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LI ST OF FI GURES

Map showi ng | ocations of ocean bottom seismic stations
installed in June, 1979. Strong-notion and high-gain stations
of the University of Alaska network on Kodiak and adj acent
islands are also show . Repeat installation of high-gain
stations at sites marked 1-8 is proposed for the sunmer program
of 1980.

A strong-notion seismc station as it woul d appear on the sea
f1oor.

Phot ograph of a strong-notion seisnmic station, wth preload
system prepared for |aunch.

Sketch of the major elenments of the strong-notion ocean bottom
sei smography system

Typi cal earthquake recorded from high-gain OBS #5 of f Kodi ak.
Identified arrivals are the conpressional wave (P) and the
shear wave (9).

Locations of epicenters of earthquakes recorded by the conbined
| and and ocean bottom seism ¢ network during the sunmer of
1979.

Nunber of events believed to be of biological origin detected
by various high-gain OBS stations versus station depth.

Map showing the distribution of earthquakes of magnitude
greater than 5 that have occurred in the Alaska zone during the
past decade. Maj or sedimentary basins of the region are al so
i ndi cat ed.

Map showi ng recomended distribution of an initial 10-station
network of strong-notion OBS stations. One or two additional
stations would be placed in Norton Sound during the second and
succeeding years of the program



COORDI NATED OCEAN BOTTOM SEI SMOGRAPH MEASUREMENTS
IN THE KCDI AK SHELF AREA

| ntroduction

Many special working groups and panels have pointed out the need
for measurenents of sea floor accelerations caused by potentially damag-
ing earthquakes in offshore zones of oil and gas potential. The Al aska
continental shelf is currently the most inportant exanple of such a
zone within U S Territory. There is also a need for recording nicro-
earthquakes to increase the data set available for earthquake risk
assessment and to delineate active faults that may transect zones of
econom ¢ interest.

A lowcost seismic station for recording earthquakes on the sea
floor has been devel oped at the University of Texas, Marine Science
Institute, and has been used extensively over the past four years.

A system for recording strong-notions of the sea floor caused by
earthquakes has al so been devel oped and field tested as part of a colla-
borative effort between Exxon Production Research Conpany (EPR, the
University of Texas-Marine Science Institute (UT-MSI), and the Nationa
Cceanic and Atnospheric Administration (NOAA). Qperational systens can
be constructed at relatively |owcost (less than $10,000 per station),
can operate on the sea floor for one year or nore with ninor nodifica-
tion, and can be deployed and retrieved fromrelatively small vessels.

A recoverabl e preload system designed to inbed a set of vertical spikes
attached to the base of the frame that serves as a pier for the ocean
bottom station, has also been devel oped. Theoretical and experimental

studies show that the ocean bottom station is capable of recording



ground accelerations of up to about 1 g, inthe 0.1 Hz to 10 Hz frequen-
cy band, with good fidelity (Steinmetz et al., 1979).

Fiel d operations using a conbination of mcroearthquake and strong-
nmotion seisnograph stations during the first year of the present program
(1979-1980), and initial results, are described in the follow ng sections

of this report

Hi story of Programto Date

The design and testing of various types of ocean bottom seismc (0B
stations has been a principal activity of the University of Texas-Marine
Science Institute since its beginning in 1972. In 1978, the Exxon Pro-
duction Research Conpany (EPR) awarded a contract to MSI to begin devel op-
ment of a 3-axis digital system capable of recording strong-notions of
the sea floor. Menbers of the EPR research staff undertook the task of
i nvestigating techniques for obtaining adequate ground coupling in marine
sedi ment s

Three prototype stations were installed off Kodiak, Alaska in the
fall of 1978. These were successfully recalled by acoustic conmand after
about 1 nonth of operation. Five additional strong-notion stations were
constructed during the spring of 1979 with the financial support of Exxon.
During the follow ng June (1979), under the sponsorship of the NOA OCSEAP
program all of the 8 strong-notion OBS stations, and 11 high-gain
(mcroearthquake) OBS stations were deployed off Kodiak Island fromthe
NOMA ship DI SCOVERER at | ocations shown in Figure 1. Three additiona
strong-notion stations, nodified for land use, were installed on neighboring
islands in close proximty to the offshore network. The stations of the

hi gh-gain network were recovered in August of 1979. Several of the strong-
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nmotion stations were recovered and redepl oyed during cruises in August
and Cctober, 1979. In the Cctober exercise, 4 strong-notion stations
were left on bottomto be recovered the follow ng spring. These were
recovered in March of 1980. Thus, 12 successful recoveries of strong-
nmotion station have been achieved out of 15 attenpts. O the three
| osses, 2 were sustained at sites with hard” clay sedinents. Damage to
the stations on inpact is suspected as the cause of their failure to
return to the surface. Two premature releases have occurred, and this
may account for the disappearance of the third station.

Despite these |osses, we now feel that enough progress has been
made toward understanding and elimnating design defects, that we can

enter the program planned for 1980-81 with a high |evel of confidence.

Brief Description of |nstrunentation

The UT/ Exxon strong-motion OBS is described in recent papers by
Steinnetz et al. (1979, 1980). The high-gain station used in refrac-
tion studies and normal earthquake recording has been described by
Latham et al. (1978).

We Wi sh to enphasize at this point that the primary goals of the
design effort for the strong-notion OBS stations were threefold: (1)
to keep system cost |ow enough that deployment of extensive networks of
stations would be feasible; (2) to mnimze power drain to the point that
operational life tines of one year or nore could be achieved on internal
battery supplies; and (3) to keep size and weight to levels that would
permt the use of small vessels in the deploynent and retrieval opera-

tions. The first goal is paramount. It is evident that the probability
of acquiring useful strong-motion data will increase with the number of

stations deployed. Also, since the radiation pattern from an earthquake
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fceus IS not uniform measurements over a range of distances and azi muths
are needed to properly define the spatial distribution of ground accele-
rations related to a given earthquake.

An ocean bottom seisnometer station, in sea floor configuration, is
shown in Figure 2. The conplete system ready for deployment, including the
preload system described below, is shown in Figure 3. The primary system
el ements are shown schematically in Figure 4.

The circular, spiked frane is 1.2 min dianeter and the conplete
station w thout preload, weighs 81.6 kg in air. The electronic subsystens,
tape recorder, battery pack, and triaxial geophone accel eroneters, are
contained in a single, spherical pressure vessel nmade of a high strength
glass capable of withstanding pressures of 700 kg/em® (10,000 psi). The
sphere is 43 cmin diameter and has a net positive buoyancy of 6.8 kg.

The bottom hem sphere of the pressure vessel fits snugly into a nol ded
plastic cap. Two small radio beacons, used in recovery, are nounted ex-
ternally on the sphere. The geophones are mounted in the bottom of

the sphere. The pressure vessel, with its plastic bottom cap, recovery
radios, and internal conponents are retrievable and redepl oyable and are
referred to as the return capsule. Wen deployed, the return capsule is
firmy attached to the circular steel frame footing by a spring-Ioaded

| oop of stainless steel wire, as shown schematically in Figure 4. This
wire is electrolytically dissolved on acoustic couwand (Or clock tiner)
releasing the return capsule which then ascends to the ocean surface from
its own positive buoyancy. The new mechanical |ink provides enough ten-
sion between the instrument package and support frame that 1.0 g of ground
acceleration in both the vertical and horizontal directions can be expe-

rienced without relative novenment between the frame and package.

11



STRONG MOTI ON OCEAN BOTTOM SElI SMOMVETER

it would appear on the sea

A strong-notion seismc station as

Figure 2.

floor.

12



A %n«ﬁﬂg‘g’nﬁé‘ ‘,‘ﬂ'#_;?f-lff,k‘i-
LR DL TR WONT X - ag

[FPRN 1 et 2

”._,u‘u:.-m AELIRA 2 PN

F1gre 3. hotograph o a strong-motion sismic station,
system, prepared for launch.




o ——————————————————————————————— e |

Center Mount

Air Bo

{nstrument Drum

Frame Air Bottles

Cable (Catch Pin)

Depth Indicator ; '
B 1 - " ' = ‘ /\Bose

PRE-LOAD SYSTEM

Instrument Sphere

Rel ease Link / ‘T‘ )Y
-n-d - "‘-‘H

'--'l’ ni.- : \ M____OBS Frane
Spi kes ‘—ﬁd" 1 u 3 !l ” , JJ
OCEAN BOTTOM d N
SEl SMOMETER

ct
L |

tetano PLATE 1

Figure 4. Sketch of the major elenents of the strong-notion ocean bottom

sei smography system



Up to 33 adjustable spikes are affixed to the base ring to penetrate
the sea floor. A large 680 kg tripod device, used as a preload, fits over
the sphere with its base locking into the base of the steel footing.

This is used to increase the termnal free fall velocity and mass of the
systemto achieve full penetration and seating of the footing into the
sea floor. The preload i S decoupled and retrieved after sensor depl oynment
to avoid the undesirable dynamc effects of the additional preload mass
Fol l owing bottom inpact, a timer initiates release of gas into the air
bag shown in Figure 4. Hgh pressure air displaces water within the

bag, increasing buoyancy. Wen sufficient |ift is achieved, the preload
frame is decoupled and floats to the surface. A gyroconpass, attached
to the preload frame, records the azinuthal orientation of the horizonta
conponent sensors. A nore detailed discussion of this device is given

by Steinmetz et al. (1980).

The el ectronics subsystem of the SM-0BS consists of gain-ranging
sensor anplifiers, shaping filters to give geophone outputs flat to ground
accel eration, analog-to-digital converter, and two mcroprocessors wth
memory to performthe functions of event detection, data transfer to mag-
netic tape in digital format, and tape recorder control. The recording
systemis “triggered” on when the signal anplitude fromany of the three
geophones exceeds a preset accel eration threshold (usually 107°g).

First data recorded corresponds to data entered into menmory 5 sec before
the trigger instant. This ensures preservation of the onset of the sig-
nal that produced the trigger. Data will continue to be recorded until

the acceleration threshold is not exceeded in any 5-see tinme-w ndow. A

crystal controlled clock provides tinme words incorporated into the header

15



of each recorded data block. Date/tine groups are entered into nmenory
and conpared with clock time to initiate such functions as system turnon,
activation of the transponder for possible recall by acoustic comand,
and release of the return capsule at the preset clock release tine. A
second, |ess accurate clock, operating on an independent battery supply,
I's also set to the desired release tine as a backup to the master clock.
The overal|l system dynamc range is 96 db.

Every effort has been nade to minimze system power drain. At pre-
sent, a station can operate on the sea floor for about 6 months using
22 D-size lithiumcells munted within the pressure vessel. By screen-
ing conponents for |ow power consunption and increasing the number of cells
in the battery pack, we expect to obtain a useful lifetime of one year.

A major concern inmaking Strong-notion neasurenents offshore is
the dynam c behavior of the soil-instrument system Because ocean bottom
soils near the mudline can be very soft, achievement of adequate ground
coupling for strong-notion neasurenents is a significant design problem
An extensive experinental and analytical study of this problem (see
Steinmetz et al., 1979) was conducted to insure that the fidelity of the
measurements were acceptable at accelerations of up to 1.0 g over the fre-
quency range of 0.1 Hz to 10 Hz. Based on this study, it was concluded
that the present system responds accurately in very soft, cohesive soils
with shear strengths on the order of 490 to 975 kg/m® (100 to 200 psf).
Having shown this, the accuracy of the systemin stiffer soils is assured
i f adequate penetration of the base spikes can be achieved. The study
did point out, however, that it is necessary to insure that the footing

is well seated so that the base ring maintains full contact with the soil.

This led to the decision to devel op a means for preloading the footing

16



to insure adequate seating; w thout adding permanently to the system

Mss .

Brief Summary of Results to Date

The initial 6-week period of operation of the high-gain OBS network
(June- August, 1979, 11 stations) was one of unusual quiescence off Kodi ak.
Also, faulty tape recorder operation resulted in partial loss of data
from5 of the high-gain stations. Nevertheless, sixty earthquakes were
recorded by two or nore OBS stations. A typical seismogram from a |ocal
earthquake recorded by one of the high-gain OBS stations is shown in
Figure 5. Arrival times for all earthquake phases identified in the OBS
records were transmitted to Dr. Hans Pulpan for conparison with readings
from the University of Alaska land station network. Thus far, it has
been possible to locate 89 earthquakes using data from the conbined
onshore-of fshore network. The prelimnary epicenter locations for these
earthquakes are shown in Figure 6. The focal depths range from |ess
than 10 kmto about 200 km  Mich of the activity during the period of the
1979 experinent was |ocated beneath the Lower Cook Inlet. The hypocenters
of the detected events are concentrated along the inclined (Benioff) zone
associated with the subduction of the Pacific plate beneath western Al aska.

Since we plan to repeat the microearthquakes experinment off Kodiak
during the sumrer of 1980, we defer further coment on the seismicity of
the region until the nuch larger data set that we anticipate, can be
assenbled. W point out, however, that the location accuracy, parti-
cularly depth estimtes, for the earthquakes that occurred between Kodiak
and the trench axis during the 1979 experinent is much greater than woul d

have been possible without the OBS network.
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Figure 5.

Typical earthquake recorded from high-gain OBS #5 off Kodi ak.
Identified arrivals are the compressional wave (P) and the

shear wave (9S).
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Concerning the strong-notion portion of the program no earthquakes
| arge enough to produce meaningful strong-notion data have occurred in
the Kodi ak zone since nonitoring operations were begun under this program

An inportant new research opportunity may enmerge from the data set
obtained fromthe high-gain OBS stations off Kodiak during 1979. For
years we have been puzzled as to the origin'of a set of distinctive seis-
mc signals that have been recorded in every OBS experinment in wdely
ranging locations. These were nuch nore nunerous in the Kodiak experinent
than had previously been encountered. The Kodiak experinent was the first
one in which we deployed the ocean bottom stations over a large range of
water depths. A plot of the daily rate of occurrence of these events,
versus station depth, is shown in Figure 7. It is evident that the rate
of occurrence dimnishes rapidly with increasing depth until a depth of
about 1500 mis reached. Also, the sources are local, i.e., a given
event is never recorded at nore than one station. Hence, the distribu-
tion of sources with depth is as shown in Figure 7. Finally, these sane
signals are recorded in zones of no known seismc activity, e.g., the
@l f of Mexico. Taken together, these facts are al nost indisputable
evidence that the strange events are of biological origin. If so, the
i mportant point of Figure 7, is that the activity does not dimnish to
zero at abyssal depths, but remains at a fairly high level (14 to 35
events per day). By adding a bottom camera capable of inmaging the OBS
station at the time of each trigger, we may have discovered a new method

of surveying benthic sea life.
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Figure 7. Nurmber of events believed to be of biological origin detected

by various high-gain OBS stations versus station depth.



Field Operations and Construction Plans

1. Strong-notion nmeasurenents. Industry support has been obtained

for the construction of 12 additional strong-notion stations over the
next two years. Briefly, our present plan for field operations and
construction is the follow ng:

(a) Deploy the four existing stations-in the Kodiak shelf zone in

June, 1980.

(b) Construct six additional stations. Deploy these new stations
plus the balance of the present stations, at the approximate
| ocations shown in Figure 8, in Septenber, 1980. Recover
these stations in June, 1981.

(¢) Construct six additional stations. Deploy these new stations
plus the balance of the previously constructed stations at the
earlier sites, and install at least 1 station at a new site in
Norton Sound, in June-July, 1981. Recover and redeploy all
stations in June-July, 1982.

The selection of sites for installation of strong-notion stations
proposed here is based upon a conbination of factors including: (1)
regional seismicity, (2) the locations of sedinmentary basins of possible
interest to the oil industry, and (3) the need to obtain data that will
permt testing and refinement of the earthquake risk assessments derived

in the Offshore Alaska Seismc Exposure Study (QOASES)

Qoviously, the probability of obtaining strong-motion data is highest
within the belts of highest seismicity. However, site specific data, i.e
measurements obtained on the specific sedinent types to be encountered
in future production operations, is also required. Finally, we prefer a

conbi nation of sites that will record signals from earthquake sources
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that follow raypaths that traverse the mgjor structural elenents of the
of f shore Alaska provinces.

As shown in Figure 8, the seismcally active belt of greatest concern
extends along the Aleutian Trench, past Kodiak Island, and into interior
Al aska along a NS trend. A weaker trend extends in an E-Wdirection
into Norton Sound. Two “gaps” in seisnmic activity have been identified
within the major seismc belt: one in the northern Gulf of Al aska and
one centered on the Shumagin |slands. The term seismc gap has taken on
a variety of neanings in recent scientific literature. Here, we nean
the region bordered by major rupture zones (as defined by aftershocks)
of earlier earthquakes. Presumably, these gaps are the nost |ikely can-
didates for future large earthquakes: although, this point is not well
establ i shed.

During the first year of the program we propose to concentrate the
strong-notion stations along the OCS regions of the western Qulf of Alaska
and Aleutian Islands, with several stations located behind the Island
Arc in the Bristol and sGeorge Basins of the Bering Sea. A suggested
distribution is shown in Figure 9. A total of tem stations is indicated
in the network. This assunes that we have 4 stations remmining after
recovery in Cctober, 1980 of the network now operating off Kodiak, and
that six additional stations can be constructed during the summer of 1980.
Note that we have included stations in the vicinity of the Shumagin Gap.

In the second and follow ng years of the program we propose to
extend the network northward with at |east one station operating in Norton
Sound. The stations of the proposed network span a |arge segnent of the
“Aleutian seismic belt. In the event of a large earthquake within this

belt, the raypaths of recorded signals will traverse the major structura
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el enents of the region: (1) forearc shelf, (2) island ridge, and (3)
backarc basin. These data will contribute inportantly to the refinement
of nodel paraneters, particularly attenuation, assumed in the OASES study.
In addition, they will provide the first records of the actual waveforns
of sea bottom accel erations.

V¢ wish to point out that site surveys” (precision depth profile and
sonobuoy refraction |ines) and sediment cores will be needed to properly
interpret any strong-notion data eventually obtained. W propose that
such surveys be deferred until useful strong-notion data are obtained at

a given site.

2. Microearthquake nmeasurenents. OsMng to the limted success of

the mcroearthquake nmeasurements program in 1979, we plan to return to
the Kodiak zone during the summer of 1980 with 8 of our high-gain OBS
stations to repeat the experiment. Suggested station locations are num-
bered 1-8 in Figure 1. Three additional high-gain stations wll be con-
structed during 1980 to increase the total nunber available to thirteen.

| nprovenents in station design are proposed in two areas: (1) Im
prove tape recorder reliability by installing new drive notors, and
elimnating the optical end of tape sensor which has failed to operate
properly in many cases; and (2) increase the reliability of the acoustic
recall system so that it can serve as the primary recovery nethod.

3. Construction of six strong-notion stations for use on land. Six

additional strong-notion stations for use on land will be constructed in
1980. These will be installed and operated by personnel of the University

of Alaska as part of their existing network of radio-telenmetering seisnmc

stations.
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Data Processing and Anal ysis Pl ans

1. Microearthquake (high gain OBS) data analysis. A series of tasks

w |l be acconplished jointly with the University of Alaska. (a) First we
will generate a .list of readings of times of first arrivals for all events
recorded on O0BS playouts. (b) These data will be used by the University
of Alaska in their standard quarterly bulletin calculations. The Univer-
sity of Alaska presently has the capability of producing a seisnologica
bul letin with earthquake origin times, l|ocations, depths, magnitudes and
statistical parameters about one nonth after receipt of data. Their
existing systemw || be able to absorb the additional station |ocations
and additional arrival time readings without serious inpact. asubset of
wel | -recorded earthquakes from the final bulletin list will be selected
for (c) focal mechanismstudies, and (d) crust-mantle structural analyses.
Secondary phases and frequency content will be analyzed. It seens |ikely
‘that progress can be made in identifying tectonic units characterized by
particular seismc velocities, in elastic absorption, and focal nechanism
patterns. These problems will be of interest to both groups, and copies
of original data on these events will be exchanged. (e) The sane data
will also be of use in nmore detailed studies of wave propagation charac-
teristics over the joint network. Surface wave data will be studied by
normal node methods, and a conprehensive effort will be nmade to understand
the details of generation and propagation of waves in these well-recorded
events. In particular, short period surface waves generated by noderate
to large earthquakes in the region Wi ll provide wavefornms which can be
interpreted in terms of rigidity profiles for the upper sedimentary

layers of the continental shelf. These results will ultimately be use-

ful to platformdesign engineers.
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Seismc bulletins will be distributed as at present by the Univer-

sity of Alaska.
2. Strong-motion data analysis. Strong-notion data will be refor-

matted to produce conputer conpatible 9-track data tapes. These, along
wi th anal og playouts and supporting docunentation (locations, calibrations,

avai | abl e information on sub-bottom structure, and source paraneters)

will be distributed to NOAA and the industrial sponsors.
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