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An ati•lysis ot' current ocean bottom seismometer technolog.:y has

r.-ivtled that conventional, free-fall devices which simply rest

in the surf'icial seafloor sediments could provide portable stations

with short period performance only equivalent to the higher noise

land stations located on islands. However, by emplacing borehole-

type seismometers beneath the sur ficiul seafloor sediments, the

broadband performance of' occmn bottom stations could prove superior

to the bost land stations. In t'act, by combining "state of' the art"

broadband digital seismometers with modern deep sea drilling, and

ocean acoustic or satellite telemetry methods, permanent subseafloor

ntations with essentially real-time communication are entirely feas-

ible. A plan for preliminary seismic research is siwg-f!euLted.
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T. TN'TIM DUC'[:ION

,2i1.tiific'antly, the world'n most tectonically active areas are near the

,loep ocealn MeLMe ;U-er0L include the entire Pacific marvin (i.e.,"the Ring

of Fire"), the Aljine-Himulayan tectonic belt extending from the Mediterran-

can through the Middle East to Indonesia and, of course, the oceanic ridges

(see Fig. I-1). In V'act nearly all of this entire area is within 50 of in-

ternational waters. Even the central Asian tectonic belt is only 200 from

the ocean. Clearly land stations are not necessary to record data from

se.,, mic events in these hirth seismicity areas.

The uose of ocean bottom stations for regional surveillance is predicated,

of course, on the ability of such stations to detect and identify small events

as eff'ectively as alternative land stations, Unfortunately, adequate infor-

mation is not available to assess the relative performance of ocean bottom

utations in a near-in, or regional context. Previous experiments in the

early 1.960's indicated that ocean bottom stations would not be as effective

as land stations f'or global teleseismic surveillance. This judgement was

based on the observation that the background noise level, measured at several

sites by short period seismometers, was much higher than land stations. The

instrwnents were deployed by simply dropping them onto the seafloor mud and

ooze. Although these instruments were not able to examine the long period

noise which earlier workers suggested was comparable to land observations,

extrapolation of the short period results suggested that long period noise

levels would also be higher than land station levels. Accordingly, the con-

cept of using ocean bottom stations for teleseismic research was abandoned in

the late 1.96 o's.
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II. ADVANTAGES OF OCEAN O3•0'OM STATIONS (OBS's)

A. f;eafl.oor 0O35' vs Land Stations

Aside from their obviouL3 geog.raphic desirability, 000's may have

lrriportaint i•citntfI.1c undi tmchnl.0.aL advwntritaten over land ntations for

seismic research. 3otrte of' these are:

1. Increased Signal Amplitude

Although most previous experimenus have probably not provided

a Pn.tthful portrayal of true ground motion on the seafloor because of

poor coupling and high noise, it Ic cle.r that signal amplitudes from

earthquakes obrserved on the ocean floor are generally higher trian those

iceen by a land station. For example, the ARPA-sponsored field tests off

the Aleutian Islands in 1968 showd that OBS-calculated values a'.eraged *
0.0 unit grcater than land s.at.on calculated values. This was thought

to result from the fact that the rays travelled a slightly shorter path

to the ocean bottom stations and, mote important, they did not have to

propagate through a low Q oontinen'll crust, Also, more recent work has

shown attenuation along oceanie lithosphere paths to be extremely small,

Q valuer, are eatimater1 to execed 6000, For, the higher freqcuency band

which will be particularly useful In reglonal monitoring, this signal

enhancement could be significant.

2. Lower Noise

Deep ocean sites far from land would be relatively isolated

from the sources of' background noise likely to affect seismie stations.

These are: cultural noi.Be, breaking surf on coastlines, storm microeeisms

__ _ _ _ _ P L
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ki , I I out•I 11:1. 1 Coot WLvW :', or, tidal currient u fectu, In practice thl n

:L]I,,LLyUi tu bl" the clt!;(' . Buthl thu early w •rrk WI' 1,run0it. and the lut•er

APlI'A-: ; VI L I <.2lu'l I'u ,lL I iejd ter ito:i :,h'wtf. dfortfar.-',d noi:;e w tith

l ug Wilt.,' I , 1.t ,i i.rlu'ulo 1vl :; L ft (I ;t.I i i:'a : 1r 1 lrm I d a rv Iit hc d(miriluti

noi-e nource Iii believed to be surt microMe[iSms propagating out from

the coact.l Lnt' as H4ayleigh waves In the water mast. and along the water-

:3eILHClotv' 1lt,OI't'aiCe (Fig. 1I-1) The -latter path is particularly energetic.

Ta l,,I lists representative noise levels observed on land and on

the seat'joor. Note that only the early Lanont workers reported short

period noise anplitude levels comparable to those otserved on land

(i.e., .. imp p-p in the 2-10 Hiz band). Indeed, these low noise observations

prompted the first serious AR}PA-spon.nored Inquiries into the utility of

01'1s ror seismic research, lhil'orturtLtely, the early low noise observa-

tions could not be substantiated in more extensive field tests carried

out by T. I. in the mid-1960's. Noise atmp-itudes were typically 2

orders of magnitude greater than those reported earlier (i.e., iOo-MO0

I1 1. i z).

It must be emphasized at this point that, auter considerini, the tield

methol used to make background noise observations, the above apparent

hiu1h noise levels may not htve been a true measure ot 'olid-earth motions.

Tn the T. I. uystem and for that matter with most systems: (i) the

seismometers simply rested on surf'icial, unconsolidated seafloor sediments

.......... 6
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ly~irupllonen l ike the Alir I orce' s Miiuille ImpacA I Icating, S3ystem (MITSL)
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completevly inird-wired cable ioystern could be used. TIhese approache's would

probably make ONS costs more comparab.le to land iotttionn.

However, by morgtng the iooiiimie data tclem t~ry with data f'rom at hydrotaroustic

'1'-pliaie nuir'eiillance hydrophone moored above In the v 30J"AR chantivI', the

0111) syotem becomos muore attractLive.

5.* Greater Geographic Coverage

Sinou oceansk uccupY 70% Of' OWii (!rth'1 sruVAL'ce , It, In diff'i'hul i,

to) Infer the ociumic structure beneuith1 tire ocean basins uninjg only lurid

sitations, Observationrs made f'rom iclund 8tationu aro "lkely to be
uiiropreooentutive of' the broad ovean cruot, and manitle structure A

we'll. distributed network of1' oce an botltorn ireI mogr'aphs arnd/or 2 argv

aperture tLrrayH would f'ill thin gap In our knowledge. Alson the Lo(w

LevelI. neismic Ity at' such Important eAmturesi aur trU1ncl1 and1( 1id-OCeaI e11

ridjeos which are only accessilble. with 0130's can be examinedl. These

uboei'vat ions coumid have important riuail'i cat ionu f'or general earthiquake

roue ere Ii



B. Subseafloor vn Seafloor OBS'3s

The mos3t. o:f'fective method to improve both the signal coupling of

)B8' s to the oolId ,2n.rth and t' isolate them from noise propagating in

the ooetnr wfkt,.r and along nif't sediment layer/water interface is to

rigidly mouunt the seismometer beneath the soft sediment layer (Fig. II-

1: OBS position 2).

1. Better Coupling to the Solid Earth

Competent semi-consolidated sedimentary materials are generally

found a few tens of meters beneath the unconsolidated Burfieial seafloor

sediments, These deeper, lithifled layers show sharp increases in both

compressional and shear wave velocities and bulk density. In fact the

hard, crystalline igneous rocks of the high Q oceanic crust are usually

covered by less than a few hundLred meters of sedimentary materials in

most areas. Accordingly, a borchole-type OBS installation, much like

the present SRO stations, which in employed in tho hard sediment or

on/within the oceanic basement rocks (Position 3 or 4) should provide

signal coupling vastly superior to free-fall devices resting on the soft

sediment/wator interface. Also, the signal amplitude can be maximized

by simply adjusting the overall selsmometer case density to match the

acoustic impedence of the surrounding borehole rock materials.

2. Lower Noise

The depth of burial necessary for the seismometer to attain a

significant noise reduction is probably only a few tens of meters due to

the sharp gradient in the seismo-acountic properties of the soft seafloor

1.3
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I.

(Po•iit.on I in Fig. IT-i.). Thnose rayB arriving at the OBS which are

retflected from the local. ir-sea surface Interface, particularly contwni-

a1t.t0 the dilrOt I1(iL••l•C arrival phaties. This signal-generated noise riot

only Introdtiiot, apparent complexity and r'everboration in the wave train

codat but they aloo tend to genertlly reduce gignal unplitude because of

interference. Accordingly, by locating the sciamometer in a borehole

benoath the seafloor surface, seismic signal entering the overlying

water Imtan and soft. nodimento will be effectively trapped much like

noi•e initially generated in the ocean. In fact, Beismrnometero near the

oeanto ba soment-hard sediment interface (Positions 3 and 4) should be

vi'tually, free of reflected arrivals returning from overlying interfaces.
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o'oiict LI Ti 1wotw1f. Ic trurnl~opodl'ru noee,3iary Cor reioQcutinig the s~ite . c 4

For zoiuiilo (w pernctxa~t.iwton dployment In Li Loft; ued limertaiy mat( i' liii n a

imoi ipu iLto' ohi p uoimci 'oodI iridcopenidontly imipianrit,'ei["Irianiet.eru 11srig

convontionril "waah downi" techniquers. Thin approach might be the must

ecoiomiiiiid undl oonventont, if' it, in found uninecessary to drill into the

hard ocoan banoinent to achieve nptlimun SIN ration.

2. Name Analynlo of Previous andi Current SloaPloor-type OBS Data

Along with making now borehole observutions, exiating long andI

'4ho0r-. period ocinlmogrluna from the better-dersigned seai'loor O1ASia 'nhlould

1)o examfinled for noine levi'2 n Oboervations made on hard igneoul) rocks

ohioul~d be particularly valuikbla. The~ Bvitiuh i and Japanose instrunientn

nre moot likely to be mon t uoef'iil for short period observatioans, Fo r

lont-or periodl istudieli, the L3hoi'(-ecLbi ed instrurnent operatoed otPt' Call fornia

Olt. Arena) during the midl :1960' n-mid 1970's intet-val io probably the

only uoiC t'l dlatiA iivnV1able.

IA. O3igunl. Level. Coruparftison between laudi andI 0130 Stations

A comipatrative Litiidy ot' the. magnitudle and spectral corntent of vveintO

rt'eordýedt at. both OBIS arid 'Land stations ahoul d be made uninig both loiw

andi shor't period data. Thle seafloav 0J.30 device which operated o0t'

California diuring the period of' extennivo U.S. and Soviet undergroundl~

tenting In the late 1960's will- provide the moot usefu~l long periodi

data. Unfortunately, for short period c~omparisons, few of the current.

seat'ioor 0113'a~ have recordled teleseisminc events. Exceptiont; aro the
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floor, 'I'ITun, it is es~enttal that field testing to determine if equipment

,.or dekiOIn concept mod:ificntlons are required begin as soon as possible.

rntt. Lal. otudies should lie dolne i[n shallow water where the Instrumento

can be deployed in boreholeti without neted of large, expensive drilling

ships. Also direct data recording can be done by using a short cable

link to a nearby ship, platform or shore base.

In addition to the basic evaluation of equipment design, signal

aMplitodo and background noise level, measurements at various depths

botitL.h the seafLloor nhould be an essential part of these studies,

klso, a comparison with conventional seafloor-type OBS 'U which simply

rest on the soft sediments would be useful. The execution of such

borehole scistnometar tests would probably require a controlled environment

much like that utilized recently, by the Office of Naval Hosearch (ONR)

to evaluate current free-full sca'i.oor-trpe OBS designs. These evaluations

were done in cooperation with the U.,. Navy Torpedo Test Facility on

Puget 03ound during June 1978, Navy divers and ships were used for

instrument deploynent and recovery. Real-time on-shore data recordings

were made by linking the 013S'Li to an underwater cable network. ARPA

participation in these tyjpes of experiments in the future might be

advantageous.

For deep water feasibility tenting of' the borehole SR0 seismorneters,

off-shore oil drilling platforms can be used. The seismometers could be

deployed in previously drilled holes, tt relatively low cost, to gain

important information.

10
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APPENDIX I - BACKGROUND MATERIAL

A. Evolution of Ocean Bottom Seismographs

1. Early Studies

Ocean bottom seismographs have been in use since the late

1930s. The first instruments were either tethered or free-fall short

period devices with internal recording. They were basically designed

15,16
for conducting seismic refraction studies of crustal structure

The work was supported by the U. S. Navy. After World War II, interest

in microseism phenomena 1 7 brought development of lower frequency (2 Hz)

devices which could acoustically telemeter data to a nearby ship12.

The instruments were also used for seismic refraction and earthquake

recording. These instruments showed good signal to noise ratios.

Background noise amplitudes at deep stations (>4800 meters) far from

land (>500 kin) were reported to be less than 1 mu in the 2-10 Hz frequency

band (Table I). These measurements were comparable to the existing land

18station observations of about 1 mp @ 1 Hz

These early low noise measurements spurred further development of even

lower frequency (fo = 1 Hz) short period ocean bottom devices and a true

long period (15 sec) instrument. The devices described by Sutton et al. 1 0

had marked negative buoyancy (500-750 kg) and were deployed using tethered

anchors. They telemetered their data either electrically via a cable to

shore or acoustically to a nearby ship. The devices of Arnett and Newhouse19

and Bradner et al. 8 '9 were ballasted free-fall instruments with slight posi-

tive buoyancy. All of the above instruments, save the Bradner et al. device

23
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wlitoh insertedi a !3hurt :ip ke into the oeufioc r' much like the early Ewirw and

1.:W lg i int-rumoutio, :;Amply raented mn the seacfloor sedimient-water Iinterrace.

Fr11il ollU I. OlttVitt Lim; Inwth these inn ,1truruenQItU rrugge s(21,1ta'd thaftoea bottom

1i111j)m I itwicsun WoF h11 L111.11 tntherILL tria~ ,,tratlunon, particular by ilt

hh ,$ar' f'requentie.is. However, the lower frequenicy background nolise level alsao

uppeareU to be. hilghier ~ 9-120P harp noise peaks in the 3-6 liv, baud

Wt2'(3 a19 11Ao n te. 'The dominant low frequency noise (,(-8 sec period) was-L gieri-

Oallfdly attributed to breaking! otrf-Induced microseismo propag-at-Aing from

coastlirrený as Rayleig1.h waves as well as front local. pressure- inducedA din-

tnr'brxries due to ocean swellsi passingly over the instrument site, The highier

frvequency noise peaks were thought to be related to current disturbances

t-ranuiritted through the instrrtrrent frame * The increased signal0. amplitudles

ware bel~leved to result Vram reduced attenuation due to the absenice of' a

shicklowI 10W continental crust beneath an ocean, boittomr site and possivble

t'ocnitiming effects oF' air-sea surface reflectedl rays returingilt to the s-ea-

Vinci'. Tit general, these first progprams conicluded that the coc ca bottom

orIII prove to be ruote Pl for seismic renearch purposes. However , the none-

what higher than expected inoise levels, suggested that more represientative.

noise meýasurements In the world' n oceanis holioLd be madle, cape iall~y at

sediment-'fre~e sitar



r. Txas Instruments Experiments

In order to assess the potential S/N ratio advantage of OBS's and

to uvaluate their operational feasibility for global scale nuclear

monitoring, the Texas Instruments Corp. (T.I.) conducted extensive field

tests during the 1966-68 period6 25 6  Instruments similar to those

described by Arnett and Newhouse17 were deployed near the Kuril (1966)

and Aleutian (1967/68) Islands and in the Gulf of Mexico (1967), Nearly

all g:tes were in regions of thick sediment cover. The tests generally

conf'Irmed the increased signal amplitudes found by the earlier workers,

However, the enhancement was not as dramatic as expected. For example,

the average mb magnitudes of earthquakes with periods averaging 0.6 sec

(1.67 Hz) were only 0.2 units higher than those calculated from land

stations for the same events. Similarly, the low noise levels reported

by earlier workers could not be duplicated. In fact, the lowest short

period noise amplitudes were about 100-200 mp, not the 1 mw result of

12
Ewing and Ewing . However, the T.I. experiments were able to confirm

the general. decrease in noise with increasing water depth (> 4000 m) and

distanice from land (>250 km). Unfortunately the character of the long

period noise spectra below about 0,2 Hz could not be directly examined

with the 1 Hz T.I. inntrument.

These disappointing results proved crucial to further development of

OBS's. First, they suggested that since! virtually no signal improvement

was gained in the short period band and that background noise ampl.4 tudes

were about 2 orders of magnitude higher than those at .1and stat ons, poorer

25
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In the mIt I -I(t7': r. 1uewed et t.hnIsi)tLm for short period OBN ' s war

II. rI tt,,",,I hy VwIt I "' III; c (.,n L L;t, w: I ork Ing )n eartlhquake teeI,tun Ici i ai, p1A te

I t It i I t ' I C: , I ", rt[Iit',. Lr,! tI tre,.I-t!] ) ILMd Ir'a led (I n .C ILIit C "I.nt.aL

LI L'tI(:t, [ 'L''. bugLnni Lug in 'ubout L1 '( .• :Lr'vai IiLut, e t-.,u 1i tlh tl'ro2 11:; tI -

ouclmic layur-ring of the neafloor and new thrui;tu in earthquake prediction

hauve brought. increased support f'ornm ONH and NiS3,' rovpeet.ively. New

naWditlolnal narine seismology groupn have sprung up in the U.0. at the

Ut1 iv '- I I. Le3 of Calif tornia (San ta Barbara /Sc r I ppn )I'xan ( Galventor/
(0,71~ ~ ^, 727,'5767

Aun, ) 1), Wtilhi ngton 0'71., l1awai 172-. 1 , Oregonr" , fLamont D)ohuity7'ty

Mnanutchuetttn stot hute of rtlechno.ogy7 and Wooci Hlloe0. In l'.uole

marine selImology efforts have been recently initinted in France
83 81a

Germany , and Britain . Aln the Cland (Bedford Iuitltute) and

Australians (Australian National Utnlver•ity) are beginning to develop

Itnotrumento. Nearly all. of the inotrumento currently operating are of

the free-fall, internal recording type which itimply rest on the seafloor.

The Japanese, German, and the British shallow water system are tethered

to tn atichor and sur'•nce buoy. Sonme of the Hawaii OBDS's tellemeter their

dat;. via it cable to shore or tire radio-linked via a ourface buoy. Most,

are short duration nal]og recording devices with record intervalsi ranging

from a few hours to about 30 days. The LScoriplin and MIT Bystmms employ 11

digital recorder. Hawail and Lamront also plan digital uystemn.

S.. . .' ;' .. .. . . .. ... .. . .. . . .. S tI.f t. . * .. . . "
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The goieral perf'ormance of these recently developed OBIV's hau been

uneven to iiiy the least. The most notable successes in attaining high

:;/N '•cmiltno havw been made by the British53i arid Japanese3,85 workern

i n t.he'[r otudri ; of' nLcroetarthquak(!:1 near' ridges and trenches , renpe)ctive, .

Tht, iritish units have been able to record local ridge crest events

(>10-.0 km away) an small as ML magnitude 0 in the presence of short
r,

period noise of about 25-50 mu 5. The Japanese instruments show similar

11igh p•:t'urimance results. In fact, the Japanese OBS's have been able to

demonritrai.o that the oceanic lithosphere in the western Pacific ahows

very low attenuation. Q-values often exceed 6000 along paths extending

3 86
ýVr .1000 km seaward from the Japan-Kuril trenches 3 , Walker et al.,

have confirmed these high Q-values using ocean bottom hydrophones.

Cl.oarly, the better 01,S instruments of today have about an order of

mriznitude hig',her B/N ratio thmn the various devices built by Tuxfts Instrunenta

[L1 til,' 11lld-1960's,

BritIL-sh ILMn Japanese workers using essentially the same units

(l 'icumniod above have also carried out seismic refraction studies on tht

rnzi-At.lantie ridge and in the western Pacific'' 8 7 . In fact, the Japanese

havc Ic2 t ,ii abl' to detect r-of'raction arrivals from 2 kr charj!.en det)ivted I. n

water at dititances oi' more than LOO kin,

Relatively few results have been reported to date by the many other

groups currently developing OBS's. Significantly no background noise

measurements are available. Most of these devices have been plagued by

two major geophysical problems; namely, poor solid-earth coupling which

no
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theie problems seem to have a common origin: lack of a coordinated

program to devuiop a comprehennive desnign among the many investigators.

Thiol nituatlon iu understardrabl, when one considern that 0130 groups

i. L1A 11.0L. Iare, ln•dopndently dirt' tt'd Iqy rinre tmun 1.0 marine scienti uts

opevating with small budgets from severul agencies with diverse interests.

'Thetne agencies have included ONR, NOW, UGSG', and RIDA, Consequently,

the omphasls of most programs has been to get a modicun of results ans

quit.kly mad as cheaply us possible. Relatively little et'fort has gone

InkA) the denign of more reliable and letin noisy instruments, In fact,

only those groups closely associated with large ocean-oriented engineering

centers have been able to take advantago of the major advances made in

ocean technology since .968. For oxcusple, the a'oustic release transponders,

dLgital microprovessor recording and control techinqueu, and laboratory

deep oceon simulation testing common at oceanographic centers today are

not incorporated in most OB3 designs.

4. Current OB3 Research

The recent efforts of the U.S. Navy to determine the small scale

sw [smo-aeoustic struotitiur kt' the oceanic crust and lithosphere Nutn

prompted the Ocean Acoustlos Division of ONR to form a working group or'

U.0. scientists whose responsibi•.ity is to outline important objeotives 9 3 .

This group has produced a series o1' recomimendations for future research.

A major component of their proposed study includes the use of' ocean

bottom scismometers (013S'n) and hydrophoneLi (OBH3's) for refraction and

reflection measurements 9 . These rec(Onendaitions combined with the
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r~tiht-1' lLck.I.utcr performance of current U.S. ocean bottom seismograph

priogriiui hlst spurred ONR to undertake a systematic evaluation of current

ON; dc(I gnuo. Th essent. -lil element of' this evaluation was a shallow

wa.or i' [eli tent ot' thu var iusi OBI; synstens In Puget Sound during June

.1978. 'ren university groups participated in the tests. Background

noise, microearthquake response and explosion signal levels were compared.

A report oil these tests should be available in early 197992.

The 1'ugot 1Oound test was designed as a forerunner to a major seismic

r(efractioil/Ilicicolarthqutlke investigation of the East Pacific Rise Eltructure

off• Mexico planned f'or 1979 (Riviera Oceanic Seismic Experiment a Project

ROOPE). This will be a U.S. multi-institutional study and will utilize

primarily free-fall short period 013O devic:.s with internal recording us

well an conventicnal surface ship seniniic studies. A large array of

about i40 soismometers with dimensioDn oil the order of 100 km will be

deployed over the Riviera fracture VoUe (Pl°N), Hydroacoustic studies

will also be done. Sesinmologints at Hawaii have further suggested

deployment of a ihort period ueismometer in a GLOMAR CHIALLENGE13 hole

which may be dIrilled itn the HOSE ariea,2. Also the Scripps and Lasnont

selninology groups hope to deploy some longer period (10 see) seafloor-

t'yp~e 0113 systems.

More recently, Woods Hole scientists80 initiated an ocean bottom

seismic study comparing free-f'all instruments that rest on the bottom in

a ty-pical OBS tripod array with others that are driven into the sediments

on a probe, much like thu early devices of the 1950's described by Thing



and Ewing1. Significantly, shallow water tests showed that the probe

noise level was more than an order of magnitude lower than the tripod

and was independent of local ocean water motion (e.g., tides, surface

currents, and surface waves). However, no difference in signal level

was observed for explosive charges fired up to 4 km away,

In a most recent OBS experiment, D. A. Matthews and R. Stephens of

the University of Cambridge (England) successfully deployed a commercial,

3-component short period seismometer down a borehole drilled by the

GLOMAR' CHALLENGER north of Puerto Rico (Site 417/hl8) in water over 5500

meters deep 9 5 . The purpose of the experiment was to conduct a fine

scale oblique reflection and refraction study of oceanic layers 2 and 3

and the overlying sediments. Although electrical noise associated with

the drill string prevented the use of maximum sensitivity of the instrument,

background noise levels were much lower than expected. In fact, seismic

noise amplitudes were estimated to be much less than 120 mvi at 10 Hiz.

B, M1odern Land Seismographs

The gradual evolution of ocean bottom seismographs (OBS's) over the

last [0 years has been far outpaced by the major advances made in land

seismology and marine technology during the last 10 years. Those advances

in seismic techniques which have yet to be utilized in CBe applications

include the following:

1. Seismic Research Observatories (SRO's)

A global network of ultra-sensitive seismological stations is

currently being established under A1PA sponsorship96. These s9ations
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Lzatporat ilgitIL- feedbitci 3-oompounent seiumometers (Geotech 36 000)

W1101 111Wh Uav adyliunit rmilret of* about 120 Llb In the 1-100 Sec band. In

O'l'to roduoe bitokgromund n11O It~t tIOteu StationWS, at Cylindri'call [1hape1Ld

twici uuneter L'L'ut (--6" dia x 8' lenigth) to deployed In a borehole about

100 meters deep. Noise levels f'or s~tations far fromi the oceain coastline

.. '*,AI~hUk1Q1'iurqu , N11.had M) 111'( typiC1L.ly 0. ') 11 (U') and .1.0 trw ( LI') . oil

hit laiiklu (i1. o . , Cluam, New Zeatltmd) ,the lovels are aboult all two ordlent' of,

mlitgiiitudo higt.hor (sue Table 1) . Thu.s the best SRO land stations show

Lihort perlod noise levels nbout 2 magniitude uxiito less than the best 0B138

openatinig today while island station p~erfo nitieo ttre atboult equal to

curront 0138' Ia. Note that SRO long period mioie levels are more. than 2

OMIdOILl Of ma11gllitude lowei' than even the early 1AUnlont OBI3S' 10,11.

2. lBorehol c-type Sc i Ltinonit or

The h1i'gh pIVt'I-0.1111CO rMilcetu ot' the borehio2e E110 type meismnomitter

rvi.k,ýý '.t likely that. s niRY.l'a SYAtetIS W1 1.1I. bnic 1103dV0' AjtUI'c 110101nolol"Ical

i-ouoareli. Auccordl nt!lyv, 'Veyo(loe ihas I'ea nitly developed at miniatilrizaedi

I'vototylite ol' all SIR0-typeo i-eitiimonietcr (Nlodel li04000) imuitabl e ['01 ('Uture de-

jpbL),Vti~e11to III ýonlvez~tloui.l 4" .ID oil oxplorit't..Lc d.ii j)Lýo A1 It S~ I I I I 'It 'aS

p1) 0 A'COIlL I III O -ii cl Wmi I ILI* to thef- Bt L11do.t1d tmodel. io()OC) hu1t 1.t.i J r ada1j~F-I )t band

'rhe Model 440110 car' be orien~ted and will level itself inl holvs

dr.Llled as much an 150 off-vertical versus 50 for the Model 36000. B~otht

inutvtunents tire a.lio designedl to withstandl high pressu~re inl order to

rucilit~ate their use ats logging tools in corrnercial deep oil drilling

Alli



appli Lcationr. ''hest, characteristices all combine to make the borehole

:IRO-typu instruanunt Ideally suited for •n•lmeafluor OBS applicutions. In

l'act, tlht. routul r 6O(6000 caLn be tilkployed without major modification iri the

11" dianeter cased boreholes currently being drilled by the GLOMAR

CHlALLENCOP,.,

3. Digital Signal Analysis

The widespread deployment of land seismic art-ays (e.g., TASA,

NOR,-1A}, ALPA) and the global SRO network has spurred dev~lopment of

adv:inced digital proceoening to handle the large ,,mount of data tihey

g•enerate. Today most modern automatic detection and discrimination

techniques are largely ban(:d on the fact that the data is in digital

form on a quoi-real time basis98. Signlficantly, few of the current

OBS devices have digital recorditng. Moot rely on internal analog magnetic

tape which must be digitized after recovery of the device from the

seafloor, Clearly the full power of digital processing would be difficult,

ir not impossible to apply to such OBEi's iii a research mode.

C. Modern Marine Tcmhnoltog, y

The dranatic protpreno Made in vei fyinri c•rrent mmTodels of uLemi

basin l'ormati )n (plate tectonics) and the cimculation ol' the oceans: and

atmospheres has been brouglht about by tchtolot.'.iual innovations introduced

lartgnely since 1.965. ihoo.e :Lmovwtiono relevant to future OIBS studies

include: deep sea dr:illing, remote viewing uand tool muLntpulatin,,

manned submersible vehicles, long term moorings, acoustic telemetry and
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Institution and Alcoa Corp.) which mount their manipulator tools at the

end of a long pipe. These ships have very large lifting capacity (>150

tons). Naval systems include CURV, a tethered device, and a variety of

free-swimming vehicles. There are also several naval submarine rescue

ships with manipulator capability. Together, these systems can operate

in nearly all ocean depths and can perform tasks ranging from the delicate

insertion of a lift hook into a small ring attached on a sonar projector

frame (SEAPROBE) to raising large portions of a Russian nuclear submarine

(EXrrORER). Also, CURV was used to recover a nuclear weaponi off Spain.

Clearly, any reasonably large object can be remotely installed and

recovered from the seafloor today by surface ships.

b. Manned Deep Submersible Vehicles

During the late 19 6 0'B the U.S. Navy also spurred development

of small manned submarines to assist in search and salvage operations as

well as in equipment installation and recovery tasks. They were also

planned as oceanographic research tools. These vehicles include the

DSRV ALVIN, operated by the Woods Hole Oceanographic Institution and

sister-DSJ:Vs SEACLIFF and TURTLE, which are operated by the U.S. Navy.

A nuclear research submarine, NR-1, and the bathyscaph, TRIESTE, are

also U.S. Navy vehicles. The French Navy operates the deep research

submarine CYANA. The above vehicles, all developed since about 1966,

have virtually unlimited depth capability and can handle payloads on the

order of hundreds of kilograms. With manipulating arms they have been

able to pick up small objects (rock and plant samples, lost tools and
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andl jwrhapijz lower' thn land nurface gritdi enta hi some regions,. rh i. E

L11ugeot'L;tsi that, t.1zuiiiz.l convection of oouawL~er In thc borehol~e may be lov

0110 pL'rli L I e-11t, M111)1 Ui'on holl? to n .nomomt ur hintallation13. For vxztunp I e

In tho smal.] (44") diamieter catLing onviuionied for future 11RO-tylie borehole

sciamometer 1nEotaJ.llationa, the critical geotherma 1raien nesay

f'or L'UnVoctifJn to begin lo ULjtiliiLttUd to be on thu order or .00 0/uni att

,roc10,1 SignifiLcanitly, the gradient recently obeierved in a deep

ijun di' I. Uing bo~rohole near the batia of the sediment layer on the nild.-

Atll iL-ic ridge1 (069-300 ineters penetration interval.) was on thisa order

(1:9,i6-20, Izv/knz @ 800)102. Deep boreholen on cooler older crimt att the

coean basin margins might be expected LO show even Bmaller gradientu,

parfticutlarly within the high thermal conductivity basement rooks, In

contraot lanfd surfatce and ilcar-Oclfloor umdimeziL gradients are typically

:95 -800C/km9 l3 Aloo, duep seafloor boreholeu tire not subject to

UU11 BOron111 [Uaioll ad d:Lumali~ eff'ects due to solar heating variatiotin andt

groundwater level. chanpes. It appearo therefore that, with the obnervecd

Lhermal grad tent near the ci.' tical gradient, very litt2.o it' any oonvection

w~ill. ocur 111 deep penctri1ation seafloor boreholoo. In nny cane, by

Scaling the oeiinomoettei att the bottom of' the hol.E. wi-th high vi sconity

MIId~ convection eff'ects cnni he oharply reduced.

2. Ocean Acoustic COinITiUiC Itt Ion

Rouxtinc data tel.emetry, vehicle navitgation, andi !oimunand man

contfrol. functions are now carriedM out by mont ~cean researoh groupsl.

Alsoe, many sutrI.iie geophyn i en exploratilon and oil nerv Lce eoiipaliiien usme
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with a single searloor station. This is because observed micro-

earthquake activity even in such tectonically active areas as the Japan

Trench and the Mid-Atlantic Ridge is only on the order of 1.00 events per

day. ýIince maximiz event durationnt are usually less than I minute, this

means that by using automatic event detection techniques and a buffered

digital data storage system, simple time expansion of the event wavetrains

could easily provide adequate bandwidth. For example, a time expansion

factor of 5 would give a bandwidth of 50 Hz and require an average data

transmission delay of only 5 minutes. Transmission of three-component

data would involve a 2.5 minute delay.

3, Satellite Telemetry and Navigation

Although the use o' Hatellitos for teleco municution of data

between land sites has been coumonplace for many years, only j.ecently

has it become available to marine scientists. It is now possible to use

the U.S. Navy's stationary orbit SEA03AT system to transmit data from

ships and moored surface buoys in the Atlantic, Indian, ,uid Pacific

oceans to U.S. land stations. 'This system would be more than adequate

for a real-time OBS data monitoring link. Ocean bottom units could

telemeter data, either acoustically or via cable, to a satellite-linked

surface buoy. One buoy could probably collect acoustic data from an

array of OBSs up to 40 km in diameter without using cables at all. In

fact, if the acoustic link were to use the 0OFAR channel, even larger

arrays could be installed, However, in this latter case, short cables

would be necessary to connect each OBS to an overhead sonar transmitter

moored at the channel axis depth.



It OhoUlld ~tlUo be njOred thUt Late].itteo now provide accurate posi-

tlorii ?r Informnation vtrtituliy anyvhere on thle world'si oceana. R outine

p. o~t t on fi x.Ing of' t.:'00 nw to-rs lit now avat 3abl e to most Navy , ocean

IL tp1WU*0 MIfd 10I't o1rre.1omnvrcht o l. vipo. 1'III capubility ineano that It Io

Ipoooib.le to re-vioit oiteu where previouus reaourtanwntz3 and deployrifintLI

were made. thua, by attachilng acnittic t.,nsponde-r beacons to an oceain

bot~tom devioe, aL sar face ohi p or imbiriersible cani Onrply t t )oflý in" on the

Inotrtunent, fkoV its recovtry. The rink of loning expennoivc? iucuf'Joor

d(vicCLn 111U. beon drimit:1cally reduiced. This teohnique, WhICh i13 how

vou)Ltiln&.y' uied aboard occan revicarch und oil. exploration uhipt3 huo on~ly

become. uval lable siniceo 1968,

L . D~eep oceain moor-ing u

Trhe duxvabi:l.ty of' both oraeand tnub-surfauc mooringo hall

markedly Impruved diurinp, the 19'(0' n. T'hin Iin a reault of extetinive

doolegn 11ina1.ynrol and fi~eld teuting undortlukcn durizig the Mid-Oceini Lriwn~icvj

1xperlnnento (MODE) and the Global Atmoapheritc Reaeurch Prugrwn (GARP')

toponnored by ONIR and N[3F).iD For thoso atitidien, large nub-s rf'actc

airrays of current IneterS a-nd te!1Lpov1tture Elennors were moored in the dleep

oc0111 Il10ng With 0ourt'aCC bUOY1.1 for air-sea InteracotIon obuervatit~orion

Many of' the moor-Ingo were deployedt t'X)r as long. as 6 montho, 0ooma much

longer.V 'The work clearly. olhowed that it is not iuireanoonuble to cornsIdur

Long term udeploymnt.n in deV13 water (>.o00 m) for periods on tile order of'

a year. In f'act, the National Oceanic and Atmotiphere Adxmniuitration

(NOAA) in currently operuting, neveral. Iontg tterlm doop water surt'acc



moorings for weather forecasting purposes which telemeter their observations

to satellites. Ultimately It may be possible to have such moorings

replace all the remaLning deep ocean weather ships operated by the Coast

Guard. Deep Ocean Power Sources

The rapid expansion of ocean science and space instrumentation

in the late 1960's has required the development of large, long term

remote power sources. Various types of chemical cello (Lithium, cadmium)

are now available which can continuously produce several tens of watts

over a 3-6 month period. These are usually more than adequate for most

research applications. For long term high power requirements such as in

satellitei and some sonar systems, nuclear fuel cells have also been

developed. These units can provl de hundreds of kilowatts for many

years.

Nuclear power units are particularly attractive for OBN3 regiotial

reujeLreh installations as compared to land stations. It may be that a

host nation would not allow land stations to be nuclear powered. Thus,

these stations would be dependent on local power or baitteries. A nuclear

powered ONI system would be completely .ecure Crom power interruptions.

O013 seismic stations are an obvious application of' available nuclear

power technology.

S.. ... .. . ... : '" - " i 3
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