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FIGURE CAPTIONS

Fig. 1. Ocean bottom seismometer and pressure spectra measured in
76 meters of water on the New Jersey Shelf.

Fig. 2. Transfer function (seismometer/pressure) and coherence
spectra computed from the data in Figure 1.

Fig. 3. Perspective view of a typical mooring system used in the
deep-water array.

Fig. 4. Plan view of the OBS package showing the two water—-tight
housings and the pressure sensor contained within the low-
profile shroud.

Fig. 5. Block diagram of the OBS electronic package.

Fig. 6. Block diagram of the $-750 seismometer.

Fig. 7. Differential pressure sensor.

Fig. 8. Gain response of seismometer and pressure filters.

Fig. 9. Phase response of seismometer and pressure filters.

Fig. 10. Surface telemetry buoy.

Fig. 1l. Block diagram of telemetry buoy electronics.

Fig. 12. Block diagram of receiving station electronics.
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BACKGROUND

Recent successes during OBS array experiments on the New Jersey
Shelfl, using newly developed seismometers and electronic instrumentation
in 2 to 7-element arrays, have prompted the design and construction of
a new array, deployable in deeper water than our previous designsz.

Figures 1 and 2 illustrate typical real-time plots collected in
shallow water during the New Jersey Shelf work in 76 meters of water.
Fig. 1 is a graph of the power spectral densities measured by a vertical
seismometer and simultaneously, by a differential pressure transducer
(wave gauge) at the same location. The second graph, Fig. 2, displays the
coherence and transfer function for the same two sensors. Quick-look
plots, such as Figures 1 and 2 are particularly gratifying during the
course of an experiment, both to confirm that the equipment is performing
well and, in some instances, to modify the experimental design based on
the field observations. Figures 1 and 2 were collected and plotted within
hours after arriving on site.

Measurements of ambient ocean noise in the ULF/VLF band have many
applications. At the University of Miami, results such as those in
Fig. 1 and 2 are presently being analyzed3:“ according to the work of
Yamamoto®, who by using an iterative "inversion" technique, has been
able to, remotely and passively, describe the sheer modulus of the
underlying sediment.

While the instrumentation performed well, some aspects of the
design were not applicable to deeper water investigations. In shallow
water it is a relatively simple procedure to deploy the OBS packages
and maintain ship station with a 3-point anchoring system. The power

and signal cable i{s then led over the side of the ship into a dry lab.




Fig. 1.
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Ocean bottom seismometer and pressure spectra measured in
76 meters of water on the New Jersey Shelf.
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Fig. 2. Transfer function (seismometer/pressure) and coherence
spectra computed from the data in Figure 1.
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In deep water, however, anticipated station-keeping difficulties while
attached to the mooring cable plus the prohibitive cost of 3000 meter
lengths of multi-conductor cable led to the development of the new system.
In the deep water array the major changes, and they were significant,
were to digitize ell signals, multiplex them onto a single conductor
coaxial cable and, at the surface, telemeter them to a nearby tender ship
which 18 then able to maneuver at will. The received signals at the ship
are then re—converted to their analog form, stored and analyzed as
before to retain the same real-time capability as in the prior work,

described above.

SYSTEM OVERVIEW

Fig. 3 is a perspective sketch of a typical installation of the deep
water OBS array. During deployment, OBS#1 and #2 along with the anchors
are first lowered to the bottom. Subsurface buoys are then attached to
support the wet weight of the cable and minimize the load on the surface
buoy.

At this time, with the surface telemetry buoy still on deck, it
is possible to power both OBS packages and confirm that they are functioning

properly. The surface buoy is then deployed leaving the ship free to

maneuver.
»
: The acoustic transponder at each OBS is used to measure slant
*
o range from the ship and thereby, the OBS spacing. The main anchor
-4

serves, not only to absorb the excess buouyancy of the subsurface floats,

Y a

but to isolate the mooring motion from the OBS packages.

—tLh

SYSTEM COMPONENTS

«

In this section the function and the operation of the system com-

-
LR

ponents are briefly described. Detailed specifications are given later
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in the Appendix.

0BS

The OBS sensors and electronics are mounted within a low-profile,
circular shroud (Fig. 4) designed to maximize coupling to the ocean
bottom and to minimize coupling to the ocean currents. Package weight in
sea water is approximately 34 kg.

Mounted inside the shroud are three separate elements (Fig. 5):
the pressure sensor which must be exposed to the ambient environment,
a watertight housing containing the seismometers and inclinometers, and
a watertight housing containing the signal processing electronics
(i.e. digitizer, filters, amplifiers and power conditioners). All three
elements are interconnected by multi-conductor underwater cables.

The seismometers (Fig. 6) used were developed by Teledyne Geotech for

bore~hole work and have a high pass corner period of 100 sec. The

pressure sensor (Fig. 7) selected for this system i1s patterned after the unit

described by Cox, et al® to measure differential pressure in deep

oceane.

Two gain channels (Fig. 8 and 9) are provided for each of the seismometers

and pressure sensor and, upon reception at the ship receiving station, the
channel providing the maximum sensitivity without signal saturation is
chosen by the user for i1ecording.

All sensor signals are digitized with a 12 bit A/D converter
(resolution of 1 part in 4096) having a channel scan rate of &4 per
second. The resultant multiplexed, serial, digital signal then modulates
a carrier frequency on the mooring modem board and is transmitted up

the coax mooring wire to the surface telemetry buoy.
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Fig. 4 Plan view of the OBS package showing the two water-tight
i housings and the pressure sensor contained within the low-
| profile shroud.
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Mooring

The mooring is a single, 3,000 m section of double armored coaxial
cable with 3 electrical taps (one for system expansion) along its length.
The center conductor and coax shield supply power down the mooring to
each OBS. Signals sent up the mooring to the telemetry buoy use the
same coaxial cable and appear as modulation on a carrier frequency
supplied by the OBS modem. Expansion to a three—element array has been
simplified ($65K for an additional OBS package) by including a third
electrical tap during cable manufacture.

Along the length of the mooring, mechanical tie-points are provided

to attach each OBS plus the primary and tail anchors. Near the top of
the mooring, cable grips are used to attach six to eight subsurface
floats. These floats support the weight of the mooring wire and help
of fget the horizontal component of the drag due to ocean currents.
The size and placement of the floats plus the anchor weight was com-
puted using the model of Skop and Mark’. A sample mooring calculation ise
given in appendix B.

At the surface a mechanical termination and a water-tight electrical

connector provide attachments points for the telemetry buoy.

Telemetry Buoy

The telemetry buoy is a 3.1 m long, spar design with flotation collar
(Fig. 10). A watertight housing the length ot the spar contains the
batteries for the 0BSs and the two telemetry transmitters. Five circuit
cards are (Fig. 11) also contained within the housing. One board acts as a coax
interface to combine the DC battery voltage and the modem carrier
frequencies. Two boards are voltage conditioners and two boards are

modems to demodulate the upcoming signals from each OBS and convert




\ Radio Aatenns Cl PO Flasher Beacon

'i-_.. 1 m dis.
[Sad

P

I %

9 m overall

£y

Internal
Watertight Housing

containing batteries
and radios

LTI YT X

NI

¢.-\
B

-
ke
o

E
j

£8P0

52

Fig. 10. Surface Telemetry Buoy.
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“ oy ®
Modem *2

o Modem *1

Mooring Modem
2 each

; Coax 12 voit 3 valt
f Interface Conditioner Conditieaer

"IITJ

o l 60 Volt battery I .

b 12 velt battery
) Mooring Vire

Iaput

‘)
LY
d
L]

B Fig. 11. Block diagram of telemetrv buoy electronics.
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L_ 1612R receiver/demultiplexer
2each
.
L 4
2 cond. | TesSvitch 1 4 TeatSv. %3
Z (M) ,
/7 \J
;ill- 12 Volt Test Switch *2
pply _— H J/ 7\
T 7 U \:_*‘_1" «2
16 BNC Output Connectors Test Qutput BiCs
* to data recorder
| +3 Volt Supply
113 Volt AC in ‘

Fig. 12. Block diagram of receiving station electronics.




them to 1200 baud, RS-232 compatible voltages. One of the authors8

has used a similar technique at 300 baud to transmit sub-surface
current measurcments to shore.

The battery pack has two outputs: a 12 volt output to power the
transmitters, and a 60 volt output to power the OBSs through the resistive
losses of the mooring conductors. The battery capacity provides 120 hours

of continuous operation before replacing or recharging. Radio range is

approximately B km using vertical antennae.

Receiving Station

On-board the tender ship, two UHF receivers convert the incoming
radio signals to a serial, digital format (RS~232) compatible with the inputs
of two teledyne Geotech 1612R data receivers (Fig. 12) Each Teledyne 1612 then
de-multiplexes the serial bit stream and converts the resultant digital
data to analog voltages that replicate the OBS sensor voltages. These

voltages are recorded on a multi-channel analog instrumentation

recorder and, simultaneously, processed by a dual channel FFT analyzer.

v
;: Hard copy plots are provided by an XY plotter.

v’

Fl

>,

L SUMMARY

L

E A deep-water OBS array with real-time telemetry has been developed
o

} and is now available. This system, composed of two discrete sensing
bl

i packages and the attendant processing and transmitting electronics,

provides a user with all the hardware necessary for seismic measurements

. in water depths to 2000 meters and real-time (via radio telemetry) recording

and field analysis of the resultant data. Operating in the ULF/VLF

band, the array provides rapid deployment and measurement of low~frequency,

ocean—bottom ambient nonise.

The appendix contains detailed enyineering specifications.
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v OBS SPECIFICATIONS
*\'
‘&)

.H_:i OBS Dimensions (2 per system):

oM

;J‘ Diameter: 94 cm Height: 23 cm

E.'
: Weight in air: 7.26 kg Welght in water: 34 kg
o)
L AN
R 3 , Watertight Housings (2 per OBS):
o

’ Diameter: 23 cm Length: 48 cm

}::* Sensors :

s
oy Seismometer:
" Type: Teledyne Geotech Model S-750 (3 per OBS)
% -2 2
P/ Sensitivity: 107¢ meter/second“/volt
g -6 2
K- Self-noise: 107° meter/second</root Hz @ 100 sec
s
8K
{ Bandpass: .01 to 100 sec @ 3dB corners
=N Pressure:
b7
[F- ",

- Type: Ocean Sensors Model 109-000

<o

. Sensitivity: 3 x 102 Pa/volt
3

- Self-noise: 1074 Pa/Hz @ 100 sec
o~y
Y Bandpass: 1 to 140 sec @ -3 dB corners

'. Diameter: 17 cm Length: 24 cm
_J.’

': Clinometer (2 per OBS):

e

:-',' - Type: Sperry Model 02383-01
o’
@2 Sensitivity: 60 mvolts/deg Range: +/-45 deg linear
f.:s

,'::-: Accuracy: +/-1 percent FS Time constant: 0.3 sec
;:-. North-Seeker:
N

"R

3 Type: Aanderaa Model 1248, clamped resistance
.-;":: Sensitivity: 14 mvolts/deg Accuracy: +/-2 degrees
Q Time constant: 3.5 sec
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¢
L]
-
]
L]
< Circuit Cards:
st a. Digicizer (1): 12 bit, 16 channel, 4 scans/sec.
J RS-232 gerial out, 5 volt bipolar input
4
4 b. Anti-aliasing Filter/ Amp (4): dual gain output, user selectable gain
L)
“ Bandpass, 2 to 250 sec @ -3 dB corners
) c. Power Conditioner (1): +/-12 volt, 5SW
i
K d. Power Conditioner (1): +5 volt, 2W
; e. Mooring modem (1):
I
b, f. Coax interface (1):
g. Pressure bridge excitation/amp (1):
: OBS Power Consumption: 8,5W
W MOORING SPECIFICATIONS
¥
(‘ Cable
Type: Brantner & Assoc., double armored coaxial
Length: (3020 meters, 10,000 ft)
Weight in air: 1.1 kg/m (3334 kg total)
3 Weight in water: .824 kg/m (2513 kg total)
N
N Diameter: 1.93 cm Min. Bend Diameter: 92 cm
" . Working load: 2268 kg Breaking strength: 13610 kg
i
N Conductor Resistance: 17 ohms Shield Resistance: 10 ohms
y OBS Taps: 3 @ 1800, 2400, 3000 meters
! Anchors: 590 to 680 kg main, 12 kg tail
g Buoys (6): .95 m diameter, steel, 300 kg
o
Tranasponders (2 each): Benthos Model XT-6000
> Frequency: 10.5 KHz and 13.5 KHz Transmit Pulse: 10msec
¥
() |
o Detection Jitter: +/-0.1 msec Diameter: 10"0D
€
| Weight in air: 8.6 kg Buoyancy in seawater: .45 kg
{
.
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Handling Winch required:

Drum Dimensions:

Diameter: 92 cm Length: 96 cm Flange: 150 cm dia.

Winch HP: 25

TELEMETRY BUOY SPECIFICATIONS

Type: Spar with flotation collar
Length: 3.1 m, excluding antenna mast
Buoy Diameter:

Spar: 24 cm 0D, 22 cm ID Collar: 91 cm

Weight assembled: 250 1b
Buoyancy: 159 kg Freeboard: 60 cm
Electronic Cards:

a. Mooring modem  (2)

b. Coax interface (1)

c¢. 12V conditioner (1)

d. 5V conditioner (1)

e -

) RF-Tfansmitter (2 each):

Type: MDL 2205, single channel
Modulation: Frequency, +/-3 KHz deviation
Data Input: RS-232

Frequency: 461.025, .125 MHiz

Transmit Power: 0.5 watt

Data Rate: 1200 baud

Battery Pack:
Voltage: 60V(40 Amp-hr) and 12V(60 Amp-hr), 120 hour operation

Antenna: unity gain, 1/4 wave vertical mounted on 1.8 m fiberglass mast

Nominal Range: 8 km
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5»; RECEIVING STATION SPECIFICATIONS
DO
: RF Receiver (2 each):
N
s. ’l
LA .
N Type: MDL 2206, single channel
7
e
bt ) Frequency: 461.025, .125 MHz
(? IF: triple conversion
‘Jhé Data Rate: 1200 baud
.)-IJ
.7,: : Sensitivity: 0.5 uV for 12 dB SINAD
. Data Output: RS-232
‘ \;‘:I
S Antenna: unity gain 1/4 wave vertical on 3 m fiberglass mast
)
\.'.'\
~,$% Electronic Cabinet:
1V
Circuit Cards:
ARE
*2§: a. Data Receiver (1): 16 channel, 12 bit D/A, +/-5 volt analog out
i ls
:;? b. Power Supply (1): +/-12 @ 1A, +5 volt @ .2A
- Test switches:
\.l
;:1 a. OBS#1 signals
e b. OBS#2 signals
1)‘ c. RF status and DC voltages
L
1 g
'};5 Dimensions: 14"w x 12"d x 8"h Weight: 12 1b
fﬁﬁ:‘)
‘L Power Required: 115 VAC, 60 Hz, single phase, 20W
i
G DATA RECORDER SPECIFICATIONS
J':':,'
SR Type: Teac Model SR-51 multi-channel {instrumentation recorder
‘¢ -"'-
i- ‘
iy Channels:
v
< 12 - data, DC to 150 Hz @ 0.6 cm/sec, with read after write output,
v
'.,l
-:'j 0.2 to 10 volt input range
\ )
T d)
- 1 - block ID#, with playback search
o
a:; 1 - speed servo, for minimum jitter, skew and time base error
P2
LeLe
24 1 - voice memo, microphone input
W
.
1 23
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Record Speed: switch selectable 0.6 to 152.4 cm/sec (0.6cam/sec - 32 hr/reel)
Record Medi{a: 1/2" magnetic tape, digitallv certified, 2300 ft reels

(DT-400-1/2-2300PR)

Accuracy:
Flutter: 0.2%7 @ 156 Hz Amplitude: +/-1 dB
Distortion: < 2% Non-linearity: < 0.4%

Drife: < 0.°5%
Self-nofse: < 107" volts/root Hz @ 100 sec
Dimensions: 18 1/4" w x 20 1/4" h x 10 1/2" 4 Weight: 62 1b

Power Required: 115 VAC, 60 Hz, single phase, 250 VA

FFT ANALYZER SPECIFICATIONS

Type: Ono Sokk{ Model CF-91G, dual channel
Major Functions: Power, Cross, Phase, Complex and Coherent Output Spectruams,
Transfer, Coherence and Cross Correlation Functions.
Outputs: video screen, XY plotter control and GPIB (parallel digital
interface)
Dimensions: 17" w x 10" h x 20" d Welght: 62 1b

Power Required: 115 VAC, 60 Hz, single phase, 300 VA

XY PLOTTER SPECIFICATIONS

Type: Hewlett Packard ColorPro Model HP7440

Paper Size: 8 1/2" x 11", single sheet (ANSI "A" size)

Pens: maximum 8 Interface: GPIB

Dimensions: 18" w x 5" h x 12" d Weight: 12 1b (16 1b with power supply)

Power Required: 115 VAC, 60 Hz, single phase, 20 W
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