loran Rcvr. jA.

* Evjin4s Unit AutoTrack Alarma BCD) 1 wire, 1 =Loss of AuLtonratic
Track

20-rint iInhibit BCD, -c =de Inhibit

Loran Revr. Printsar Ui~it Lar&~n LOP #2 }3CD, 4 wires Each of 4ý Colturis

iiOperatpi'., S;at'u BO, J. W.,IbŽ?Q
25-- . ~To.r. P!cvr ;§2 i'tC25 it ~Events Unirt Auto) Track Alai7.i PCD,. 1 w.Ero "I" rns Io, ot' AW---Tn.nt!.

it " "Priait Inhiibit B3CD, 1 wire, -111= Inhibit

30-~ Event~s Unit Printor Unit B1iapsed Tire BCD.. 24ý hr., MO~M, 4ý xirers ea. of'
4 Col.

If i Vessel Ident. BCD, Pre-.S-t, 4 viros ea. of 2 col.

35- E vents BOD, Coded, 4 wires, 1 Column

Print Command PIOD, S 2 Print

Note, -All BCD 1'gnX ?"O is -- 1.Ovto + O.5V W;j "I is +12.4vy to'+ 7.Ov M~
dO Drai't Su Mtrg Fin'rjrtr MO. P tre'. Sippials Diacroe ta dc closures~ Eat folloW-*

unit bin~ fra'tt1ct~na1 parts of A01. l~oad:
1/4,j 1/2, 5/8.. 3/4,. 13,116., 7/8j

TAL 1:
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LINE NO.

*-3.1.5 Detailed Features

3.1.5.1 Operating 'Mocdes

[I 10The follotring? operationitl or status mnodes shall bo provided:
*Power-off Mode
*Transit Mode
*Dump Mode
*Test Mode

15 31.51.1Power-off Mode

The power off' mode si-all be the de-energizad status of the MIS and
shall be available for applivition when the syatem functions are not required

0-or when r.alfwiction, ~innntsmance, shlpmnot or other requirozants neecassitate
LA 20- lthdraval of powear.

3.1.5.1.2 Transit M'odo

Tha trunsit node ti) 1 nioraitil opara'Afr~g tiod- uzed entroute to and frct,
25the ctiwnp site. A LW&r.'mlni oi: Len minute warmi up 3hall be roquired. Min-Ir.A1 crew

t-3 ini tialft_%tLion stG~ngs arid flor..,,l acqttds:Lion of Loran Vklster stations.
In this m~ode, continuous mon4Lorind of looation of the viease1 shall be provided
by ttto elutotr-ackcing Loren rac'-ivers, anid shall be recorded at avery six (6)<L' 1Lmiutes which AIU resttlt in a ldstoryofttlwentiro misoior. Intb013 mode.,

theopeato altllbe bleto~~cod sgniicat eant bydepessngappropriate
battons on the events iudit.

~~ U. 3.1.5.1.3 Di~rmp Mods

by The dump waide shall~ be Initiated upon corunand by the vessel capt~in
by &pt'oiai~nZ Vno "Ai-ig flowe evenits PA~ton to signify tho indtitction of

dump and the "Llwap~ng Cormplatid" bittonu to algidnfy the coi~pleunin of cbp. Upon
dcpreaa'on of tll:.3a anJ WP~ oth3:- "E~icmW buttotw, the vasasl location shall

4-be racordod every 15 jaoinda Ae a t-.,- minuto Foriod.

TI t to at n~.:do vhi ;c..tnono folloving activationao h "b:d

a f ip n.-Won toaso*'Ui1n prop-ur qkipr~eimt oporat~ion. AaaIdnixtimi, thi~smd
swlprovlde C-1.: .-uiAncttcst Inin~ethtion-iofL. Loran rocadvera n su
ovnsbutt.;nn. kk al3;.u sh-T bo irounlod and a light lit Ohmn tMv Wmrn

rael~var3 locs lock.

08-1 3_1 ?.) (HP) 7-15-7?1 1 ~ WJ



I.:Nj: No.

* ?!~ofrt&L op-trati~ona. Jrcideing ucqu.:;ncaiii ulml. L a3 Cq.,Jlows:

*Tent ir,*e
*Trnslt zrIol

*Trernit rudc
* Toot nodo

4 * Powor-off .?nde

is- 3.1.5.3 lIloct~r~cal. Powor

20-- DCs IL-minl~b 3reV CUM to 5-YO) mndrfio1Jy 100 ;uItta

3.1.5.4 Cooling IWajuiro-J..%,AS

26---- 0I4c'i.s thLJo ~ric ~ it:~~Indii~~:

[ T~~ho or~ratlnz con~cept isi ba~cmd on V~ia cVptai~a or other p.crmo in

35-
3.2 char-cte~Lrctkcs

3.2.1 ~ ~ ~ l

lirstr.,ý .,.- p'43ik .. nj ~"VV

.... ........ ..I-. IIw i.:I
r~j'
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LI1NM E NNO0.

[Is-3.2.1.2 VAaS01 Locittion Accuracy

L utt~n ~The byaten shall dotarntno and rooord locationt at the vassal

[iDinti'noo rom Mrbor CEPEror, "81 LocattoO

10HH 0.l5 N WI
100 N Mi 0.251 N H

is- 3.2.2 P'hysical Obhiract-.isticis

* 1.2.2.1 'Totsl Wcight and Six&

The tot-tl waight and rise of tbo MIS onboard equipmwntt asb.41. be
20- pts~tct vith good do.sten p*actigosq for Mth~ inten4od application. size

Ad waight of major oqaicient'shni1 be 1ixdtod 1y. the roquirazot for, sin o
portaibility of an i~dIvId&WA componant, and *bhall be ans pecifteid In the

tail4 eijtj~t speifictios. he nnital ystnem wv3ght shall bo 85
L *wis. T".. =nit-n iýf,Tht of P. in'nla tnnts~lahla unit tv,1l r~ot exa*e AM,~.

23 .!jj:.t1-1 rck ct ~!'VII bo, zaJvan-Aly 26d .J ýio x 1%)" MS.& z 140 dz? or,
loropton1 shWl be' no.-U~14rty 16" iaido z 32's high x 160 &,a*u. '.te JkaCt

.2.2.2 Tw-pa-proofL The systoz" aquip..ns t*thall, to the umduu extent pnrotk41ble,,
vid amrity froiu unauUtorlsod n jstWett rW/afr tomparift. Whore

rable and practcloble, out ble f '~aomrao a&d fastwting 4040.3a- sabll be
vidad to tRscoutr,-: abuci a~ eq~zapmits or ,upfal Podigctation at seat*i lnotion to eatoa the Inte-dd purpose of tho MIO.

3-.2.2.3 &jot.' InGW-1Ation6,-A Itoat -,= & brntV

Lt Mha~ be do-rw or avtyI.-11atUoa obo~rd t~w end
Ov., ~ Th -ny~ias jwzuilmn-at rstck tioud L- 1ocatad praarrthy if

%Aaa hwaao. U-1 i~o t..rua %iutdd be 4& 1,10c &0 whom .*wL~t3). VWe

- 8ftah Flni-W .;M b.- tc*19w do4ck, r4 tbet Iitp n r ~jb1 thto t

Th4e o vr4, n atl Vw~ L"?S, raeU eha bo1 Otar

ou vtj,- d - -t K.it
Uti I* wtt-

I~lao
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cablcrzaya, opiie.--s, etc. The only ~idp~ jnbcs a~~. pt:'1l bl
pCseZ C. cd ryj.i r Cor~t i, CQ ý: 0 ;1 to . I.. ':'. .. t T*.- tn a
of th:-.3 r,;q-tr..dr-mnt. ij to parrd~t uiwi of' t~ha J~ on~ Onl.~z cy oc;ý!AO.'naiy
vbking a tri.p to tho &tn-p sito3 -ji.W'zj it ivaLp ?Io.A zo;I\J% ~~u'.t cen'.
vese mo~ od~irl=MOf to rweept tho rc&*uIj:-..4 --;' to Ujit v ..:y:u J't-O 17o- Vi'a

3.2.3 Rollaitbity

,~3.2.3.1 OrvmLontA ¶C1I4ty

Th*e qu(~S n~l ýal havo a r--uieif5w ivr
ar '... .i9~ ~ ~ .4rac. t ~ /~)I~.j.~2~i

] c4. TheCi ~1 otizn sII.hts ll Itho m!ur-xt opthi

cIorbt'j!~~t:Iy~ o~1re -It at~U or

It.

PI11 a r b IIM

re--a -. - -- - L

A*-A at*~t-Iy



* LINE: M.

0 The sp.cuified1 HTTR does not inc.1ude logistics/admhinistrativo
tlv.e for shippfrg or transporting; the favlty e dpiunit to and from thr, vessel.

3.2. 4. 2 ilaizntenAns 11.11 flours per Operating flour (Wler/OH01)

10 The VIS equipment averaga in m~aintenmico Man hours per operatinga hour shall not ec-cec~d 0.03.

3.2.4.3 Built-in Test Features

Is- Tach Lor n iupment zhall have built-In tsst features to record the stat'xs
of ech Lran e-V.var and to indickate tUna loss of 'autommatic trad'A of each

Lrmn sign-A b- sejunding an alam buzzzr nnd ligh-ting- a flashin~g panel ltmp.

Si3l.!D1-Thdy, t_-i al.irn rio3l be- providLA to -Indicatue tai v-11,cr~nd g i.oss of pap.ar p>

20-
The Tý3 RLv have a riaximint downtime of 2 hours for doc~kside

repair follJowln, awnnaunemant of' a nooded rcitair and arrival eloak.Ada of a
"trei1-ned rPiAnteinance msni witn sp-ares cind nozrn~al. te; t erjuirpint..

3.. ServlcTiý; At-bienit Coridil.i-.ons ~ L~Lh.gau hlit

as a::::ified balot1 iben eprtuec'.irnito

302.6.1 Ambient Temperature

TeHSshall Panction in an aain-tmeaueciiowto
+)50 F to +10007 without thne equiram~ent for e-dernal heating or cooling. The

36 at~enna shall function in wn ambient of -20OF to +1_500F.

3.2.6.2 Sea StAte

The M9~ shall function 5n all sea state conditions~ up to Beaufort
scale 8 (gala_ force winds of 4,0 Kts).

3.2.6.3 Relative Huimddi~ty

The V431 t~ail fanlction propcrly at. all. relative huiaidi ti~es normally
oncouwatored in the sajlt.-sea atimosphere.

43-

:3.2.6.4 Rain, Snow, lcee

The antenna shall fuinction proporl. e.--posed to all normal4 rain,
srowt and Ice encountered at sea. (The rwrnalidor of the DMIS isi in the protection

5- of the chitp).

Sf-1-12 (H.P-

~M ~Pi.i
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s-, 3.2.7 fiandlina for I4~.ntzman~ce

Deployrv..zt FundJoi tc 1OZSUC rt 0i' VIC 12* 1:il cWt
trrmsporting, of -CjU.,- ,~On4? to and frou: d',cksicio .Crou ri.i.v~dvn:;jn-c, and spar'es
dcpots, requitrinj.f a rinimwii rumber of' pe.-sJ.n foi- lmnO''tti::, i~nstn)lation
and reir~ovai from the veessd.. The ULM'S shllM ba e. k:Mlled to pýmd.qt ono**rmna

j ~miint,.ntcne'lo and tran-sporting of' sy~;temn uimte

3.3 Design and Constriuction'

Tho doo~g and consLructrutx.of of teDiM. ishal.1. be i.n accord:nnce wit~h
1--the V03J1owing subp~ara-giapbs.

3.33.1 Materl.Jl.s. Procezsiesi, amd Paets

In tho selec-iton of msti:týrlals and parts for tihe E£:i.S, 'jfi- of
20---th 4.'ao objt~e of *rf;.- ~3.3e sla-l b the-. pviime ccnsldc~vv.atior. Xnqphas;is

of' tti.e convirot-moat;i. andl ~'d~ condit.`.Aons irposed on the eq~uijxuýrt~ ýihztlliba
IR Ifi~a or cc;d..~c dtedesic-mi a.J. e-1-ootirjn of~ s-st~ec Co:.-,r.np'1n] ~ ter.44.0 U .Sand pvoc 'ýýSses slial.i eu1id whera a.pop~ronate. which aim.n3. ;.Iz

The P'.4S cquip- '..ats sh-all tise cables and connectors to be orpecified

30by the contraetor.

3.3.1.2 Stanmderd Part~s mnd 1ikiterklas

The J)NS ecupmissi.qU1 utiVia hne-re foasible. s !tnd,)rdI
c o ru ai rc i a parts and Niiii on-shnndardi parts in~ciui31-ii electronic

35- tubesi diodeso and tr~w~it::eceSo.v -,iiai ba ppriai1,tod wh conmponent- par fwoianVC11o
2 degradatia.on or sys tem rel.3iability is sigtu i 2iev.1"y reducod by using stanidard

parts. 1

'3.3.2 Hamoplatez; and Rruducl, k~~

Nwop1.I'W =0e p-OUda.t ark for .~~in iotfltionsa.
be J.!i acCoi'(Itn.vcO th~i Lo hou 1 ety comi raccor Lille, -%.J.i. clearliy
show.. ~ow. -l1P of' Irs- a by tho Qrp. A. L1e~w.

Li, 'ta-- 333 ~vlvtli br, of~'h qua1J. I;y to ~-rnsuf", 0h ii'nto' tho
design ob~jcct~ivo oe tLho WU..S. MU.3-J itQvy ~~ t~cte i.-SD44 qi~
9 vh al1. SOV o ae .!- a C. I III i.n t2~ ck.: a L.. C '~'ri 1::1.t 0of'FJ tn±u ..1ru I qu i F w at

-. 9
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t3.3.4 Io /'" it
The E-*t5 eqttip.lcts andz coi,-p~onent part~s &alli 1Perlm1 L interchangeability,

wiltI othart- znt~ ~r~ or zppli~zd d.osJ.Uzatod ocjultpmcmt and part3 unless
~tj.pIm~u~ tod diffnwiý.ntly b, m~od el, drawimg chanr;ges or other iniformati~on by

contt-act or orkcr. The i.nterchvrnge of units shallJ not signhifican~tly alter
~~ L swOotm perfot;iLincc or re3liabJJiity.

3.3.3 safety

Tli, IX-S 4aan shall assiro opcr-tiornaJ . ~y of tho Ve.sol crew V
anlVor =ArWAjv.ioat p:ýsoni-e1. The eloctricai8zl. syst. shall. provida sui table

FT fis!.ng &A. gro-.wnding of'eip to Airdmizo alecti:,riea shock hazards.
L 'ho eqio:i shlall no L exhausý ,.ýny flarmasJ , excplosive, or- toxic gan, during

romrrA ope -ntlon or at elo-valted teixperature.s up to 2ýO00F ambient.U 0 3.1a Thoc-ei PnLaitJon

A )cwro n tatio n req~.iirc!,c nts, if any, shl be as ;3pecified in the
cont~ract.

L ).). ma~tin 1e3e~e Ui.O

The syotoa shall hoP designed to require minimmui raintainance anad

L11 30- ad~iusttient ovrit' servlice life. Maidnternanco salb efre naoi
m~dul~ar lv at design~at-ed rnhintcriance depotie end/cr equipmwiet rinauractwero
£acillities. S1l1%.boai'd mainiteimnee atu doockide shall be considered only to

theextnto(' rmpl~ceraen.t of eusos6, adjitstmelnts, and replae:'.rnee1t of separately
jm;alal [I its.

3.5.2 Shop or Field Test.1ng

V.!ajor roplaceable m~its shall provide., to the extont practical,
specific taxt pýxtnts for ease 'of field and shop L-esting and Lwaintens rce. Acce~s
to these test pointS ChAIl b3 prolilded Utillzing- equ~ipmont cover plates and/or

I- ~ iy wnit re-inova L fr'om' thei equipni.mt rack.

L3.5.3 Spres Spply
Th-s spacrajupie for *th,)JM shall bo as speciffiad in the contract.

Li3.5.4 FaCUA.1.0t~s and A11.1 '11 a11t a

Kni nt-on-m'ce dapots itr`>-_OA prrovido suitlblo test f'acIlitio.a and
~-*-~x~~~p~t(-t1 P-.c'ZI; .Caul~t isoltati~on And curx'octlve mDitsr-~.aios ýi :ar1Arnctioning

,IUI.':, andi ~'~r-1n l 1.'At *vcn. pdrsinr requlrltug e-xt'ansive vork o.0

;. li~;3c ~vieh~ s)3~h ~p1ý ct" by the oejuininont r.n:uf.-actiitrer.

Oli-l')123.iI31DTi 7-15-71 PACMO3 .1-

L ~ __ __



LINiZ N'O.IDod:'VJ.-.dO~ Iopaix E13a.r;l~. Lie pOi3b.3ti.tv no : i.La2 n1~ I&~:LL~1i.

6- oacis%. -rid O.3CilOsc.Ope.JU

3.6 ProlllwdTaiig

Tho M.i.EN etall bo des.~gxa ito bo op' itc., Int0cl 7xid ntaixei
10- by re-n-onttbJ~y quu!1i.Cied tra,2.nc 1ma1.Th veo;eJ. c, Wi' ovrer.z-itifma.

tasl shaUL. be ianl-mlýc.1 ., ic ln- vt~xUIaly -LLaintIrg, f;cpt or, orporai~onal1

15 __ ~~The charactawl. ties of' tha3 rajb.' c~i O f~nso thn3 rI"4 haJ be

J ~as dascr'ibed bejlow.

20- 3.7.1 Antenna, Unit Desigrnraton 1011, (UD1ol)
The ant-.nna sball bue a werticai. Xhip ri-,at:ine style an-tenra ~o:~r.,

15 foit in length and loadod tue operate at Loran A f eq mcnc )M (l9~IV~

253---

L 3.7.2 Loman Rcecivi.rs, UD 102 and UD 103
The .MIS co:aprian-s turo Lormn A reuol.iveisl UD 2.02 and UD 1.0l3, each.

approxlimatel~y 1/1.1 wideo x 9"1 hi-Igh x 1211 deep, !-uch as Ne utdcai Electron-ics Co.,
30-- Inc mnodai auto'lix 500 recei~ver modi~ficd slig-htly for th!Is applic:Al!on, The

performance characteitis of the Lor-an roceiver:3 shall. ba a;3 follows:

*Sens~itiviLty 1. uv or better

*S1~r.na-to-.noise 10 dbl or bett-Cr
35-- tfDfferentdal. Gain 80 db or liore

SpuriouS reject~ion ato JIcast 60 db
*Image rqjc.-ti~on *at Jlcas~ t80 db
*Bondwitdth, 6 db 24 Kliz
*Acquizition ll-asr manual; sl~ave, autc.Li~tc huntUt40- Cnd lock
*Track Autolaxti~c
*Lons.-of*-tr~ack.-Alarn 1BCD GiAl. iror attc.:'Vti- JIndlo.-Aldon1J~ (..~-o.-. ewi,1co -t-ioa .so i'le ha]l. be

45- o. f C WO !
Raceivor S'-atuan E'D C'! it]. to ¶n.*fvcn ~a

recordtujln of'ieiv. stattus

Ut LI NO ----... . .-.....-. AT .,.1.-.--.?.---.. . -. .
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CiY CM31 MA A'c1('."ML.N I ()P/I1.3iN I . 1'P J,~~(I~

L .LOP output BCD, 4 wire signAl for each of' 4 colz,-ns
to printer fo.- rocording of t-wo/ 4.41.gitLOP%

LOP read-out Displaycd on NL-,J.a tubei3 vii ,ibio'in on fron t pzanol
Print Inhitbit output BCD) otgnal to inhibit print commaind so

10- that recording 1.s not attemupted during
the interval when the Loran LOP
rcngiators are bel ing updatod.jgRT Visible in dayl~ght without hood, to
show position of' pedes~tal gates and

15- Loran GfvloG.pas
PRe' AFC to l~ook on Lorain station pri'

*~ ~ ~ ~ ~ ~~n i~rn znJ otos Nn~ized wit~h a~propr±itta interlocks
to ensure proper, si,11r1po. operation.

3._ Printer Unit, (UD 104)

Tho Prinrter niUD 104, shall ba app-roximately 9"1 wide x 6"1 highii; 1 dep suP1h COS, 1cs;.'J rt Laborator..a mode-. 800O modified slightly for this

shall) record dbhta each tlyr.:3 it receives a print co~rmand. A via-ib~o and audfl.ble
ulara -.hall bo provided 10 iid~ 1cate an irhpanding need for re~placemsnt. of pap3er.

1 anid 2 'Vessel ident' Vi-cationI~l rnd3 Event
35- 4and 5SparesIL 56 thru 9 Elapsed timue

10 Draft (whon utsed)
11 Loran receiver A satut~s

12 thru 15 Loran LOP #2
Lt 16 rrjxi, ratatua (if used)

17 Loran recoivor #1 stratus
1S tbtrn 21 Loran LOP k1l

46-3.7.4 Zventn Unit (U) 10S)j

The ovants itait, UP) l05) is a cuatorn dniiignod uitit approx .1r~tely
"91 wl,. x 5", m~ x 10"1 drmerp. It shall cont~n an olentroniacloc~ok tyith
4-cdom.:1n BCD outpu.t for rooording clapsed time. It hllprovi~de a printL 50 'on~r .~.ito tho printejr nqrx'ally evax'-r six (6) mflnuteo but every 15 accond3 for

,w .i.nute:,s following ea~h avont * It sh-all dolay a print coroa:nd to tha printe.ir

LPCM. AE
G1-L1.3 (l'



f or ci±a rk:Li.Txc_,d :-iio~ti-j 1 ii, 'r n.i i jvzi .p. 3.x, ::10101LIO.I.C VulL >'r~t~
1TorE-.ln rocu~b.'r-. Rt 1 oolt-. s1dam r rn±d Hi'o. t a .40:h' 5 .i

Q3;f~.i;,, 3.-ccGO.Ved . o;':".~ rL~ J:i-n To.'.k. It mh)i. trnoinmut
a `41,3 Co1nri'ýa pro-*se" ot sJ0 NOcx sdv.ii& ~~E~ i;:iv.!. to I'Ae p:.'i It ~'zJ1
U-nn~. i.t -*o,.OxTADIi to h i.tr nr~ to Jqp.rcý-;lin. of tL-ho
foJ.1ow*:.un '-evant-" buttuo::i. The Ohw C-oabhI orcnta; b;T.t~im: 5 Yhc)-1iJ sh'13.l
be p.ovidled to utcco-rtfxL3;ýte dro>~,~ o:LolrcW., et. Cli, 'Ahil ~ha2..Jve

10- provisions for th3 n~pt'opriut-o c oc ~ki

1 ILativJing dock noml
2 ~ st.ýaM.11i"h Ou".11p novw

3 60ul. In ~tX~fO
4 ~Retu~rn to clock n~ow

5 ~ ~ ,sing ixy poinft, zFL (e3.g.) J~uoy"Xf~X:l)
* 6 P3a.3ing B:4 pointD ý-'2 ( M.L,,ilfos3)
I7 0 thrit 9 Thres' acU.ditionA.c~~o~ic evCTA3

10 "iLkio"(for ey-ne'ron~inbi w1l~a STIM')

3.7.5 E'quir.-ent Rhick (T~)'1.06 or ITO 1.06A) it; ~ ~a~' ~ ~~ 0

Coupler Uhlb), atnd shpl.1 provide for t~t -rk 'ýak*- P . O±. .... '

3212 hig~h x~ 20", deop i.a. a. j.iibas an onti~o' LZor uso ~i~ho .2e les1foor oro banc-h
spaco is mvailab3.e in the vojrc aieelhouse.. The sipem..ic Ejulg.-jiicn akt

20 edelivered shall bo, as speo~tfi'it in thae contr-As.

3.7.6 Drf 'lmn nt.IIL 107)

Tho Draft Sensin~g Udt, TOD 1071, is aI CIsto~iU dodig'1 u'tt approxcim~ately

35-100wide x 5"1 h.igh x 174 deop:. it ,;ihl.j cor.t.r'.I"n eig)ht %djustabla prann-11ro
si'ritcbQo3 sach as 1c1.st eon, iX-dx'. 22Z1-.. P.9, A~ a pre!--.iro lina for 3/4"1 II'S
cozwsction. Th') sv4t-cheen nc-4iY.1.y s~ial ba not to thr.ow at the f'ollowin~g

LJ~~ fractional parts of WllJoarli -1/4 .1/22 5/A, 3/4, i3/3.6; '1/31 15/16,, A\U.
The unit saull uiitbetUud a re&cc-Mu"o of 65 Po-it iit 1 .ut~ d:xom. Thn contr~.-it
- halse~ifyý the qusnflity of t'sy'uvw,. ordere-1 which dl-all bo pxrovidlfd xith IUD) 10W/

4. ~ "Alii. AcoIuracerc 1lcxrieLiona

j 4.1 %moral I
t5...To tbao npotonm t or';c).j b- i ; ,~:OC .O,!Jx ah- oTni.iX) r~t1) c ucth

thie 1mmaiL ntmm-ri -twivr1N qu11.A-yt:zý-m-c-no~ for boat11 po:-.xcia). .

4.2 ~ cp~~'~~~

U Aeeptnnu( i: nLh t >.) pl~J 1r2~C~~~t~ ' :wt) b%ý-.;:. upon

* Tho _' f .pot U :"A1:. hob' t )t~ '~:t ir'*!¶)r

j)Cu .-I d-AI b4. A.



u--parr~omm~mi roquirow-mni, ot' t111j spccfmathcion,

4.3 Spacial Tests

Requirevvnts fol ~p.3ca.tsn oiblt ot n~nb~

L to- dr~ntraton~ ot,, ~' nyshall bo sapxW&atoly eata-blshed.

3. reaparation for Dol-ivol-y

5.1 Packaz~ng

The =M;t OC the DI'43 bf . kgdfi e t~ nacr

Lwith b-is cm-aercial.p1Pet~e -xgdfrdkvr nae-r

5.2 Sldpping

Shipping shall bo to localvdcn3 and Shall IU53- carrier3 &a-Lc rouatea
5111301tedby custzon:r.3r

(2t;

36-
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f ~~~IYI*:.Trr.AfIO1 SPEMLFICATlCIU

for

APMROVAL3

NAM DATa POSITION

P. BiX:tgi.V4,i 7/1' 51 Rese~arch UeoUton If-:--d

~r. ht~~i . V7/1.5/71 L ft

I IT



LIENO.

~~~ ~~uirvoUikt&a., of ow4il"hdi.jic t.im

ij. q.in;Vm33ttc a.muo:cafi4 tor s-:%Dl.ap ml~:itar.l r.; C 3't;4ui

091-234 J-tr- 2 vafi91

Tin, r C'S a)- :Y- -rl~ In lz ~W Cci-5-.a, tfY?51 or M.."!;. Tpn

102;103 1e~I ca 2 14'v x 9.1h x 220d
3.04 r'all aL r. I 90-1 x 6"h x ue
105 'b~tf~t I'alf, 1 901 x Ph x 10d4
106 Rick I M6v x 19: h -20

or, optic.,% I (or' UU- sl-~tt 1=1 M~or/lIvlch cypkcv i's ýmtlp'1ist)a

as 3.07 xjalz V a5Ft 1 10111. :t P~h !t1Pdd

U-4 lO'xvdA; ;*.3 Th, VOW~~'~ ~ )3, 4sN3.1
bo~~~~ 3ov,-t Z';4

I, t Z~~i rtlhýý *U.., ~ l

Tý,% llit- t itý, 1A 4 t

-OW.t



SYST9GM MANNAGLRICNr uwt N fMcl E-OUIPMENT $'PECtFICAlOM

1IUD jL01 11

2 0 I . 0 0( P I,

Cable I1 (P/N TBA)

1i0 580 U

~Coupler 1u~ J 30 lqtiPiueni Rackf
'UD1OOr1O6 (D~Pi7(T3A .

.12--vir'a Signal ca,,3lo

35 -) (B) () P#F (TEA)ý

S0h-ips hp'
Power Goc

32V DO

j LFL r, 1 Jjf:tjI~hd Syratc.m Lterconnections

OB-3OAT24(1.1 15 Julk 1971 7 PME. .... F.....



L1I.! NO.

3*3 WI .iPROBICISLE

s- 30Electr-ical Powci'

j The VN8 roquir-on a rottn.fm1. iCO W4 of electric pow.r at a nomi'nal

j 10-3.4 Mletrical ConnectLions

The Wl'S intarco!nnectlena ehall be as slown in Figuro 1. The only
external conn~ections to the Rt.-S stwi.l. be ns sho-wm to Ship's -pwer and shnips

LU ground. Tha i-t±'3 zi~;e3 shall be covp.tti~ble vit~h Vt!j requir,.Td oyatmi dirala
Snomiinally ICO0 watt~s marUm;in. The slhi.pave v!=1i1 be no!:Jall1~1y 32 V DC

(althlough, u. V D, .o 65 V Dr, accapt'1ilo). R?' Cablics a" r.4 F.2 shall 1ja
ma'de to len~gth, usii1g i,ý 58 V coarxiui catble and
ships gro'snd lead sh'lall b3 at 'Lefst 4712 NGdi~rectly to a suitablec rf Grounsd.
All viring shaill be in accord with best slhip practica'.

20-
A!3.5 Portaible Coil fi"gua Uio1

The IMYCE icay pro-.do a portible V.J43 f'or teivporanyu~ aor aLii-se ulh lr ccc sl.t.wraly r;;-)i`Li- ffS. Tiuh 'S- -o s;l.1 be pre.:p... d

Its _2 -. . . . .

LI'.i ~p~~, ~iii),ottJrline :fzu Tfia~ a iarvi unit of the portable
V~8is already oquaippal wi4th ýmlvoi ~il nrnovUnng bcackefq for tem~porarily

nclamwpizzq to suidtable shiips st.,utctui.a. Tha equip~ment rIek may Woui. 30 lauhod down if hare, roanbirq4: is not pract-IcaJ in the temporax7 installition.
30 A 30 ft. long r-f arterma coiA _h is *,provided wit~h the. port~able J%-S.

4.Qra.alty Assuranco :rov-1slcns

4.1 Inpection

Inspactioni of the Vassel pi e-freation sholl ba accc~lipli shed by
-vessel o-,:mer or his agezit and i~hali bie stubjact- to rev.1iew ant(i ap-vlrovaJ by
~. ~'DOE prior to lx~stalflatilon of' eqUip:_-ient.

4.2 Chsc'~zout

Checkout of' tho inlt-jllod nu~;cu haLJ. bo acrc like
(YPCI or its designeo In Vtlxo p'i~;- 0 o.L z) o~v or h13;- "e I t :d sl-mli

Li: detecraile that, tLha 3 in -i led A i' o fu.. ý Am tn. d i ilj p-CopO ty.14.3 Opoxiatao.Tr11ii
I mTe rcquiL oq ;. .1.-t;oatt~ duiolzm U011~.~o

U .!i~ ~r ci-~~, C -:oxrz~cr r-.Humo a~'i, 01qt"' 1)'Iton. of' o~r
-)-ratloll 0j, oT-fontý' cn, ) .. 7;~ .r~.ya. .. ~IQ~1

~~~.~~ .... ....l.) .. .t i.z... .
-~.-... - . - Toli 1971--.. . . . .-. . . - .. -...

*1 ,



f~~I. ST. 8

i ~ * I~; '~; ~Z~bMANIAt*.Mi N r 0IVIS;.10N IT.EU PCriCA1OI

6-- Cptn ndis smte3del,-ated to the iA'rnt 1X..ate. Tra1ining In theve

roiaiAvaly ciirple. proce-dwaro will be provdded one(to the c:v.ir o the C ptan
tind tl~o F.ate) pivoetcrably at the timie of equipta.3ant C~heckout.

* 5. Notes

1-5.1 Titles to Equip1.;*,nt

The -,x~pipaent Of the VIVS shitU rcý Ani tho propzty.r tht1U District U. S. Cor~j.3 of Engrinc-zr3. Taimpring with the aqtxipraent vaid/or
5-recorde-d d~ata is not pex.,titA~, under pconalty of lxu. ONly nia.operation

and raplacic-e3ti~t of printer ribcon, paper t.2pr v Dc fues ac. -r.h1 the
fron pinlae'~L.A witihout o:oiwritt-a p :,issiton of ""'Dfl3 Etch
indicat~ion o1r ,i.Aspielon of -:n-MacJfr~tion ov nlct.3I f'or v~~wraintomanoe
shall be promptly reoprted, (e.g., by' radio or t-31oph~ona) to 2iYDrI1. Th3'

20-- TYTWE will be pri lrelyaccess f'orc ervicin~g and ren-ova1/repiaceraent

L 5.2 Use of dviJi~tion Incororition

Loran A currant asw~.cf byozito P18 hn n,, %1i uu1fi1JU*0j. i iihuoodao
on the part of tho U. S.; Corps of M>igiveers.

30 8

35-

40-

45-

~. (1

19,
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F-OL i

EQ•XFI:,•.T 1YOIIOTOt". 0

U FOR

F- SC).thfDICA.TICG " R'4'T

LI L_ I

[7,| -APF'.'OVALS

NAME DATE POSITION

F - -.. ,...- * . s.. - ___,___ .* . .. .. '"'" "" .',.f!

S..... . __"A__ _0 D N_ _

[I____
1.-________________

[7i

'1 . ... .'a , ._ ,o . _

,'I 3. .I



1. NOT REPRODUCIBLE

F'Q..' r'*'.J'.c.: Y., .
d caeVi.azt~k ali'd t o; -4rcý 11" 1, 0'. 0. ea. uýrf t ~jL e nucs rL,~

.....................- I be' dw.. -s-n n,-i.mifa1 tw1ed
~- to bc-i-t cc-Z lsvci*I.ý- p-: ctlc3 d~u a ~c d..jy oz -tT 'd wLx. Y 1111,ed

5 3*1

C j.-.. t

.1~
3 0---''

5CO'I dc~tThet~ ~ e~ !. ~~ shal 1:.f- suisin si m:.)r. dtzlo

3-3- 'o zis- i.ui t, w~ sysO : -i'-d1i'-lva~ uithE ud'.'- ;; ~op"3vioa.s

*SUAP-o byoIwza ccp~loo n~nAltm -1%oavt n

40-'~



l:• .~ ~~~~~~ ~ ~~ ~ ,,,,..................... ....... ••
I-- :. . Y•'rC:,A '3 ,,ANAC r-.I 'A .NT (.'twVIV. ,fN / C:U I!':j~ 2 'I" •:"";~•' :V'!C• T i
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L I 1EM 0. NT E~pRODUCIBLE

A. ' .

15-

Reore !y3a R pc.: ierj Ec;tx l ~1.0 vai

203. Di~ V A~iiing int3Of~t~iDr,

3.1.4~~~~~p~~S~ Pb-tth'33a tiOL1U5ý%.-ýitcn .1J-

201 lDrztf Vmuin Uni t 1 3"x10Rx x!0cu Cw 1w tC!,4g cr.d ij

mwt.0.0R P.,"rd-ne Suich as

ii~~h f ol ~win ornatic-m~i ro- bv2.,I rv~d~

o PoweA0-OI. 1"1,10

Li4

o~b OpQve

And hnll'n".

*!2.t~a)a 7iIh~i~*7.or.



SY~31'Evrvi, MANAG'EME~NT UIV~If71rN .1i 'MEI C~i .

LINEi J0.

3- 31.5.1-2 Clvrato IModa

tl. op-.,x'ato im'vdg ba ent cu red by cwu.tch aevalo c1t~~il 0
v ý b rocordir. uzxlt, *In thlis n~eda, ccat3mu- nw ita-enVgd of sccti draft to vegd fret-i t1ho

d ip lte shill ba pravidcc by wi alvwaog mor-der.. Tho rcoordin, wuft G-la11
o n OLtain a t*'fyopout-bte nwiatavy ho3.ctimr slAtch uused for t)ho "larlk-N1ou"

op'.'ct~itr ~a"r to prA"1 c10 fi.dcont t to ccompmvato for' the 0otylus
pr~inT cyalo int~rwii.

m!" LID-3 enz"mtrfrAl2Iy cner&J.od fron tho scc', poie t r

oo'rco ncGv:Yt112J.y vquiyrm~v 1.- w,41; t 12'-, DO.

lii the SIN~ ,sh-.L1. nprl-ta vrlth±oluL :ivd of oectvrra1. Coolin or
ho t ir. dvicas for tica xw1cnci ti~fins spaclified in Pavgp4h 3.2,6.

12Comxieor ii1 du a tisno rmeriod to bc sp-car.ftsid by t~he DU. !,,'he opaa~t1n-coe
Is baw4 on tha hiS Ca1AAn or othar per.-m of .Puthority ve.Ucdating th*

re,..-Med di., by A ar~l~l t tho f'aot tlt.% tho data' ur.3

aa tpe o wmk-3.datoamlhow ' ad r.3utfl to dock.. snd vssoo1
identity.

3.2.1 ftrtom.-m... (Chrvactari.-Wt,,

I i* Tn3 SIDS3 shao1 po-pilda ruco'~nm, w.,muonent of the afmi' draft
~ L ~ in :i!&C-x. us t th.a CoJllo,4irz, 1,:.' -it-ii1att ofl' creft radtiv to full

IfJaA4] &W3~: 1.t!, VA, 5Aj, 3/4, L3/ir-l 7/8, U16/.%, lwd M'uU.

v.4fjllf' .:e ~ cc '. -az. 'Ali.;) Th u*r'i o r . not

1N Mt.,. . . . .f .. .. . n .,. - a -- * f -- ,f



LI
U.NE 1,1.

* 3.2.2 1107~3 REP 'trDt M' LO

Tho tr:.-1 vrjtrd;~~ of 311J5 onteco-rd eqvix-~cat1 shill
, b. bo I-OlA1tQTt ifitil ioo -ý F ~ I:- I "A~tc

3,2.2.2

'±¶~ ~~v £~~rs~.:1.~ ~Uto flh- "mfr.' oe.;elb ~icio

t-yp of OUlIT, ruur ,ii Tb t wr.Aud ba t~yp-.*r.!fty .la. k-'-d -1i the

Saw L."ao .Od-Ov ewa t-A" ypi-0.y 'Mt-Ai~dclitho

ae., LAA -I.

3, 2' 93 .1 .pxat a I

The crxlrwin kwl-ra a t~wma otrtl p.-raisi, 1a

50 UasI~~~ -. jr u rcn t, yjtw
.ont or Prts



IT~ ~ ~ 40- 1il

NOT REPROOMBILE

1Tb 3L 1136 nqmi.r- ý cifl t-: a Mom Tim To R,),%iie (14-ifit) Of

Itho BCorder Un5.t Lh~l Wwr~id a ;"--o-taut b'tti.-mi conditioni
not-or to provy-de -. vt.suil Indication of 0h2 DcOW. Wlt"er viataro 1,~velp Wain£2a epreirt-14 zi.,i not-ji.

3.2.5 6e'.I r ibient C~5os

310$X3 ~ l~X.C;*rafs satQ~toii1."Ly Wn43r C1,41 Of
* ~thev.jC&. *~~t $5ma7Cb CO'Catt~~ 1W!~bhC~f.%i3 thi 01u

~.cordJJb.o=~ Oz arcSe'sie In t!Se fo11W.ILI Wale.

L~br~T6:Vir.tiir:C 0 to 1(Yfr

L R~ttS.,a U& l~: ~ ~;a runove") 4*14 ar ko UO~.

Tho &-Ap"*gi un~ .-tti&ti.of of tho SINJ esxi1 bo ini anoordmom

30 with t1ho lollmlt'l Ol~p-wogrphS.

- 3-3.1 MAcS~s il e- P't

LA In t..) lrfactjr~i at maitorla.3 aml M~!ts for tbha 8113p ft1Wl.'ia2t

35. of th m Jt~WA, ~ob~otjve* or Mm~ w/utw'tm tlv.U bo thwi p1314 convidacatiOat

shtUb- a w-yJc-. 0,d1' in tJ'.l do .'il1 -'A- SatAet tD.t

~bSo~ ttw d~'~4~i 4 oriwowtm +w to the, m1lt~-wm .to

VVI Al Zd.TA hOAU arjs o-Jo and omiateroi to bo

M -IG 
ubr- fe~li 4tftd -. r-

S S . ~ . ~.-a a-a- Sl 5fl. S4 Sb tA~ ass a-a ss.4p



LINE V!O. .--. -.-...-...

V c ap ) .-t w'5 o ict F ecd *-.4 1 R O¶--U g

bo I dN.j t~o b mbwa
.41: c1'x -27 Avic,'W1? :.ljp o-C rcrlr.f ýnt by "qWh. Covpts c?

th -- %- of th ".1jfltlfcCt)5 A

t~.i~3 IVIf ls7 kL.3 ;:. mAji 0-r-3 4 --lr.Ato240'

4~ ~~~cl 3 ýbj V~r'"~ '?it " Av o tsaic.i n
C.C..- ýr.3orttvs

s'y xnn:-ALsi' h!Xr0

xv rrt~.. ir ON1 ntsss~iidJ

-.-



Sli 1 r NVI. K1ANAGf.M'.!N-rDIVIIONECIU1.1JiENT SE&COUMU

6- 3-5.2 Shop or Fl1old Testing~

MjrG1O2L xmtini Shal- proid.ido to the- extenil prfoeica1,
specitfic test coints for eatw of field and shop tostUiog and uudntcnance.
Acciýss to thnca tcest poi tit r-boll be providtdd utilizinig ecquipmmot ecivor plnate's

10 a~nc/or by w.:it fr~,~a1 m~ th,) equill-zeat r'acks

3.5.3,3 S upply

U ~ coThot spai'ao supplied fmv the SIDS ca.be --, sp~ooifi d in thq

3-.54 aai It tita mild Thquipzet~s

f Ma~~~~Yintsarvxa ( ts srlpaud sial os ja~te n

Zqu lnet~s to pal..dt`Vut isola~t.h1i arz ~oiv'eieC1-1 '.v fltanIslCa 'Of z~

AL!.:~u~, D~,c ).c-ý xipvlr :.Lbo acemp1.c-i.iid using, uo voles. than a

The SIr23 slafl .U1' edes-iqxld to be operatedJ, iLost2id, wnd
muivaindd by avoniA:1Ry qnvdu htd tVzouned psr sonrao1. The vanoJ0. Caprtain

So-arationo-. taslc is 4i _"''iquiurlih. virttlly no tr2.ini.sg xoept fwo,

LI '~~~' 'c ol' the zrajor carn.ponent oth S103s~J

LIbe as do.b
3.7.1 Drar utit (UD T.1)

LT~he D.iJX 4t Sunie UMi6 .t is ccar~ipsdl of euiZht adjuiat:bla
py~~~ui--,n oJ.dt'13 itc in h i~i houstrn,, w-coh, .dth fhe' Reo~rdtnb Unit

SrzAj;.;t r b ,kýnlc cb )sl~ cnesIn dc-eixtt, res trmca w.nthe
~1%-.._J3.ch..,'0CrLO~. D3i wo1 ,a8 to-h tai~ rcui~t is' provicOmd

&~dO. 2,1212.4.), T~ ovC. I i of th(3i Is) u ')'LJV 1
1V U~ lsi ý:.o 1.i it .r~ ~':rcw,4 it- ~ t of ntop e~z~' f va~usol dvý'4 .t

A3/.6 71$,j kq/j. rsiF . cr-c~m f iov cirze o erts tio.; of tho preshiuxe

IL0 a~'. j~ t Prur SeA 2% of R-i ng,
0' Pzoizwý. Pý,. " " 0,75 to 20 psi

o Cv'rtu. .c~t'0.2 ptJ.

L 6r
OA U:

PAGV 2J, lw-D



LIME NO.

S- 3.7.2 R~eortbv U-nit (IUD102)2

Fnt-cck X.-:Atq. 238), 4m rooix-ter bwii.k, end a t *(.zj C,-V.Ut.-!c .r-Acr Th1"'

appox~.: lz c ci' t'!-!, ructd-ri.' 5-VI5/3 Sh x..,/~ 4-16t'. T`c oei~'1.1
Li 10 Si~ze of tho :ioccardav Unit ~ is a ro;1y x 14*. x 10". * ih, o~xr~

'uhich px'&.1.dc:3 tum :t~~dry' iri.A;, ctll'Mi-c~tV Uit&J. rC La~fe tlin
fo.Ulove"j: chcmtcrxk ties

Se1vtA,,!A Cl!art Siped StA~m fnor 1, 2; 3o 4, 6, 1.0, 12
a5 nd 15 i o, ca

Chairt bmitvnr~y 0.45;1

20- FJ ' I
Full T Mn--e 0* 30 ~

25--.

4. Qa3ity A3urw-cc PlaomJ

to VA.- itbioicr- 'm-A iiai, cflb sj-

35-t A-v.a 7--a va'.-h, n d rt Vhs r!R 3~t qult for; bs au.1o'sn 1~ prl-xt, bce

4.2 A Tent

itc t: 1ý!, o toi U 1,03  ,CIL-30L tc---1: 1v." e
AO ,'



L IM r- MO.

S 5. Propa. rLation flor !2rLiUvo4.

The lIz~tt of "he B3IDS3 I-An11 b3 a!~~s~ for~ dojliver nacn

i.-with best ca cla~l practica.

3.2 ShiJppi~ng

[I'Lltti.ma 21"ali. be to 1e"2tions an~d sha11 uv carr~car3 eml' rvab.)s
S sP.' ix.M.d bry s L c ~r. r

Liil
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U ~LI

APPROVALS

N 1AME DATE POSITION

__._____________ 7/5 1 lbserch Sectionl Head.
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for instaU ltfon ot' tho ebo,; Iniai x:V y~~v 5~K) b l*r tc,ý:ord
S001.34* The 611LiS Is used iii woj~xo i~o1 th th JX$insti'1.-Cd On the.

10 to~winv tug to provlido .-urvisillanco of oct-v i~np~.

2, Rferaince Spz.e: Cications

o Eqipment Sp ci.f3.CatiOn..C~or S~owj Ind~icatio~n Drvft~ Syst,:,m~S)
15- ntirbier G?.-J.125--(1U?),, dacitd 15 Jtuly1 1971..

V o FEquii.aznt SPOC-fi~3c-.Mon ~or MIPS vid DA,1PS, raiunbor

2- 3. Requirements

3.1 Alutwei Cenii~mar.atioa

Tho SJ1)S is cc~n;,r~rnd. of the3 Drc,-f.t Smising Unit) UDl 2.0.1 and

2S' t h o Reeoo:dAllit U:..to UD Z02 Ps slhowrn in Fi~urce 1. App~rca:dw..te is es3

0-20L1 Draft Sonsing Unit 1 10" x 5" x .1?"
202 Recording Uiait 1 8" x 14J" x 10"

3.2 Installed barongemnont, Motuiting, e'nd Fminnat~ion

7Me Recording Unit contataning the C~C an-Alg xecor'dar, battery
iaotarp resi1stor brin'k. an~d "I.I~rk-Nowi" awlt~h. are mvunted in on3 caso and.jJ shal.l be insUi-xcd in the scow cdeo!c i~: n a convvonient locatolon for
operation and vervIoIr'g. !a"Iho Dr-'fI b Unit sW.be loc~ttA balow
deok3 *n4 imwl6J1132d Oil 0:cist,.g pIl±in3 inboeard c.f ,;ca cc.jso thaL~t it[J ~ ~ se sea5@ 38uter px3A'O31=. Mho 1og~~ian nih&U we'ito~asivaal servicing.'
All m~ou~nting n1 be in acoord with b*rtv1ip prac Uce.

N3 Eloctrical Pol~or

70 I DSO )JI, ubn rxvJ';.r.,', 0 et %-.omtrmt?1. trt A.L. le u, &JC .
S be oyax'rte fmo m an xi"t3.E:, U-M-myi uvl'výo th semi.r A britt-&-y4] mstrr cont.ujxid inRecord.-i, ZA- IP) 201 b.sý~t.~ to ckbattaky

ocvldtioa pdo2.' to leaviro tleai, for a~ eat.-p atcalm

L Ro Ipg0IL

Mao1~ .XU 6(' ' : 15, 15l.71&J
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1 4.Qaatity Assur-ic,3 !"re.nc'son

1' 4.1Inspection

Inspecti~on of' Yes,,v1 prr~parvtj~on shni1.1. bi accrj.rpU.1AiN, by
t- voas~i- o*.iA#,r or his~n and shsll be a-ojc to roview zmulc appro-v.l. byI! 11~U''DiDO' prior to instal3.aion of cij*it

4.2 Chookcout

I!c~ r~ Checkout of' inst allr-d cqui.i4:7:.ot sh-0- be cc ~1ic by
11YDF. r Wdcagnee in the~ preoenc'> of' tIh or. or his ac;:nt -.zid shl-i~lI deterzr.no that the inwtoalld eTq'i1.p,-it. is fu;t cio-ninZ- propei'Jy.

4.3 Oparator Tralriir4
20

Tho systonI req'uires wx7y JAtt.q. attantion during ro.o-n-.1a
oporat!.on ( !ac~tof recorde~r Paper, "?mir-1lw"Lvial swi~tchi
activa'tion, ba'ttery status: check,, etc.). This is nonmvEJly the re.-por1 ibi lity
of tho tug voese1 Cap1ti u is su:mutimo dse1-'tc oth i, ae

T-;dniný, In the3 abrjw, c i-na'.Jos WI.11 b3 providrA4 at tho tiv- ofcvrý:.t

30 5.1 Titles to E~quipment
The equipr~ont of thu SIDS shall we~iain tha prop.-rty oC' the

1iO.Tem.poring A$th th.) cquiprwnnt ard./or rocorded data is not pari-ttcd#
tmdar pmnaalty of Led. Only normalt oparation, n~d rqcptraoni~t or' recorder

S papov are pctwritted vi~thout expree~s uritteii por:1i~ fUIJ.B
Indicatiort or suspicion oi.' syut'oi motlftmetle or nced for obbir winto-apco

e~lbe prow.-Aly reported (o .g. ratlio or' tolephxone) to NTEJY3. Tho UNYDC?

w1ill toe pon.-5.tted tim-A~y aic'ess .for sarvJloirn end rerii'v.e lc~s.iit of

45
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M e N . O I-1 7 ) R O' O v 3 5 , k ' .



Appendix H

This study was basically perfoimed by the followihg principal

investigators at SS!,D:

Mr. Pie Bizzigotti Research Section Head
SMr. John Charlton Program Manager

Consultation and con'ributions were iv•nde by the following SS&D

L personnel in the specific areas indicatod:

Mr. W. Dee Legal
Mr. H. Pannals Comranicatior/Padio Direction Finding
Mr. A. rinsilvor Reliability
VAr. G. 11pas Telemetry SMr. M. Hans Ocean Instrmnontation
Mr. R. HRdelson Loran

Mr. J. Ibrrison Loran, Omega
Mx-. A. Sp2rbcr Fcd-d•, Beacons
Mr. R. 1I ochinger General, Printers, Draft Sensing
Capt. L. Kapanka Ship Operation
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