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 PRELIMINARY SUMMARY OF DEPLOYMENT WORKSHOPA
uJﬂll&, CA., Dec. 1-5, 1980.
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The 1980 DIMARD Deployment Workshop at LaJolls was attended by 20 physi-

cists and engineers (see Appendix 1 for 1ist.) It was the first workshop on

deployment since the 1978 Summer Workshop (1), and its purpose was to Trecon—

sider deployment ideas and procedures in view of the extensive changes that

had occurrad in the concept of DUMAND arrays; to consider new concepts of de-
ployment, and to estimate costs. \ .

Before the workshop some new deployment concepts had been advanced. H.
Talkington (MOSC, San Diego) had described a "Master Buoy" concept at the 1980
DUMAND Summer Workshop in Ronolulu (2), and G. Wilkins (NOSC, Kaneche) had
proposed a guided~drop concept (3). In addition, further thinking on the
drill-ship concept proposed in 1978 had also been fruitful.

On the array side, the original 1978 DIMAND Standard Array had lomg since
been abandoned as impractically large and expeasive, and much thought had gone
into the design of smaller arrays, and into the study of their usefulness. In
consequence of all this, the Workshop Director (A. Roberts) prepared a memo~
' randum (4) to the workshop that outlined the arrays to be considerad by the
workshop, and described the deployment procedures proposed to that time. The
participants were congsequently well briefed before arrival; amd the first
norning’s recapitulation of the array descriptions and deployment procedures

*Proceedings of the Workshep, containing complete reports ‘from each wotking
" group, will be published by the Hawaii DUMAND Center. -
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Four working groups were org;:-uzed. (see Appendix 2): one each to work on '

drill-ship deployment, ' the master-buoy concept, and the guided drop. The.
 fourth group, a smaller one, was set up in response to requasts to study a

problem that comes up recurrently because of pressure from cosmic-ray physi-
cistsen The wilue of the DUGAND deep array .for sindsiag Highretargy Lo
events (WOSLE ‘ba!grestly’ -enhanced Yy supplementing Lt wlth, &
systen; ‘ot Or mear:-the surfece. -Since greal: seeptichmm about %-:i:a.,‘.- A

of - :euch -~an.. inetellation bad Deen @xprossed by magy, orapnegrapheia aud o
engineurs, itiwes haped thet this group atght some .up: With & !:anmnaation
that would settle 'the:queshion of feasibility once. and:ft o mdmne
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“ Ad“fiest formiléted; the arrays te be -covmidened conaistad +af . two.  ver=
sloné: ‘of  thes dmse: Arfdy, 'with the same muabex sfrstmings snd sensoxs; but
differing only in the spacing.:They mere ‘cdlled, rvespectivaly; the MEINE: and
the MIDI. The arrays were also referred to as dense or sparse, and the spsc-
ings as narrow or wide, the marrow spacing (150) requiring a lower sensitivity
sensor (S = 1 stenger) and the widéd spactng’'s high-sensitivity sensor (8= 6).
(A sensitivity of S stengers means an average yield of 5 photoelectrons from
the photocathode when illuminated by 100 photons/m2,) - S
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_ In_ November, it Bafore: thé warkaliog,: Zalicingtan of fersd another still
smaller array, which he thésift of erefirst merely as an initial exarcise in
deployment (5), since it contained only 19 strings and 209 sensors. However,
Monte Carlo caléulé€fins ‘by Roderts indicdted that'the arvay:-wms <Anufact use—
ful for detecting mions, and so the armsy talidajysiTable 1, contains this
"MICRO-DUMAND" array in addition to MINI and MIDL. MICRO-DUMAND can also
exist {n versions with narrow and wide spacing, MICRO-N and MIGB@wW,; so0 that
there are a totdl.of feur drrays ta be condidered: two with asrrew and two
3 with wide spacing. '

. it o o ey “mintoaEg 3r sl

' In addition, each of these arrays can be designed as cubical, rhomboidal
- or hexagoual, as filustratédiin Figs. ‘1 - 3. ‘Table 2.dssorfbis the differ—~
i ences among these versions for the MINI array. The differences between these
versions 1is mmall but significant; the hexagonal array is superior in that
the furthest distance an interior point can have from dsstngbriols: about 10
smaller. for a heséigonsl afray than-a cubic atray with:the innoe:edluma and
number of sensors. The hexagonal arrays offer no difficulty ia deployment,

' and most deployment schemes coneidered only that configuration.
F1. Crid, . R L TE T O]
5 Table 2. MINI-DUMAND Con!&nu. iathonss? sin 1 oo ok
¥ P17 e P dwves b daied 3 Ty
: SR Ly ST A uadne? play
a PROPERTY _ . ~ CUBE RAGMBUS HERAGON
FeRwE LA, Voo L e Uat gmnde e gviaen i
No. of strings on a side 11 11 7
Spacing betweew strfmgs,im. - + 1370 "o crodbelRuio 1622
Spacing along strings, m. 15 s YA i 38
_ Total ‘Re5-6f Strings’ EEETATEE & F 5K

Sensors per string .11

e g 189 F5

o ' Total No. of sensors' ™. .-
: N Lensth Of botthQm.lﬂo . q P N Tr 5".’-".75‘?\':3 il M!Tz
Artﬂy . h?’istlt. m§ 2T x - e !59 ser A58 s Un 150 ¥
Area of bottom,n’ 22500 22500 24304
Volume of Array, a’ 3,37x106  3.37x10°  3.65x106
; ' _ o . Foy o s gow B Tl i
Typical ﬂlﬁoﬂll,.‘i*{ - 242 woe DBY aniiore TB¥ s
Av No of sensors/track 12 12 11
~ Maximum Distance of an Interior Point -
from nearest sensor, m. 16.77 15.14 15.14

LY

Definition of Sensors.

The "low" and "high" sensitivity sensors specified for narrov and vide
spacings respactively arve defined as having sensitivities of ! and 6 stengers
respectively (i.e. 1 or 6 i{s the average mmber of photoslectrons produced in
a flux of 100 photons/m?.) Por the purposes of this workshop, the low sensi-

_tivity sensor is a 17" Benthos glass sphere with a 13" PMT inside, of essen~
tially neutral buoyancy or slightly buoyant. Its weight in air is not over 50

kg.
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The high-sensitivitysewmes s-gliven in m;mgmwmp the Sea Ur-
chin, as developed in prototype form at the Hewaii DUMAND Center (6-8). The
sensitivity is 3 = §; but the weight in air is about 1400 kg o N4 She qlume
occupied, in the colupnd state in which it is depld¥ed, 1s a “sytinder im
Loy wed et Stemeten Apein) iu waven, the.aodale 10 semevhay bugyast (ce.
30 = Y. o Kl torantively ; 6k high-sedettivity. modvie aan be & m;ﬁgsi.enl,m. -

yet 't02be sfevaloped] iulidewschevsstaristios avg HOMEAGUEALLE ANASIVOTE. Inm_,«_
sup‘pﬁud?twn mnwmmm dmm Qﬂ’ amwh 1088 -1 v B “-
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These parameters are required to dulgn tlun mqtm M cmts;n s

string of umou. They sare svamsrized in Table 3.
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auow: - avents; Sn-DIMID. i Sush wrests; pceur- Salz) And. SReir,
conldide: maf Settar:unigretend 1£ sowe; gdﬂ;ugyi tmgg pvailadle
bestidea Thats Sulond shad Ay BIAID, - Such. dats. gould; be, kha &P&??ﬁ the. slec-
tron component at seigdewed;: mamﬂﬁof e «Lmné ol
or near sea lavel, and the rate of development of the shover in th atnos—

_pherey’ : Thes Shrvaapbadl ng eguipmens: reguized $0 stady; these:  pars
pectively, would be an electron-shower detector array, at or nesr ses level
(10)5 aisst of mumlmmmm%n , PE, AOST. Ags. level;

or,. . Tipatly, | a: :Tlytavime. oF: sAaliAC. datactor Lo, p%‘? ) . Just
sbove DUMAND to obtain the cascade profile, to be 1mt:od on as close to
. DIRGAND < e 7 pousiitdns » Tt Aatwr: has' alreedy hass stuiied. in some. detail (9),
and requites o ecded daploynent. | The speclal group. consis red @lg.r:.'m qshcr
two pouibilitiu. ' '
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wotkshop, more detsiled results will be presented i
workshop (to be published.)
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suniﬁ ﬁaﬁ the: eancm mm An mn Lm»;aw me s deplownt-s_
via “an* ot dea1E Shipy W cup -seteled; for definitentss;au the Glemr
Chdltenger &4 ‘W pfotiotype witdlaml gt e fact wmmum e 8Bert .
period required for 38eployménty - The ghip-balongs 40 MOBmad ita nerwnily  schew..
duled for use by the JOIDES Deep-Sea Drilling Projocl:, uhoac aperat.ion 1: cen~
teted "4€ 'Phe seﬂ*ﬁps Pﬂ&titﬂ:&oﬂ. Lok EE R
A drill ship has the aduntage (see Fis. &) that: 1: un lwer a drill.
string, consisti of 1 sections of 5" steel pipe securely fastened to each
- other, to dgpﬁﬁi% 026 36‘!’%1‘&, sfid APLY1 tnES €hs Dotstmedt-that point.
Techniques for controlling the drill string are well developed, and with the
aid of acouszi’é qg AEHi" and “etnt dift ‘pi fdes ‘oWz a-dpil1 holey ! aliow: the
ship it ffon the holé) ‘sail away,’and return later to place
the drill string back in the same hole. The bottom and of the deill string
can be control}ed by thmg;en l:o poslt:ion it enctly. FENE ~;-’-v a0

“..: ot

This capability can be used by DUMAND. The drill-ship groupy” prhpoud a
technique 1in which an entire string was packaged into a canister with a hole
in the center, which they christened a "bagel” (see Pigs. 6}i: Bapandfng on
the size of ¥Hé bagel and’ the handling eipacity of the ship amd drill-string,
a nusber of bégels can bé’ threaded on thé same drill¢string (a¥:¥agels.used to
be displayed in New York east side delicatessens.) Thus attired (see Figs.
7-8), the drill string can be moved around over the ocean bottom (Pig. 9,
carefully depositing one bagel at a time at suitdlé Jteatidny;”dklagipositiom.:
:lnforut;ion prqvid elther by an explicit checkerboard marking sy:tu, or im—
pli@igly E& iﬁe;gr i h %m: &fim t mwwmw Glw e

tsJ [3 R B :ga W S hd xﬂtw e Ll
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ys, it ﬁ"’thgﬁgﬂ*‘i Mtﬁ% ! e enttve 121%0triaghe of - Ahw ALRL s IRy pa.:
a ethple drilf stiltag: tc""ilﬂit ‘There’ s oty mehﬂw !hmf&r- /
pluyu t‘*upii‘tﬂ& ﬁﬁu’ﬂ’* mwtn %f‘» thc ﬁnﬁnnu m '
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soyb MR mEE o
L np  the drill ‘string, and maneuver one end under the drill sh:l.p.
* Pawted ¢ uﬁﬁir + hnéW"Hﬁ’ ﬂﬁ!ﬁiﬁg ammmm MH m ﬂ'ig.
UL, VR TR 8 e b e
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5. Extend the drill string until the bagels are. close to the bottoms A
‘section of shore cable is fed down the drill string with the array (Mg.

11 step 4)
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bagel. For the cylindrical high-sensitivity sensor, the bagaie:: are:: =
larger and fewsr of them can be handled at one time on a drill string. In
this ‘ase threw supsswty daplivpinnt gperitions: wenld : het sequiitand.! £or MIDI.
ForSas Urdulis She Sagelsipie still bigges (eem: Figes:6) 5o - enly: 15 Wl&
be ‘onrried dtiwnce, il e & separese - dpkoyRent . SPAEALLONN: ; ATK /.
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large arrays; the economiseiof. such ships, needs ta,be mm)
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2, The Hutor Buoy Concept.

As origiuuy suggested ty Talkington (3), this compt allows the deplo-
yment of a complets MICRO array (19 canisters) or the equivalent, from a less
expensive ship than a drill ship. A drill string is not required, merely the
capability of lowering a deployment module of the ‘vequired size. The module
need not be loversd from aboard ship; it can be towed out to sed under water,
or on a platfora capable of being submerged.
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, As developeik: AT workshop; the oﬁgimlwn. _ 1: desdgn:. required
modification at several points.s'Thus, for the mrr&'mé:lug, the 3%&0-
dLét ilupTy * do hot?Mide Shough” FLIgHT: path to: resthstheld: tevmisml giide:Bngle
o valebt eyl ¢ Mg 12 vahows: 3 plan view of thal 1%:striege -thet sake up 4.
mmmrwm sitay- is“fdvh:p]destn three: separate - stagsts: - Ths: .central
chaister, idirderly :iundér - the:‘mastar biocy; Lis simply- dm-mon the opean
floori'  The' tanet ting of-ein too close to be dapesited Sy pidde bodiap, (is
located by means of arms of the right length thati hewd: dewe (as ﬁm sn ilhﬂl-}x :
and deposit the canisters on the bottom. Fig. 13 shows the master tuoy, with

a »concrete. »yulhor on the bettes; sdx wrtidal- ;nmm; that carry one
cnhi’tu' m,mnﬁﬁuﬂ mwm rsxa sf six ; !qph &ht‘;; mhc np,
u‘h mm ri@sa e ee Fq b

R W i : 5
'rhtu slgmm Mnﬁm ﬁm nhe ﬂM”W;!M dmlam-»
antibh ‘of W neir-deplojment technlique,: which we sighti nged the slbow oy bend-
ing’ sri;**‘thﬂtwueﬂd%b waerant: farther: stoly: towes ow asll tt-aight s conpete
with' the  giilledisldy: techinivus;  dven in the raoge vhere ik latter:- is pesith i
- cali  Yor uhirt’ ditaiiies The betidlng armiis: W;ﬂ*wﬁww fot ot
toiz Ul&rgt e gnww, ?.*N*fhw uy be ﬁM@ﬁW“f‘ s
B fromn Loawirigel Piadsvndies ot Tinyy pwrd

For latset arrays like MINI and HIDI, tho wjhdo-bam i m& mumc
 that a series of adjacent hexagons like that described above for MICRO be 1laid

doiins’ u‘g.- TR i goarﬁm wvvay as L#ld down Wy the - Muster: Buoy
procedutd¥, “ WMnmf&v ssver ‘hexagbii ‘shwiswtcuinlitng a:rdeatrdl one,
“each with 19 strings, meking 133 in all. The array no longer forss an unin-
terfupt¥d 1a¥tTe structiolh ;7 the boundaries Hetween tiexmpgons wpgsar Yikée lat-
tice defects. This has no effect on the performancs ot the array. :

..'s.
T ::?s

In this scheise ‘of deploymest, the Sea Urehin cpalistevs aws so large that
the simple g}.ide%ody method for carrying them to the bottom no longer appears
practicdl. Thie‘§EL 4l Bbdies become as lavge #s ‘s:-fighter plane, wnd need mch
more substantisl structure. Their cost therefore rises to & value that makes
the aystes impractitsl. This is demonstrated in Table 58, whidh isummarizes
costs for the Master Buoy procedure. It is clear that MIDI is excessivaly ex-
pensive when deployed by this method; for ‘tHat westwe.sdwtlbeslvip - deployment
appears pre!erable. In Table 5 deplor-ent schouu for both schemes are given.

wF 0

It is worth repeating that these cost: estiuntu ars very 9ul:l.n:lnary, in
the very limited: éjpe available during tNe ‘Wworkshop,/:the gropys «ifd not even
have sufficient time to consult each ol:her on the colu to be 1included in
their estimates, < '-*: FERNPR RN A
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nology$: mbthim quite. ke 1t hes ma% Wizm t}gvn.lopnent may
be mcuury.
trmpere Soa a o ' :
The guided drop system rquitu both an RW ltll underwater connections.
It 1s “pobs¥hble td-dafailld such Tequirenents s fessibla; were they uwnavoid-
able, wa could no deubt live with them. Since they are not, and introduce aa
additiona¥ degree of uncertainty, they sppear undesivghls. ,.The. use inty is
compounded by the fact Shat no ROV suitable for egevatios af .13¢ ' ut now
exists. In the face of these objnctiom, the msmt-dm grOUP, ;ui d by the
old politicul principlé "If you ama’t lick »em, join ‘em,".degidad not to sub-
mit a furewd duployment plsa, and contented ftself with uklng suggestions to
the other groups. Pof sxample, thay pointed out that. in-emy uping mil~-
tiple deployments, there is a problem in connscting tiin mtitafiy deployed
sections together. If the interconnections are made on thesurface, - the Iin-
terconnecting cables, each the array depth in huth, 1.0, about 4.5 e,
would be connected to’s.central jumction bex. To.mmi _et,a;jﬁltmmétidni
on the bottom requires underwater connections and sa ROV, I formr case,
aside from the grsat lgngth of swch intercdunectiomsys ;m;wamc on the
bottom presents difficulties. Thus the ability to weke permsnent and reliasble
connections at gmt depihs would.be of gréat benefir: ﬂ mmm

&, Dag oymeunt of of an Auxiliary Shallow sub-aur!aco Artsy.
) '*ﬁ‘ﬁ.“‘?’i,f‘r 3i a6 i 3 ®ou _;'!

'A shallow subsurface muon array as an ad jmct to mn hu been dis-
cutud in some detsil by Grieder et al. (10). The:prepoped; 4 ekhore, about
100u? each; iare sssusedito be atis depth ofi about 30m, and theis, apacing de-
termines the lowest ehergy shower that can be detected by the array. Since
the module ‘eost is a misll fractfsca of the deployment cost,; e ARy gd a2 200m
spacing between -mhl.u, thus auuring a hish Tate’ of dcl:mt.-- and & low
threshold énbrgy. b - EREs wwiios g e

rface or
surface array wuld consist of individual sidules (Oorenkav datectors) sbout
10m in dissefer and li'whick, deployed to semgile an e of 1 km? at a spacing
of 200m. There vere then two alternmatives: an array on the surface or just
below it (to detect electron showers), or an array at moderate depths - A0m to
50m, to avoild the surface weather - to detecl: low energy muons. _ :
: .He‘ T Fer b eeviant oedn B Lguol B
The deployment problm is thon huw t:o noo el AN aruy to allew !.t to
apém !or fivecyuars ot morey " R e .
it E Dnpk® ey FF ey AN i iaoEp mn + -
'l'he ﬁnt conclusion was thal: the nurface a copld, ) "at;aly
. ruled out. Experisnce with moored buoys in lh::;,hu nmﬁ’b:nﬁciiu that
thelr ienpectol:iifendne . uodex. the copbined atiy ﬁ “mpkhe
f1ohernan; -1’ shest.  Snly: the pereansnt nooring. ok hagean, @
to drivesoff vamials;: vould: even aliow cossidesation of A . 4
even a subsuvfuve wivsy wishin assy range.of the euctacs,. ., 3A
prospect appsared aexpensive, further cons!.dnuuon was
WWMQIWM veoamdue wdr p¥ o vdvel
:.';-' Gdsn e PES e ¥ 1. r; -y, \2._-_:& e . i . . .
This implies that we un only s:udy t:he mr!aco }&mfeﬁ;bot{, e, .
muon component, with an energy threshold around 10 c.v. Thts 1s Ius advnm:a-
geois cHuw the soft mmmt,qk bt atill m‘hu.bhu P gnh Tt

For the purposes: §f this mmu. 1t vas asswed that
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The deploymeix gircivlsm:then bolls- down. Lo Lhet of, sachoring and operating
a sub-surface array, without using bucys that essrge through the surface.
This is generally conceded to be a very difficult problem. T

Tvs Wooring procedures were considered, 1pc onmy:s: qbapmyu; triangular
in shape (see Fig. 15) and about AH00R: oR & shing with, spen; 1 ; 18 moored
by thred vertical buoyed strings. :¥his iscaliek s. “rant” mmeping (Fig. 16).
Alterndfively, the mooring lines are “scoped”; f.e. caxniedwif at sn angle
to widely spaced bottom anchors (Fig. 17). '
ikIesERE T .

A triengular arrsy 1ike that of Fig. 15 will not remein at a fixed depth
in a horizontal plane when acted on by currents or stovms ¢ ufiepmetuently, 1f
the circular detactor modules (so shaped to minimize drag) ave to remain at =a
fixed dapth,  there mast be sensor elemants to sxivete & depth-restoring me~
chaniilh, e.g. & winch. Thus, we edtisage 'd systom 45 whigh: £he sensor mo—
Siles are tSsdckiad the nodes of the network of ¥ig. 15, and meintain them—
selves at the correct height above it bty paying out or reeling in cable.
Power is envisaged as qumbug up she Iang oahlas: 185 the. hottomy vhich are sup~
posed to be tied fu to the DIMAND bottom arvayd: This Sle-in slso takes care
of data transmissfsa to shore. Priéssdures for: uaking the 94e-in ware not con-
sideveds Tauve e demissia leo0T _-

It may be that the depth-compensation system canbaevelided; -provided the
total wmotion of the array is not excessive and the depth is monitored. The
fseéation of the sensors relative to the DUMAND bhotsomasxay. et be nonitored
to a fev meters. S S o -

: R AN N L e _

The trisngular array envisaged here is made up of cables capable of smain-
taining relativeipésition only under tension. The guestion vhether the array
18 ever subject t¢/dewpressive forces demands an anmmsy. . &% dees mnot appear
2Mkely that such occssions will deifrequent, but they caanot be excluded., No

" peady msthod for streugthening the network against compressive forces seems
~#ikdély. The bestrone:sSin SMsgiow:is a framework around the outside that helps
the srray saintain its shaps, not by rasistance agsinst compression (a rigid
column would simply break), but by being flexible, maintaining the tautness of
the edges in the same way that an archer's bow keeps the bowstring taut.

oy Phush esshustewof :oeskzare net-too -alevnieg :(ses Table &3 but. they are
‘ probébly: i uadesentinated. 5 Thay do.mok iualude,-for smmple, Anghars, trisgmm-
lation equipment, or the tie-in to DUMAND. The Ziasstallatiom,ceet. fex ,lo8g .
moored cables, and the cost of the lines themselves, are not high. The most

-sarious: probinny aud seedtffiouls Se.quentily, same ;5o.he; tha ,kehavior of

* thet stbvsurfadesstray>wndens the: stress of .ourrents,. stomg, apd.other epviron-
 mental-hatdvdess Bege.she bighly-vecative gt saastion of . jexpariapced . mprige
-sugitekte end- oesamoghiphers 'ehould:aot be. igsered.. It bad: besn antieipsted

. that. sestisusoastdanst isasel khe, sub-syrfase sarey-wuld, ismdistely  demon-
. e Ayrface array.

Tetoath -4t duprectienlisy, i vhich .did i3 bhapres with sup o

- Sines: thigrhone sotshappened; furihet skwdy -4 ln-i“‘@.ﬂm IQ&MI"' be.; mated
that somewhat similar arrays have been deployed for kelp-fatwing purposss, :in
shallower waters. i ' - ’

Fage hply o83 = geryvae baeos
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“Panding 1 the final Sevdiled veport from thusmux d-pmu study gro-
pt;, ‘1 dtdl i"fu"tﬁﬁtﬁ& coueluuonu almt amm mmmuuy&nuud

ng{

SiEE ERAT i wiy T P .'-."Y?'.i? ;qjg ; L. ey s
"fhe ﬁrébléﬂs“éf msistoyient aepend érniuilym the Moﬂ» the: un—
3 iﬁli&h”&ﬁ térasdipeitdoon the 'sizeref. the: senioesv:~Theslok:vensisivity
“eendbrs; PEMLAFEE"Ln 17" Dinthss spherés, "edn besdd phckaged that: 121-strings,
-"eoauiniﬁg 1931 Yséndors - altegethey <-tha: m‘lctmnw =hHean sll-be de-
iqyu_d m .».mu afeumm% package: - In-contrase] Sea Urchin - demaads-: 80
fhat 1vdiky not'evenibe posdtble: téideploy:chh 19:strings. of
"_'HICRO-& 1n"a" %iﬁgl& pa&" -"inf ge:mn vi&a arrmMauaﬂmuiph dﬁ-
" plofbite; i o ARYAToate s wal S e g i tegt

B, A major problu for deploying wide-spaecd arrays = thn k:l.nd bu: su-
ited to muon-neutrino detection - is the interconnecting cables between separ-
ate deployments, i1f they are required. There are thm alttmtiveaz '
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1. Make the i.ntcrconmt!.onp on.the:sea floor, using an ROV and suitable
undewater connectors.
1 sl CUAEE ey e G fa g e
‘2. - Biing the' uml‘«ffm apeh denlmat ,Q 3:9 l:flg ;ﬂ'! Mad gon
nect them all to a common jumionbo:gt;m urfages.  The clbie to
shore will start from this junction box. Then lower' ‘the junction box and
Va1 ol fwm ethhl Ao th! sm t,).oq;,q uum: ;liuuxhing the
“%W‘ TR tewsd L abnooveni Ly :
WEET UHERT 6 g
3. Bring the cable from the ﬂ.rat noduxe to the lurface, and there con-
nect it directly to the second-ome  Buing a. cabls. from tha. second module

to the surface and comnect it to the third, asd so on in a serial order.

Pige Mﬂ&m”ﬁiﬁbm mnat be stowsd on the bortom as. uch new mo-
dule is deployed.

: M ch 1ot {these yobpidar 6 aw abvicus dm "rhe ireg . 1@ Lguum:ly

no: tuhﬁmtyw ta Lhe alwense of a.snitable ] 4 vehi-
cle becomes available, and a suitable reliable connector u duismd “this

. prodelidve willibecoms fesiible. 3t should iy .noted that fhe ulighility prob-

len® caht "bif ‘tuth*dnfttotited by the use of vedusant gosoections.

ThY sdcond ‘alternative ikas two dsgduckg. sHhest, Lt may be difficult .to )

control the -dswmes utd ‘whichia-long cable will arzengn.iteelf on the tton
when the bottom end is fixed and the top end  is lmrui fron the sutface.
"YRis probleh prolebly bas a-selution. . Secondly, & {127, ct}m 9! A.S lm of
- cudle” intrediices: a-{instl delsy of .23 -aicrosep wesn each oyasat mo-
dule and the central!gemetiou)box. . Sisge ve. wan;,ﬁ;p’ 'ng Eo 5 nsge, 1t
{s important that this delay be knowmn and, if pouﬂih. cml:ant. vatistions
- 4n ecean tomditicnt npywll wry the. hny is the cable by more than j nspc.
+) Buth delayw’ can: mmm ‘aod. comﬂd for;wlpgt thg ;ntrthé uuduir—
able co-pncltiont. LT B

mmmalmmtmy be pogudmi ap a ’%M‘ r u;:opd. .
faim“ the additiomed hamavd:that: & mwm.mu 4;.5 ;u all -omea
beyond it, not meraly-one mofale.: IR

o Mnakiyy it dwalnar thek deploysent MMW nay, _g&l,,.vbc the de~
- ‘ghdtag <ondtiw the ichmkap of: N ALIWiLY. S90E050. . ﬁ}l vo‘hm ‘and hu
will be most important. The arpmcntn concemi.ng the suppond* ‘Tragllivy’ of
Sen Urchimo tarn s it 1 to. be Jrcelevapt sowmpaered to the £ act. that Ses Urchi.n
weighs 1400 kg ‘4masix nod ngoupies 8 cylindar. in in. (qnqih ;png
will be up to the physicists to design snaller, more coquct. arge phot:oca—
thode area high~-sensitivity sensors.

 TENTATIVE CONCLUSIONS.

1. Deployment ef thc arrays considered is pracl:i.ul, by at laast two
methods not imlvl.ng mking undervater conmcl:i.om

2. A choice of arr&y sizes 1is available, and the smallest aruys congi~-
dered can probably be deployed for less than $14. Such an arm would do use-
ful physics. ' _ ,
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Fig. P Grougd‘plan of tubic array, 150m on hmside,liﬁ‘apacing between rows, strihgs.

Fig 2 fbelow.) Ground plan of rhombic array, 162m on. a aide, 16 2m spacing
b ween rows, strings. Area is game as Fig. 1, above.’
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rig. 3. Ground plan of rheugomi ‘array. There &8 lﬂ"“urimc. M Im apart

The array could be deployed in several ways:
8). in rews along 3 legs, like the 1978 SM Mllﬂ _
b). in pa'ullol rows of varying length,
¢). in 7 separate clusters, as e.g. those mmu by l;he dphxed lines,
: each from.a single Master Buoy,
or d), some oth&.( rearrangement of clusters.
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Fig 5. Design of canister ("bagel") for string-of low-nmitivity optical
modules (glass upheus w:l.th phototubea ms:lde.) ' :




g ,ﬂ_ ?-:u
I -y T
CARE $TiImRDIN

- BITHM A3 BACH
251 ltﬁ'f P WATER WT w fa.ooa‘la.l nmto CANWTR

. .; _. . - F’#’-R‘MLJ}* w"u‘

Fig. 6. nru!.in of cuhm for string of high-sensitivity modules (Sas Urchin),
sd into & cylieder dm long, 1w du-eter. The central holss fn tlu _
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TION 15 A DROP
POINT

_ anywu. The nmncbw,nlvwhooshun process is carried out with the aid of oﬁnwbn a¥ m..
coordinate grid, py b) a virtual noonnwumnn grid uuoncoo& w% una:unwn »5nnﬂﬂomhnnou
" of nun:nvonnnﬂu on the bottom. o




: . Mg, lbl’r nﬁ of un-blins m bagm on,a ihcmn ofudriu string on land.
and then fmiiching.it with a railroad: “System ind a tug. #e floution system for the
drill str:l.né is not shown.
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STEP 2

-Fig. 11. Step H,. The 1 drill awﬂ_bw is nots..._ o:n ﬂ&ou water, nn!&h.n% nn each
end by » barge., Step 2. mmvﬂ.nwnoﬂw to mwunaﬂ.ﬂm $o the drill ship, ome end of the
loaded string i allowed nﬂ descend. Step 3. When the nmnu.am 18 verticalj the cable
at the bottom esd 1is ﬂ....“—nuaﬁ_ and another line mnmn.ﬂnom to the top from the same S
tug.’ Step 4. The mmug 1s maneuvered under the drill: u_&.? and a couple of divers s
go down to mwunﬂ. a u&ﬁ from the drill ship to the dril} string, so that it may be S
raised and. unnmn_..on te the drill string. This vnonnmcnu u.oazu.nnn two tuge and two

E:..wmm »ﬂ addition to the drill ehip.




Fig. 12. HICRO—!. 'tﬁu mrrdw-spat;i
dcployunt by thc Master Iuoy met
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Fig. 13. Sketch of a master Buoy loaded with 19 strings, as it would be for lowering i
to the bottom. The central string, not shown, sits on the bottom anchor, Six vertical r_f
arms, in hexagonil array, carry the inmer ring of six canisters. At emplarement time, '!
the arms swing down and deposit their canisters accurately on the bottom at a fixed . J
and predetermined digtance from the ceuter. Above, on two different levels, twelve guide
bodies are poised to make their flights to the proper outer ring positions.
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s . Fig. 14'. This indicates the concept of using the llutcr buoy comcept to. deploy a larse
- arrgy. like MINI ns, each contain 19 ltr:l.ngc, dcployed one at a
el et R S R RS
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_ Fig, 1S, Trisagplar matrix fér a subsurface shellow array. The matrix, [400n on a side,
holds 36 sensors st the nodés of & hexagonal natwork with elemest ' SRR sbhsot -
in attached to a node of the metwvork, and majntains iteddl at the proper. depth.
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. Fig. 16. "'Taug:f_po.t:rina( nathl)d of deploying the triangular sen_ior area,
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