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RFP Number: NO0173-98- R- SEO3

Amendnent Nunber: 0001
Page 1
The purpose of this amendnment is to clarify and correct errors to Arendnent 0002 as
fol | ows:

A) The vessel rating for CLINS 000201, 000202 and CLIN 000204 on page 9 of Anendnment 0002
shoul d read 500 neters.

B) The Techni cal Perfornmance Specification REVISION 12/9/98 attached to Anendnent 0002 is
hereby deleted in its entirety and replaced with 98se03sw ev. ht m avai | abl e at
http://heron.nrl.navy. ml/contract/hone. htm




REVISION 12/9/98

TECHNICAL PERFORMANCE SPECIFICATION
FOR
SEA- GO NG ACOUSTI C MEASUREMENT SYSTEM

1.0 SCOPE

This specification establishes the requirenents for a conplete turn-key
Sea- Goi ng Acoustic Measurement System (SGAMS) to be depl oyed from UNCLS
Cass I, U S Navy or commerci al oceanographic vessels as a fully

aut ononous acoustic data collection systemw th no sea surface
expression. SGAMS shall be a nodul ar system consisting of the
foll owi ng nodul es/ hardware: Data Acquisition Unit (DAU), Data Storage
Unit (DSU), Energy Unit (EU), Data Transfer Unit (DTU), acoustic

hydr ophone array(s), and the mechanical structure and ancillary

equi prent needed to nmake a depl oyabl e system Each of the depl oyabl e
nmodul es (the DAU, DSU, and EU) shall be contained in individua

pressure housings. The units shall be delivered so that the user can
configure a systemw th various nunbers of input channels, recording
capacity, and depl oynent duration(increased energy capacity). The
basi ¢ system shall provide for autononmous recording of 64 acoustic
channel s and 24 engi neering sensor channels.

2.0  APPLI CABLE DOCUMENTS AND GLOSSARY OF TERMS

2.1 Section 7.0 (G ossary of Terns)
Audi 0 engi neering Society AES17-1991

2.2 GLOSSARY OF TERMS:

nb megabits (1nb
MB Megabytes (1MB = 1048576- byt es)

B G gabytes (1GB = 1024 Megabyt es)
nbs megabits per second

MBS  Megabytes per second

rne root mean square

Hz hertz

kHz kil ohertz

DAU Data Acquisition Unit

DSU Data Storage Unit

DTU Data Transfer Unit

EU Energy Unit

SGAMS Sea- Goi ng Acoustic Measurenment System
CMRR Common Mode Rejection Ratio

GPS dobal Positioning System

A/D Analog to Digital Converter

ADC Analog to Digital Converter

dB Deci bel s

/O Input/Cutput

COR Contracting Oficers Representative
RCM rempte control and nonitoring

TTL transition to transfer |ogic

1048576- bi ts)

Attachment (1)



3.0 REQUI REMENTS

3.1 System Definition. SGAMS depl oyed from oceanographic research
vessel s (UNOLS, U.S. Navy or commercial) shall serve as an
acoustic data collection systemfor the recording of acoustic
signal s (phase and anplitude) which have propagated through the
ocean. The base systemshall include all components and
equi prent necessary to configure a baseline systemwhich is
safely transportabl e, deployable, and retrievable by end-users
aboard an oceanographic vessel. The systemshall include a
shi pboard DTU for data transfer fromthe DSU for archiving and
eval uation and a serial comunication port for an optiona
acousti c nodem

3.2 Ceneral Description. The conponents of the baseline SGAMVS are a
DAU nodul e, DSU nodul e, EU nodul e, DTU nodul e, and nechani cal
depl oynment hardware. The baseline DAU shall be designed to
accept a m ni mum 64 channel s of acoustic data and be upgradeabl e
to 128 acoustic channels, in 32 channel increnents. |Inputs shal
be provided for 4 engineering nodul es, each nodul e containing up
to four sensors for every 32 acoustic channels. The baseline DAU
shal |l be designed to accept a m ni num of eight (8) engineering
nodul es. The DSU shall store all data collected on non-vol atile
nmedi a. The baseline DSU shall store a mnimum 780 gi gabytes of
data. The EU shall provide all the energy required to operate
t he depl oyed systemfor a 7 day deploynment. The EU shall be
capabl e of being expanded to an energy capacity of at |east one
month (28 days). Deploynment hardware shall consist of al
mechani cal conponents necessary for deploynent of a baseline
SGAMS.  The DTU shall function as a system checkout/setup test
instrument and shall enable at-sea transfer of DSU stored data
wi t hout the requirement of opening the unit to archive collected
dat a.

3.3 Data Acquisition Unit: The DAU nodul e shall function as the
collection point of all acoustic and engi neering data to be
collected. It shall interface to acoustic arrays, engineering
sensors, receive its power fromthe EU, convert anal og acoustic
data to a digital format an accurately controlled sanple rate
and shall output a formatted data streamto the DSU. The DAU
shal | be programmbl e through a hardwired interface before
depl oyment and shall be renotely programrabl e t hrough an acoustic
telemetry system after depl oynment.

3.3.1 Mechanical Requirenents:

a. Pressure housing: The DAU el ectronics shall be housed in a
container with an operating depth in seawater of at |east 1000
neters.




Connectors: All connectors shall have a m ni mum operating
depth in seawater greater than 1000 neters. Each connector
shall be provided with a protective nmetal end cap rated to the
pressure rating of the connector. Al connectors shall have
either a protective shield or be |ocated such that they are
protected from acci dental danmage during unit novenent and

depl oyment of the DAU. At each connector a nethod of strain
relief shall be provided which mnimzes the stress in the
cabl e conductors and the connector. Each connector shall have
a | ocki ng mechani smto prevent accidental disconnect.

Seals: All pressure vessel joints shall have dual o-ring

seal s.

Finish: Al exposed surfaces of the DAU shall be designed to
m nimze deterioration of the structure by exposure to the
ocean environnment. As a minimumit shall have two coats of
primer and be painted with an epoxy based paint.
Attachnment/lift points: The DAU or any framework it is nounted
in shall be provided with a m ni mum of three mechanica
attachment points for shipboard tie-down/storage and

depl oynment/lifting. Lift points shall have an operating
strength of at |east 40,000 new ons.

Purge Port: The pressure vessel shall have a purge system
which allows the vessel to be filled with dry nitrogen. The
system shall allow the nitrogen to di splace the atnosphere in
t he pressure vessel

Corrosion Protection: The pressure vessel and any framework
used to support it or attach it to other units shall use
passi ve cat hodic protection against corrosion. The protection
met hod shall have m ni mum useful rated usage of one year

3.3.2 Ceneral Requirenents:

a.

Power : Because SGAMS primary node of operation shall be
battery powered the DAU shall be designed for m ni num power
usage. Power shall be provided fromthe EU Mddul e when

depl oyed, and fromthe DTU power supply for

shi pboar d/ | aborat ory checkout.

I nput Channel s: The basic DAU shall accept 64 acoustic
channel s, 8 engi neering nodul es (each engi neering nodul e can
consi st of up to six sensors).

Acoustic Channel Calibration: The DAU shall have the
capability to supply a sine-wave calibration signa

simul taneously to the front end of each DAU channel. This
signal shall be applied at the input of the DAU s first
anplifier stage. The DAU shall supply a m ni mum of eight

di screte frequencies, spread linearly in octave increnents
over a 10 Hz to 20 kHz band, signal anplitude shall apply the
maxi mum i nput |evel at the maxi numgain setting to the A/D

i nput for the channel. The variation in anplitude shall be
less than 0.1 dB. The signal shall be applied sinultaneously
to all channels. A sinmilar signal shall be available fromthe
DTU for use as a systemcalibration. The DTU signal shall be
applied directly the array hydrophone.




Array Connections Acoustic Channels: DAU acoustic channe
connections shall be in 32 channel groups. The connection
shal | support the array specifications provided under section
4.10. Each acoustic channel connector shall be wred
identically to facilitate trouble shooting.

Array Test Leader: The offerer shall provide an unterm nated
test leader for all array input (acoustic and engi neeri ng)
connectors. Each test |eader shall consist of a connector
which mates to the appropriate connector interface on the DAU
housing and a mininumof 1.0 nmeter of unterminated wire. Each
wire shall be | abel ed.

Array Engi neering Channels: For every 32 acoustic channels
there shall be a mnimum of 4 engineering nodul es, each with a
capacity to support at |east six sensors. Each engi neering
group of 4 nodul es shall have its own connector. Each

engi neeri ng channel connector shall be wired identically to
facilitate trouble shooting. The power for the engineering
nmodul es shall al so be supplied through this connector

System Tenperature Specifications: The system shall neet the
foll owi ng tenperature requirenents:

Qper ati ng: 5°C to 50°C
St or age: -30°C to 70°C

3. 3.3 DAU System Requi renent s:

3.3.3.1 Rennte Control and Monitoring Ports: The DAU shall have two
serial ports to provide renote control and nonitoring
conmuni cati ons between the DAU and shi pboard based DTU. Two
serial ports are required to provide on-deck comruni cati ons when
an acoustic nodemis connected.

a.

El ectrical Protocols: One serial port shall satisfy RS- 232
protocols. The second serial port shall satisfy RS 422

pr ot ocol s.

Baud Rate: Both serial ports shall support a mninum

conmuni cati on speed of 115 kil obaud. Both serial ports shal
automatically adjust their baud rate to the device connected
to the serial port (i.e., autobaud functionality).
Connectors: Each serial port shall have a separate connector
whi ch i s accessible w thout opening the DAU pressure vessel
Each connector shall be pressure rated to an operational water
depth of at |east 1000 nmeters. Each connector shall have a
| ocki ng mechani smto prevent accidental disconnect. Each
connector shall be provided with a protective netal end-cap
which is pressure rated to the rating of the connector




3.3.3.2 User Programmbl e Paraneters: The foll ow ng DAU paraneters

. 3.

. 3.

shal | be user configurable by the DTU via the RCM | i nk.

a. System Power On/ O f - DAU, DSU, and array system power
requi renents shall be reduced to a m ni mrum system mai nt enance
| evel on command by the user via the DTU (when data
acquisition is not desired) to conserve EU lifetinme. System
configuration paranmeters shall not be lost in this power down
state. Full system power l|levels shall be restored at user
conmand.

b. System Reboot: Any computer control in the DAU or DSU shall be
user rebootable to the default state via the DTU

Cc. Nunmber of Acoustic Channels: The nunber of acoustic channels
to be acquired and recorded shall be user selectable via the
DTU. Active channels shall begin with channel 1 and continue
for the nunber of channels selected. For exanple, in a 64
channel system channels 1-16 or channels 1-48 could be active
at user discretion.

d. Acoustic Channel Gain: The gain of each acoustic channel shal
be user selectable via the DITU

e. Hydrophone Sensitivity: The hydrophone sensitivity for each
acousti c channel shall be user selectable via the DITU

f. Acoustic Channel Pre-Enphasis In/Qut: Application of the pre-
enphasis filter to each channel shall be user selectable via
the DTU.

g. Acoustic Channel Bandwi dth and Center Frequency: If the
Basebandi ng option is exercised (Section 4.9), then the
bandwi dt h and center frequency for all acoustic channels shal
be user selectable via the DITU

h. Tine/Date: The tine and date shall be user settable via the
DTU.

i. Sanple Rate: The user shall be able to select the acoustic
channel sanmple rate for the system w thin the paraneters
specified in Section 3.3.6.

3 System Acqui sition Schedul e: The SGAMS system shall be capable
of acquiring data on a user defined schedule to conserve power
and recording capacities. This schedule shall be provided by the
DTU. The schedul e shall be defined by an absolute start tine
(e.g. JD 256, 1999, 13 hours, 27 mnutes, 10.0000000 seconds), a
power on (acquisition) duration (e.g. 7200 seconds), and a power
of f duration. Maxi mum power on/off duration shall be a m ni mum
of 65,000 seconds. This schedule shall repeat until nodified or
turned of f by user command via the DITU.  The power off condition
is defined in the previous section

4 System Status Mnitoring: DAU and DSU system status shall be
nmoni tored and di spl ayed by the DIU.  System status shall be
refreshed whenever a change of state occurs and on user conmmand.
The following systemstatus information shall be provided to the
DTU.




Acousti c Channel Levels: The power |evel for each acoustic
channel shall be provided to the DTU for display. These
acoustic levels are necessary for setting system gains and

i dentifying dead channels. Power levels for all active
acoustic channels shall be provided. Power |evels shall be

i ntegrated over the user selected acoustic channel bandw dth.
User Sel ectabl e Paraneters: The state or value of all user
sel ectabl e paranmeters shall be provided to the DITU for

di spl ay.

EU Power Level: The EU voltage | evel or estimated remaining
battery life shall be provided to the DTU for display.

DSU Recordi ng Counter: The total amount of data recorded on
the DSU or percentage of total recording capacity used to date
shal |l be provided to the DTU for display.

Leak Detectors: Sensors to detect water leaks in all pressure
vessel s shall be provided. Status of these | eak detectors
shal |l be provided to the DTU for display.

System Di agnosti cs: The SGAM system shall perform system

di agnostics on user command via the DITU. Results of

di agnostic tests shall be provided to the DTU for display.
Specific tests are at the discretion of the offerer, but
shoul d provi ded enough information to confirm proper SGAM
system operati on.

3.3.4 DAU System Ti mi ng Functions:

a.

Master System O ock: Al DAU systemtimng and Ti ne/ Date
functions shall be derived fromthe Master System O ock. The
mast er system cl ock shall be accurate to better than 4 parts
in 10 over a 1 day peri od.

User Access to Master System C ock: Easy access to the DAU
mast er system clock shall be provided to the user for
synchroni zati on of various neasurenment devices and to measure
clock drift. This access point shall be buffered to prevent
nodi fication of clock operation by the user device.

Ti me/ Date: The DAU shall provide a Tine/Date clock for system
scheduling and for insertion into every data header. The

Ti me/ Date shall have a resolution of better than 1

m cr osecond.

Ti me/ Dat e Synchroni zation: The DAU tine and date shall be user
settable via the DTU. The tinme/date clock shall be triggered
to run by a software command fromthe DTU or by a TTL pul se.
The use of a TTL trigger shall allow nultiple devices to be
accurately synchronized in time (such as synchroni zing an
acoustic projector and the DAU for high accuracy acoustic tine
of flight measurenents). The user supplied TTL signal shal

be provided to the DAU t hrough the RCM RS-422 seri al

conmuni cati on port connector.




3. 3.5 DAU Channel Requirenents:

a.

Channel to Channel Crosstal k: Channel to channel crosstalk in
the DAU shall be less than -75 dB as neasured between any two
i nput channel s, either acoustic or engineering. The

nmeasur enent shall be made by applying reference square waves
of 500 Hz, 1 kHz, and 10 kHz at the maxi num al | owabl e i nput
voltage of the A/Dto the DAU array input. The recorded

out put voltage of all the acoustic channels in the DAU shal

be individually conpared to the input reference voltage to
determ ne the crosstalk level in dB. This neasurenent shal

be made at both the DAUs m ni mum and maxi num gai n settings.
Acousti c Channel Signal Conditioner: Each channel shall have
an anplifier with a programmable gain of 0 dB to a m ni mum of
42 dB in 6 dB steps.

Acousti c Channel Spectral Noise: Each DAU channel shall have a
maxi mum i nput noi se | evel of 5 nanovolts per root-hertz, from
200 Hz to 20 kHz and 10 nanovolts per root-hertz from5 Hz to
200 Hz. This neasurenment shall be made by using a spectrum
anal yzer to observe the input to the channel A/D. The

measur enent shall be made with the input of the channel being
nmeasured term nated to ground.

CMRR: Between 5 Hz and 200 Hz CMRR shall be greater than 80 dB
per channel. Between 200 Hz and 20 kHz CVRR shall be greater
than 90 dB per channel

Acousti c Channel Pre-Enphasis: The DAU shall have for each
channel a pre-enphasis filter which is user controllable
(on/off) through the DTU. This filter is to flatten the noi se
spectra below 10 kHz so that a single gain setting can be used
to record from10 Hz to 10 kHz. The filter shall be a high
pass filter with a break frequency of 300 Hz and a sl ope of 6
dB per octave.

Engi neeri ng Channel Definition: For every 32 acoustic data
channel s there shall be at |east 4 channels of engineering
data. Each engi neering channel shall record depth, two-axis
tilt, nmagnetic heading, and support two additional sensor
channel s. Power for the engineering sensors shall be
avai l able fromthe EU through the DAU

Engi neeri ng Mbdul e Crosstal k: The engi neering sensors, their
power supply and their output shall not raise the noise floor
of the acoustic channels. This nmeasurenment shall be rmade by
conpari ng the DAU channel anal og output |evels, before the
A/D, with and w t hout the engi neering nodul e energi zed and
during engi neering nodul e power up, if the offerer decides to
cycle the engi neering nodul e power. This requirenent applies
to array cable crosstal k and DAU crosstal k requirenents.
Crosstal k fromthe engi neering nodul es nmust be down at | east
75 dB.

3.3.6 DAU Sanpl e Requirenents:

a.

Acousti c Channel Sanple Rate: The sanple rate for each channe
shal |l be selectable starting in the range of 1000 to 1200
sanmpl es per second, doubling in rate until the next doubling
exceeds the A/D sanple rate. The final sanple rate shall then
be the maxi mum sanple rate of the A/D.
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b. Acoustic Channel Sanpling Rate Accuracy: Tinme variation in the

sanple initiation rate shall be less than = 1 m crosecond,
measur ed between sanpl es commands and shall drift no nore than
the drift rate of the master clock

c. Acoustic Channel Sanpling Coherence: Al channels shall be
sanpl ed simul taneously and synchronized to the same system
cl ock.

d. Acoustic Channel A/D Sanpling Dynam c Range: The dynam c range
of the A/D shall be equal to or greater than 117 dB. Audio
Engi neering Soci ety AES17-1991, shall be used to determ ne the
dynam c range of the A/D. Any anplifier gains prior to the
A/ D are excluded fromthis nmeasurenent.

e. Acoustic Channel Sanple Wird Size: Wrd size shall be
sel ectable by the user at 16 bits, and the maxi mum word size
used by the A/ D converter

f. Engi neering Channel Sanple Rate and Wrd Size: The sanpling
rate for the engineering sensors shall be greater than 1
sanpl e per second per channel and | ess than the acoustic
channel sanmpling rate divided by the nunber of engineering
channels. The word size shall be reconmended by the offerer
based on the engi neering sensor specifications in Section 4.8.
The word size shall provide the necessary resolution required
to neet the highest sensor resol ution requirenent.

Data Storage Unit (DSU):

Unit Definition: The Data Storage Unit (DSU) is defined to be

t hat nodul e which contains the nedia to which all the information
collected by the DAU is stored. It shall interface with the DAU
the EU, the DIU, and with other DSUs in use. The DAU shal
provide to the DSU a bl ock formatted digital serial stream of
data for storage. The EU shall provide the DSU all power
necessary to performits storage function. The DSU shall require
m ni mum power to operate while deployed. The DSU shall support
data uploading to the DITU while on a ship deck and while in a
scientific | aboratory.

3.4.2 Mechani cal Requirenents:

a. Pressure housing: The DSU el ectronics shall be housed in a
container with an operating depth in seawater of at |east 1000
neters.

b. Connectors: Al connectors shall have a m ni mum operating
depth in seawater greater than 1000 neters. Each connector
shall be provided with a protective nmetal end cap rated to the
pressure rating of the connector. Al connectors shall have
either a protective shield or be |ocated such that they are
protected from acci dental danmage during unit novenent and
depl oyment of the DSU. At each connector a nethod of strain
relief will be provided which mnimzes the stress in the
cabl e conductors and the connector. Each connector shall have
a | ocki ng mechani smto prevent accidental disconnect.

d. Seals: Al pressure vessel joints shall have dual o-ring
seal s.
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d. Finish: Al exposed surfaces of the DAU shall be designed to
m nimze deterioration of the structure by exposure to the
ocean environment. As a minimumit shall have two coats of
primer and be painted with an epoxy based paint.

e. Attachnent/lift points: The DSU or any framework it is nounted

in shall be provided with a m ni mum of three mechanica
attachment points for shipboard tie-down/storage and

depl oyrment/lifting. . Lift points shall have an operating
strength of at |east 40,000 new ons.

f. Purge Port: The pressure vessel shall have a purge system
which allows the vessel to be filled with dry nitrogen. The
systemw || allow the nitrogen to displace the atnosphere in
t he pressure vessel

g. Corrosion Protection: The pressure vessel and any franework
used to support it or attach it to other units shall use

passi ve cat hodi c protection against corrosion. The protection

met hod shall have m ni mum useful rated usage of one year

St orage Capacity:

a. Initial Capacity: The initial capacity of a single DSU shal
be a m ni mum of 780 gi gabytes.

b. Expansion Capacity: A single DSU shall be expandable to a
m ni mum 1. 8- Terrabytes in approxi mately 200-GB i ncrenents.

Expansi on Capability: The depl oynment and operation of nultiple
DSUs shall be supported.

Connectivity:

a. The DSU shall connect to the DAU via a single high-speed
serial interface (mninmm 15-MB/ sec).

b. Multiple DSU units shall be “dai sy-chained” via a second high-
speed serial interface (m ni mum 15- MB/ sec).

c. Wien multiple DSUs are deployed, only a single DSU shall be in

operation at any given tine.

Dat a Transfer Rate:

a. The DSU shall accept and record data fromthe DAU at a mi ni num

rate of 15 MB/second whil e depl oyed.

b. The DSU shall retrieve and transfer data to the DIU at a
mnimumrate of 15 MB/second in the |aboratory and on board
shi p.

c. There shall be a single high-speed serial connection between
the DSU and either the DAU or DTU

Data Transfer Unit (DTU):

Unit Definition: The DTU is visualized as a high speed UNI X based

or Mcrosoft Wndows NT 4.x/5.x conmputer systemw th custom zed
software and hardware interfaces.
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The DTU shall support shipboard/ | aboratory data

downl oad/transfer fromthe Data Storage Unit (DSU).

The DTU system shall be capabl e of powering the entire SGAVS
system (i.e., the DSU and the DAU) with out the use of the EU
The DTU shall connect to the DSU Data input/output interface.
The DTU shall connect to the DAU Data input/output interface.
The DTU shall connect to the DAU command and contr ol

i nterface.

The DTU shall connect to the topside acoustic telenetry nodem
in order to send command and control operations to the

depl oyed system

The DTU shall connect to the topside acoustic telenetry nodem
in order to receive data fromthe conmand and contr ol

i nterface of the depl oyed DAU

The DTU system shall include a shipboard deck | eader(s) to
connect all necessary interfaces between itself and ot her
conmponents of the SGAMS system

power
hi gh- speed serial data I/0O

command and control interface
The DTU shall be capabl e of downl oading all of the recorded
data or partial data sets froma single DSU and support
storage on disk files, 4nm DAT, 8mm EXABYTE, DLT, and a NRL
owned AMPEX DI S-120i tape drive. The AMPEX DI S-120i and
docunent ati on shall be provided by NRL to the contractor upon
request.
The DTU data format shall be identical to the DSU data format
and shall support both big-endian and little-endi an hardware
archi tectures.
Al custom (i.e., non-conmercial) software packages devel oped
for the DITU shall include conplete source codes,
docunentation, and all of the necessary devel opnent
environnents and tools required to nodify/build the custom
sof tware and docunentati on
In addition to data transfer functions the DIU shall also
perform system checkout and setup prior to depl oynent.
After deploynment the DITU shall interface with the acoustic
telemetry system generating all acoustic commands and
decodi ng and di splaying all received information

Command and Control Functions: The DTU shall be the end-user

interface to the depl oyed system Through it all programmable
system functi ons shall be addressable and all requested system
status shall be displ ayed.

a.

Programmabl e Functions: The fol |l owi ng operational paraneters
of the systemshall be controllable by input to the DTU, which
shall transfer themto the DAU by either a hardwi red

[ i nk(shi pboard/| aboratory only) or by the use of an acoustic
telemetry |ink(deployed only): system power (on/off), channe
sanmpl e rate, channel gain, system clock, hydrophone
sensitivity, acoustic channel pre-enphasis (on/off), nunber of
acoustic channel s and engi neering channel s recorded. The
operator shall be able to designate which acoustic and

engi neering channels are recorded.
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b. System Status Paraneters: The followi ng system status
i nformati on shall at a m ni nrum be avail abl e through both the
hardwi red |ink and the acoustic tel enetry conmuni cation port:
EU supply vol tages, recorder usage percentage, detected faults
in the DSU, status of all pressure vessel |eak detectors, and
readout of at |east 10 seconds of data for any acoustic
channel or engi neering channel

3.5.3 Expansion Options: The DTU shall be capabl e of being substituted

.4

.5

1

for the DSU and connect directly to the DAU in a cabl e-to-shore
based recordi ng operation

Mechani cal Requirenents: The DTU (conputer, nonitor, and renote
system power supply) shall be enclosed in a ruggedi zed rack
nmount abl e chassi s and include a portabl e equi pnent rack

Stored Data Fornat:

a. Acoustic data shall be stored in a bl ocked format.

b. Al digitized data shall be packed to conserve storage space
in the DSU and the DTU (e.g., four 24-bit data sanpl es shal
be stored in three 32-bit ong words rather than four 32-bit
| ong words; eight 20-bit data sanples shall be stored in five
32-bit long words rather than eight 32-bit |ong words). An
al gorithm for packi ng and unpacki ng data shall be provided.

c. Engineering data shall be interleaved with the acoustic data
bl ocks to conserve space

d. Each data bl ock shall contain an accurate Julian tine/date
stanp character string of the form
( YYYYDDDHHWVSS. mi cr osecond) .

e. Each data bl ock shall contain a time-stanp which all ows
digitized data to be referenced with a mininumO.1 m crosecond
accuracy.

f. Each data block shall contain a channel header description
consisting of the follow ng information: hydrophone nunber or
engi neeri ng sensor type and nunber, pre-anplifier gain, sanple
rate, nunmber of data points in block, etc. Wen changes are
commanded over the acoustic telenetry system the changes
shall be inplenented at the beginning of a new data bl ock

g. The nunber of data points in each data bl ock shall be a power
of 2 per digitized channel

Energy Unit:

Unit Definition: The Energy Unit shall be the main source of
power for the SGAMS system It shall provide all the voltages,

at the required current capacities, for DAU, DSU, acoustic arrays
and engi neering sensors. The EU shall be nodul ar, allow ng the
end-user to configure an energy package to support deploynents
from one week to one nonth.
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3.6.2 Electrical Requirenents:

.3

a.

Capacity: The basic EU shall supply enough energy to operate a
64 channel SGAMS systemfor at |east one (1) week. The EU may
consi st of several nodul es interconnected to provide the
energy required for a week of operation. Al nodules shall be
identical in size, in shape, and in electrical configuration
Expanded Capacity: The energy capacity of the EU shall be
capabl e of being increased up to a one (1) nonth capacity.
Modul es used to increase the EUs capacity shall be identica

to those in Section 3.6. 2. a.

Fai | safe: Each basic unit/nodule shall contain circuitry to
prevent an internal failure in one unit/nodule (low voltage,
internal short) fromeffecting the ability of other

units/ nmodul es to supply power to SGAMS

Ref ur bi shnent: The EU shal |l be refurbishable at-sea on the
depl oyment vessel. Maxi mum refurbi shment time of the EU shall
be 12 hours.

Cabl es: Al cables necessary to configure an EU and connect it
to a DAU and DSU shall be supplied. The cabling design shal
support multiple DAU, EU and DSU nodul es.

Mechani cal Requirenents:

a.

Pressure housing: The EU el ectronics shall be housed in a
container with an operating depth in seawater of at |east 1000
neters.

Connectors: All connectors shall have a m ni mum operating
depth in seawater greater than 1000 neters. Each connector
shall be provided with a protective nmetal end cap rated to the
pressure rating of the connector. Al connectors shall have
either a protective shield or be |ocated such that they are
protected from acci dental danmage during unit novenent and

depl oyment of the EU. At each connector a nethod of strain
relief will be provided which mnimzes the stress in the
cabl e conductors and the connector. Each connector shall have
a | ocki ng mechani smto prevent accidental disconnect.

Seals: All pressure vessel joints shall have dual o-ring

seal s.

Finish: Al exposed surfaces of the DAU shall be designed to
m nimze deterioration of the structure by exposure to the
ocean environment. As a minimumit shall have two coats of
primer and be painted with an epoxy based paint.
Attachment/lift points: The EU or any framework it is nounted
in shall be provided with a m ni mum of three mechanica
attachment points for shipboard tie-down/storage and

depl oynment/lifting. Lift points shall have an operating
strength of at |east 40,000 new ons.

Purge Port: The pressure vessel shall have a purge system
which allows the vessel to be filled with dry nitrogen. The
systemw || allow the nitrogen to displace the atnosphere in

t he pressure vessel

Corrosion Protection: The pressure vessel and any framework
used to support it or attach it to other units shall use
passi ve cat hodic protection against corrosion. The protection
met hod shall have m ni mum useful rated usage of one year

12



3.7 Test Pl an:

1) a. The contractor shall develop a Test Plan for system
performance and acceptance testing. The test plan shall detai
systemtesting at the contractor’s manufacturing facility of al
performance specifications in Sections 3.3 to 3.6.3.g inclusive. The
pl an shall detail how the manufacturer intends to prove that the
system nmeets the specifications as defined in the RFP

b. Testing of the follow ng specifications and functions shall be
i ncorporated in the test plan

i) Measurenent of the power required to operate the
procured DAU, DSU and arrays. This neasurenent shall include al
vol tages and currents fromthe EU to the DAU and DSU. The
contractor is to define a mninum energy package which shal
denonstrate that the EU supports the seven day deploynent. This
package shall be used to quantify the EU design. The package
shal | power the systemfor at |east 12 hours continuously during
the test.

ii) Measurement of the input noise level of the DAU. This
measur enent shall be made at both anplifier mninmmgain and
maxi mum gai n for a DAU channel

c. The test plan shall be delivered to the COR for approval no
| ater than 45 days prior to start of the factory test.

d. The offerer shall provide training on the assenbly, dis-
assenbly, configuration, and operation of all aspects of the
SGAMS system for a group of seven (7) end-users at the factory
acceptence test.

2) a. The contractor shall develop a Test Plan for specified
optional itens for system performance and acceptance testing. The
test plan shall detail systemtesting at the contractor’s
manufacturing facility of all performance specifications as detailed
bel ow. The plan shall detail how the manufacturer intends to prove
that the system neets the specifications as defined in the RFP

b. Testing of the follow ng option item specifications and
functions shall be incorporated in the appropriate test plan

i) Option 4 shall be tested in a |lab environment by use of a hardware |ink
between the surface unit and the underwater unit to confirmoperation in
accordance with Techni cal Performance Specification requirenents and
specifically the controllability of the command and control paraneters of
the DAU and DTU via the acoustic telenetry as confirned by use of a hardware
l'i nk.

ii) Option 8 shall be tested to verify performance in accordance with the
Techni cal Performance Specification, paragraph 4.9

iii) Options 9,10,11,12 shall be tested verify performance in accordance

wi th Techni cal Performance Specification sections 4.10, 4.11, 4.12 and 4. 13
respectively. The testing shall also verify cross-talk and noise levels in
accordance with specified requirenents.

c. Upon exercise of the option, a test plan shall be delivered to the COR
for approval no later than 45 days prior to start of the factory test.

d. The offerer shall provide training on the assenbly, dis-assenbly,
configuration, and operation of all aspects of the SGAMS systemfor a group
of seven (7) end-users at the factory acceptance test.
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3.8 Deploynent/Recovery Plan and Hardware:

a.

Depl oynent / Recovery: The contractor shall furnish a

depl oynment/recovery plan for the basic one week system The
pl an shall detail all hardware, procedures and specifications
for any equiprment identified as required to deploy a systemin
200 neter water. The deploynent shall consist of one vertica
array, 185 nmeters in length, a horizontal array 200 neters in
I ength, DAU, DSU and EU. The vertical array shall have a

m ni mum i ne tensi on of 4500 newtons. The DAU and DSU shal

be suspended in the water colum, but the EU may set on the
ocean floor, contractor choice. EU recovery is required. The
pl an shall contain the specifications for all equipnent

requi red for deploynment and recovery of SGAMS

Depl oynment Hardware: A conplete set of hardware required to
depl oy the system shall be supplied. This includes al

fl oats, shackles and sacrificial anchors.

3.9 Docunent ati on

a.

Operation Manual : This manual shall describe in detail howto
operate SGAMS. It shall contain the procedures to be used for
pr edepl oyment checkout, hardware and system preparation
detail the sequence of events for a deploynent and provide a
system check list for all mechanical and el ectric connections
required for a successful deploynment. The manual shal
descri be what SGAMS functions are programabl e over the
hardwi red DAU i nterface and acoustic conmuni cati on port and
shall provide a step by step description of how to program
SGAMS for deploynent. |If the acoustic nodem option is

exerci sed, the manual shall include instructions for
reprogramm ng SGAMS and conmand data transmi ssion to the
support ship.

Techni cal Manual : Techni cal manual / manual s shall be provided
for the DAU, DSU, EU and DTU. It is the nmanufacturers choice
whet her to provide one manual for the system or individua
manual s for each unit. The manual /manual s shall describe in
detail the design of each unit, its hardware and provide a
functional description of all circuitry and software.

I ncl uded shall be a detailed list of all parts/conmponents used
in SGAM5. The list shall identify all vendors, vendor part
nunbers, vendor addresses, tel ephone nunbers and web sites.
Software: Source code |listings of software used in SGAMS shal
be provided in both hard copy and el ectronic form Copies of
all custom software and its devel opnent system and al
commer ci al software shall be provided

Techni cal Drawi ngs: Detail ed drawi ngs shall be provided for
all custom hardware required by SGAVS

Docunent ati on Form Three hard copi es of each nmanual listed
above shall be supplied, along with an el ectronic copy of each
manual . El ectronic copies shall be provided on 3.5 inch PC

formatted disk or CDROM Information provided in electronic
formshall be a Mcrosoft Wrd 6.0 or higher documnent.
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4.4

OPTI ON REQUI REMENTS

Acoustic Mooring Rel eases: The contractor shall provide as an
option the acoustic rel eases and deck unit identified in the
contractor provide depl oynent/recovery plan

Acoustic Positioning System The offerer is requested to propose
a |l ong baseline acoustic positioning systemwhich shall be
capabl e of providing the |ocation of the depl oyed systemw th an
rms accuracy of 20 nmeters in a 500 neter depth of water, when
using Differential GPS as an aid. The system shall be capabl e of
using GPS navigation as a reference to refine the geodetic

| ocation of SGAM5. At sea, the user shall supply either standard
or differential GPS data in NEMA format for use by the acoustic
positioning system Integration of this requirenment into the
acoustic nooring rel ease option is acceptable. The system shal
have an operating depth greater than 1000 neters.

Acoustic Array El enent Navigation: The acoustic array el ement

navi gati on system shall operate in the 10 kHz to 16 kHz frequency
region. Array el enent navigation shall be acconplished using a

| ong baseline acoustic positioning system The system shal
consist of, at a mninmum three baseline transponders, one
responder and a shi pboard control unit. The shipboard control
unit shall be able to interrogate the baseline transponders and
establish their positions, it also shall be able to interrogate
the responder to establish its position within the baseline net.
The responder shall be able to operate in two nodes: one, respond
to interrogations fromthe shipboard unit; two, upon el ectronic
command from SGAMS, initiate an interrogation of the baseline
network. The offerer is not responsible for any array el ement
navi gati on software. |Inplenentation of this option shall require
that a selected nunber of elenents in the vertical array nust
have a fixed sanple rate, set at the maxi num sanple rate of the
A/D. For bidding use, the nunber of channels set to the higher
sanple rate shall be six. |Integration of this requirenment into
the Acoustic Positioning System and/or Acoustic Moring Rel eases
i s acceptabl e.

Acoustic Telenetry: The system shall support bidirectional data
transm ssion rates at 2400 baud m ni mum and operate in the 25 kHz
to 40 kHz frequency band to prevent interference with the ocean
acoustic neasurenents. The system shall provide user selectable
nmodul ati on schenes, which may reduce the baud rate, but increase
data transfer reliability. The systemshall also have a

transm ssion nmode for use in high nmulti-path environments which
al | ows del ays between data packet transm ssions. The system
shall interface with the DAU t hrough an RS-232 seri al

conmuni cation port. This port shall be bi-directional, allow ng
renote progranm ng of selected systemfunctions froma support
vessel and enable transfer of data from SGAMS to the support

vessel . The systemshall include both the underwater unit and
t he deck equi pnent needed to communicate with the underwater
unit. The deck unit shall interface with the DIU for command and

control functions.

15



.9

St orage Capacity Up-grade: The contractor shall provide an up-
grade to increase the storage capacity of the DSU i n storage

i ncrenents greater than 180 gi gabytes. It is recognized that the
upper boundary nmay be set by the storage nedia type and system
The up-grade shall include all electronic hardware, cabling,

addi ti onal connectors, and pressure vessels.

EU Capacity Up-grade: The Contractor shall provide an energy up-
grade for SGAMS whi ch shall increase the energy capacity in one
week increnments to 28 days.

Engi neeri ng Mbdul es: Vertical arrays shall have positions for
four engi neering nodul es. Location along the array shall be
provi ded by the COR upon exercise of an array option

Basi c Vertical Array Engi neering Mdul e: Each basic vertica
array engi neering nodul e shall consist of a depth sensor, a
conpass, and a two-axis tilt sensor. All engineering sensors
shall be sanpled at a mnimum1 Hz rate. Data from al

engi neering nodul es shall be multiplexed into the acoustic data
stream for storage in the DSU

a. Depth Sensor: Depth sensor resolution shall be less than 0.05
meters with a accuracy of 0.3 neters over the full operating
dept h of SGANS.

b. Conpass: A conmpass shall be provided which shall provide a
nmeasur enent of heading to an accuracy of +1 degree m ni mum
through a tilt angle of + 45 degrees.

c. Tilt Sensor: A two-axis tilt sensor shall be provided for each
engi neering nodule. Mninumtilt measurenment accuracy in each
axi s shall be + 0.5-degrees with operating angle of £45-
degr ees.

DAU Basebandi ng Opti on: Basebandi ng hi gh frequency limted
bandwi dt h acoustic signals is a method of reducing the data
transfer rate and the anount of data to be stored. Because of
the end use of the recorded data, any basebandi ng used by SGAMS
shall result in a quadrature detected output capabl e of
reconstructing the phase and anplitude the original signal

a. Basebandi ng I ncrenents: The basebandi ng process shall have a
programmabl e center frequency, selectable in approximtely 1
kHz increnments, over the frequency span of 1 kHz to 20 kHz.

Al so, bandpass filters of 1 kHz, 2 kHz, 4 kHz and 5 kHz,
centered at the selected center frequency shall be user

sel ectabl e. The basebandi ng process shall also not aliases
any out of band signals.

b. Low Pass filters: Each quadrature detector shall have an
out put lowpass filter with sel ectabl e bandwi dths of 1 kHz, 2
kHz, 4 kHz and 5 kHz. The bandwi dth of the filter shall be
software selectable. The filter rolloff at the selected
frequency shall be down no nore than 3 dB and the filter skirt
shal | have sl ope of at |east 30 dB per octave.

c. Noi se Floor: The basebandi ng process shall not raise the noise
floor of the processed signal nore than 3 dB, referenced to
the signal to noise ratio of basebanded si gnal
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d. Channel and Wrd Size Requirenments: The basebandi ng process
shal | be capabl e of processing 64 channels at the nmaxi mum
sanple rate of the A/D, without |oss of data or throughput
capacity.

e. Wrd Size: The output word from each quadrature detector shal
have the sane nunber of bits as the word selected for the A/D
out put .

f. Bandpass Data Format: Wen quadrature detection is used the
data shall be packed as a double word with the sine conponent
(Real) first and the cosine conmponent (Inmaginary) second.

g. Basebandi ng Conmand and Control: All progranmabl e paraneters
of the basebandi ng process shall be controllable through the
renote control and nonitoring ports.

4.10 Vertical Array Option 1:

a. Nunmber of Hydrophones: The array shall have no fewer than 32
hydr ophones.

b. Array length: The Iength of the array, mnmeasured fromthe DAU
connector to the supporting float will not be Iess than 50 neters
and will not exceed 185 nmeters. The length will be provided by

t he COR upon exercise of the option

c. Hydrophone positions and spaci ng: The | ocation of each of the
hydr ophones along the array will be specified by the COR upon
exerci se of the option. The sensing elenents of the hydrophones
will located at these positions to a tolerance of £+ 5
centineters.

d. Operational Depth: The array shall function and neet al
speci fications when deployed in the ocean to any depth | ess than
or equal to 500 neters.

e. Inter-channel crosstal k: The signal crosstal k figure neasured
bet ween any pair of acoustic or engineering signal channels shal
be no greater than -60 decibels. Thus if a 1 volt root nean
square signal is supplied by a sensor on any signal channel with
no signals applied by the sensors on other channels, the
crosstalk to these other channels shall be no greater than - 60
dB re 1 volt root mean square. The neasurenent shall be nade
with the systemfully assenbl ed and test signals used shall be
conti nuous wave signals at any frequency throughout the operating
range of the system The signal input neasurenent point shall be
at the sensor |ocation and the signal output point shall be at
the input to the anal og-to-digital converter. The array and

ot her conponents of the syustemshall be constructed so that this
measur enent can be nmade in a | aboratory benchtop environnent.

f. Fairing: The array shall be faired along its entire length
with a haired fairing. The length of this fairing strands shal
be at least 4 tinmes the cable dianeter. The linear density of
the fairing shall conformto customary industry practice for
effective reduction of current-induced strum
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4.10.1 Array El ectronmechani cal Cabl e:

a. Mechanical Strength: The array shall have a working strength
of at |east 20,000 newons force and a breaking strength of at

| east 40,000 newtons force. The array cable shall not be danaged
electrically or mechanically by being depl oyed through a sheave
of diameter 75 centineters under conditions of a 90 degree cable
bend with a cable tension of 20,000 new ons.

b. Mechanical Terminations: Separate electrical and mechani cal
term nations shall be used to provide strain relief for the

el ectrical connector and to enable the electrical connector(s) to
be connected and di sconnected whil e naintaining a working
strength tension on the assenbl ed mechani cal termnm nations.
Mechani cal term nations shall be provided at both ends of the
array.

c. Electrical Term nations: The array shall be connected
electrically to the DAU via one or nore waterproof nultipin

el ectrical connectors. This connector shall have a screw on or
twist-lock strain relief cap to prevent disconnection of the
connector(s) due to a tension of 1000 newtons when the unit is
assenbl ed.

4.10. 2 Hydr ophones.

4.10.2.1 Attachnent to the array: The hydrophones shall be nounted
external to the array cable and shall be designed so they are
readi |y renovabl e from and repl aceable onto the array for
purposes of testing and repair. The mechanical attachnment shal
be of a shock-nmount type and shall conformto standard industry
practice for shock-nmounting hydrophones. Electrical attachment
to the array shall be nmade by using waterproof electrica
connectors which have strain relief caps. These strain relief
caps will withstand a force of 500 newtons wi thout disconnecting
t he connector or conpromising its electrical integrity.

4.10. 2.2 Hydrophone sensitivity and el ectrical perfornance.

a. Preanplifiers: The hydrophone units shall have signa
preanplifiers with a current-source output. Conversion of the
current-source signal to a voltage signal (for instance, by a
resistor) shall take place within the DAU signal conditioning
el ectronics unit.

b. Sensitivity: The nomi nal sensitivity of the hydrophone sensors
measured at the current-to-voltage converter shall be at |east -
180 decibels relative to 1 volt per micropascal acoustic signa
pressure. The hydrophone sensitivity shall be sel ectabl e between
this nom nal sensitivity and a 40 deci bel |ower sensitivity (for
use with high-level acoustic signals) by reversal of the
preanplifier power supply polarity. The absolute sensitivity
calibration (referred to 1 micropascal) of each hydrophone to an
accuracy of 0.5 deci bels shall be provided over the frequency
range 20 Hz to 5 kHz in intervals no | arger than 1/3 octave
intervals. This information shall be provided in a word-

18



11

processi ng conpati ble table and in hard-copy form This
calibration data shall contain informati on necessary to associ ate
the data with each of the correspondi ng hydrophones via indelible
mar ks on the exterior of the hydrophone units.

c. Passband Fl at ness and channel -t o-channel uniformty: As
nmeasured at the current-to-voltage converter within the DAU, each
hydr ophone shall have a constant sensitivity to:
1) within £+ 1 dB over the acoustic signal frequency range 20
Hz to 1.5 kHz,
2) within £ 3 dB over the acoustic signal frequency range 1.5
kHz to 5 kHz, and
3) within £ 6 dB over the acoustic signal frequency range 5
kHz to 10 kHz.

d. The differences in sensitivity of any acoustic channel, wth
deci bel sensitivity values averaged over the linearly- melghted
frequency band, to the simlarly-averaged sensitivity of any
ot her acoustic channel shall not vary by nore than
1) £+ 1 dB when averaged over the acoustic signal frequency
range 20 Hz to 1.5 kHz,
2) = 3 dB when averaged over the acoustic signal frequency
range 1.5 kHz to 5 kHz, and
3) = 6 dB when averaged over the acoustic signal frequency
range 5 kHz to 10 kHz.

e. Laboratory calibration signal: A provision shall be nmade for
injecting a user-provided calibration signal through each and
every one of the hydrophone preanplifiers (i.e., one at a tine
and all simultaneously) with the array connected electrically to
the DAU and the anplifiers powered by the DAU el ectronics in a

| aboratory setting. For each of the hydrophones, the calibration
signal shall be applied to the preanplifier input in series with
t he hydrophone crystal el enent.

f. Hydrophone self noise: The electrical self-noise of the
assenbl ed hydrophones/preanplifier/array/ DAU system when
operated in the system s highest gain state, shall be
sufficiently lowthat this self noise, as neasured at the input
to the anal og-to-digital converter within the DAU, shall not
exceed the foll ow ng equival ent acoustic noise |evels when the
el ectrical anplification gains and hydrophone sensitivities are
accounted for. The levels are: 45 decibels relative to 1

m cropascal - squared per Hz throughout the frequency range 50 Hz
to 500 Hz and 25 decibels relative to 1 m cropascal -squared per
Hz throughout the frequency range 500 Hz to 10 kHz.

Vertical Array Option #2:

a. Nunmber of Hydrophones: The array shall have no fewer than 64
hydr ophones. The nunber of hydrophones is the principa

di fference between the specifications for Vertical Array #1 and
Vertical Array #2
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b. Array length: The Iength of the array, measured fromthe DAU
connector to the supporting float will not be I ess than 50 neters
and will not exceed 185 nmeters. The length will be provided by

t he COR upon exercise of the option

c. Hydrophone positions and spaci ng: The | ocation of each of the
hydr ophones along the array will be specified by the COR upon
experci se of the option. The sensing elenments of the hydrophones
will located at these positions to a tolerance of £+ 5
centineters.

d. Operational Depth: The array shall function and neet al
speci fications when deployed in the ocean to any depth | ess than
or equal to 500 neters.

e. Inter-channel crosstal k: The signal crosstal k figure neasured
bet ween any pair of acoustic or engineering signal channels shal
be no greater than -60 decibels. Thus if a 1 volt root nean
square signal is supplied by a sensor on any signal channel with
no signals applied by the sensors on other channels, the
crosstalk to these other channels shall be no greater than - 60
dB re 1 volt root mean square. The neasurenent shall be nade
with the systemfully assenbl ed and test signals used shall be
conti nuous wave signals at any frequency throughout the operating
range of the system The signal input neasurenent point shall be
at the sensor |ocation and the signal output point shall be at
the input to the anal og-to-digital converter. The array and

ot her conponents of the syustem shall be constructed so that this
nmeasur enent can be nmade in a | aboratory benchtop environment.

f. Fairing: The array shall be faired along its entire length
with a haired fairing. The length of this fairing strands shal
be at least 4 times the cable dianeter. The linear density of
the fairing shall conformto customary industry practice for
effective reduction of current-induced strum

4.11.1 Array El ectronmechanical Cable:

a. Mechanical Strength: The array shall have a working strength
of at |east 20,000 newons force and a breaking strength of at

| east 40,000 newtons force. The array cable shall not be danaged
electrically or mechanically by being depl oyed through a sheave
of diameter 75 centineters under conditions of a 90 degree cable
bend with a cable tension of 20,000 new ons.

b. Mechanical Terminations: Separate electrical and mechani cal
term nations shall be used to provide strain relief for the

el ectrical connector and to enable the electrical connector(s) to
be connected and di sconnected whil e naintaining a working
strength tension on the assenbl ed mechani cal termn nations.
Mechani cal termnations shall be provided at both ends of the
array.
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c. Electrical Term nations: The array shall be connected
electrically to the DAU via one or nore waterproof nultipin

el ectrical connectors. This connector shall have a a screwon or
twist-lock strain relief cap to prevent disconnection of the
connector(s) due to a tension of 1000 newtons when the unit is
assenbl ed.

4.11.2 Hydrophones

4.11.2.1 Attachnent to the array: The hydrophones shall be nounted
external to the array cable and shall be designed so they are
readi ly renovabl e from and repl aceable onto the array for
purposes of testing and repair. The mechani cal attachnment shal
be of a shock-nmount type and shall conformto standard industry
practice for shock-mounting hydrophones. Electrical attachment
to the array shall be nmade by using waterproof electrica
connectors which have strain relief caps. These strain relief
caps will withstand a force of 500 newtons wi thout disconnecting
t he connector or conpromising its electrical integrity.

4.11. 2.2 Hydrophone sensitivity and el ectrical perfornmance

a. Preanplifiers: The hydrophone units shall have signa
preanplifiers with a current-source output. Conversion of the
current-source signal to a voltage signal (for instance, by a
resistor) shall take place within the DAU signal conditioning
el ectronics unit.

b. Sensitivity: The nomi nal sensitivity of the hydrophone sensors
measured at the current-to-voltage converter shall be at |east -
180 decibels relative to 1 volt per micropascal acoustic signa
pressure. The hydrophone sensitivity shall be sel ectabl e between
this nom nal sensitivity and a 40 deci bel |ower sensitivity (for
use with high-level acoustic signals) by reversal of the
preanplifier power supply polarity. The absolute sensitivity
calibration (referred to 1 micropascal) of each hydrophone to an
accuracy of 0.5 deci bels shall be provided over the frequency
range 20 Hz to 5 kHz in intervals no | arger than 1/3 octave
intervals. This information shall be provided in a word-
processi ng conpati ble table and in hard-copy form This
calibration data shall contain informati on necessary to associ ate
the data with each of the correspondi ng hydrophones via indelible
mar ks on the exterior of the hydrophone units.

c. Passband Fl at ness and channel -t o-channel uniformty: As
measured at the current-to-voltage converter within the DAU, each
hydr ophone shall have a constant sensitivity to:
1) within £+ 1 dB over the acoustic signal frequency range 20
Hz to 1.5 kHz,
2) within £ 3 dB over the acoustic signal frequency range 1.5
kHz to 5 kHz, and
3) within £ 6 dB over the acoustic signal frequency range 5
kHz to 10 kHz.
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d. The differences in sensitivity of any acoustic channel, wth
deci bel sensitivity values averaged over the linearly-weighted
frequency band, to the simlarly-averaged sensitivity of any
ot her acoustic channel shall not vary by nore than
1) £+ 1 dB when averaged over the acoustic signal frequency
range 20 Hz to 1.5 kHz,
2) = 3 dB when averaged over the acoustic signal frequency
range 1.5 kHz to 5 kHz, and
3) = 6 dB when averaged over the acoustic signal frequency
range 5 kHz to 10 kHz.

e. Laboratory calibration signal: A provision shall be nmade for
injecting a user-provided calibration signal through each and
every one of the hydrophone preanplifiers (i.e., one at a tine
and all simultaneously) with the array connected electrically to
the DAU and the anplifiers powered by the DAU el ectronics in a

| aboratory setting. For each of the hydrophones, the calibration
signal shall be applied to the preanplifier input in series with
t he hydrophone crystal el enent.

f. Hydrophone self noise: The electrical self-noise of the
assenbl ed hydrophones/ preanplifier/array/ DAU system when
operated in the system s highest gain state, shall be
sufficiently lowthat this self noise, as neasured at the input
to the anal og-to-digital converter within the DAU, shall not
exceed the follow ng equival ent acoustic noise |evels when the
el ectrical anplification gains and hydrophone sensitivities are
accounted for. The levels are: 45 decibels relative to 1

m cropascal - squared per Hz throughout the frequency range 50 Hz
to 500 Hz and 25 decibels relative to 1 m cropascal -squared per
Hz throughout the frequency range 500 Hz to 10 kHz.

Hori zontal Array Option 1:

a. Nunmber of Hydrophones: The array shall have no fewer than 32
hydr ophones.

b. Array length: The Iength of the array, measured fromthe DAU
connector to the nechanical term nation at the opposite end wll
not be less than 50 neters and will not exceed 200 neters. The
length will be provided by the COR upon exercise of the option

c. Hydrophone positions and spaci ng: The | ocation of each of the
hydr ophones along the array will be specified by the COR upon
exerci se of the option. The sensing elenents of the hydrophones
will located at these positions to a tolerance of £ 5
centineters.

d. Operational Depth: The array shall function and neet al
speci fications when deployed in the ocean to any depth | ess than
or equal to 500 neters.
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e. Inter-channel crosstal k: The signal crosstal k figure neasured
bet ween any pair of acoustic or engineering signal channels shal
be no greater than -60 decibels. Thus if a 1 volt root nean
square signal is supplied by a sensor on any signal channel with
no signals applied by the sensors on other channels, the
crosstalk to these other channels shall be no greater than - 60
dB re 1 volt root nmean square. The neasurenent shall be nmade
with the systemfully assenbl ed and test signals used shall be
conti nuous wave signals at any frequency throughout the operating
range of the system The signal input neasurenent point shall be
at the sensor |ocation and the signal output point shall be at
the input to the anal og-to-digital converter. The array and

ot her conponents of the syustemshall be constructed so that this
measur enent can be nmade in a | aboratory benchtop environnent.

4.12.1 Array El ectronmechanical Cable:

a. Mechanical Strength: The array shall have a working strength
of at |east 20,000 newons force and a breaking strength of at

| east 40,000 newtons force. The array cable shall not be danaged
electrically or mechanically by being depl oyed through a sheave
of diameter 75 centineters under conditions of a 90 degree cable
bend with a cable tension of 20,000 new ons.

b. Mechanical Terminations: Separate electrical and mechani cal
term nations shall be used to provide strain relief for the

el ectrical connector and to enable the electrical connector(s) to
be connected and di sconnected whil e naintaining a working
strength tension on the assenbl ed mechani cal termn nations.
Mechani cal term nations shall be provided at both ends of the
array.

c. Electrical Term nations: The array shall be connected
electrically to the DAU via one or nore waterproof nultipin

el ectrical connectors. This connector shall have a a screwon or
twist-lock strain relief cap to prevent disconnection of the
connector(s) due to a tension of 1000 newtons when the unit is
assenbl ed.

4.12.2 Hydrophones

4.12.2.1 Attachnment to the array: The hydrophones shall be nounted
external to the array cable and shall be designed so they are
readi |y renovabl e from and repl aceable onto the array for
purposes of testing and repair. The mechani cal attachnment shal
be of a shock-nmount type and shall conformto standard industry
practice for shock-nmounting hydrophones. Electrical attachment
to the array shall be nmade by using waterproof electrica
connectors which have strain relief caps. These strain relief
caps will withstand a force of 500 newtons wi thout disconnecting
t he connector or conpromising its electrical integrity.
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4.12.2.2 Hydrophone sensitivity and el ectrical perfornmance

a. Preanplifiers: The hydrophone units shall have signa
preanplifiers with a current-source output. Conversion of the
current-source signal to a voltage signal (for instance, by a
resistor) shall take place within the DAU signal conditioning
el ectronics unit.

b. Sensitivity: The nomi nal sensitivity of the hydrophone sensors
measured at the current-to-voltage converter shall be at |east -
180 decibels relative to 1 volt per micropascal acoustic signa
pressure. The hydrophone sensitivity shall be sel ectabl e between
this nom nal sensitivity and a 40 deci bel |ower sensitivity (for
use with high-level acoustic signals) by reversal of the
preanplifier power supply polarity. The absolute sensitivity
calibration (referred to 1 micropascal) of each hydrophone to an
accuracy of 0.5 deci bels shall be provided over the frequency
range 20 Hz to 5 kHz in intervals no | arger than 1/3 octave
intervals. This information shall be provided in a word-
processi ng conpati ble table and in hard-copy form This
calibration data shall contain informati on necessary to associ ate
the data with each of the correspondi ng hydrophones via indelible
mar ks on the exterior of the hydrophone units.

c. Passband Fl atness: As neasured at the current-to-voltage
converter within the DAU, each hydrophone shall have a constant
sensitivity to:
1) within £+ 1 dB over the acoustic signal frequency range 20
Hz to 1.5 kHz,
2) within £ 3 dB over the acoustic signal frequency range 1.5
kHz to 5 kHz, and
3) within £ 6 dB over the acoustic signal frequency range 5
kHz to 10 kHz.

d. Laboratory calibration signal: A provision shall be nmade for
injecting a user-provided calibration signal through each and
every one of the hydrophone preanplifiers (i.e., one at a tine
and all simultaneously) with the array connected electrically to
the DAU and the anplifiers powered by the DAU el ectronics in a

| aboratory setting. For each of the hydrophones, the calibration
signal shall be applied to the preanplifier input in series with
t he hydrophone crystal el enent.

e. Hydrophone self noise: The electrical self-noise of the
assenbl ed hydrophones/preanplifier/array/ DAU system when
operated in the system s highest gain state, shall be
sufficiently lowthat this self noise, as neasured at the input
to the anal og-to-digital converter within the DAU, shall not
exceed the foll ow ng equival ent acoustic noise |evels when the
el ectrical anplification gains and hydrophone sensitivities are
accounted for. The levels are: 45 decibels relative to 1

m cropascal - squared per Hz throughout the frequency range 50 Hz
to 500 Hz and 25 decibels relative to 1 m cropascal -squared per
Hz throughout the frequency range 500 Hz to 10 kHz.
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4.13 Horizontal Array Option 2:

a. Nunmber of Hydrophones: The array shall have no fewer than 96
hydr ophones.

b. Array length: The Iength of the array, measured fromthe DAU
connector to the nechanical term nation at the opposite end wll
not be |l ess than 200 neters and will not exceed 1500 neters. The
length will be provided by the COR upon exercise of the option

c. Hydrophone positions and spaci ng: The | ocation of each of the
hydr ophones along the array will be specified by the COR upon
exerci se of the option. The sensing elenents of the hydrophones
will located at these positions to a tolerance of £ 5
centineters.

d. Operational Depth: The array shall function and neet al
speci fications when deployed in the ocean to any depth | ess than
or equal to 500 neters.

e. Inter-channel crosstal k: The signal crosstal k figure neasured
bet ween any pair of acoustic or engineering signal channels shal
be no greater than -40 decibels. Thus if a 1-volt root mean
square signal is supplied by a sensor on any signal channel with
no signals applied by the sensors on other channels, the
crosstalk to these other channels shall be no greater than -60 dB
re 1 volt root nean square. The neasurenment shall be nmade with
the systemfully assenbl ed and test signals used shall be

conti nuous wave signals at any frequency throughout the operating
range of the system The signal input neasurenent point shall be
at the sensor |ocation and the signal output point shall be at
the input to the anal og-to-digital converter. The array and

ot her conponents of the syustemshall be constructed so that this
measur enent can be nmade in a | aboratory benchtop environnent.

4.13.1 Array El ectronmechani cal Cabl e:

a. Mechanical Strength: The array shall have a working strength
of at |east 20,000 newons force and a breaking strength of at

| east 40,000 newtons force. The array cable shall not be danaged
electrically or mechanically by being depl oyed through a sheave
of dianmeter 75 centineters under conditions of a 90-degree cable
bend with a cable tension of 20,000 new ons.

b. Mechani cal Terminations: Separate electrical and nechani cal
term nations shall be used to provide strain relief for the

el ectrical connector and to enable the electrical connector(s) to
be connected and di sconnected whil e naintaining a working
strength tension on the assenbl ed mechani cal termnm nations.
Mechani cal term nations shall be provided at both ends of the
array.

25



c. Electrical Term nations: The array shall be connected
electrically to the DAU via one or nore waterproof nulti-pin

el ectrical connectors. This connector shall have a screw on or
twist-lock strain relief cap to prevent disconnection of the
connector(s) due to a tension of 1000 newtons when the unit is
assenbl ed.

4.13. 2 Hydrophones

4.13.2.1 Attachnment to the array: The hydrophones shall be nounted
external to the array cable and shall be designed so they are
readi ly renovabl e from and repl aceable onto the array for
purposes of testing and repair. The mechani cal attachnment shal
be of a shock-nmount type and shall conformto standard industry
practice for shock-mounting hydrophones. Electrical attachment
to the array shall be nmade by using waterproof electrica
connectors which have strain relief caps. These strain relief
caps will withstand a force of 500 newtons wi thout disconnecting
t he connector or conpromising its electrical integrity.

4.13. 2.2 Hydrophone sensitivity and el ectrical perfornmance

a. Preanplifiers: The hydrophone units shall have signa
preanplifiers with a current-source output. Conversion of the
current-source signal to a voltage signal (for instance, by a
resistor) shall take place within the DAU signal conditioning
el ectronics unit.

b. Sensitivity: The nomi nal sensitivity of the hydrophone sensors
measured at the current-to-voltage converter shall be at |east -
180 decibels relative to 1 volt per micropascal acoustic signa
pressure. The hydrophone sensitivity shall be sel ectabl e between
this nom nal sensitivity and a 40 deci bel |ower sensitivity (for
use with high-level acoustic signals) by reversal of the
preanplifier power supply polarity. The absolute sensitivity
calibration (referred to 1 micropascal) of each hydrophone to an
accuracy of 0.5 deci bels shall be provided over the frequency
range 20 Hz to 5 kHz in intervals no | arger than 1/3 octave
intervals. This information shall be provided in a word-
processi ng conpati ble table and in hard-copy form This
calibration data shall contain informati on necessary to associ ate
the data with each of the correspondi ng hydrophones via indelible
mar ks on the exterior of the hydrophone units.

c. Passband Fl atness: As neasured at the current-to-voltage
converter within the DAU, each hydrophone shall have a constant
sensitivity to:
1) within £+ 1 dB over the acoustic signal frequency range 20
Hz to 1.5 kHz,
2) within £ 3 dB over the acoustic signal frequency range 1.5
kHz to 5 kHz, and
3) within £ 6 dB over the acoustic signal frequency range 5
kHz to 10 kHz.
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d. Laboratory calibration signal: A provision shall be nmade for
injecting a user-provided calibration signal through each and
every one of the hydrophone preanplifiers (i.e., one at a tine
and all simultaneously) with the array connected electrically to
the DAU and the anplifiers powered by the DAU el ectronics in a

| aboratory setting. For each of the hydrophones, the calibration
signal shall be applied to the preanplifier input in series with
t he hydrophone crystal el enent.

e. Hydrophone self noise: The electrical self-noise of the
assenbl ed hydrophones/preanplifier/array/ DAU system when
operated in the system s highest gain state, shall be
sufficiently lowthat this self noise, as neasured at the input
to the anal og-to-digital converter within the DAU, shall not
exceed the foll ow ng equival ent acoustic noise |evels when the
el ectrical anplification gains and hydrophone sensitivities are
accounted for. The levels are: 45 decibels relative to 1

m cropascal - squared per Hz throughout the frequency range 50 Hz
to 500 Hz and 25 decibels relative to 1 m cropascal -squared per
Hz throughout the frequency range 500 Hz to 10 kHz.

4.14 Increased array depth: Options to increase the specified depth
from500 to 1000 neters in sections 4.10 through 4.13 inclusive.

4.15 Vertical Array Cable: Provide an option to purchase at |east 2
kil oneters of vertical cable.

4.16 Horizontal Array Cable: Provide an option to purchase at |east 2
kil oneters of horizontal cable.
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