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ABSTRACT

A new generation system which measures strong motion in marine sediments has
been developed and deployed. The system consists of three subsystems: a
seafloor data acquisition package and two shipboard packages that command and
record data from the seafloor package. Communication between the two systems
is via an acoustic telemetry system. The seafloor unit is powered by lithium
batteries and has an operational life of four years. The seafloor unit is
microprocessor controlled and uses a three-axis accelerometer package to
continuously measurement sediment motions from .00l to 10 g's. These data are
digitized at a 100 hertz rate and, if they meet the preestablished event
selection criterion, they are stored in an eight-million bit, nonvolatile,
magnetic bubble memory. In addition to recording seismic data, the shipboard
subsystem can monitor the status of the seafloor package and change the
operating characteristics, if necessary. The paper describes the design,
development, and deployment of the Seafloor Earthquake Measurement System.
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1.0 INTRODUCTION

In 1976 the U.S. Department of Energy, with the support of the U.S.
Geological Survey, established the offshore Technology Program. The objective
of the program is to develop instrumentation systems which will assist govern-
ment and industry to characterize the marine geotechnical environment of the
outer continental shelf. One element of the program is the Seafloor Earth-
quake Measurement System (SEMS) Project. The objective of the SEMS is the
development and demonstration of an instrumentation system capable of measur-
ing the response of ocean floor sediments to strong motion seismic activity in
remote unattended areas. The requirements for such an instrument include a
long operational life, a mechanism for collection and storage of seismic data,
and a reliable means of retrieval of the data. Sandia National Laboratories
has previously deployed four SEMS. These units were deployed in the Santa

Barbara Channel in October 1980, and operated for a period of one year.l

The purpose of this report is to document the design and development of
the SEMS that was deployed off Long Beach, California. This unit (herein
called the SHELL SEMS) was developed as part of an agreement between the
Department of Energy and SHELL Development Company of Houston, Texas.2
Sandia acted as the technical representative for the Department of Energy
(DOE), providing management and technical support for all phases of the
project (herein call the SHELL Project).

The SHELL SEMS was originally conceived as a prototype SEMS that would
demonstrate design features thought to be necessary for units destined for the
Aleutian Shelf and southern Bering Sea. At the time of its conception, it was
believed that the next major SEMS project would be in this region.3 Under-
lying technologies and system requirements had changed considerably since the
last SEMS was deployed in the Santa Barbara Channel. Included in these
changes was a need for longer system life, larger memory capacity, and imple-
mentation of a remote installation technique. Because of the high deployment
cost, a system with an extended operationai 1ife is essential. The larger
memory capacity implies less frequent interrogations of the system - an

advantage in the harsh Arctic climate. A remote installation technique is



necessary in the severe rough seas and the increased deployment depths. A
Bering Sea unit was needed to reflect these changes, and the SHELL Progect was
to be used to test new design and emplacement concepts. In addition, the
SHELL Project had merit in that it provided the opportunity to monitor the
seabed close to existing offshore 011 platforms that possessed selsmlc sensors
on deck and underwater on the platform legs 4 This gave a unlque oppor*
tunity to collect soil response data that could later be related to the

response of an actual offshore structure.

In May 1984, design of the SHELL SEMS began. Fihal assembly and testing
of the unit was completed in April of 1985. Installation was performed on May
15, 1985, in 235 feet of water at a site ten mlles offshore Long Beach in the

Beta field, as given by the coordlnates

Latitude : 33° 35' 13" north
Longitude : 118° 07' 22" west

In the sections that follow, the design features of the SHELL SEMS are
presented and discussed. Appendix C contains a detailed description of the

SEMS deployment.



2.0 SHELL SEMS SYSTEM DESCRIPTION
2.1 SHELL SEMS ELECTR1CAL SYSTEM DESCRIPTION

2.1.1 Qverview

The SEMS is designed to measure strong motion seismic data from remote

ocean floor sites. The major attributes of the system include:

1. Low power consumption for extended system life;

2. Broad, dynamic range-sensing capability;

3. Efficient use of limited data storage capacity; and
4. Remote, unattended operation of the system.

Low power consumption is achieved by the use of CMOS technology and other
low power components wherever possible. A nonvolatile magnetic bubble memory
(MBM) is used for long-term data storage and requires a significant amount of
power, is activated only when required. The MBM has the advantage that it can
be deenergized for long periods of time without loss or degradation of the

stored data, thereby minimizing power.

The SEMS uses low power accelerometers and measures acceleration levels

from .00l to 10.0 g's* and frequencies from .2 to 20 Hz in three axis.

A sophisticated data-gathering and storage algorithm which is part of the
microprocessor software efficiently uses the limited storage capacity of the

MBM to store the seismic data.

The SEMS employs a seafloor package that communicates via an acoustic
4
telemetry data link and enables remote data collection from the surface.

The SEMS concept is illustrated in Figure 2-1.

x g's (free fall, standard) X980.655 = Gals



Figure 2-1. The SEMS Concept
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The SHELL SEMS consists of three subsystems:

1. The seafloor package, called the Data Gathering System (DAGS). DAGS
gathers data from a probe which contains the seismic sensors and a

dual axis magnetometer.

2. The Command and Recording System (CARS), a portable shipboard unit
that provides operator interface with the DAGS. . CARS records the
data sent from DAGS on a digital cassette tape recorder for later

analysis.

3. The Buoy Repeater Station (BRES), a portable acoustic transmitter/
receiver station used with CARS, tékes commands from GARS and relays
them to DAGS via the acoustic telemetry link. It receives data from
DAGS and transfers them to CARS via an RS-232 serial digital

interface.

All three subsystems have a similaf design structure. These subsystems
are controlled by similar microcomputers and use many jdentical boards. This
use of identical PC boards makes the system much easier to build and check
out. The following sections describe the functions of each subsystem and the
electronic hardware used to’implement these‘functions. Whenever a £ype of
board is referred to by its name, that board will;be tﬁe same no matter which
system uses it.  The only exception to tﬁis fule is the memory board. The
memory board in CARS has more programmable read-only memory (PROM) than
read/write memory (RAM), whereas the BRES and DAGS memofy have more RAM than
PROM. The software controlling the microprocessor are different for each

system and define how each system responds to and processes commands.

The acoustic telemetry system, being identical in BRES and in DAGS, 1is

described in a separate section.
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2.1.2 DAGS System Description
The DAGS has three basic functions:

1. Communicate with the shipboard CARS;
2. Gather seismic data; and

3. Perform a command sent from CARS.

The primary function of DAGS is the collection of seismic data. A probe
connected electrically to the DAGS, but physically isolated from it, contains
a three-axis accelerometer package. The accelerometers are Endeveo Model
7751-500 with the specifications of the accelerometer listed in Table 2-1.
The system is capable of measuring acceleration levels between .00l g to 10
g's with a flat response from .2 Hz to 20 Hz. . The accelerometers are éampled
at 100 times per second and low pass filtered to avoid aliasing. Each data
sample is then processed to achieve maximum signal resolution and eliminate

errors introduced by the electronics.

The seismic data are then digitized and placed in temporary memory. _This
memory is used to hold data while a determination is made whether the data
should be saved or discarded. Short-term and long-term running averages of
the seismic data are calculated and used to define the strength of the seismic
activity. Since the mass memory capacity is limited, certain criteria have
been implemented in the software to determine whether a given block of data
should be retained. When these criteria are met, the data are transferred
from the temporary memory to a more permanent memory - the magnetic bubble
memory (MBM). The MBM is used as a mass storage device becaﬁse its nonvola-
tile nature permits it to be turned off without loss of stored data. Although
it requires a substantial amount of power, the MBM is activated only on data
transfer. The MBM has a storage capacity of approximately seven million bits
or 1,242 seconds of seismic data. The seismic data are stored in blocks with
each block containing a seismic event. Software routines evaluate and compare
the data currently being collected with data already held in mass storage and
only the most significant data are retained. A complete description of the

algorithms is included in Section 2.1.6.
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DAGS interacts with the shipboard units in an unambiguous manner through
the acoustic telemetry link. Fail-safe provisions in software are implemented
to prohibit DAGS from responding to spurious signal inputs that could wipe out
the data in mass memory or cause it to enter a mode which will disable the
communication link. All commands received are checked for errors and validity
of the command. Any abnormality in the command string forces the command to

be ignored.

DAGS can, on command from the surface, monitor certain system parameters,
such as battery voltage, and transmit the information to the surface. The
seismic data stored in mass memory is also transmitted to the surface upon
command. Normally the operator requests a summary of the data stored in mass
memory and then decides which data are of interest. The data are then trans-
mitted by DAGS in small blocks. The size of the blocks is chosen to send as
much information as possible yet maintain a low transmission error rate.
Parity error checking is done by BRES and if an error in transmission is
detected, DAGS is automatically commanded to retransmit that particular data
block.

The probe mentioned earlier also contains a dual-axis magnetonmeter,
Schonstedt Model SAM-72C-NB, that is used to determine the horizontal orienta-
tion of the probe package after placement in the seafloor. The magnetometer
is sampled only upon command from the surface and has a sensitivity of +300

mgauss.

A block diagram of the DAGS electronics is shown in Figure 2-2. The
center of the diagram is the central processing unit (CPU) board which
contains the microprocessor and the serial interface (UART) which interfaces

to the acoustic telemetry receiver and transmitter.

A memory board with 8,192 bytes of PROM for software program storage and
24,576 bytes of RAM for data storage is connected to the CPU board.

Also connected to the CPU board is the analog-to-digital board which is

diagrammed in Figure 2-3. The control and multiplexing circuitry takes

13




Figure 2-2. DAGS Electronic Block Diagram

ANALOG TO
ANALOG DIGITAL
INPUTS ™1 CONVERTER
BOARD
3
y
ek ram  |<»]  cPuBOARD |« BUBBLE MEMORY | BUBBLE
8K PROM INTERFACE BOARD MEMORY
| A
' .
ACOUSTIC TM
MODULATOR ACOUSTIC TM
AND CONTROL [ RECEIVER
BOARD
A
‘V
ACOUSTIC TM
ACOUSTIC TM acousTicTm | [RECENEIIRANSMITI | scoustic
POWER AMPLIFIER PREAMPLIFIER TRANSBUCE TRANSDUCER
MATCHING
* A
+13.5 VOLTS
> . FORATM
POWER AMP
> +5VOLTS
LOGIC
™1 POWER SUPPLY
> -svoLTs
| >~ +7voLTs
ANALOG POWER )
- Loaro > -7VOLTS
' +5 VOLTS REF.
>  +18 VOLTS @ 5 mA
BATTERY | ACCELEROMETER
PACK |1 powersuppLy [ *18VOLTS@5mA
>  +18 VOLTS @ 5 mA

L .

1k

+22 VOLTS @ 5 mA




BUFFER

ﬁiguré 2.3, Analog Board Diagram

AMPLIFIER

VERTICAL
ACGELEROMETER

4-POLE
[LOW PASS
FILTER

X-HORIZONTAL
ACCELEROMETER

4-POLE
LOW PASS
FILTER

8
CHANNEL
MUX

Y-HORIZONTAL

4-POLE
ILOW PASS
FILTER

ACCELEROMETER

+22 V——————l

- X4
GAIN

X4
GAIN

12
CHANNEL
MUX

X-HORIZONTAL

MAGNETOMETER
Y-HORIZONTAL [
MAGNETOMETER ™
BATTERY ]
VOLTAGE

‘m

15

10 VOLT
REFER-
ENCE
128H DIGITAL
A/D DATA
CON- INTER-
VERTER FACE

—>

L

cPU
BOARD

CONTROL CPU
LOGIC <:::]BOARD




commands from the microprocessor and switches the correct gain and analog
input onto the digitizer. This board contains the four pole, low-pass filters
and variable gain amplifiers used on the seismic signals from the accelero-
meters. The analog-to-digital converter is a 12-bit device with a -5-volt to
+5-volt input range. The analog board is also used to monitor DAGS parameters
such as battery voltage and reference voltage. These monitors are not neces-
sary for the system's operation but are used for diagnostic purposes. The
two-axis Schonstedt  Model SAM-72C-NB  magnetometer located with the

accelerometers is also monitored from this board.

The MBM interface board allows the microprocessor to communicate with the
bubble memory system. All interface circuitry including the handshaking and
data translation lines are on this board. The transfer of data between the
MBM and the CPU is done in a direct memory access (DMA) mode.; This board also
contains the circuitry that fires an explosive bolt that releases a recovery
float. The Bubble Memory board contains eight intel'oné—millithbit;bubble
memory modules (eight million bits total) ﬁhat are used for mass memory
storage. Any number of the modules can be disabled by the command from the
surface, thereby prohibiting the micfdprocéssor from aécessing that  module.
Due to malfunctions of one module in the SHELL SEMS, the number of?mddules

that are used is seven.

The power supplies used in DAGS are DC-DC converters which cohver£ the
battery voltage of 8 to 14 volts to the desired voltages. . These power
supplies - are special Sandia designed-and-built units which maximize their

efficiency for the low power levels at which the system operatés.

Normally the system is in the data-gathering mode with the acoustic
receiver on. When a command from the surface ig received, the UART interrupts
the microprocessor which in turn checks the command for errors, interprets the
command, and performs the requested operation. 1In the case of sending data to
the surface package, the microprocessor turns the transmitter on and then
sends the requested data. At the end of transmission, the microprocessor
turns the transmitter off and returns to the listening mode. If the MBM is
being accessed, the microprocessor inhibits the UART receiver from inter-

rupting, to prevent a loss or change of the data in the MBM.

16




The DAGS time is set to Coordinated Universal Time (CUT) via a command
from the surface unit. The time accuracy is correctable to CUT to #100

milliseconds.

The wunit is powered by 147 1ithium-bromine-chloride battery packs
manufactured by Electrochem Industries that yield a projected life of four

years.
2.1.3 Buoy Repeater System (BRES) Description

The function of BRES is the interface between CARS and DAGS. Figure 2-4
is a block diagram of BRES. Like DAGS, BRES has a CPU board and a memory
board. 1In addition, it contains an RS-232 serial interface board, called the
UART board, and is used to communicate with CARS. Common to both BRES and

DAGS is the acoustic telemetry hardware which is described in a later section.

Operationally, BRES receives a command from CARS, encodes it into the
proper.format with error detection information, and transmits the command to
DAGS via the acoustic telemetry. It then waits for a response from DAGS,
decodes and checks the received data for errors, and sends the response to
CARS. 1If errors are detected or the DAGS féils to respond within a preset
time interval, CARS is notified and sent the error information. The operating
mode of the BRES can be changed by the operator via CARS. Appendix B contains
a complete listing of the BRES commands. The BRES is packaged in a
water-tight metal box approximately 15 by 15 by 12 inches as shown in
Figure 2-5 and is powered by a standard 12 volt lead-acid battery.

2.1.4 Command and Recording System (CARS) Description

The CARS unit is the operator interface to the SEMS. Commands are input
by the operator through a keyboard, decoded and sent to the appropriate sub-
system. Operationally, commands for BRES or DAGS are sent to BRES, CARS waits
for a response from BRES and if the response contains errors or BRES fails to
respond within ten seconds, it asks BRES for a retransmission of the data. If
the error occurred in the acoustic data link, BRES commands DAGS for a

retransmission of the data.
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Figure 2-4. BRES Electronic Block Diagram
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. Figure 2-5. BRES Physical Package




This procedure is repeated until CARS receives the data error-free, the
operator intervenes, or five unsuccessful attempts have been made. Normally,
the operator sets up the operating modes of CARS, such as time of day and
magnetic tape recording, before attempting to communicate with DAGS. A

listing of the commands is included in Appendix B.

The CARS blbck diagram is shown in Figure 2-6. The diagram differs from
the other subsystems since its main function is to communicate with the oper-
ator and record data. As previously stated, the memory board is different
than that of BRES and DAGS. The CARS memory board has less RAM and more PROM
for more software storage capability. CARS 1is capable of holding four
differént software prbgrams in its PROM. These programs are switch selectable
by the operator from the fron£ panel, In addition to the program that
communicates with BRES, two other‘important programs are included. One is a
diagnostic program that tests ail the essential features of CARS and displays
the results to the operator. The other program, called Mag Tape Read '(MTR),
transfers previously recorded data Qn cassette tape to a main frgmebcomputer

via an RS-232 interface.

CARS uses the same CPU board as the other systems and includes"the

following devices:

1. A 32~cha}36ter alphanumeric LCD display that tells the operator the

~ status of the command or data.

2. A lé6-key keyboard that is'used by the operator to input commands or
data requested by CARS. ‘

3. A 48-column alphanumeric printer that priﬁts a hard copy of the data.

4, A digital magnetic cassette recorder/reader that records the data
received from BRES and later transfers the recorded data to another

computer.

A picture of the CARS unit is shown in Figure 2-7. 1In operation, the
commands are input through the keyboard. The microprocessor then decodes and

performs the command. The command is displayed, printed, and recorded if the
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Figure 2-6. CARS Electronic Block Diagram
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Figure 2-7. CARS Control Panel
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tape recorder is activated. 1If the command requests data from BRES or DAGS,
the proper information is sent to BRES via the serial interface port and the
nicroprocessor then waits for BRES to respond. Data from BRES are displayed,
printed, and recorded along with any error jnformation. With the versatility
of the SHELL SEMS, functions other than seismic data collection are available.

The operator can have DAGS transmit fixed data patterns for system checkout,
change acoustic power levels and transmission data rates, set and read DAGS
time, or command transmission of constant wave and amplitude modulated signals

for acoustic propagation studies.

As mentioned before, CARS and BRES use the same power source, usually a
marine battery, when collecting data in the field. CARS will also operate
from 110 volts AC which is usually used in the laboratory when the data on
cassette tape are transferred to a main frame computer for reduction and

analysis.
2.1.5 Acoustic Telemetry System Description

DAGS and BRES have 1dent1cal acoustic telemetry boards The acoustic
telemetry system consists of five boards and an acoustlc transducer. In addi-
tion, BRES has an extra board used for monitoring the received acoustic signal
with an oscllloscope Although not requlred for operat1on, this board aids in

studying the propagation behav1or of the acoustic signal through the water.

The acoustic telemetby>system is an improved adaptation of one used in
earlier systems.5 Two 140 degreé conical beam transducers (one on the DAGS
and the other on BRES) transmit data through the water. The asynchronous data
are transmitted using noncoherent frequency shaft keying (FSK). The data word
format consists of a start bit, eight data bits, a parity bit, and a stop
bit. The data bit "one" is transmitted at 51.2 kHz and a data bit "zero” at
43.9 kHz.

The diagram of the acoustic telemetry system is shown in Figure 2-8, and

the acoustic operating parameters are listed in Table 2-2. The serial digital
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Figure 2-8. Acoustic Components Block Diagram
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Table 2-1

Accelerometer Specifications

Sensitivity 500 mV/g

Range +10 g full scale
Calibrated Frequency Response 0.04 to 20 Hz
Transverse Sensitivity 3 percent

Power Requirements 5 ma @ 20 volts
Shock Capability 2000 g

Resonant Frequency 11 kHz
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data stream from the CPU board is fed to the acoustic modulator and control
board. One function of this board is to take commands from the microprocessor
and generate the control signals that operate the receive/t:ansmit relay, and
set transmit and receive bit rates. The other function of thié board is to
convert the serial bit‘stream to a low—ieﬁel FSK‘modulatéd signai. Figure 2-9
shows a diagram of the modulator and the power aﬁplifie:;. The modulator
divides a 614.4 kHz signal by 12 and 14 to generate the two aifferent acoustic
frequencies 51.2 kHz and 43.9 kHz. The serial data streém from the CPU board
is used to operate an analog switch that selects either of two frequencies.
For instance, if the serial data is a zero, the 43.9 kHz signal is selected;
and if the serial data is a one, the 51.2 kHz is selected. The output of the
switch is fed to a bandpass filter that converts the signal from a square wave

to a sine wave.

The output of the modulator is fed to the power amplifier which converts

the low-level signal to a 10-watt signal relative to a 50-ohm load.

The signal then goes to the impedance matching board. This board has a
transformer and inductor that are individually tuned to match the 50-ohn
impedance of the power amplifier to the impedance of the acoustic transducer

for optimum signal transmission at both frequencies.

Also contained in this board is the double-pole, double-throw relay that
connects either the transmitter or receiver to the transducer. Since the
transducer is used for both transmitting and receiving, the microprocessor,

via the modulator board, switches the transmitter to the transducer.

In the receive mode, the acoustic receiver is switched to the transducer.
The received signal comes in from the transducer, through the receive/transmit
switch and on to the acoustic preamplifier. Note that the system cannot
transmit and receive simultaneously. 1In addition, the receive signal does not
go through the matching circuitry. Figure 2-10 shows the diagram of the

receiver.
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Figure 2-9. Acoustic Transmitter Block Diagram
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‘Figure 2-10.

Acoustic Receiver Block Diagram
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The acoustic preamplifier is a low-noise linear amplifier with a gain of
65 dB. This preamplifier is the heart of the acoustic telemetry system since
its ability to detect minute signals (1 to 10 microvolts) determines the

operating level of the system.

The amplified receive signal next goes to the receiver board. The
receiver consists of three sections of gain and bandpass filtering. This
section amplifies the signal by 100 dB and has a 10-kHz bandwidth centered at
47.5 kHz.

The signal is then fed to two bandpass filters, one at 43.9 kHz and the
other at 51.2 KkHz, which are each followed by a series of amplifiers that
operate in the saturation mode and produce a clean square wave when the
receive signal is in either of the frequency bands. The two signals drive the
two sides of a digital flip-flop to generate the demodulated signal. The
gserial digital data stream is then decoded on the CPU board.

2.1.6 Data Gathering Software pescription

This section provides an overview of the DAGS data gathering software.
Appendix B contains flowcharts and descriptions of the software for each of
the subsystems (DAGS, BRES, CARS). As mentioned before, the primary functxon
of DAGS is to collect and store seismic data. This algorithm determines if an
event of interest has occurred and then determines whether or not to store the
event in the magnetic bubﬁle memory. Figure 2-11 shows a diagraﬁ of the data

acquisition algorithm.

The criterion used to determine if the current level of seismicity is

" associated with a potential earthquake event is one used extensively by the

UsGs and other agencies. The method is based on continually updating
averages and determining the present to past ratios of averages. The assump-
tion implied in this method is that the more recent data is the signature
(signal) of a candidate event. The accelerometers are sampled 100 times per

second and the data are placed in a 1.7-second pre-—event buffer in RAM. The
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Figure 2-11. Data Gathering Algorithm Diagram,
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absolute value of the amplitude, A(t), of the output of the vertical
accelerometer is used to update a short-term average at time t, STA(Y), and a

long-term average at time t, LTA(t). More specifically,

ACE )

BN 128-1 " in : ' n+l
STACt, 1) = 128 sm(tn): + e |
S . ACE )

2048-1 o n+l
LTA(tn+l) = 5048 LTA(t )+ | 7048 |

Initially, LTA(to) = STA(to)»E 0, and for the first 2048 samples (20.48 sec),

A(t )
~=—1 ; the STA is updated as

LTA(tn+l) = LTA(tn+l) = LTA(tn) + |

described above. The ratio of the two averages is not computed until the

first 20.48 seconds have elapsed.

The STA is the average of the last 1.28 seconds of data and is a measure
of the current seismic activity (signal strength). 1In contrast, the LTA is
the average of the last 20.48 seconds of data and is a measure of the back-
ground seismic (noise) level. TIf the signal-to-noise ratio (STA/LTA) exceeds
a preset threshold value, nominally 1.5, the current data block is treated as
a candidate earthquake event. The time periods were chosen to give a reason-

able length data window and permnit easy manipulation by the microprocessor.

If a data string is determined to be a candidate earthquake event by
exceeding the signal-to-noise threshold value, the LTA computation is halted
as is the data transfer to the 1.7-second pre-event buffer. Incoming data
from the accelerometers are then recorded in an event buffer section of RAM

and a 20.48 record current event size is computed. Specifically,

t+20.48
Current Event Size = . E : A |
t
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At the end of the 20.48 seconds the Current Event Size is used to deter-
mine whether or not to store the data currently stored in the RAM event buffer

into the magnetic bubble memory.

As noted previously, the bubble memory is divided into 56 22.18-second
blocks. The microcomputer has a section in RAM called the block information
section which contains the status of each block (i.e., whether a block has
event data or is vacant). If a block contains event data, the size of the
block is also recorded. Since an earthquake event can be longer than 20.48
seconds, an event can have multiple blocks of data in the bubble memory. When
comparing block event sizes, a check is first made to determine if any vacant
blocks exist. If a vacant block is found, the current event and the pertinent
information about the event, such as the time and date of the évenﬁ, are
stored in the bubble memory and the biotk information in RAM is updated. If
no blocks are vacant, a comparison of event sizes is made to détéfmine if the
current event is larger than the smallest event size in the bubble memory. If
a smaller event is found in the bubble memory, all of the blocks fof that
event are declared vacant and the current event is stored in one of the vacant
blocks. If the current event is smaller than the minimum previously stored,
the event is not stored in the bubble ﬁemofy, and the system starts looking
for another event. In this manner, the system _aiwéys ‘retains the largest

events.

Once the first block of data of an event'has been stored in the bubble
memory, a new block pf daté is écquired. At the eﬁd of this subséﬁuent block,
a block eveﬁt size is calculated as pfeviouély described. For blocks of an
event other than the first, a shutdown ratio is computed based on the ratio of
the block size to the LTA. If the ratio is less than a preset‘ level,
nominally 1.7, the event 1is declafed over and the system begins looking:for
another event. Otherwise, the event is considered still in progress and the
procedure for determining whether Qf ndt'to store the presen£ eventbdata in
the bubble memory continues as described above. This procedure continues
until the new event is declared over or until all 56 blocks are filled by one
event (an unlikely outcome). When an event is declared over, the LTA calcula-

tion 1is restarted and the new data are input to the pre-event buffer as
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before. The system will not declare an event until the 1. 7 second pre-event
pbuffer is filled with new data. Sufficient information is included with each
block to reconstruct the data from a seismic event that has more than one

block.
2.2 SEMS MECHAN1CAL SYSTEM DESCRIPTION

2.2.1 Overview

The external configuration of the SHELL SEMS is shown in the assembly
layout drawing given in Figure 2-12. A detailed parts list of components,
subassemblies, drawing numbers, and associated sources is presented in
Appendix D. Although the appearance and layout of this unit is considerably
different from that of earlier units, the function of major features is

1
virtually the same as that described by Ryerson.

A pressure-tight housing for the system electronics and batteries is
provided by two pressure vessels mounted side by side under a smooth, protec-
tive framework of steel tublng The frame is intended to deflect nets and
cables that are dragged along the bottom by commercial flshermen The
acoustic transducer is mounted on a transverse plate on the top of the frame

and provides communication with the surface..

Figure 2-13 shows the assembly draw1ng of the seismic probe. The probe
contains the seismic accelerometers that sense the three orthogonal axes of
orientation. This assembly is buried 5 feet in the sediment and 10 feet away
from the seafloor wunit. It communicates with the electronics via a
25-foot-long underwater cable that runs between the probe and the electronics

pressure vessel.

The final major subassembly is the recovery float and its release
mechanism (Figure 2-12). The purpose of this system is to allow the SEMS to
be recovered from the seafloor by issuing a command from the shipboard
communications system that will cause the release of the float and the
attached recovery line. By this line, the SEMS can be hoisted from the
bottom, although it is probable that the probe electrical cable will break,

33




Figure 2-12. The Seafloor Earthquake

Measurement System, SEMS.
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leaving the probe buried in the sediment. Recovery of the seafloor platform
is possible as long as the internal batteries are charged to ten volts and the
necessary telemetry and electrical systems are operational. Recovery is
planned at the end of useful life and is a requirement under the federal law

7
for scientific instruments of this type.
2.2,2 System Mass Properties

The system mass properties in air and submerged in water are given in
Tables 2-3 and 2-4. The coordinate system for applying these data is given in
Figure 2-12. The weight of the unit is approximately 1,600 pounds in air, and
800 pounds submerged. The center of g:avity is‘ slightly forward of the
geometrical center when viewed from above,:diébiaéiﬁg it three inches toward
the acoustic transducer when dry, and about seven inches in this direction
when submerged. The weight and’logatign of the center of gravity appear to. be
satisfactory for pﬁrposeé:of‘shiﬁpiné éﬁd dgék héndling, Having a sﬁbsﬁan@ial
"wet" weight is also useful in anchoring the unit'to thé Bdtﬁom and thereby
resisting the dragging forces créated by lines or nets‘that‘might contact the

SEMS.
2.2.3 Frame Description

The frame is constructed of 2 1/2-inch IPS Schedule.ao pipe, having a
resulting outside diameter of 2.875 inches and a wall thickness of 0.203
inches. The pipe is of mild steel and the frame is of welded construction.
Assuming a uniform corrosion rate of 0.015 inches per yeaf oﬁ inside and
outside walls, the frame should retain enough strength to allow recovery of
the unit after five years of submergence. Corrosion protection has been added
to the frame to insure that average corrosion rates are kept well under 0.015

inches per year.

Lifting eyes were added to the frame fore and aft of the four tubular
braces shown in Figure 2-12. These eyebolts were inserted through holes

drilled horizontally in the frame crossmembers to avoid creating a surface
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feature that could snag a net or cable. A kevlar hoisting sling was attached

to these eyes and is desceribed in Section 2.2.4.

Just prior to deployment, eight, 1/2-inch-diameter threaded rods were
inserted and fastened in holes located in a symmetrical pattern around the
perimeter of the frame. These rods protruded ten inches beneath the bottom of
the frame and served as anchoring features to help resist dragging forces
created by nets or cables that might contact the SHELL SEMS. These rods add
an additional resistance of about 200 pounds over the frictional resistance of
the frame itself when they penetrate a soil having a bearing strength of 750

pounds per square foot.

The frame is protected from corrosion by a marine epoxy paint and eight
zinc anodes, each weighing 12 pounds. The paint is a primer‘and overcoat
formulation from AmChem Corporation, identified as Amercoat #64 primer and #66
top coat. The zinc anodes were purchased from Belmont Metals, Inc. under
Military Specifigation MIL-A-180013. These anodes were bolted to the frame,
the recovery float support, and the pressure véssels in approximately
symmetrical locations. Each anode contributes about 6,000 amp hours of

time-integrated, galvanic current.
2.2.4 Pressure Vessel Assemblies

The two pressure vessel assemblies are shown in Figures 2-15 and 2-16.
Each contains a payload of lithium batteries packaged in a rigid foam
support. The foam is cast to a density of six pounds per cubic foot and is
also used to support the SEMS electronics located in the forward end of the
electronics pressure vessel (Figure 2-14). Dimensions are such that all

components fit tightly and are under compression after final assembly.

The vessels are built-up units of welded construction and made from
commercial pipe and forged bell ends. The average wall thickness is 0.438
inches, and at a uniform corrosion rate of 0.015 inches per year, the units
can be deployed to a depth of 600 feet for five years. Leakage is prevented
by incorporating dual O-ring seals at the joints and at all electrical

connector
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- Figure 2-14. Battery Housing, Pressure Vessel Assembly #1
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Figure 2-15. Battery Housing, Pressure Vessel Assembly #2
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penetrations. A ring extension added to the base of each pressure vessel
allows the units to be assembled uprlght A lifting eye on the caps further
aids in assembly of the pressure vessels Pressure vessels are painted inside

and out to provide clean, corrosion-protected surfaces.

A combination of seals and desiccant protect the pressure vessel payloads
from moisture. The pressure vessel caps and all connector penetrations
incorporate dual O-ring seals. The outer O-ring is an ethylene propylene
compound to resist seawater attack. The inner O-ring of each assembly is
butyl rubber to minimize the permeation of water vapor that migrates through
the outer O-ring, and also serves as a backup to the outer O-ring should it
fail. Two hundred grams of activated clay desiccant are added to eagh pres—
sure vessel to keep the internal humidity below 50 percent. Figure 2-16 eﬁows
the internal humidity as a function of time, assuming that eacﬁ pressure
vessel is assembled in an uncontrolled environment where the ambient humldlty
is 40 percent, and the desiccant and foam have equlllbrated to that humldlty
before seallng The data in the flgure were generated by a sxmpllfled version
of the "LEAKY" code written by Mead and Harrah

2.2.5 Batteries Description

The SEMS is powered by 147 paeks of 1lithium batteries supplied by
Electrochem Industries. Each pack measures 2:6 inehes square by 4.5 inches
long, weighs 2.0 pounds, and carries Electrochem'syﬁart number 3PD20. Each
battery pack is internally constructed of four double D cells connected_in
series. Each double D cell is capable of supplying a minimum of 30 amp-hours
at the time of delivery. Electrochem has caleulated that the total complement
of batteries in SEMS should provide a usefui life of about four years under

the following operating conditions.

0° Centigrade
65 milliamp average total operating current
8 volt minimum operating voltage

15.8 volts starting voltage.

40



Figure 2-16. Calculated Relative Humidity After Five Years

(SEMS Pressure Vessels)
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Intermittent telemetry transmissions on a three-month interval were found to

have minimum effect on battery life.

The battery packs are arranged in layers of 21 packs per layer within the
pressure vessels. There are three such layers in the electronics pressure
vessel and another four layers in the battery pressure vessel. The packs are
hand wired in parallel on each layer, and then the whole assembly is parallel

wired to supply the SEMS electronics with its operating power.
2.2.6 Recovery System Description

The recovery float is mounted aft of the pressure vessels. It is composed
of syntactic foam and is rated for long-term deep submergence. The float for
the SHELL SEMS was originally supplied for an earlier version of SEMS by
Emerson and Cumming, as a 22-inch-diameter assembly made from their Eccofloat
compound FL-27. It was modified for this unit by reducing the diameter to 20
inches, resulting in a final bouyancy of ‘60 1bs with the recovery line

attached.

A 350-foot-long recovery line is wound around the reduced diameter of the
float. This is about 1.5 times the depth of submergence of Ehe SHELL SEMS.
This length can be increased up to a maximum of 450 feet for the 20-inch-
diameter Eccofloat, or up to 720 feet for the float described in the assembly
drawing of Figure 1. The line, supplied by Cortland Cable Company, is a
pbraided kevlar construction, 3/8 inch in diameter, weighs 1.8 pounds per 100

feet when submerged, and has a breaking strength of 12,000 pounds.

The recovery float is held in place on the SEMS platform by a line that
transverses over the top of the float and is connected to an explosively
actuated separation bolt mounted on the upper frame crossmember. The separa-
tion bolt was supplied by Hi-Shear Corporation of Torrance, CA, as a special
item. It is powered by a Hi-Shear PC-141 power cartridge that drives an

jnternal piston that ruptures the bolt mechanically and without fragments.
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The SEMS electronics incorporates a fire set thatldevelops 10 volts and the
necessary 3,5 amps firing current for the hot bridgewire devices in the power

cartridge.

The SEMS can be commanded from the shipboard communications system to

release the float.
2.2.7 Probe Sensor Description

The probe assembly is illustrated in Figure 2-13. ‘It 'is composed of an
outer protective cover of Teflon '(TM), a pressure housing, a dual O-ring

sealed electrical connector, and the active measuring devices inside.

Because the probe must spend up to five years buried in the sediments, it
requires special corrosion protection. The 0~ring‘seaied Teflon (TM) outer
cover provides protection for the underlying 6061-T6 aluminum housing and also
serves to reduce the average density of the probe to within 15 percent of the
surrounding soil. This attention to corrosion protecﬁion also dictated the
choice of monel for the body of the interface connector and the hard anodized

coating that was applied to the aluminum housing.

The préctice of dual O-ring seals has also been applied to the probe, with
the use of ethylene propylene outer O-rings for resistance to seawater attack
and butyl inner O-rings for minimum permeation of water vapor. 1In order to
insure minimum ‘internal humidity over the 1life of the unit, 37 grams of
molecular sieve desiccant (Linde 13 Angstrom) were potted in the nose of the
housing in a mixture containing 44 grams of Dow Corning Sylgard 184 two
component RTV rubber. The resulting internal humidity due to water vapor
permeation over a five-year period can be found in Figure 2-17. The data
shown in the figure are taken from the "LEAKY" code mentioned previously and

assume that the relative humidity at the time of assembly is 30 percent.
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Figure 2-17. Calculated Relative Humidity After Five Years
(SEMS Seismic Probe)
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Seismic accelerations are measured by three orthogonally-mounted

accelerometers located within the housing.

The measured natural frequency of the accelerometer mount with
accelerometers and magnetometer attached was found to be 200 Hz. This is well
above the range of interest for seismic data (0.5 to 20 Hz), and should not

affect the quality of data collected.
The Schonstedt SAM-72C magnetometer for measuring the earth's magnetic

field is the other active device inside the probe. It allows a determination

of the north-south orientation of the probe to within three degrees.
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2.2.8

Underwater Electrical Interconnection

Four cable and connector assemblies link the various pressure vessels and

SHELL SEMS subsystems together:

1
2
3.
4

Probe cable assembly;
Battery cable assembly;
Telemetry cable assembly;

Recovery float cable assembly.

All cable assemblies have certain features in common:

1.

Bulkhead connectors are dual O-ring sealed, both at the connector to

plug interface and at the pressure housing feedthrough.

With the exception of the monel connector on the probe, all bulkhead

connectors and mating connectors are 316 stainless steel.

All connector bodies on cable ends are potted on the backside to

resist moisture penetration around pins and conductors.

All cables are neoprene jacketed, and neoprene overmolding is used to

bond the cable jacket to the connector body.

Conductor insulation is Teflon (TM) to resist the high temperatures

of neoprene overmolding. The transducer cable is an exception.

In addition to these features designed to give long life and corrosion

resistance, the probe cable is also armored with a stainless steel braid to

help resist the abrasion of handling during deployment and provide additional

strength.
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Table 2-2

Acoustic Telemetry Operating Parameters

Communication Type

Modulation Technique
Operating Frequencies
Data Rate

Data Format

Error Detection

Transmitter Type ’
Transmit Power Level
Receiver Type

Receiver Sensitivity

Transducer Pattern

‘answer backnwith a data block sent from the

subsurface on command from the surface.
noncoherent frequency shift keying (FSK).
43.9 and 51.2 kHz.

75 to 1200 bits per second.

asynchronous nonreturn to =zero with start

and stop bits.

parity bit for each eight data bits and one
longitudinal parity check character per data
block.

switched dual frequency modulator followed

by a transistor amplifier.

electrical: 10 watts.

acoustic: 180 dB re 1 uPa at 1 meter.
high-gain bandpass limiting filter followed
by dual bandpass filfers . and amplitude
detectors.

1 to 10 microvolt depending upon bit rate.

conical with 140 degree total included angle.
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Table 2-3

System Mass Properties in Air

DRY C.G. C.G. C.G.

ITEM WT X Y Z
NO. ASSEMBLY (LB) (IN.) (IN.) (IN.)
100 FRAME 289.2 0.0 0.0 16.1
200 ELECTRON P.V. 318.5 15.0 8.0 12.8
300 BATTERY P.V. 318.5 -15.0 8.0 12.8
400 EL P.V. BATTERIES 168.0 15.0 4.5 12.8
500 MAIN BATTERIES 210.0 -15.0 7.0 12.8
600 ELECTRONICS 26.5 15.0 17.0 12.8
700 TM TRANSDUCER : 20.0 0.0 19.0 5.0
800 RECOVERY ASSY 166.0 0.0 -24.0 12.8
900 INTERCONNECTIONS 5.0 0.0 15.0 12.0
1000 MISCELLANEOUS 75.0 0.0 0.0 12.8
RESULTANT 1596.7 -0.1 2.7 13.3

Table 2-4

Systenm Mass Properties in Water

WET WET WET

WET c.G. c.G. C.G.
ITEM WT X Y y

NO. ASSEMBLY (LB) (IN.) (IN.) (IN.)
100 FRAME ; 252.3 0.0 0.0 16.1
200 ELECTRON P.V. 58.4 15.0 10.2 12.8
300 BATTERY P.V. 58.4 -15.0 10.2 12.8
400 EL P.V. BATTERIES 168.0 15.0 4.5 12.8
500 MAIN BATTERIES 210.0 -15.0 7.0 12.8
600 ELECTRONICS '26.5 15.0 17.0 12.8
700 TM TRANSDUCER 11.7 0.0 19.0 5.0
800 RECOVERY ASSY -57.7 0.0 -24.0 12.8
900 INTERCONNECTIONS 1.7 0.0 15.0 12.0
1000 MISCELLANEOUS - 65.0 0.0 0.0 12.8
RESULTANT 794.3 -0.3 6.9 13.7
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Modulator Board Slot Jl-1

Pin Row A Pin Row B Pin
1- Gnd 1- Gnd 1- Gnd
2~ ' 2- Mod Out 2— +5V
3- 3- 3- +5v¢
4~ 4~ 4
5- 5- -5V 5
6— 6— 6-
7- 614,000 HZ 7- 7~
8- 8~ ) 8-
9~ 9 9-
10~ RTC In 10- 10-
11RTC Out 11- ' 1i-
12- OUTS 12- 12—
13- 13- 13-
14~ 14 ‘ 14~
15- 15- 15-
16~ 19.2 KHZ - le- ' 16-
17~ 17- 17~
18- TPB 18- 18-
19— Clear 19- 19-
20~ DMA Out* 20~ 20- DSl
21- 21- 21~
22— SCO 22~ 22—
23- 8Cl 23~ 23-
24~ MRDX 24—~ ' 24—
25~ 25- 25~
26~ 26— 26- D6
27- 27~ 27— D5
28~ 28— . 28- D4
29~ 29- 29- D3
30~ 30- 30- D2
31- 31- 31- D1
32~ 32- ATM Xmit On 32- DO
33— Logic Serial Out 33- Xmit Relay On 33-
34— 34- +12V Battery 34~ +5V
35~ 35~ 35- +5V
36~ Gnd 36- Gnd 36- Gnd

* Indicates negative true logic



Analog Board Slot J1-3

Pin . Row A Pin Row B Pin Row _C
1- Gnd 1- Gnd 1- Gnd
2- +7.5V e 2- 2- 45V
3- ' 3- 3~ 45V
4- 4- 4-
5~ 5~ 5-

6 6- 6
7- 614,000 HZ S 7- Z Accelerometer - 7~
8- "~ 8- Z Accelerometer + 8-
9- 9- X Magnetometer 9--

10~ 10- GND 10—

11- 11~ 11-

12- OQuts ©  12- Y Accelerometer - 12—

13- ' ' ' 13- GND 13-

14- 1l4- Y Accelerometer + 14—

15- 15- 15-

16~ 16— GND 16~

17~ 17- Y Magnetometer 17-

18- TPB 18- 18-

18- Clear 19— EANPWR* 19-

20~ 20~ EXTPWR* 20-

21~ 21— 21~

22— T 22- 22- MRD*

23~ 23- 23- DS6

24- 24- 24- DS7

25~ 25- X Accelerometer + 25- D7

26— ' o 26~ X Accelerometer - 26- D6

27- INS : 27~ 27- D5

28~ . "+ 28- 28- D4

29- 29~ 29- D3

30- 30- 30-- D2

31~ 31- +12V Battery 31- pl

32- 32- 32— DO

33- 33~ 33— +22v

34- " 34— 34— +5V

35~. 35- 35—~ +5V

36- Gnd 36- Gnd 36- Gnd

* Indicates negative true logic



"RAM Board Slot Jl-4

Pin Row A Pin Row B Pin Row C
1- Gnd 1- Gnd ' "1- Gnd ’
2- 2- 2~ +5V
3~ 3- 3~ +5V
4- 4 4-- AlS
5~ 5~ 5- Al4
6~ 6— ‘6~ Al3
7- 7- 7- Al2
8~ 8- 8- All
9- 9- . 9- AlO

10~ 10- 10- A9

11- 11- - 11- A8

12- 12- 12— A7

13- 13- 13- A6

14- 14— 14- AS

15- 15- 15— A4

16~ le- l6- A3

17- 17~ 17— A2

18- - 18- 18- Al

19- 19- . 19- A0

20~ 20— 20~

21~ 21~ 21-

22~ 22— 22~

23- 23~ 23-

24- 24— 24-

25~ 25- 25- D7

26— 26— 26- D6

27~ 27- 27- DS

28- 28— 28- D4

29- 29~ 29- D3

30- 30- 30- D2

31~ 31~ 31- D1

32- - 32- 32- DO

33- 33- 33-

34- 34- 34- +5V

35- 35- 35- +5V

36- Gnd o 36— 36- Gnd

* Indicates negative true logic

A-4



%

CPU Board Slot J1-5

Pin Row A Pin Row B Pin Row C
1- Gnd 1- Gnd 1- Gnd
2- +7.5v 2- 2- +5V
3- 3~ 3- +5V
4 4- 4~ AlS
5- 5~ 5- Al4
6-~ MMSEL 6~ 6- Al3
7- 614,000 HZ 7~ 7- Al2
8- 1200 HZ 8- 8- All
9~ INT #4 9- 9- AlO

10— RTC In 10~ 10- A9

11- RTC Out 11- 11- A8

12- outs 12— 12- A7

13- MSEL 13- 13- A6

14~ MQ2 14- 14— A5

15~ MQl 15— 15— A4
16~ 19.2 KHZ 16 16— A3

17- 17- 17- A2

18- 18- 18- Al

19- Clear 19- 19- AO

20~ DMA Out* 20- - 20- D81

21- DMA IN* 21~ 21- DS4

22— SCO 22~ 22- DS5

23- SC1 23~ 23- DSé6

24~ MRD* 24— 24- DS7

25~ MWR* 25- 25- D7

26- RS232 OUT 26~ 26- Dé

27~ INS 27~ 27- D5

28- EXT INT* 28~ 28~ D4

29- LOGIC SERIAL IN 29- 29- D3

30- RS232 IN 30~ 30- D2

31- 31- 31- pn1

32- START PULSE 32- 32- DO

33- Logic Serial Out 33~ 33-

34— 34- 34- +5V

35- -7.5v 35- 35— +5v

36- Gnd 36- Gnd 36- Gnd

* Indicates negative true logic

A-5



Bubble Control Board Slot J1-6

Pin Row A Pin Row B Pin Row G
1- Gnd 1- 6nd 1- 6nd
2- +12V 2- 2- 45V
3~ +12v 3- 3- 45V
4 CS* T 4- AlS
S 5~ ~5- Al4
6— DB4 6 BRD* 6- Al3
7- 7- 7- Al2
8- 8- 8- All
9- 9- 9- AlO

10- DB6 10~ 10- A9

11- 11- 11- A8

12- DB7 12~ 4 MHZ 12- A7

13- 13- M SEL 13- A6

l4- DB8 14— Fokkk 14- AS

15~ 15- 15- A4
16—~ DB3 16— ERR FLAG* 16- A3

17- 2.45 MHZ 17- 17- A2

18- DB2 18- TPB 18- Al

19— WAIT* 19- DET. ON* 19~ AO

20~ DBl 20- DMA OUT* 20- CLEAR

21~ 21- DMA INX 21-

22~ DBO 22~ 8GO 22-

23~ 23- 8C1 23~

24- BAO 24- MRDX* 24-

25~ 25— MWR* 25~ D7

26~ 26~ 26- D6

27~ 27~ 27— DS
28~ DRQ 28— EXT. INTX 28~ D4

29- 29- 29- D3

30- DACK* 30- . 30- D2

31~ 31- 31- D1

32- +12V SW 32— +12V SW 32- DO

33~ 33—~ +5V BUB 33- +5V BUB

34~ +5V SW 34- 34- +5V

35~ +5V SW 35- 35~ +5V

36- Gnd 36~ Gnd 36-

* Indicates negative true logic

Gnd



Magnetic Bubble Board Slot J1-8

Pin Row A Pin Row B Pin
1- 1- 1-
2- 2~ 2-
3- 3 3-
4- CS¥ 4- 4-
5- 5- 5-
6- DB4 6 6-
7- 7- 7-
8- DBS 8- 8-
9- 9- 9-

10- DB6 - lo- 10-

11~ 11- 11-

12- DB7 12- 12-

13- : 13- 13-

14- DBS l4- l4-

15- 15- , 15~

16— DB3 - 1e- ~ 16—

17- _ 17- 17~

18- DB2 18- 18- .

19- 19+ 19-

20- DBl ' 20- 20-

21- 21~ 21-

22- DBO 22- 22~

23~ 23- 23-

24-BAO 24 24-

25~ _ 25- 25-

26- INT 26- 26-

27- 27- 27-

28- DRQ 28- 28-

29- 29- 29-

30- DACKX 30- _ 30-

31~ 31- 31-

32- +12V SW 32- 32-

33— +5V SW 33- 33—

34— +5V SW 34— 34-

35- 35- 35-

36- BATT GND 36- 36-

* Indicates negative true logic
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Magnetic Bubble Board Slot J2-8

Pin Row A o Pin Row B Pin Row C
1- 1- 1-
2- 2- 2-
3~ 3- 3-
4 4- 4
5- 5- 5-
6~ BWR* 6— 6—
7- 7~ 7-
8- BRD* 8- 8-
9- 9- 9-

10—~ RESET* 10- 10-

11- 4 MHZ 11- 11-

12- 12- 12-

13- BUS. RD* 13- 13-

14~ 14- 14-

15- ERR. FLAG* 15- 15-

16~ DET. ON* ‘ 16— - l6-

17- 17- 17-

18- WAIT* 18- 18-

19~ 19- 19-

20- 20~ 20~

21- ’ 21~ ‘ : 21—

22~ 22— 22-

23- 23~ ’ 23~

24~ 24— 24

25~ 25- : 25~

26~ ' 26- 26—

27~ 27~ 27-

28~ 28~ 28—

29~ 29— 29-

30- 30~ 30-

31- ‘ 31- : - 31-

32- +12V SW | 32- 32-

33- \ 33- ' 33—

34— +5V SW 34- 34—

35- 35- 35~

36- BATT GND ~ 36- : 36—

* Indicates negative true logic



Analog Power Supply Board Slot J2-2

Pin Row A Pin Row B Pin Row C
1- 1- 1~ +12V
2- 2- 2-
3- 3- 3- +18V MAG. PWR
4 4 4-
5~ 5- 5- GND
6- 6~ 6~
7- 7- 7~
8~ 8- 8-
9- 9- 9—
10~ 10- 10-
11- 11~ 11- -7.5V
12~ 12- 12~
13- 13- 13- GND
l4- 14— l4-
15~ 15- 15~
16- 16- 16-
17- 17- 17- +18V Z ACC. PWR.
18- 18- : 18-
19- 19- 19-
20~ 20- 20-
21- 21- 21- +18V Y ACC. PWR.
22~ 22- 22~
23~ 23- 23-
24~ 24~ 24-
25—~ 25— 25~ +18V X ACC. PWR.
26~ 26— 26-
27~ 27~ . 27~ GHND
28- 28— 28- GND
29~ 29- 29~ GND
30~ 30~ 30- GND
31- 31~ 31— GND
32~ 32- 32- GND
33- 33- 33- GND
34~ 34- 34—
35- 35~ 35— +12V BATT
36~ 36- 36~ +12V BATT

* Indicates negative true logic




Logic Power Supply Board Slot J2-3

Pin Row A Pin Row B Pin Row C
1- 1- 1- GND
2- \ 2= 2- GND
3- 3- 3~ GND
4 4- 4- GND
5- 5~ 5- GND
6- 6~ 6-
7- 7- 7- +12V BAT
8- 8- 8- +12V BAT
9- 9- 9- +12V BAT
10- 10- 10- +12V BAT
11- 11- 11- +12V BAT
12- 12— 12-
13- 13- 13-
14~ 14- 14-
15- 15- 15-
16- 16- 16-
17- 17- 17-
18- 18- 18-
19~ 19- 19~
20~ 20~ 20- -5V
21- 21- 21~ -5V
22- 22- 22— -5V
23~ 23- 23- -5V
24— S 24— 24- -5V
25~ 25- 25-
26~ 26- 26- GND
27- -27- 27- GND
28- 28- 28~ GND
29- 29- 29- GND
30- 30- 30- GND
31- 31- 31~ +5V
32- 32— 32- 45V
33- 33- 33- +5V
34~ 34- 34- +5V
35- 35- 35- +5V
36— 36- 36-

* Indicates negative true logic

A-10




'MBM Power Supply Board Slot J2-5

Pin Row_A Pin Row B Pin Row C
1- 1- 1- GND
2- 2- 2- GND
3~ 3- 3~ GND
4- o 4- 4- GND
5- ' 5~ ' 5- GND
6 f ; 6 ‘ a 6~
7- 7- ' 7- +12V BAT
8- 8- , 8- +12V BAT
9- 9~ ' " 92 412V BAT
10- ; 10— 10- +12V BAT
11- 11- ~11- +12V BAT
12— 12- 12-
13- 13- 13-
14- 14— _ . . la-
15— 15- ‘ T 15—
16~ 16~ 16—
17- CONTROL 17- 17—
18- B 18- 18-
19- 19- 19--
20~ 20- , 20-
21- : 21- ' 21- +12V BUB
22~ 22— _ 22- +12V BUB
23~ 23- 23- +12V BUB
24- 24-- _ 24- +12V BUB
25~ 25— o 25— +12V BUB
26~ ' 26- : 26- GND
27~ 27- 27~ GND
28- _ 28- 28— GND
29- 29~ 29- GND
30- 30- 30- GND
31- 31- " 31- +5V BUB
32- 32— 32- +5V BUB
33~ 33- , 33- +5V BUB
34- 34- 34— +5V BUB
35— 35- 35— +5V BUB
36~ 36- ) 36—

* Indicates negative true logic

A-11
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Connector
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APPENDIX B

SEMS OPERATING DESCRIPTIONS







B~1 CARS OPERATING DESCRIPTION

CARS is a test set with two main functions:

1. Taking commands from the operator and passing them to the BRES, and

2. Taking response from BRES and recording and printing the response.

Figure B-1 is a flowchart of CARS main operating code. CARS starts off
with an initialization routine, a routine to get the date from the operator, a
routine to get the time from the operator, a routine to display the input date
and time, and then pgoes to a routine to wait for operator input. When a
command is received from the operator, CARS branches to a routine to process

the command. All command processing is similar in having the following steps:

Confirmation of the command by the operator;

Get operator data input if needed;

Perform the command if only a CARS command; or
Send the command to BRES if a BRES or DAGS command;

i > W N

If the command was sent to BRES,

a. Walt for response from BRES,

b. Record response from BRES on tape;
6. Print results of command, and

7. Wait for next operator command.

Section B-4 contains a list of DAGS operating commands.

B-1
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Figure B-1. CARS System Flowchart
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B-2  BRES OPERATION DESCRIPTION

BRES is a repeater package on a buoy to transfer commands and data between

CARS and DAGS.

Figure B-2 is a flowchart of BRES main operating code. It starts off with
an initialization routine and then goes into a routine which waits for a
command from CARS. When a command is received, BRES branches to a routine to

process the command.

Communication between CARS and DAGS is performed by BRES as follows:

1. A command is received from CARS;

2. The command is reformatted and sent to DAGS via acoustic telemetry;

3. BRES waits five seconds for an acoustic telemetry response from DAGS;

4, BRES sends data response from DAGS to CARS;

5. For certain commands, BRES adds its status to the end of the data
message to CARS;

6. If BRES receives no response or errors from DAGS, the above steps are

repeated five times if necessary to get the data error from DAGS.

Some of the commands from CARS to BRES request that BRES change its mode of
operation or pass back its status. 1In this case, BRES does not communicate

with DAGS.
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B-3 DAGS OPERATION DESCRIPTION

DAGS is the subsurface package which does the following:

1. Receives commands from BRES;
2. Gathers data; and
3. Sends data to BRES.

Figure B-3 is a flowchart of DAGS main operating code. It starts with an
initialization routine and then goes into a data gathering routine which can
also receive a command from BRES via acoustic telemetry. When a command is
received, DAGS branches to a routine to process the command. All command

processing is similar in having the following steps:

The command must have no errors before it will be executed;

-

2. The mode send by the command is stored or the data requested by the

command is read;

3. The mode or data response is encoded for the acoustic telemetry link;
4, The response is sent to BRES via the acoustic telemetry link; and
5. If DAGS is in the process of transferring data to or from Bubble

Memory, the command is ignored.

Figure B-4 is a detailed logic flowchart of the data gathering routine

(DGATH) .
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LIST OF COMMANDS
Command Number Function
1 Set DAGS Transmit Bit Rate
2 Set DAGS Transmit Power Level
3. Set DAGS Time to CARS Time
4, Read DAGS Time
5. Set Command 6 Data Byte Count
6 Send Fixed Data Pattern
7. Set Pulse/CW Transmit Power Parameters
8. Transmit Pulse/CW at 'Zero Frequency
9. Transmit Pulse/CW at 'One' Frequency

10. System Cycle-Transmit Known Data
11. Set DAGS Data Gathering Mode

12. Read Reference Voltage

13. Read Magnetometers

14, Read Acceleroneters

15. Does Not Exist

16. Read Battery Voltage

17. Read Analog Date

18, Turn Analog Power Off

19. Turn Analog Power On

20. Read DAGS Seismic Status

21. Read DAGS Seismic Data

22. Reset Seismic Trigger Ratio

23. Reset Seismic Shutdown Ratio

24, Declare DAGS Memory Block Bad
25. Clear Mass Memory

26. Read DAGS Short Status

27. ‘ Does Not Exist

28. Release DAGS Buoy

29. Does Not Exist

30. Does Not Exist

31. Set DAGS Number

32. Set BRES Acoustic Transmit Power Level
33. Does Not Exist

34, Does Not Exist

35. Read BRES Status

36. Does Not Exist :

37. Set BRES Pulse/CW Parameter

38. Command BRES to Send Pulse/CW at Low Frequency
39. Command BRES to Send Pulse/CW at High Frequency
50. Set CARS Time to WWV Time

51. Set CARS Date

52. Set CARS Time

53. Read CARS Data and Time

54, Toggle Print Display Switch

55. Toggle Print Receive Data Switch
56. Does Not Exist

57. Does Not Exist

58. Does Not Exist

59. Does Not Exist

60, Does Not Exist

6l. Start Mag Tape Recording

62, Stop Mag Tape Recording

63. Rewind Mag Tape
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APPENDIX C
SHELL SEMS DEPLOYMENT
Introduction

One objective of the SEMS program is to develop a placement technique of
the seafloor unit that is easily implemented and yet does not compromise the
objective of obtaining uninfluenced soil response to seismic activity. This
section is the unaltered report submitted by Geomarex Incorporated of La
Jolla, California. Sandia contracted Geomarex, a company with extensive
experience in marine coring and drilling, to help design and implement a
remote implacement technique. The report is a thorough treatment of the
design considerations, problems encountered, and recommendations for future

deployments.

This report reviews the approéch selected, the problems encountered, and
the solutions implemented for the placement of the SEMS probe off Long Beach
May 14,'1985, near the Shell platforms ELLEN and ELLY around 33°35'13"N and
118°7'56"W. It also submits suggestions for the future placement of similar

probes.
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PLACEMENT OF THE SANDIA SEMS PROBE
LONG BEACH, MAY 14, 1985

Andre Rossfelder

Geomarex, Inc.

June 4, 1985

Selection of the Placement Procedure c-2
Main Design and Procedural Problems o C-4
Placement Operations c-8
Suggestions for a Future Design | » | ‘(‘ * c-10

Figure 1. Main Steps of the Planned Plaqement Procedure with Use‘of

the Split-Casing.

Figure 2. Suggested Arrangement for the SEMS Probe Placement.

Photographs

Main Specifications of the P-4 Vibrocorer.
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1. SELECTION OF THE PLACEMENT PROCEDURE -

The task consisted in implanting a seismic sensor and its cable as
vertically as possible into the seafidor a short distance away from the its
electronic package (SEMS). The choice was between a placement at some 10-12
feet deep directly under the electronic package and a placement at some 6 feet
deep 10 to 15 feet away from the package. The choice was also between a fully
remote-controlled operation, naturally leading to a compact system with the
probe directly implanted under the electronié paékége; and a manned operation
with diver or UW-vehicle or ROV assistance, naturally leading to a multi-step
operation with the probe implanted at a short distance away from the electronic

package.

The remote-controlled operation had some obvious advantages because the
overall system could be envisioned as a single package deployed with a single
cable without need for diver or vehicle assistance, except for possible visual
monitoring. It implied however some significant expenses and leetime for
design, development, and testing. It was therefore decided to rely on a
manned placement, with the probe being manually inserted in a hole bored near

the SEMS Seafloor Unit.

Early in the project, during the initial demonstration of GEOMAREX P-4
Vibrocorer, it was recognized that the sensing probe being developed by SANDIA
would not withstahd the acceleratioﬁ resﬁlting from the vibrations. There-
fore, the simple solution of sinking the probe into the seafloor with a
corrodable (magnesium) shaft under vibration was discarded and a multi-step
operation considered: (1) boring the hole; (2) implanting the probe; and (3)
filling or collapsing the hole.

Other means than vibration were discussed (gravity thrust, hydraulic
piston thrust, high-pressure jetting), but it was feared that they would
result either in failure to penetrate or in cratering and failure to close
pack the hole. Similarly, in order to avoid a multi-step operation and its

potential difficulties, we looked jnto a solution combining vibration and




high-pressure jetting, with the probe installed at the front ends of the
driving tube on vibration-dampening mounts and the sediment evacuated behind
it by a water jet confined within the tube itself in order to minimize the
cratering around it. However, this preferred approach was leading us back to

the increased expenses and delays of a remote-controlled system.

Another consideration was the probability that the . hole would collapse
after withdrawal of the coretube thus preventing the subsequent insertion of
the probe. At least three solutions were discussed. Two leading to more
design or operational complexities: Filling the hole with heavy drilling mud
whilé the éoretubé was withdrawn or assisting the penetration of the probe in
the collapsed hole with limited water jetting.: A third one which appeared the
simplest: Leaving a temporary 'casing in the hole after withdrawing the
coretube. This is the solution finally selected. We may retrospectively say
that it was much less simple than expected, as later discussed, and that a
jetting attachment handled by the submarine and fed with a hole from the

vessel to force the probe ‘into an uncased hole would have probably been a more

satisfactory choice.

Finally, it was decided that in view of the water-depth (260 feet) and the
risk that unexpected complications may lead to a bottom time of several hours,
a small manned underwater vehicle was to be preferred to diver assistance.
ROVs were not considered because of ‘payload limitations and marginal cost

advantages, if any.
So, at this pdint the placement operation was envisioned as follows:

] A first core will be taken with the P-4 vibrocorer and the resulting
boring visually inspected and possibly tested to see if the hole was stay-
ing sufficiently open for inserting the probe. In such case the operation
will be conducted without casing. Otherwise a split casing will be left
in the hole. The actual placement operation will follow this initial

ground check.




The SEMS Unit, with the probe ready to be handled by the submarine crew,
will be lowered simultaneously with the P-4 Vibrocorer, complete with its
weightstand and buoyancy package, so that they reach together the seafloor
about 10-12 feet apart.

The placement hole will be bored with the P-4 with a 12 foot long 5 inch
diameter coretube. If, from the findings of the initial core hole, the
hole is expected to collapse, a split-casing will be left in the}hole.
The casing will be split-open all the way, leaving a passage of 1 inch
wide along which the probe umbilical can run when the casing will be later
withdrawn. After boring the hole and placing the split casing, the P-4
with its core will be retrieved aboard, or, alternately, moved away from

the SEMS area and left there until completion of the other tasks.

The submarine crew will remove the probe from the SEMS unit, place itrwith
a removable handle in the hole and attach a retrieving line to the.casing.

The casing will then be withdrawn and pulled back aboard the support
vessel. The UW vehicle will pour a sand bag or shove sediment ip\the
hole. All operations being completed and the UW vehicle at a safe
distance, an explosive cable—cutter will be actuated and. release the

vessel wire-line from ‘the SEMS unit.

MAIN DESIGN AND PROCEDURAL PROBLEMS

Two series of difficulties were expected with the procedure:

How to lower and to position side by side the SEMS and the P-4 Vibrocorer

with the drawworks normally available on oceanographic or similar vessels?

In the event the test hole collapses and a split-casing is needed, how to
reliably sink it, then separate it from the coretube upon withdrawal of
the P-4 and how to later withdraw the casing itself without interfering

with the probe or its cable.




The solution to the first problem was directly devised aboard the support
vessel "Glorita" at the time of the placement. The SEMS and the P-4 were
linked with a 10-foot polypropylene line installed in a shorter PVC tub-
ing so as to constrain the two units within a maximum and a minimum dis-
tance one from each other. In due time, the UW vehicle crew will pull a
pin to release this link. The simultaneous handling of the two units was
significantly simplified by a 1/2-inch Kevlar line brought by the SANDIA
team. This allowed us to use the same winch, the SEMS Unit being handled
by the steel wire-line on the main winch drum and the P-4 being manually
handled with the kevlar line over one of the winch dollies. The lines
going through two separate sheaves on the same stern A-frame were conse-
quently parallel and they were tagged from place to place so that their

respective motions could be visually monitored and matched.

The solution to the second problem proved to be much more difficult than
anticipated. It required a protracted effort of design, manufacturing,
tests and modifications of alternate casings and parts, without leading to

a conclusion that we can claim to be reliable and satisfactory.

It may be useful to review the difficulties encountered in this search of

an optimum solution:
Casing Material:

The design provided for a 11-1/4 foot long casing shell to fit around the
12 foot long 5 inch OD steel coretube and to be split from top to bottom
with a 1l-inch passage for the probe cable. This supposed a tubing
material of about 5.030 inch to 5.060 inch ID. As no such material with
appropriate wall thickness existed off-the-shelf, we reiied upon the
dimensional changes that may affect existing tubes when split longitud-
inally. The results were relatively unpredictable even with material of
same type and origin. We experimented with drawn and extruded aluminum,
CREW aluminized carbon steel, HREW and DOM mechanical carbon steel and PVC

5 inch pipe class 160. No material retained its dimensional stability,
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some closing too much, other opening up ‘too much. The’ two materials

finally selected were:

(A) 5.00 OD .052 inch wall extruded aluminum 6063-T6, construction
grade. It closed significantlylbut could be maintained adequately
open with reinforcihg rings con51st1ng of the core-nose itself at the
bottom, a riveted spreading ring at mld—helght and the retrieving

ring at the top.

(B) 5.25 inch OD .125 inch wall DOM mechanical carbon steel. It opened
up to 5.456 inch OD but the 5.180 inch 1D was deemed acceptable.

The aluminum split-casing A with‘its‘reinforcihg rings offered a good snug
f£it and because of its light weight, it could be handled with a minimal
risk of falling from the coretube. We however had some misgivings about
the way it would resist to the ground pfessure and how its slot may close

and pinch the umbilical probe cable,

The carbon steel casing B offered a loose yet acceptable fit. TIts weight
(80 pounds) was such that it would have normally fallen from the core-
tube. Consequently, it required a weak-link arrangement (supporting
stringsi to hold it until the vibro-head was actuated. It was expected to
adequately withstand‘the ground wall pressure and to properly maintain its

slot open during withdrawal.

Two units of each casing were prepared. The aluminum casing A was mostly
used during the test and one damaged as a result. So two steel casings

and one aluminum casing were available for the SEMS placement.

Means to hold back the ca51ng in the ground upon withdrawal of the

coretube

The initial designs relied on barbs (steel blades directed upward) riveted
or welded on the casing to hold it in the ground when the coretube was

withdrawn. Also a2 hinged fluke was tested. It became rapidly evident
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that this approach was unreliable because the resistance of the soil
agalnst the barbs or the fluke would not overcome the force necessary to
separate the casing from the coretube when they become grlpped agalnst

each other by sand or by the ground wall pressure.

The new design reiied on the weighﬁstand itself to hold baok'the casing.

A£ first a crown of barbs was riveted toward the top of the Spllt 0351ng
and de51gned in such a way that it w111 retract when mov1ng down into the
guide tube of the weightstand; but spring back and catch the bottom of the
tube when pulled up. The device proved to be still too weak and unsatis-
factory and its'principle was turned around. The guidevtube was provided
with blade 5arbs‘ directed downward which would engage on the upper
retr1ev1ng ring of the casing upon full penetratlon and hold it back in
the ground while the coretube would be withdrawn. In an alternate desxgn
a set of six spring—loaded oatches’mounfed inside the guidetube were to
have the same function. However, the test of the barb- locklng arrangement
w1th the aluminum ca51ng A proved to be satisfactory and this 51mpler

de51gn was retalned

The final arrangement and its planned operation are illustrated in

Figure 1,

This prolonged process‘of iterative design changes and field tests around
the casing and its separation from the coretube left us with no sufficient
time and opportunify to properiy respond to the last oritical question:
will we be able to withdraw the split-casing upon the placement of the
probe without interfering with the'probe itself and particularly with its
cable, and without pulling one or the other back toward the surface? The
sequence of events of the placement operations did not let us to go to
this point and to know the answer, as unexpected difficulties finally

prevented the proper implantation of the split~casings.




PLACEMENT OPERATIONS

The support of the operations at sea was arranged through GEOCUBIC,
Ventura, California (Jim Vernon and Rich Slater) which provided for_the
support of the R/V GLORITA (Tom Crawford skipper) and of the mini-
submarine NEKTON (manned by Rich Slater and Doug Privitt). Aside from
SANDIA personnel, the surveyor and a SHELL observer, our own GEOMAREX
personnel included Andre Rossfelder, Randy Pollock, Dick Wilkins, Kevin

Kelly, and Tony Jones.

The first operation, consisting of taking a core with the P~4.using:§ 15
foot long 5 inch diameter thin wall aluminum corebarrel, was successfql
with rapid penetration and recovery. However, after the sediment clqud
had settled, the NEKTON crew was unable to relocate the hole,‘leading‘us
to conclude that it had possibly collapsed and closed.

With this consideration in mind, the first attempt to actual piacement was
done with the heavy steel casing 1B, which would resist better £han £he
lighter aluminum casing to the pressure and collapse of the wall. Unfor-
tunately, the P-4 had to be maintained hanging in the water a short time
while the SEMS platform was being handled, and we discovered later that
the heavy split-casing had cut its support strings and fell most likely
during this short delay under the effect of the heave.

The coring operation was conducted without yet knowing the léss of the
casing. The submarine observers reported -a very fast and complete pene-
tration of the coretube. However, after the sediment cloud had setfled,
they could not see the casing protruding anywhere from the seafloor and,
once again, they looked for the hole in vain despite the guidance now
provided by the SEMS unit. They however observed a slight discolored
depression which could have been the hole. They also came across the

casing laying in the vicinity of the site.

The second placement attempt was conducted with a light aluminum split-

casing after having hoisted and refitted the whole system. The submarine
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crew reported this time a very slow and difficult penetration - about two
minutes per foot instead of two seconds or so. It was evident that the
casing was drastically dampening the vibrations and wasting the energy,
something which had already been noticed but at a lesser extent during the

tests in Mission Bay and Long Beach harbor.

Toward the end of this protracted operation, and after a misunderstood
indication from the submarine that the casing upper-ring had passed its
one-way locking device, we decided to pull up the coretube. This was
unfortunately a few inches too soon and the casing came back hanging half-
way on the coretube, held by its mid-height spreading ring on the locking
barbs of the guide tube.

The night had now come. After hastily rearranging the equipment but
without bringing it aboard and emptying the coretube, a third attempt was
made. This time, the submarine crew directed us to keep the vibrocorer going
while the coretube was reaming and churning up and down the hole under the
heave motions of the vessel. This resulted in a collapsed but soft burrow
that they were able this time to relocate and in which they could push down

the probe with the help of the submarine movements and thrust.

This narrative illustrates a few remarks of possible interest for future

similar operations:

. The implementation of a casing shell over the coretube results in a

drastic reduction of the capabilities of the Vibrocorer.

. Should we have been finally successful in leaving the casing in the hole
behind the coretube as planned, further problems might probably have been
encountered: difficulties in inserting the probe; hole filled by sedi-
ments sucked in by the coretube upon its withdrawal; closing of the slot
pinching the cable; and jamming of the probe or its cable against the cas-
ing when withdrawn. Altogether the split-casing solution proved to be not

a simple and reliable one.




Even with the guidance of the SEMS unit some ten feet away and the good
visibility on the seafloor, the collapsed hole was not easy to spot. It
was marked only by a slight depression and a faint discoloration of the

disturbed sediment.

After locating the hole and confirming its exact position by prodding the
ground with the sensor mounted on a removable handle the submarlne crew
was able to push down the sensor into the collapsed hole, desplte the
limited thrust allowed by the submarlne Rather than developlng the
split-casing solution, we would have been probably more readlly successful
in devising a procedure to more efficlently assist the submarlne‘crew in

locating the uncased collapsed hole and inserting the probe.

The P-4 vibrocoring system is relatively shielded from the effects of the
surface swell and heave of the vessel as it is deSLgned to operate with a

slack cable. This led us to largely‘underestlmate the effect that the

swell would have in this particular case on the launching side by side of

the two units (SEMS and P-4), their simultaneous lowering, and the opera-
tion of the P-4 with a relatively taut cable so that it does not get
entangled on some part of the overall system. We were fortunate to have
good weather and a very moderate swell. The positioning of the two basic
units on the seafloor at a short given distance from each other was easily
and reliably achieved. However, if both units could be operated as a
single package with the SEMS acting as weightstand for the vibrocorer the
handling on deck, launching and lowering would be simplified and made more
safe and secure in case of bad weather conditions. (This arrangement was
indeed considered during the project, but set aside when we recognized
that the submarine would have difficulties in reaching the hole and

placing the probe within the SEMS frame itself.)

The choice of a manned underwater vehicle rather than divers or ROVs
proved to be the right one in this partlcular instance in v1ew of the
demand placed upon it as far as the bottom time and the tasks which ‘had to
be performed were concerned. All taken into account, this vehicle and its

erew have to be credited for the final success of the operation.
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4, SUGGESTIONS FOR A FUTURE DESIGN

Frdm the field experience provided by the tests and by the placement
operation, it is evident that the operation could be made simpler and more

reliable if:

. The pfobé gmbedmeﬁt device and the SEMS electronic package are integrated
into a single unit for the launching, lowering and placement operations

until they are separatéd and the embedment tool is retrieved.

. The embedment of the probe is done in a single step instead of the two

steps consisting of boring a hole then placing the probe.

. The shank or tube used to push the probe down into the hole does not haye
%o be disconnected from the probe and withdrawn thus limiting the risk of
-jamming and pulling back the probe or its cable. This means a shank or

tube made of a degfadable material, e.g., corrodable magnesium.

Regarding the embedment tool and procedure, a vibrodriving device such as
the P-4 vibrocorer still appears in final analysis as the best approach, to
the extent that the probe is isolated from the vibrations or made to withstand
them.

All the other solutions which can be considered have their own

disadvantages.

Forcing the probe into the seafloor under a gravity load will require a
significant and possibly excessive weight. It will also imply a strong shaft
practicélly excluding the idea of an expandable fast-corroding material left
in place. The same remarks apply to the use of a hydraulic or hydrostatic
piston drive, which will similarly require a strong shaft and a sufficient

gravity load to counterbalance the thrust.

Explosive or implosive firing may lead to unacceptable acceleration and to

damages.

Cc-11




Jetting, unless confined with a casing, would result in ecratering.
However, in our opinion, a limited high-pressure flow used in comblnation with
vibrodriving for the purpose of softening and moving the sediment around the

probe remains a valid and acceptable solution.

Figure 2 shows the essentials of a possible design which takes into
account these considerations and uses vibrodriving with high-pressure water
jetting as optional complement. This design, ag one may see, does not require

any human intervention at depth and allows for a remote-controlled operation.

As a conclusion, this Long Beach placement operation encountered a number
of failures before successfully reaching its final goal. We should however
underline the fact that it could not be considered as the demonstratlon of a
developed procedure, but only as its first full- fledged sea- tests In this
regard, it was very useful in showing us what dlfflcultles to avoid and
improvements to be done, and also very encouraglng for” the‘ eventual

development of a simple and reliable remotely controlled system
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SEMS OPERATING PROCEDURES

This section describes the procedures for interrogation of the SEMS. The
procedure uses some of the commands described in the List of Commands in

Appendix B.

The past interrogations have been done with the aid of a forty-foot boat,
owned and operated by Undersea Graphics of Torrance, california. The
equipment used for the interrogation includes the CARS and BRES packages
described in sections 2.1.3 and 2.1.4 (Figures 2.5 and 2.7), and a portable
WWV receiver. All equipment is stored at the Underseas Graphics facility.
The WWV receiver is installed in thé ’boat by Undersea Graphics personnel
several days ahead of the anticipatedA'interrogation and operated from an
uninterruptable power source. This gives the receiver's internal clock

ecrystal ample time to "1ock in" on the WWV broadcast signal.

Upon arrival at dockside, Sandia personnel insure that all necessary
equipment is onboard and operational. The BRES unit is connected to a +12
volt DC power source, usually deep cycle batteries available from the boat.
Connect the CARS communications cable to BRES. This cable also supplies power
to the CARS unit. Once power is applied to the CARS unit, theyoperator is

prompted to input the date and time as shown in Figure D.1l.

Time 10/08/86 13:15:08.04
Second and Set Time 08
Minute 15

Hour 13

Year 86

Day 8

Month 10

Figure D.1l. Initial Date and Time Entry




The CARS printer'outputs the.papef ddwnward instead of upward; therefore
the data are always read from the bottom up. Once the date and time have been
entered, verlfy that the dlsplayed date and time are ‘correct. If not, use

commands 51 and 52 to make correctlons

Normally, CARS is in the idle state waiting for a command from the
operator# CARS dieflays *Entef Command;" To process a command enter the
Command Number and press E'(Enter) CARS then decodes the command and, if the
command is legal, displays the object of the command. For example, if Command
51 is entered, CARS responds with "SET CARS DATE?" At this point the operator
has the option to ignore the command by enterlng D (delete) or proceed with
the command by enterlng C (confirm). 1If a C is entered, CARS requests the
month, day, and year from the operator and then displays the new date. Each
time a numerical value is requested the operator enters the number followed by
E (enter) to dellmlt the data If a D is entered, CARS ignores the command,
returns to the idle_state, and prompts the operator with the "Enter Command"

message.

To check the tape recorder enter.dommand 61 (Start Tape Recording), insert
a new magnetic cassette and verify that tape recording has started (the
recorder Wlll align the tape and “Tape Recording Started" message will be

dlsplayed)

Next connect the WWV receiver cable to the CARS RS-232 Port, enter Command
50 (Set CARS Time to WWV Time), enter C (confirm), and press the WWV Receiver
Switch (red button). The CARS will latch and display the WWV time.

Operatlon of BRES is verlfled through use of Command 32 (SET BRES XMT PWR
LEVEL). Command 32 sets the BRES transmission power level. Enter 0 for
maximum power transmission. If BRES 1is operatlng properly, CARS will display
the correct power level (0). TIf anverror occurs, CARS displays the cause of
the error (BRES parity error or no data received from BRES). 1In case of an
error, check for proper cable connections and possible loose boards and then

repeat the procedure.




The preceding procedures verify most operations of the onboard SEMS
systems. The only untested subsystem is the acoustic data link which can only
be tested when communicating with the seabottom DAGS. After proper operation
of the onboard systems has been established, stop tape recording by iséuing

Command 62 (Stop Tape Recording) and proceed to the installation site.

Once on site connect the transducer cable to the BRES unit énd from the
bow of the boat insert the transducer into the water. The transducer should

be submersed approximately ten feet in the water.

The next step is to establish proper communication with the DAGS. Recall
‘that the DAGS has a communication cone angle of approximately 140°, i.e., one
must be within a 630 ft diameter circle above the DAGS to receive correctly.
Proceed to locate the DAGS by sending Command 10.(System Cycle) to the DAGS.
With this command CARS sends an incrementing code to the DAGS via the BRES and
waits for DAGS to decode the command and send the code back tb the surface.
If the proper communication has been established,‘CARS &ill acknowlédge the
correct code, increment the code, and repeat the cycle. If an error is
detected in the received response, CARS displays the reason for the error and
repeats the command. The most likely causes of an error are: 1) no data
received, or 2) data received with périty errors. Both erfors'bccur because
the boat is not within the commuhicatibn cone of the DAGS. Continﬁe to
manueuver the boat until the response to Command 10 is steady aﬁd.ﬁb errors
are detected. At this time release the marker buoy which the boat qperator

uses as a reference to remain on station while the DAGS is interrogated.

Once proper communication has been eétaﬁlished, start tape recording
(Command 61) and verify CARS is still set to WWV time by entering Command 53
(Read CARS Time) and comparing the CARS time to the WWV receiver time. Tape
movement should be confirmed - signaling that data are being written onto mag
tape. Next send the following set of Commands to DAGS. These are mostly
status and state-of-health commands and are used to verify that DAGS is

operating properly.




Command 4 — Read DAGS Date and Time

Command 16 Read DAGS Battery Voltage
Command 13 - Read Magnetometers
Read DAGS Short Status

Read MBM Status

Command 26

Command 20

f

The last two commands provide the seismic information recorded by the DAGS
since the last interrogation. The information from Command 20, part of which
is reprinted below is a summary of the seismic data stored in mass memory, and
is used to determine which events, if any, should be transferred from the DAGCS
memory to the CARS mag tape. It is important that Command 20 be received
correctly since these data are used by the data reduction program to format

the seismic events properly.

Recall that the mass memory storage is divided into fifty-six blocks, each
of which can contain one single event twenty seconds in length or be part of a
larger event. The actual mass memory is made up of eight magnetic bubble
memory devices (one device has been disabled); each having the capacity for
eight blocks. The operator uses the information from GCommand 20 to decipher

and decide which data blocks are to be transferred to the surface.

Determination of whether the data from a particular block is significant
may include prior knowledge of the occurrence of an earthquake, i.e., the
exact time of the earthquake, or by comparing the block event size and the
peak value of the event data. In the information shown below (Figure 0.2)
both methods were used to determine that two and maybe three earthquakes had
been recorded in mass storage. Registers four and five of MBM Device 2
contain part of two earthquakes that occurred on July 8, and July 13, 1986.
As can be seen, both events had peak values and block event sizes well above
the background (peak values of 7.17 and 5.95 mg's to 2.44 background; block
event sizes of 0.092, and 0.78 mg's to 0.038 background). Register Four has
block number three of event number nine and register five contains block
number four from event number 8894, Examination of the complete listing
revealed that the other two blocks of event number 90 were contained in MBM 3
Register 6 and MBM 4 Register 7 and the other blocks for event 8894 were in
MBM Register 8, MBM 5 Register 3, and MBM 5 Register 7.




PEAK YALUE = 1.53 1G
LTA = @.813 MG
T4

Ev TIME = @7/16/86 @7:4C 49,84
ELK EVENT SIZE = @.83% MG
BIG BLK. EVENT SIZE = @.83% Mz

EVENT HO. =12484
BLOCE COUNTER = 1,
REG NUMBER = 8§ s

PEAK VYALUE = 2.5% MG

LTA = 8.6811 MG

EY TIME = BE/20/86 aR:i3:17.32
BLK EVENT SIZE = @.@36 MG

=4

BTG BLK. EVENT SIZE = ©.838 MG
EVENT NO. =31417
FLOCK COUNTER = 3

REG NUMBER = 7

PERK YALUE = 2.44 MG
LTA = @.@11 MG ‘
EV TIME = P6/21/86 85130:.
. BLK EVENT SIZE = @.838 MG
BIG BLK. EVENT SIZE = 9.838 MG
, EVENT HO. =34287 :
BLOCK PnHNTEP 1
rPEG NUMBER =

PEAK VALUE = 7.17 MG

LTA = @.811 MG

EV TIME = B7/13/86 85:52:24,05
BLE EYENT SIZE = 8.@842 Nh

BIG BLK. EVENT SIZE = @.8%2 MG
EYENT NO, = 8834

ELOCK COUNTER = 4
REG NUMBER = =

PEAK VALUE = 5.93 MG

LTA = 2.918 MG

£y TIME = @7/88/32¢ Plez7ias.45
BLE EVENT SIZE 5 5
BIG BLK. EVENT 2idf = @, @87s MG

EVEHT NOD. = o
BLHIP COUNTER = =
REG NUMEEF = 4

PEAKE VALLE =

LT = U.dlB MG
gy TIME = @7 /82 2%
ELK EVENT SIZE 5 ¥

BIG BLE. EWENT “I‘E 80032 MG

EVEMT MNO. = 2273

BLOCK COUNTER = 1

REG MUMEBER = 3

. PERK WALUE = 1.53 MG
LTA = 8.015 MG
EY TIME = @7 19736 B
BLE EVENT SIZE = .8
BIG BLE. EVENT E2IZ2
EWENT HO. =1473E8
BLOCK COUNTER = i
REG HUMBER = 2 ¢

PEAK YALUE = 2.14 MG
LTH = @@l MG

EY TIME = B7/18,86 17843
BLE EVEHT SIZE =
"BIG BLE. EVENT ”I;E = @832 MG
EYENT NO. = 4146

BLOCE COLNTER. = i
REG MUMBER = 1

MEM HUMEER = 2

Figure D-2. Command 21 Output
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Command 21 (Read Seismic Data) is then used to retrieve the desired data
from mass memory. The order in which the data from each event are transferred
is unimportant; the data reduction software will arrange the data in the
proper order provided that command 20 is received correctly. 1In response to
Command 20 the operator is prompted by CARS to enter the Starting Register
Number and the Starting Record Number. The Register Number corresponds to the
particular MBM Register that contains the desired data The data from each
register are transmitted from DAGS as 82 records. After receipt of each error
free record CARS displays the Register Number, the Record Number and the first
data byie of the record. CARS then automatically increments the record number
and requests the next record block of data from DAGS. TIf parity errors are
encountered in the data or no data are received within five seconds (as shown
in Figure D.2), CARS notifies the operator and requests the same record data
block. If after five tries the data have not‘been received correctly, CARS
prints out an error meésége, 'incfements the 'record number, and sends the
command to DAGS. The operator can then verify  that all 82 fecords for a
register has been received correctly. ' If one or more records are mlssxng,
enter Command 21 again, - spe01fy the same starting register but this time enter
the starting record number of the starting register but this time enter the
starting record number of the desired record, continuing this process until
all records have been recéiVed error free. At the end of the last record
(82), CARS automatically increments to the next register and starts requesting
data from the first record of that register. If the operator desires data
from a different register, interrupt the process by pressing D (Delete) on the
keyboard. Restart Command 21 with the desired register and continue until all

data have heen collected.

Once all the desired data have been collected enter Command 62 (Stop Tape
Recording), remove and label the tape, disconnect power from the BRES package,

and pack each subsystem in its respective case.




REC NO B8 REC MO 32 DATA ACHE
REC NO @2 REC NO 51 DATA ACEE
BRES REC. PRARITY ERRORS = @24

REG NO @8 REC NO 58 DATA ACRE
REG WO @8 REC NO 42 DATA ACAE

REG NO B3 REC NO 42 DRTH ACES
REG WO @S REC NO 47 DATH ACGE
REC NO @2 REC NO 4 DATA ACHES
PEG NO @3 REC NO 43 DARTH. ACHE
REC NO @3 REC MO 44 DRTA ACaR
REG MO @3 REC NO 432 ODATH ACAE
REG NO @8 REC NO 42 DATH ACaR
PEC WO @3 REC MO 41 DATR ACEa
REG NO @3 REC NO 48 OATA RCE8
REG NQ @88 REC ND 3% DATR ACEes
FEC NO @3 REC NO 2B DATA ACa:
REG NO @8 REC NG 27 DATH ACA8
REG NO @8 REC NO 36 DATA ACEA
REG NO 9% REC NO 35 DATR ACBR
REG WO @B REC MO 24 DATA ACES
REG NO A2 REC MO DATA RCE8
REG NO @2 REC NO 2 DATAR ACAS
REG MO @8 REC NO 31 DATR ACAa
REGC NO 82 REC NO 28 OATR ACEA
FEG ND @3 REC HO 22 DATH RACaE
REG MO 98 REC NO =2 DATA ACEE
REG NO @2 REC MO 27 DAETH ACES
REG MO 83 REC NO 2% DATA ACER
REC WO @3 REC NDQ 23 DATH RCEE
REG NO 88 REC NO 24 OARTH ACAS
REG MO @2 REC NO ¥ DRTH ACHE
REG MO @R REC HOQ =2 pRTA ACEd
BEG MO 8% REC NO 21 DARTH RCEE
REG HO @8 REC NO 26 ORTR ACAE
REC HO @8 REC NO 12 DATA ACTE
REG WO @3 REC NO 12 ORTA ACEE
REC N0 @8 REC NO 17 DATA ACE
REG HO @8 REC NO 12 ODATA A
REG WO 8% REC NO 1T DATHA

FEG HO 95 REC HO 14 DATA AC
REC NO B3 REC MO 13 - DATA ACEE
ERES RECEIVED MO DATA

REG NO 88 REC MO 12 DATA

REG NO B3 REC MO 11 DATH

REG WO 93 REC MO 18 DATHA

REC HO B3 REC NO @3 OATA

REG MO @3 REC NO &2 DATH

PEC HO 82 REC MO &7 DATH

REG NO B2 REC NO 25 DATH

REG MO @3 REC HOQ &3 DATA

REC WO B2 REC MO @ DATH ‘
REG NO @5 FEC MO &2 OATA ACE:E

{REG HO B2 REC NO @z DATH
WAITING FOR MASS MEMORY RERD
EMTER STARTIMG RECORD HO. 01
EMTER STARTING REGISTER HO.
READ SEISMIC DATA % [
ENTER COMMAMD 21

. MO @s  RED NO @
o1

0

Figure D-3. command 21 Output.
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