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The purpose of this amendment is to A) answer questions from potential offerors, B)
provide for an extension to the closing date, C) revise the technical specifications and
D) revise sections B and F of this solicitation.

A.  The following are requests and questions from potential offerors with the Government’s
answers:

1.  “Please send a list of the potential requestors bidding for the above
solicitation.”

ANSWER:  A solicitation mailing list was not established for this RFP as it is available
electronically via the internet.

2. “Please verify that we are included in this list.”

ANSWER:  See answer to number 1 above. 

3. “Para F-2 Time of Delivery. A delivery requirement of 120 days is specified for
options when exercised.  120 days is unrealistic even for a full COTS solution in that
material lead times will in some cases, such as cable, exceed the 120 days.  Additionally,
120 days is prohibitive for any sort of custom design.  Would the government consider
eliminating or at least extending this time requirement?”

ANSWER:  The required delivery of optional items, numbers 0002 through 0020, stated in
Section F-2 is hereby revised to 240 days. 

4. “Para H-1 states that the type of contract will be filled in at time of award.
Para L-3 states that a firm fixed price contract is expected.  Please clarify whether this
program should be bid as an FFP.”

ANSWER: The government anticipates award of a Firm Fixed Price Supply contract resulting
from this solicitation.

5. “Para H-4 Options allows for the ordering and delivery of optional items up to
three years after contract award, yet there is only a single CLIN for each option. Suggest
allowing multiple sub-CLINs based on time ordered to  allow for escalation of labor and 
materials over this three year period, or alternately, reducing the period over which
options may be ordered.”

ANSWER:  Offerors may propose subCLINs for pricing an optional item if the subCLINs, in
the aggregate, include the entire optional CLIN.

6. “Para L-2(a) states that submission of cost or pricing data is not required,
while L-2(b) seems to require full and detailed cost data. Exactly what level of detail is
the government requiring in Volume II-Cost/Price Proposal?”

ANSWER: The offeror shall provide such pricing information as is necessary to fully
address all requirements of the RFP. See Section M-4.

7. “Array options are specified with fairly large ranges of length which are not to
be specified until exercise of the option. There is a substantial cost differential
between a 200m array and a 1500m array. How does the government want this costed (by the
max length, min length, per meter, or in a table)? Again, would subCLINs be appropriate?”

ANSWER: The Government would prefer pricing on an incremental basis, (i.e. per meter, 25
meters etc.).  Also, see answer to question 5 above.

8. “Para L-11 Multiple Awards. Does this imply that the basic system could be
awarded to one offeror, while the options to one or more different Offerors? If so, who is
responsible for overall system integration and test?”

ANSWER:  The government anticipates making award of the SEGAMS to a single offeror who
will be responsible for overall integration.  It is possible, that multiple awards could
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be made.  In this event the Offeror would be responsible for integration of only items
that they provide.

9. “The use/integration of the horizontal array in the SGAMS is not clear. The
construction of bottom-layed and mid-water column horizontal arrays requires different
construction and deployment techniques e.g., bottom layed arrays require additional
abrasion resistant coverings).  Will the horizontal arrays be bottom mounted or mid water
mounted? (sec 4.12 and 4.13). Does the gov't have a concept of operations for the overall
SGAMS, or at least the use of the horizontal array that they will provide now?”

ANSWER:  It is anticipated that all horizontal arrays will lay on the ocean floor.  

10. “Horizontal Array Option 2. Due to the large variability in costs for both cable
and impact on deployment handling equipment, can the gov't be more specific on the length
of the horizontal array? (sec 4.13.b)”

ANSWER:  See question/answer number 7 above. 

11. “Inter-channel crosstalk, Horizontal array option 2 Using the construction
techniques outlined in the RFP, it may not be possible to achieve 60 dB rejection for a
1500m array.  Would it be possible to relax this specification for the 1500m horizontal
array length?”

ANSWER:  Yes, paragraph 4.13.e of the technical performance specifications has been
revised.

12. “There is an option an for increased operational depth of the arrays from
500m to 1000m.  Initial pressure vessel designs have shown that costs can be reduced by
specifying a 500m operational depth for the pressure vessels as well.  Is there some way
of introducing this cost savings into the contract as an option? (Sec. 4.14)”

ANSWER: An option has been added to Section B for a 500 meter pressure vessel rating for
the DAU, DSU and EU. (Option 19, CLIN 0021).  See also paragraph C of this amendment.

13. “Please clarify, "The DAU shall supply a minimum of eight discrete frequencies,
spread linearly in octave increments over a 10 Hz to 20 kHz band,...."  (sec 3.3.2.b(sic)
c)”

ANSWER:  The specification requires a minimum of eight discrete frequencies, which
increase by an octave in the band of 10Hz to 20Hz.  The Contractor shall do a “best fit”
of the eight frequencies over this range.  An example of three frequencies increasing
linearly in octave increments would be 10,20 and 40 Hertz.

14. “Please clarify.  Section 1.0 states that 24 engineering channels are needed
while section 3.2 specifies 4 engineering modules of 6 sensors for every 32 acoustic
channels.  The latter indicates that 48 engineering channels are required.”

ANSWER: The specification calls for 4 engineering modules, per 32 phones, each having 4
sensors.  Therefore, the present needs are for(eight engineering modules) 32 engineering
channels for the baseline DAU, of 64 acoustic channels.  Please note that the reference to
“six sensors” in paragraph 3.2 of the technical Performance Specifications has been
revised to “four sensors”.

15. “Please clarify. In computing the capacity requirements of the EU (sec 3.6.2),
what optional items need to be included in the power budget analysis (e.g., vertical
array, no acoustic modem, baseline DSU, no bandshifting)?”

ANSWER:  The offeror shall use the system description in Section 3.8 of the Technical
Performance Specifications in determining the energy requirements.  This energy budget
shall include an acoustic modem, baseband option, a vertical array meeting the
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specifications in section 4.10 and a horizontal array in accordance with requirements of
section 4.12.

16. “Please clarify whether the equipment needed to refurbish the EU is to be
supplied by the contractor as part of the system (sec 3.6.2.d).”

ANSWER: The successful contractor shall supply an initial EU and any additional units
ordered via contract option.  Special tools required to refurbish the EU, shall be
supplied as part of the EU.

17. “Please clarify. We interpret the hydrophone preamplifier calibration
performed by the DTU (sec. 3.3.2.c and 3.5.2.c) as being done through a port on the
hydrophone connector and requiring no additional wires in the hydrophone array. Is this
correct?”

ANSWER:  Yes.

Two distinct calibration capabilities are required by the RFP. (3.3.2) It is required that
the DAU have the capability of inserting a calibration signal at the input of the DAU (not
the hydrophone). This will allow in situ (i.e. on deck and ocean deployed) calibration and
troubleshooting of the system from the DAU up.

It is the desire of the government that a calibration signal be inserted prior to the
hydrophone preamp so that array cable properties can be included in any calibration,
however the government recognizes that this will result in an unacceptably large array
cable bundle. In order to calibrate and troubleshoot the preamp and hydrophone cable, each
hydrophone shall have an electrical connection at the input of the hydrophone preamp for
insertion of a calibration signal. This calibration connection does not have to be
propagated through the array cable (i.e. a calibration signal pair is not required in the
hydrophone cable).

18. “Is the calibration signal supplied by the DTU to the hydrophone preamplifiers
(sec. 3.5.2.c) required to be applied to all hydrophone preamplifiers simultaneously? How
do you visualize this calibration being performed? - as the array is spooled off the reel?
with the entire array flaked out on the deck?”

ANSWER: The requirement of a calibration signal from the DTU is hereby deleted from
section 3.5.2.c of the Technical Performance Specifications.  The hydrophones are still
required to have an input port for application of an external calibration system.

19. “What is the maximum bandwidth requirement for the acoustic channels (sec.
3.3.6.a)? Please clarify the A/D sample rate specification.

ANSWER:  The maximum sample rate shall be ≥44.1-kHz per channel.  Thus the maximum
bandwidth shall be ≥22.05-kHz (i.e., Nyquist). 

20. “In addition to the deployment hardware specified in sec. 3.8.b, what other
handling equipment must be supplied by the contractor (e.g., sheaves, pulleys, tuggers,
lines, deck handling equipment)?”

ANSWER:  The offeror shall provide all equipment and supplies that are deployed into the
water and any custom deck equipment necessary for deployment of the SGAMS.

21. “Are there any specifications available on the acoustic modem, such as tolerable
bit error rate, maximum operating range, depth rating (sec. 4.4)?”

ANSWER: The performance of Datasonics, Inc.’s Telesonar Acoustic modem meets the minimum
requirements of the government.  Any brand name equivalent which meets or exceeds the
performance specifications of the Datasonics Telesonar modem will be considered.
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22. “Is it required that all hydrophones be calibrated at the Naval Undersea Warfare

Center Underwater Sound Reference Division?”

ANSWER:  There is no requirement that the hydrophone calibration be completed at USRD;
however, the calibration shall meet the standards set by USRD.

23. “We need more information on the hydrophone shock-mount requirements (sec.
4.10.2.1). What is meant by "standard industry practice for shock-mounting hydrophones"?”

ANSWER:  By “standard industry practice for shock-mounting hydrophones,” NRL establishes
that all hydrophone to array mounting shall be constructed to reduce individual hydrophone
acoustic excitation by cable strum.  The offeror shall state their method of mounting and
its expected strum induced excitation reduction.

24. “The master system clock accuracy, 1 part in 10e11 over 1 day, would require a
cesium standard clock, a very expensive solution. Would the gov't consider relaxing this
standard in order to reduce cost? (sec 3.3.4).”

ANSWER: A Rubidium standard clock with an accuracy of ≤≤ 4E-11 parts per second will meet
the needs of the SOW.

25. “Sec 3.7.a Test Plan addresses primarily the basic system, but also has the
words dealing with exercised options. Since there is no way for an offeror to know what
options the gov't will select or when they might be exercised, suggest removing those
words and instead have test plan appendices that would cover any exercised option, costed
with that option.”

ANSWER:  The offeror shall provide a test plan for the base SGAMS and also a Test Plan for
each Optional item requiring one in accordance the revised Section B of the solicitation.
(See paragraph D of this amendment)

26. “Sec 3.7.b.1 includes arrays in measuring the power requirement. Since the
arrays are an option which may or may not be exercised in time for the FAT (or may come
from a different offeror), suggest deleting the word arrays from this para and handle as
suggested above.”

ANSWER:  The offeror shall provide for measurement of the power consumption of the arrays
consistent with the answer to question 25 above.

27. “Given the number of questions/clarifications above which must be answered
in order to complete our proposed design, and presuming other offerors will have
additional questions, PSI respectfully requests a 2-3 week extension on the due date for
the proposal.”

ANSWER:  An extension of the due date for proposal shall be as stated in paragraph B of
this amendment.

28. “The SOW never explicitly states what the highest acoustic channel bandwidth
needs to be.  Is it 10kHz? 20kHz? Other? 

ANSWER:  See question/answer 19 above.

29. “Regarding remote configuration of acoustic channels: are all channels always
set to the same gain, sensitivity, pre-emphasis, or must they be settable on a channel-by-
channel basis?”

ANSWER:  The parameters shall be settable on a channel-by-channel basis; the only
exception is the sample rate (see question/answer 43).  In addition, all “settable”
parameters shall be recorded and stored in the blocked-data record for each acoustic data
channel.
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30. “If the basebanding option is exercised, will the same bandwidth and center

frequency settings apply to all acoustic channels, or must they be settable on a channel-
by-channel basis?”

ANSWER:  The basebanding option shall apply to all channels simultaneously.

31. “The SOW refers to a maximum ON/OFF duration of 65,000 seconds, but does not
state what the minimum ON/OFF duration is.  What is the minimum ON/OFF duration?”

ANSWER: Minimum ON/OFF duration shall be 1800 seconds. Note that a continuous ON
(i.e. scheduler off) feature is required which results in infinite duration. This is
equivalent to a 0.000000 seconds OFF duration.

32. “When uploading data from the DSU to the DTU, will uploading always begin at
the very start of the data record and continue from that point until stopped? Or is it a
requirement to provide FAST FWD, REWIND, SEEK functions, etc. to locate and upload random
blocks of data from anywhere in the 1.8TByte data record?”

ANSWER: The DTU shall be able to randomly access and load blocks of data beginning at any
time; the end time or number of blocks to upload shall be provided by the end-user.

33. “Specifying hydrophone self noise in only 2 bands from 50 Hz to 10kHz is a bit
unusual.  For example, a hydrophone which meets the noise spec at 500 Hz, could miss it by
20dB at 501 Hz.  Would the government consider specifying the noise spec as a more
continuous curve connecting 45 dB at 50Hz and 25 dB at 10kHz?”

ANSWER: The offeror shall provide a self noise curve for the recommended hydrophones, it
shall be a continuous curve, without discontinuities, at a minimum starting at 50 Hz
passing through 500 Hz and ending at 10 kHz.  Noise figures equal to or better than those
specified in section 4.XX.2.2f ( XX = 10,11,12 or 13) at all points on the curve are
acceptable.
 

34. “Please clarify: Do Options 1, 2, 3 and 4 refer to 4 sets of in-water components
AND 4 sets of any required deck components for those systems?”

ANSWER: Yes. Section B has been revised to reflect the above and provide for separate
pricing of “in-water” and “deck” components. 

35. “Options 9, 10, 11 and 12 do not specify the length.  Should each of these
options be priced assuming the maximum length array specified in the SOW?”

ANSWER: See question/answer number 7.

36. “Please clarify Option 13.  Specifically, if the government wished to purchase
an array rated to 1000 meter depth, would they exercise Option 13 PLUS one of the array
options (9, 10,11 or 12), or just Option 13?”

ANSWER: The intend is to exercise an array option and then apply option 13 to it.

37. “Does option 20 refer to WARANTEE work on contractor-supplied equipment or
repair of ANY damage done in a 2-year period, regardless of cause? If the latter, the
scope can range from simple cleaning and testing to replacing every component in the
system. Is this really the intent? How should this be priced?”

ANSWER: The requirement for maintenance and services in accordance with Option 20, Line
Item 0021 has been deleted from this solicitation.  All subsequent references to
Maintenance and services in the solicitation and the Technical Performance Specifications
is hereby deleted.
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38. “Section 3.5.1 Does the DTU have mass storage of its own to which data is

downloaded, or does it only download to external mass storage devices?  Are these devices
GFE?”

ANSWER: The DTU shall accept/interface to external mass storage devices. The offeror is
obligated to meet Section 3.5.1.i, j and k requirements.  The government will supply as
GFE development software necessary to interface an Ampex DIS 120i and as GFE hardware a
DIS 120i tape recorder.

39. “Section 3.5.2.b It may take hours to transmit 10 seconds of data from a
hydrophone through the acoustic modem, especially at high sample rates and/or poor
propagation conditions.”

ANSWER: Yes

40. “Section 3.6.2, What is meant by refurbishment of the EU?  Time to recharge?
Time to replace batteries?”

ANSWER: Yes.  The actual refurbishment method shall be left up to the discretion of the
contractor.

41. “Section 3.8.a, Significant cost reduction is possible if the .03% depth
accuracy is reduced to 0.1% or less.  Is this accuracy really necessary?”

ANSWER: Depth gauge accuracy of 0.1% is adequate.

42. “Section 3.4.5, 3.4.6, Does the 15 M-byte/sec interface transfer rate refer to
"burst mode" or "sustained".”

ANSWER: This refers to the lowest acceptable maximum sustained transfer rate.

43. “Paragraph 3.3.6.a:  Is the sample rate for all acoustic channels the same at
any given time, or is it required to have different sample rates running at the same time?
If so, is it required to set the acoustic sample rate in groups of 4, 8, 16, other?”

ANSWER: Acoustic channel sample rates shall be simultaneous to all channels, an exception
to this would be if the array element location option were exercised .  The sample rate
per channel shall be stored in the blocked data records as indicated in Section 3.5.5. 
The ability to turn off selected channels is required.

44. “Paragraph 4.3: If the element navigation system is exercised, will the 6 phones
employed for this feature ALWAYS run at the maximum sample rate, or is it required to be
able to remotely turn this feature on and off?”

ANSWER: The array tracking phones should operate at the maximum rate only when array
tracking is enabled, it is only necessary for the increased sample rate when the DAU
commands the responder to interrogate the transponder net.  When array tracking is not
enabled the phones shall sample at the commanded group rate.  It may be easiest to have
the sample rate run at the maximum rate when tracking is enabled for data format reasons.
 There could be two data formats one when tracking is required and another without
tracking.

45. “Under Section M-2: MANDATORY REQUIREMENTS please clarify items M-2(a),(c) and
(d) as follows:

(a) Test Plan: Does the gov't want the ACTUAL detailed test plan or a GENERAL description
of the type of tests that will be done and how they will demonstrate performance?

ANSWER: For proposal purposes, the contractor shall submit a general description of the
test plan which explains how the testing will be performed to demonstrate system
compliance in accordance with section 3.7.    
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(c) Documentation/Manual Other than just a paraphrase of 3.9.a thru 3.9.e, which describe
the manual and documentation, what else is expected here?

ANSWER: The offeror shall demonstrate ability to provide the level of documentation to
enable government engineers and scientists to autonomously operate and trouble shoot the
system.

(d) Inclusion of Section B CLINS 0017 through 0020 What do you mean by "inclusion"?
Listing a price? And why only CLINS 17 thru 20?

ANSWER: Yes, listing a price.  It is mandatory that the offeror be able to offer items 17
through 20 as additional option (See Section M-1 paragraph (a)). 

46. “The SOW seems to imply that the array and engineering channel inputs to the DAU
are ANALOG.  Is this a requirement, or would DIGITAL inputs to either of these points be
acceptable?”

ANSWER: The SOW does imply analog inputs into the DAU.  But, digital inputs would be
acceptable as long as all the functionality of the system is maintained.

47. “Paragraph 3.4.3b:  Can DSU expansion beyond 780GB be accomplished by adding
additional equipment/media to the same pressure vessel as the base DSU, or does the gov't
require this be done by adding additional pressure vessels (and daisy-chaining)?”

ANSWER:  The initial capacity of 780GB states the minimum.

48. “Option 5.  Please clarify for pricing purposes: does a "Storage Capacity
Upgrade" consist of ONE 180GB increment (as indicated in SOW paragraph 4.5) or an increase
up to 1.8TByte (as implied by paragraph 3.4.3b?)”

ANSWER: Section 4.5 reads “increments greater than 180Gbytes, this was stated this way to
provide the offeror flexibility in his proposal.  It is recognized that a hard number for
the storage increment is not practical, it can be 200Gbytes, 250Gbytes, ...etc.  This up-
grade is intended to go into either the basic DSU or one procured by option 17 to increase
the DSU capacity to 1.8Tbytes in incremental steps.
 

49. “Paragraph 3.6.1. states that the EU shall support DEPLOYMENTS of 1 week while
3.6.2.a states that the EU shall OPERATE the system for 1 week.  Please clarify: must the
EU be able to power SGAMS for 7 continuous days in it's full power (recording) mode, or 7
days at some reduced duty cycle? If the latter, what duty cycle should we design for?”

ANSWER: The EU shall support 7 days of continuous operations and at least two additional
days of powered down operation.

50. “Paragraphs 3.3.2.c and 3.5.2.c. How many outputs are required for the DTU
calibration signal? One? One for each hydrophone? If so, how many? 32? 64? 128?”

ANSWER:  See question/answer 18 above.

51. “Paragraph 3.5.2.a, When selecting which acoustic and engineering channels are
to be recorded, are the channels always selected in sequential blocks starting with 1, for
example: 1-32, 1-64, etc., or is it required that the channels to be recorded be selected
at random, for example: 1,13,53,59.....etc.?”

ANSWER: Recorded channels shall be selected in sequential blocks, starting with
channel 1.

52. “Paragraph 3.5.5.e states that the real time clock have a RESOLUTION of 1us, but
paragraph 3.5.5.e states that the recorded data blocks are time stamped to 0.1 us
ACCURACY.  Please clarify.”
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ANSWER: The requirement in paragraph 3.5.5.e is correct.

53. “Paragraph 3.6.2.e states that: "The cabling design of the EU shall support
multiple DAU, .....".  It is understood that multiple EUs and DSUs can be configured, but
will multiple DAU's really be connected?”

ANSWER: Yes, there are possible configurations where multiple DAU’s will be used, for
example two 64 channel DAU’s to provide 128 channels.

54. “Please clarify the meaning of 1 EU upgrade (paragraph 4.6) under Option 6.  Is
an EU upgrade equal to 1 week run time or that capacity needed to increase the base EU to
4 weeks run time (Each EU upgrade = 3 weeks run time)?”

ANSWER: Each EU up-grade is for one week.

55. “Offeror respectfully requests an extension to the due date for submission of
offerors to 15 January 1999.”

ANSWER: See question/answer 27 above.

56. “Due to the R&D nature of the specifications contained within this solicitation,
request that the government consider revising the contract type from Firm-Fixed Price to
Cost-Plus-Fixed-Fee.”

ANSWER: See question/answer 4 above.

57. “In preparing the above Solicitation, Schedule K-9, FAR 52.219-1, I am unable to
locate the SIC code for this solicitation. Please supply the SIC code.”

ANSWER: The SIC Code for this solicitation is 3826.

B. Revise the closing date in block 9 of this solicitation to 15 JAN 99.

C. Pursuant to questions from potential offers and subsequent answers the Technical
Performance Specifications (TPS) has been revised and can be review at
http://heron.nrl.navy.mil/contract/home.htm.  The changes are outlined below:

1) Revise the reference to “six sensors” in the second paragraph of TPS to read, “four
sensors”.

2) Revise the reference to “1 part” in the second paragraph of Section 3.3.4.a. of the TPS
to read, “4 parts”.

3) Delete the requirement for the calibration signal being supplied by the DTU to the
hydrophone preamplifiers in Section 3.5.2.c of the TPS in its entirety.

4) Paragraph 3.7 of the TPS has been deleted in its entirety and revised to provide for a
Test Plan for the base SEGAMS and a separate Test Plan for certain Optional Items.

5) Delete Section 4.17 of the TPS in its entirety.

6) Delete the reference of –60 decibels in first sentence of paragraph 4.13.e. of the
Technical Performance Specifications and replace with –40 decibels.

7) Revise all references to the pressure vessel rating in Section B for CLIN 0021 only
from 1000 meters to 500 meters. 

D. Revise Section B and F of the solicitation as follows: 

1) Delete Section B in its entirety and replace it with the following:
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“B-1 SUPPLIES OR SERVICES AND PRICES/COSTS

ITEM SUPPLIES OR SERVICES QTY UNIT UNIT AMOUNT
NUMBER        PRICE
     The Contractor shall provide the following               
      Items in accordance with the specifications
      Set forth in Section C and its Attachment 1,
      and  Exhibit A.

0001 Sea-Going Acoustic Measurement System         1  SYS            
(SEGAMS) in accordance with Section C,
to include the following:

000101 Data Acquisition Unit (DAU)- pressure  1 SYS NSP** NSP
vessel rated at 1,000 meter minimum

000102 Data Storage Unit (DSU)- pressure  1 SYS NSP NSP
vessel rated at 1,000 meter minimum.

000103 Data Transfer Unit (DTU)  1 SYS NSP NSP
000104 Energy Unit (EU)- pressure  1  EA NSP NSP

vessel rated at 1,000 meter minimum.
000105 Test Plan – Base SGAMS  1 SET NSP NSP
000106 Deployment Plan with Hardware  1 SET NSP NSP
000107 Documentation/Technical Manuals    1 SET NSP NSP

TOTAL DOLLAR AMOUNT FOR CLINs*: $

0002 Sea-Going Acoustic Measurement System         1  SYS            
(SEGAMS) in accordance with Section C,
to include the following:

000201 Data Acquisition Unit (DAU)- pressure  1 SYS NSP** NSP
vessel rated at 1,000 meter minimum

000202 Data Storage Unit (DSU)- pressure  1 SYS NSP NSP
vessel rated at 1,000 meter minimum.

000203 Data Transfer Unit (DTU)  1 SYS NSP NSP
000204 Energy Unit (EU)- pressure  1  EA NSP NSP

vessel rated at 1,000 meter minimum.
000205 Test Plan – Base SGAMS  1 SET NSP NSP
000206 Deployment Plan with Hardware  1 SET NSP NSP
000207 Documentation/Technical Manuals    1 SET NSP NSP

TOTAL DOLLAR AMOUNT FOR CLINs*: $

*Contract Line Item Number
**Not Separately Priced
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OPTION ITEMS – SEPARATELY  PRICED

ITEM SUPPLIES OR SERVICES QTY UNIT         UNIT AMOUNT
NUMBER        PRICE

OPTION 1
0003 Acoustic Mooring releases in accordance
       with Attach (1) paragraphs 4.1
0003AA Acoustic Mooring Release, in water equipment 4 EA

and supplies
0003AB Acoustic Mooring Release, deck equipment 4 EA

and supplies

OPTION 2
0004 Acoustic Positioning System in accordance

with Attach (1) paragraph 4.2.
0004AA Acoustic Positioning System, in water 4 EA

equipment and supplies
0004AB Acoustic Positioning System, deck 4 EA

equipment and supplies
 
OPTION 3
0005 Acoustic Array Element Navigation in

accordance with Attach (1) paragraph
4.3.

0005AA Acoustic Array Element Navigation, in 4 EA
 water equipment and supplies
0005AB Acoustic Array Element Navigation, 4 EA
 deck equipment and supplies

OPTION 4
0006 Acoustic Telemetry in accordance with    

Attach (1) paragraph 4.4 and 3.7.2
0006AA Acoustic Telemetry in water equipment 4 EA

and supplies
0006AB Acoustic Telemetry deck equipment and 4 EA

supplies

OPTION 5
0007 Storage Capacity Up-grade in accordance    10 EA

with Attach (1) para 4.5.

OPTION 6
0008 EU capacity Up-grade in accordance with   10 EA

Attach (1) para 4.6.

OPTION 7
0009 Engineering Module in accordance with 12 UNITS

Attach (1) para 4.8.

OPTION 8
0010 DAU Basebanding function in accordance    4 UNITS

with Attach (1) para 4.9. and 3.7.2

OPTION 9
0011 Vertical Acoustic Array in accordance with    4    UNITS

with Attach (1) para 4.10. and 3.7.2

OPTION 10
0012 Vertical Acoustic Array in accordance with 4 UNITS

Attach (1) para 4.11. and 3.7.2

ITEM  
NUMBER           SUPPLIES OR SERVICES               QTY       UNIT        PRICE        
AMOUNT
OPTION 11
0013 Horizontal Acoustic Array in accordance 4 UNITS
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with Attach (1) para 4.12. and 3.7.2

OPTION 12
0014 Horizontal Acoustic Array in accordance 4 UNITS

with Attach (1) para 4.13. and 3.7.2

OPTION 13
0015 Increased Array Depth in accordance with 14 EA

Attach (1) para 4.14.

OPTION 14
0016 Vertical Array Cable in accordance with 4    EA

Attach (1) para 4.15.

OPTION 15
0017 Horizontal Array Cable in accordance with 4 EA

Attach (1) para 4.16.

OPTION 16
0018 DAU in accordance with Attach (1) para 3.3 3 SYS

OPTION 17
0019 DSU in accordance with Attach (1) para 3.4 3 SYS

OPTION 18
0020 DTU in accordance with Attach (1) para 3.5 3 SYS

OPTION 19
0021 EU in accordance with Attach (1) para 3.6  3 SYS”

2) Revise Section F-2(a). Change the days after exercise of an option for CLINS 0002-0021 from:
120 DAYS to: “240 days.”

3) Revise Section K.9 to include the SIC Code and Small Business size standards as follows:

a) SIC Code 3826
b) Small Business size standard :  No more than 500 employees.

4) All references to Option 20 are hereby deleted.
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REVISION 12/9/98

TECHNICAL PERFORMANCE SPECIFICATION
FOR

SEA-GOING ACOUSTIC MEASUREMENT SYSTEM

1.0 SCOPE

This specification establishes the requirements for a complete turn-key
Sea-Going Acoustic Measurement System (SGAMS) to be deployed from UNOLS
Class III, U.S. Navy or commercial oceanographic vessels as a fully
autonomous acoustic data collection system with no sea surface
expression.  SGAMS shall be a modular system consisting of the
following modules/hardware: Data Acquisition Unit (DAU), Data Storage
Unit (DSU), Energy Unit (EU), Data Transfer Unit (DTU), acoustic
hydrophone array(s), and the mechanical structure and ancillary
equipment needed to make a deployable system.  Each of the deployable
modules (the DAU, DSU, and EU) shall be contained in individual
pressure housings.  The units shall be delivered so that the user can
configure a system with various numbers of input channels, recording
capacity, and deployment duration(increased energy capacity).  The
basic system shall provide for autonomous recording of 64 acoustic
channels and 24 engineering sensor channels.

2.0 APPLICABLE DOCUMENTS AND GLOSSARY OF TERMS

2.1 Section 7.0 (Glossary of Terms)
Audio engineering Society AES17-1991   

2.2 GLOSSARY OF TERMS:

mb megabits  (1mb = 1048576-bits)
MB Megabytes (1MB = 1048576-bytes)
GB Gigabytes (1GB = 1024 Megabytes)
mbs megabits per second
MBS Megabytes per second
rms root mean square
Hz hertz
kHz kilohertz
DAU Data Acquisition Unit
DSU Data Storage Unit
DTU Data Transfer Unit
EU Energy Unit
SGAMS Sea-Going Acoustic Measurement System
CMRR Common Mode Rejection Ratio
GPS   Global Positioning System
A/D Analog to Digital Converter
ADC Analog to Digital Converter
dB Decibels
I/O Input/Output
COR Contracting Officers Representative
RCM remote control and monitoring
TTL transition to transfer logic

Attachment (1)
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3.0 REQUIREMENTS

3.1 System Definition.  SGAMS deployed from oceanographic research
vessels (UNOLS, U.S. Navy or commercial) shall serve as an
acoustic data collection system for the recording of acoustic
signals (phase and amplitude) which have propagated through the
ocean.  The base system shall include all components and
equipment necessary to configure a baseline system which is
safely transportable, deployable, and retrievable by end-users
aboard an oceanographic vessel.  The system shall include a
shipboard DTU for data transfer from the DSU for archiving and
evaluation and a serial communication port for an optional
acoustic modem.

3.2 General Description.  The components of the baseline SGAMS are a
DAU module, DSU module, EU module, DTU module, and mechanical
deployment hardware.  The baseline DAU shall be designed to
accept a minimum 64 channels of acoustic data and be upgradeable
to 128 acoustic channels, in 32 channel increments.  Inputs shall
be provided for 4 engineering modules, each module containing up
to four sensors for every 32 acoustic channels.  The baseline DAU
shall be designed to accept a minimum of eight (8) engineering
modules.  The DSU shall store all data collected on non-volatile
media.  The baseline DSU shall store a minimum 780 gigabytes of
data.  The EU shall provide all the energy required to operate
the deployed system for a 7 day deployment.  The EU shall be
capable of being expanded to an energy capacity of at least one
month (28 days).  Deployment hardware shall consist of all
mechanical components necessary for deployment 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
without the requirement of opening the unit to archive collected
data.

3.3 Data Acquisition Unit: The DAU module shall function as the
collection point of all acoustic and engineering data to be
collected.  It shall interface to acoustic arrays, engineering
sensors, receive its power from the EU, convert analog acoustic
data to a digital form at an accurately controlled sample rate,
and shall output a formatted data stream to the DSU.  The DAU
shall be programmable through a hardwired interface before
deployment and shall be remotely programmable through an acoustic
telemetry system after deployment.

3.3.1 Mechanical Requirements:

a. Pressure housing: The DAU electronics shall be housed in a
container with an operating depth in seawater of at least 1000
meters.
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b. Connectors: All connectors shall have a minimum operating
depth in seawater greater than 1000 meters.  Each connector
shall be provided with a protective metal end cap rated to the
pressure rating of the connector.  All connectors shall have
either a protective shield or be located such that they are
protected from accidental damage during unit movement and
deployment of the DAU.  At each connector a method of strain
relief shall be provided which minimizes the stress in the
cable conductors and the connector.  Each connector shall have
a locking mechanism to prevent accidental disconnect.

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

d. Finish:  All exposed surfaces of the DAU shall be designed to
minimize deterioration of the structure by exposure to the
ocean environment. As a minimum it shall have two coats of
primer and be painted with an epoxy based paint.

e. Attachment/lift points: The DAU or any framework it is mounted
in shall be provided with a minimum of three mechanical
attachment points for shipboard tie-down/storage and
deployment/lifting. Lift points shall have an operating
strength of at least 40,000 newtons.

f. 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 displace the atmosphere in
the pressure vessel.

g. Corrosion Protection: The pressure vessel and any framework
used to support it or attach it to other units shall use
passive cathodic protection against corrosion.  The protection
method shall have minimum useful rated usage of one year.

3.3.2 General Requirements:

a. Power: Because SGAMS primary mode of operation shall be
battery powered the DAU shall be designed for minimum power
usage.  Power shall be provided from the EU Module when
deployed, and from the DTU power supply for
shipboard/laboratory checkout.

b. Input Channels: The basic DAU shall accept 64 acoustic
channels, 8 engineering modules (each engineering module can
consist of up to six sensors).

b. Acoustic Channel Calibration:  The DAU shall have the
capability to supply a sine-wave calibration signal
simultaneously to the front end of each DAU channel.  This
signal shall be applied at the input of the DAU’s first
amplifier stage.  The DAU shall supply a minimum of eight
discrete frequencies, spread linearly in octave increments
over a 10 Hz to 20 kHz band, signal amplitude shall apply the
maximum input level at the maximum gain setting to the A/D
input for the channel.  The variation in amplitude shall be
less than 0.1 dB.  The signal shall be applied simultaneously
to all channels.  A similar signal shall be available from the
DTU for use as a system calibration.  The DTU signal shall be
applied directly the array hydrophone.
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d. : DAU acoustic channel
connections shall be in 32 channel groups.  The connection

4.10.  Each acoustic channel connector shall be wired
identically to facilitate trouble shooting.
Array Test Leader: The unterminated
test leader for all array input (acoustic and engineering)

which mates to the appropriate connector interface on the DAU
housing and a minimum of 1.0 meter of 
wire shall be labeled.

f. : For every 32 acoustic channels
there shall be a minimum of 4 engineering modules, each with a
capacity to support at least six sensors. Each engineering
group of 4 modules shall have its own connector.  Each

facilitate trouble shooting.  The power for the engineering
modules shall also be supplied through this connector.
System Temperature Specifications: The system shall meet the

Operating:    5°C to 50°C
Storage: -30°C to 70°C

3.3.3 DAU System Requirements:

3.3.3.1 Remote Control and Monitoring Ports: The DAU shall have two
serial ports to provide remote control and monitoring
communications between the DAU and shipboard based DTU.  Two
serial ports are required to provide on-deck communications when
an acoustic modem is connected.

a. Electrical Protocols: One serial port shall satisfy RS-232
protocols.  The second serial port shall satisfy RS-422
protocols.

b. Baud Rate: Both serial ports shall support a minimum
communication speed of 115 kilobaud.  Both serial ports shall
automatically adjust their baud rate to the device connected
to the serial port (i.e., autobaud functionality).

c. Connectors: Each serial port shall have a separate connector
which is accessible without opening the DAU pressure vessel.
Each connector shall be pressure rated to an operational water
depth of at least 1000 meters.  Each connector shall have a
locking mechanism to prevent accidental disconnect.  Each
connector shall be provided with a protective metal end-cap
which is pressure rated to the rating of the connector.
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User Programmable Parameters: The following DAU parameters

a. System Power On/Off  DAU, DSU, and array system power
requirements shall be reduced to a minimum system maintenance

acquisition is not desired) to conserve EU lifetime.  System
configuration parameters shall not be lost in this power down

command.
b. : Any computer control in the DAU or DSU shall be

user 
c. Number of Acoustic Channels

to be acquired and recorded shall be user selectable via the
DTU.  Active channels shall begin with channel 1 and continue

channel system, channels 1-16 or channels 1-48 could be active
at user discretion.
Acoustic Channel Gain: The gain of each acoustic channel shall

e. Hydrophone Sensitivity hydrophone sensitivity for each
acoustic channel shall be user selectable via the DTU.
Acoustic Channel Pre-Emphasis In/Out: Application of the pre-

the DTU.
g. : If the

Basebanding option is exercised (Section 4.9), then the

be user selectable via the DTU.
h. : The time and date shall be user settable via the

DTU.
Sample Rate:  The user shall be able to select the acoustic

specified in Section 3.3.6.

3.3.3.3  : The SGAMS system shall be capable
of acquiring data on a user defined schedule to conserve power

DTU.  The schedule shall be defined by an absolute start time
(e.g.  JD 256, 1999, 13 hours, 27 minutes, 10.0000000 seconds), a

off duration.  Maximum power on/off duration shall be a minimum
of 65,000 seconds.  This schedule shall repeat until modified or

is defined in the previous section.

3.3.3.4  : DAU and DSU system status shall be
monitored and displayed by the DTU.  System status shall be

The following system status information shall be provided to the
DTU.



6

a. Acoustic Channel Levels: The power level for each acoustic
channel shall be provided to the DTU for display.  These
acoustic levels are necessary for setting system gains and
identifying dead channels.  Power levels for all active
acoustic channels shall be provided.  Power levels shall be
integrated over the user selected acoustic channel bandwidth.

b. User Selectable Parameters: The state or value of all user
selectable parameters shall be provided to the DTU for
display.

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

d. DSU Recording Counter: The total amount of data recorded on
the DSU or percentage of total recording capacity used to date
shall be provided to the DTU for display.

e. Leak Detectors: Sensors to detect water leaks in all pressure
vessels shall be provided.  Status of these leak detectors
shall be provided to the DTU for display.

f. System Diagnostics: The SGAM system shall perform system
diagnostics on user command via the DTU.  Results of
diagnostic tests shall be provided to the DTU for display.
Specific tests are at the discretion of the offerer, but
should provided enough information to confirm proper SGAM
system operation.

3.3.4 DAU System Timing Functions:

a. Master System Clock: All DAU system timing and Time/Date
functions shall be derived from the Master System Clock.  The
master system clock shall be accurate to better than 4 parts
in 1011 over a 1 day period.

b. User Access to Master System Clock: Easy access to the DAU
master system clock shall be provided to the user for
synchronization of various measurement devices and to measure
clock drift.  This access point shall be buffered to prevent
modification of clock operation by the user device.

c. Time/Date: The DAU shall provide a Time/Date clock for system
scheduling and for insertion into every data header.  The
Time/Date shall have a resolution of better than 1
microsecond.

d. Time/Date Synchronization: The DAU time and date shall be user
settable via the DTU.  The time/date clock shall be triggered
to run by a software command from the DTU or by a TTL pulse.
The use of a TTL trigger shall allow multiple devices to be
accurately synchronized in time (such as synchronizing an
acoustic projector and the DAU for high accuracy acoustic time
of flight measurements).  The user supplied TTL signal shall
be provided to the DAU through the RCM RS-422 serial
communication port connector.
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3.3.5 DAU Channel Requirements:

a. Channel to Channel Crosstalk: Channel to channel crosstalk in
the DAU shall be less than -75 dB as measured between any two
input channels, either acoustic or engineering.  The
measurement shall be made by applying reference square waves
of 500 Hz, 1 kHz, and 10 kHz at the maximum allowable input
voltage of the A/D to the DAU array input.  The recorded
output voltage of all the acoustic channels in the DAU shall
be individually compared to the input reference voltage to
determine the crosstalk level in dB.  This measurement shall
be made at both the DAUs minimum and maximum gain settings.

b. Acoustic Channel Signal Conditioner: Each channel shall have
an amplifier with a programmable gain of 0 dB to a minimum of
42 dB in 6 dB steps.

c. Acoustic Channel Spectral Noise: Each DAU channel shall have a
maximum input noise level of 5 nanovolts per root-hertz, from
200 Hz to 20 kHz and 10 nanovolts per root-hertz from 5 Hz to
200 Hz.  This measurement shall be made by using a spectrum
analyzer to observe the input to the channel A/D.  The
measurement shall be made with the input of the channel being
measured terminated to ground.

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

e. Acoustic Channel Pre-Emphasis: The DAU shall have for each
channel a pre-emphasis filter which is user controllable
(on/off) through the DTU.  This filter is to flatten the noise
spectra below 10 kHz so that a single gain setting can be used
to record from 10 Hz to 10 kHz.  The filter shall be a high
pass filter with a break frequency of 300 Hz and a slope of 6
dB per octave.

f. Engineering Channel Definition: For every 32 acoustic data
channels there shall be at least 4 channels of engineering
data.  Each engineering channel shall record depth, two-axis
tilt, magnetic heading, and support two additional sensor
channels.  Power for the engineering sensors shall be
available from the EU through the DAU.

g. Engineering Module Crosstalk: The engineering sensors, their
power supply and their output shall not raise the noise floor
of the acoustic channels.  This measurement shall be made by
comparing the DAU channel analog output levels, before the
A/D, with and without the engineering module energized and
during engineering module power up, if the offerer decides to
cycle the engineering module power.  This requirement applies
to array cable crosstalk and DAU crosstalk requirements.
Crosstalk from the engineering modules must be down at least
75 dB.

3.3.6 DAU Sample Requirements:

a. Acoustic Channel Sample Rate: The sample rate for each channel
shall be selectable starting in the range of 1000 to 1200
samples per second, doubling in rate until the next doubling
exceeds the A/D sample rate.  The final sample rate shall then
be the maximum sample rate of the A/D.
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b. Acoustic Channel Sampling Rate Accuracy: Time variation in the
sample initiation rate shall be less than ± 1 microsecond,
measured between samples commands and shall drift no more than
the drift rate of the master clock.

c. Acoustic Channel Sampling Coherence: All channels shall be
sampled simultaneously and synchronized to the same system
clock.

d. Acoustic Channel A/D Sampling Dynamic Range: The dynamic range
of the A/D shall be equal to or greater than 117 dB.  Audio
Engineering Society AES17-1991, shall be used to determine the
dynamic range of the A/D.  Any amplifier gains prior to the
A/D are excluded from this measurement.

e. Acoustic Channel Sample Word Size: Word size shall be
selectable by the user at 16 bits, and the maximum word size
used by the A/D converter.

f. Engineering Channel Sample Rate and Word Size: The sampling
rate for the engineering sensors shall be greater than 1
sample per second per channel and less than the acoustic
channel sampling rate divided by the number of engineering
channels.  The word size shall be recommended by the offerer
based on the engineering sensor specifications in Section 4.8.
The word size shall provide the necessary resolution required
to meet the highest sensor resolution requirement.

3.4 Data Storage Unit (DSU):

3.4.1 Unit Definition: The Data Storage Unit (DSU) is defined to be
that module which contains the media to which all the information
collected by the DAU is stored.  It shall interface with the DAU,
the EU, the DTU, and with other DSUs in use.  The DAU shall
provide to the DSU a block formatted digital serial stream of
data for storage.  The EU shall provide the DSU all power
necessary to perform its storage function.  The DSU shall require
minimum power to operate while deployed.  The DSU shall support
data uploading to the DTU while on a ship deck and while in a
scientific laboratory.

3.4.2 Mechanical Requirements:

a. Pressure housing: The DSU electronics shall be housed in a
container with an operating depth in seawater of at least 1000
meters.

b. Connectors: All connectors shall have a minimum operating
depth in seawater greater than 1000 meters.  Each connector
shall be provided with a protective metal end cap rated to the
pressure rating of the connector.  All connectors shall have
either a protective shield or be located such that they are
protected from accidental damage during unit movement and
deployment of the DSU.  At each connector a method of strain
relief will be provided which minimizes the stress in the
cable conductors and the connector.  Each connector shall have
a locking mechanism to prevent accidental disconnect.

c. Seals: All pressure vessel joints shall have dual o-ring
seals.
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d. Finish:  All exposed surfaces of the DAU shall be designed to
minimize deterioration of the structure by exposure to the
ocean environment. As a minimum it shall have two coats of
primer and be painted with an epoxy based paint.

e. Attachment/lift points: The DSU or any framework it is mounted
in shall be provided with a minimum of three mechanical
attachment points for shipboard tie-down/storage and
deployment/lifting.  .  Lift points shall have an operating
strength of at least 40,000 newtons.

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

g. Corrosion Protection: The pressure vessel and any framework
used to support it or attach it to other units shall use
passive cathodic protection against corrosion.  The protection
method shall have minimum useful rated usage of one year.

3.4.3 Storage Capacity:

a. Initial Capacity: The initial capacity of a single DSU shall
be a minimum of 780 gigabytes.

b. Expansion Capacity: A single DSU shall be expandable to a
minimum 1.8-Terrabytes in approximately 200-GB increments.

3.4.4 Expansion Capability: The deployment and operation of multiple
DSUs shall be supported.

3.4.5 Connectivity:

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

b. Multiple DSU units shall be “daisy-chained” via a second high-
speed serial interface (minimum 15-MB/sec).

c. When multiple DSUs are deployed, only a single DSU shall be in
operation at any given time.

3.4.6 Data Transfer Rate:

a. The DSU shall accept and record data from the DAU at a minimum
rate of 15 MB/second while deployed.

b. The DSU shall retrieve and transfer data to the DTU at a
minimum rate of 15 MB/second in the laboratory and on board
ship.

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

3.5 Data Transfer Unit (DTU):

3.5.1 Unit Definition: The DTU is visualized as a high speed UNIX based
or Microsoft Windows NT 4.x/5.x computer system with customized
software and hardware interfaces.
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a. The DTU shall support shipboard/laboratory data
download/transfer from the Data Storage Unit (DSU).

b. The DTU system shall be capable of powering the entire SGAMS
system (i.e., the DSU and the DAU) with out the use of the EU.

c. The DTU shall connect to the DSU Data input/output interface.
d. The DTU shall connect to the DAU Data input/output interface.
e. The DTU shall connect to the DAU command and control

interface.
f. The DTU shall connect to the topside acoustic telemetry modem

in order to send command and control operations to the
deployed system.

g. The DTU shall connect to the topside acoustic telemetry modem
in order to receive data from the command and control
interface of the deployed DAU.

h. The DTU system shall include a shipboard deck leader(s) to
connect all necessary interfaces between itself and other
components of the SGAMS system:

• power
• high-speed serial data I/O
• command and control interface

i. The DTU shall be capable of downloading all of the recorded
data or partial data sets from a single DSU and support
storage on disk files, 4mm DAT, 8mm EXABYTE, DLT, and a NRL
owned AMPEX DIS-120i tape drive.  The AMPEX DIS-120i and
documentation shall be provided by NRL to the contractor upon
request.

j. The DTU data format shall be identical to the DSU data format
and shall support both big-endian and little-endian hardware
architectures.

k. All custom (i.e., non-commercial) software packages developed
for the DTU shall include complete source codes,
documentation, and all of the necessary development
environments and tools required to modify/build the custom
software and documentation.

l. In addition to data transfer functions the DTU shall also
perform system checkout and setup prior to deployment.

m. After deployment the DTU shall interface with the acoustic
telemetry system, generating all acoustic commands and
decoding and displaying all received information.

3.5.2 Command and Control Functions: The DTU shall be the end-user
interface to the deployed system.  Through it all programmable
system functions shall be addressable and all requested system
status shall be displayed.

a. Programmable Functions: The following operational parameters
of the system shall be controllable by input to the DTU, which
shall transfer them to the DAU by either a hardwired
link(shipboard/laboratory only) or by the use of an acoustic
telemetry link(deployed only): system power (on/off), channel
sample rate, channel gain, system clock, hydrophone
sensitivity, acoustic channel pre-emphasis (on/off), number of
acoustic channels and engineering channels recorded.  The
operator shall be able to designate which acoustic and
engineering channels are recorded.
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b. System Status Parameters: The following system status
information shall at a minimum be available through both the
hardwired link and the acoustic telemetry communication port:
EU supply voltages, recorder usage percentage, detected faults
in the DSU, status of all pressure vessel leak detectors, and
readout of at least 10 seconds of data for any acoustic
channel or engineering channel.

3.5.3 Expansion Options: The DTU shall be capable of being substituted
for the DSU and connect directly to the DAU in a cable-to-shore
based recording operation.

3.5.4 Mechanical Requirements: The DTU (computer, monitor, and remote
system power supply) shall be enclosed in a ruggedized rack
mountable chassis and include a portable equipment rack.

3.5.5 Stored Data Format:

a. Acoustic data shall be stored in a blocked format.
b. All digitized data shall be packed to conserve storage space

in the DSU and the DTU (e.g., four 24-bit data samples shall
be stored in three 32-bit long words rather than four 32-bit
long words; eight 20-bit data samples shall be stored in five
32-bit long words rather than eight 32-bit long words).  An
algorithm for packing and unpacking data shall be provided.

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

d. Each data block shall contain an accurate Julian time/date
stamp character string of the form
(YYYYDDDHHMMSS.microsecond).

e. Each data block shall contain a time-stamp which allows
digitized data to be referenced with a minimum 0.1 microsecond
accuracy.

f. Each data block shall contain a channel header description
consisting of the following information: hydrophone number or
engineering sensor type and number, pre-amplifier gain, sample
rate, number of data points in block, etc.  When changes are
commanded over the acoustic telemetry system, the changes
shall be implemented at the beginning of a new data block.

g. The number of data points in each data block shall be a power
of 2 per digitized channel.

3.6 Energy Unit:

3.6.1 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 engineering sensors.  The EU shall be modular, allowing the
end-user to configure an energy package to support deployments
from one week to one month.



12

Electrical Requirements:

 Capacity
64 channel SGAMS system for at least 
consist of several modules interconnected to provide the
energy required for a week of operation.  All modules shall be

b. : The energy capacity of the EU shall be
capable of being increased up to a one (1) month capacity.
Modules used to increase the 
to those in Section 3.6.2.a.

c. Failsafe: Each basic unit/module shall contain circuitry to

internal short) from effecting the ability of other
units/modules to supply power to SGAMS.

 Refurbishment refurbishable at-sea on the
deployment vessel.  Maximum refurbishment time of the EU shall

e.  All cables necessary to configure an EU and connect it
to a DAU and DSU shall be supplied.  The cabling design shall

3.6.3 Mechanical Requirements

a. : The EU electronics shall be housed in a
container with an operating depth in seawater of at least 1000

b. : All connectors shall have a minimum operating
depth in seawater greater than 1000 meters.  Each connector

pressure rating of the connector.  All connectors shall have
either a protective shield or be located such that they are

deployment of the EU.  At each connector a method of strain
relief will be provided which minimizes the stress in the

a locking mechanism to prevent accidental disconnect.
c. Seals: All pressure vessel joints shall have dual o-ring

d. :  All exposed surfaces of the DAU shall be designed to
minimize deterioration of the structure by exposure to the

primer and be painted with an epoxy based paint.
e. Attachment/lift points: The EU or any framework it is mounted

attachment points for shipboard tie-down/storage and
deployment/lifting.  Lift points shall have an operating

newtons.
f. Purge Port: The pressure vessel shall have a purge system

system will allow the nitrogen to displace the atmosphere in
the pressure vessel.

 Corrosion Protection
used to support it or attach it to other units shall use
passive 
method shall have minimum useful rated usage of one year.
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3.7 Test Plan:

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

b. Testing of the following specifications and functions shall be
incorporated in the test plan:

i) Measurement of the power required to operate the
procured DAU, DSU and arrays.  This measurement shall include all
voltages and currents from the EU to the DAU and DSU.  The
contractor is to define a minimum energy package which shall
demonstrate that the EU supports the seven day deployment.  This
package shall be used to quantify the EU design.  The package
shall power the system for at least 12 hours continuously during
the test.

ii) Measurement of the input noise level of the DAU.  This
measurement shall be made at both amplifier minimum gain and
maximum gain for a DAU channel.

c. The 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 assembly, dis-
assembly, 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 items for system performance and acceptance testing.  The
test plan shall detail system testing at the contractor’s
manufacturing facility of all performance specifications as detailed
below. The plan shall detail how the manufacturer intends to prove
that the system meets the specifications as defined in the RFP.

b. Testing of the following 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 link
between the surface unit and the underwater unit to confirm operation in
accordance with Technical Performance Specification requirements and
specifically the controllability of the command and control parameters of
the DAU and DTU via the acoustic telemetry as confirmed by use of a hardware
link.
ii) Option 8 shall be tested to verify performance in accordance with the
Technical Performance Specification, paragraph 4.9
iii) Options 9,10,11,12 shall be tested verify performance in accordance
with Technical 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 requirements.

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 assembly, dis-assembly,
configuration, and operation of all aspects of the SGAMS system for a group
of seven (7) end-users at the factory acceptance test.



3.8 Deployment/Recovery Plan and Hardware

a. 
deployment/recovery plan for the basic one week system.  The
plan shall detail all hardware, procedures and specifications

200 meter water.  The deployment shall consist of one vertical
array, 185 meters in length, a horizontal array 200 meters in

minimum line tension of 4500 newtons.  The DAU and DSU shall

ocean floor, contractor choice.  EU recovery is required.  The
plan shall contain the specifications for all equipment

b. Deployment Hardware: A complete set of hardware required to
deploy the system shall be supplied.  This includes all

3.9 Documentation

a. : This manual shall describe in detail how to
operate SGAMS.  It shall contain the procedures to be used for

detail the sequence of events for a deployment and provide a
system check list for all mechanical and electric connections

describe what SGAMS functions are programmable over the
hardwired DAU interface and acoustic communication port and

SGAMS for deployment.  If the acoustic modem option is
exercised, the manual shall include instructions for

support ship.
b. Technical Manual: Technical manual/manuals shall be provided

whether to provide one manual for the system or individual
manuals for each unit.  The manual/manuals shall describe in

functional description of all circuitry and software.
Included shall be a detailed list of all parts/components used

numbers, vendor addresses, telephone numbers and web sites.
c. Software: Source code listings of software used in SGAMS shall

all custom software and its development system and all
commercial software shall be provided.

 Technical Drawings
all custom hardware required by SGAMS.

e. Documentation Form: Three hard copies of each manual listed

manual.  Electronic copies shall be provided on 3.5 inch PC
formatted disk or CDROM.  Information provided in electronic



15

4.0 OPTION REQUIREMENTS

4.1 Acoustic Mooring Releases: The contractor shall provide as an
option the acoustic releases and deck unit identified in the
contractor provide deployment/recovery plan.

4.2 Acoustic Positioning System: The offerer is requested to propose
a long baseline acoustic positioning system which shall be
capable of providing the location of the deployed system with an
rms accuracy of 20 meters in a 500 meter depth of water, when
using Differential GPS as an aid.  The system shall be capable of
using GPS navigation as a reference to refine the geodetic
location of SGAMS.  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 requirement into the
acoustic mooring release option is acceptable.  The system shall
have an operating depth greater than 1000 meters.

4.3 Acoustic Array Element Navigation: The acoustic array element
navigation system shall operate in the 10 kHz to 16 kHz frequency
region.  Array element navigation shall be accomplished using a
long baseline acoustic positioning system.  The system shall
consist of, at a minimum, three baseline transponders, one
responder and a shipboard 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 modes: one, respond
to interrogations from the shipboard unit; two, upon electronic
command from SGAMS, initiate an interrogation of the baseline
network.  The offerer is not responsible for any array element
navigation software.  Implementation of this option shall require
that a selected number of elements in the vertical array must
have a fixed sample rate, set at the maximum sample rate of the
A/D.  For bidding use, the number of channels set to the higher
sample rate shall be six.  Integration of this requirement into
the Acoustic Positioning System and/or Acoustic Mooring Releases
is acceptable.

4.4 Acoustic Telemetry: The system shall support bidirectional data
transmission rates at 2400 baud minimum and operate in the 25 kHz
to 40 kHz frequency band to prevent interference with the ocean
acoustic measurements.  The system shall provide user selectable
modulation schemes, which may reduce the baud rate, but increase
data transfer reliability.  The system shall also have a
transmission mode for use in high multi-path environments which
allows delays between data packet transmissions.  The system
shall interface with the DAU through an RS-232 serial
communication port.  This port shall be bi-directional, allowing
remote programming of selected system functions from a support
vessel and enable transfer of data from SGAMS to the support
vessel.  The system shall include both the underwater unit and
the deck equipment needed to communicate with the underwater
unit.  The deck unit shall interface with the DTU for command and
control functions.
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4.5 : The contractor shall 
grade to increase the storage capacity of the DSU in storage
increments greater than 180 gigabytes.  It is recognized that the

The up-grade shall include all electronic hardware, cabling,
additional connectors, and pressure vessels.

EU Capacity Up-grade: The Contractor shall provide an energy up-

week increments to 28 days.

4.7 Engineering Modules: Vertical arrays shall have positions for

provided by the COR upon exercise of an array option.

4.8 Basic Vertical Array Engineering Module: Each basic vertical

compass, and a two-axis tilt sensor.  All engineering sensors
shall be sampled at a minimum 1 Hz rate.  Data from all

stream for storage in the DSU.

a. Depth Sensor: Depth sensor resolution shall be less than 0.05

depth of SGAMS.
b. Compass: A compass shall be provided which shall provide a

through a tilt angle of ± 45 degrees.
c. Tilt Sensor: A two-axis tilt sensor shall be provided for each

axis shall be ± 0.5-degrees with operating angle of ±45-
degrees.

DAU Basebanding Option Basebanding high frequency limited
bandwidth acoustic signals is a method of reducing the data

the end use of the recorded data, any basebanding used by SGAMS
quadrature detected output capable of

reconstructing the phase and amplitude the original signal.

 Basebanding Increments basebanding process shall have a
programmable center frequency, selectable in approximately 1

Also, bandpass filters of 1 kHz, 2 kHz, 4 kHz and 5 kHz,

selectable.  The basebanding process shall also not aliases

b. : Each quadrature detector shall have an
lowpass filter with selectable bandwidths of 1 kHz, 2

kHz, 4 kHz and 5 kHz.  The bandwidth of the filter shall be
rolloff at the selected

frequency shall be down no more than 3 dB and the filter skirt

c. : The basebanding process shall not raise the noise

the signal to noise ratio of basebanded signal.
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d. Channel and Word Size Requirements: The basebanding process
shall be capable of processing 64 channels at the maximum
sample rate of the A/D, without loss of data or throughput
capacity.

e. Word Size: The output word from each quadrature detector shall
have the same number of bits as the word selected for the A/D
output.

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

g. Basebanding Command and Control: All programmable parameters
of the basebanding process shall be controllable through the
remote control and monitoring ports.

4.10 Vertical Array Option 1:

a. Number of Hydrophones: The array shall have no fewer than 32
hydrophones.

b. Array length: The length of the array, measured from the DAU
connector to the supporting float will not be less than 50 meters
and will not exceed 185 meters.  The length will be provided by
the COR upon exercise of the option.

c. Hydrophone positions and spacing: The location of each of the
hydrophones along the array will be specified by the COR upon
exercise of the option.  The sensing elements of the hydrophones
will located at these positions to a tolerance of ± 5
centimeters.

d. Operational Depth: The array shall function and meet all
specifications when deployed in the ocean to any depth less than
or equal to 500 meters.

e. Inter-channel crosstalk: The signal crosstalk figure measured
between any pair of acoustic or engineering signal channels shall
be no greater than -60 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 mean square.  The measurement shall be made
with the system fully assembled and test signals used shall be
continuous wave signals at any frequency throughout the operating
range of the system.  The signal input measurement point shall be
at the sensor location and the signal output point shall be at
the input to the analog-to-digital converter.  The array and
other components of the syustem shall be constructed so that this
measurement can be made in a laboratory benchtop environment.

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



4.10.1 Array Electromechanical Cable

a. Mechanical Strength
of at least 20,000 newtons force and a breaking strength of at

newtons force.  The array cable shall not be damaged
electrically or mechanically by being deployed through a sheave

bend with a cable tension of 20,000 newtons.

Mechanical Terminations:  Separate electrical and mechanical

electrical connector and to enable the electrical connector(s) to
be connected and disconnected while maintaining a working

Mechanical terminations shall be provided at both ends of the
array.

Electrical Terminations:  The array shall be connected
multipin

electrical connectors.  This connector shall have a screw-on or

connector(s) due to a tension of 1000 newtons when the unit is

4.10.2 Hydrophones.

Attachment to the array: The 
external to the array cable and shall be designed so they are
readily removable from and replaceable onto the array for

be of a shock-mount type and shall conform to standard industry
practice for shock-mounting 
to the array shall be made by using waterproof electrical
connectors which have strain relief caps.  These strain relief

newtons without disconnecting
the connector or compromising its electrical integrity.

Hydrophone sensitivity and electrical performance.

a. : The hydrophone units shall have signal

current-source signal to a voltage signal (for instance, by a
resistor) shall take place within the DAU signal conditioning

b. Sensitivity hydrophone sensors
measured at the current-to-voltage converter shall be at least -

micropascal acoustic signal
pressure.  The 
this nominal sensitivity and a 40 decibel lower sensitivity (for
use with high-level acoustic signals) by reversal of the

calibration (referred to 1 micropascal) of each 
accuracy of 0.5 decibels shall be provided over the frequency
range 20 Hz to 5 kHz in intervals no larger than 1/3 octave
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processing compatible table and in hard-copy form.  This
calibration data shall contain information necessary to associate
the data with each of the corresponding hydrophones via indelible
marks on the exterior of the hydrophone units.

c. Passband Flatness and channel-to-channel uniformity: As
measured 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. The differences in sensitivity of any acoustic channel, with
decibel sensitivity values averaged over the linearly-weighted
frequency band, to the similarly-averaged sensitivity of any
other acoustic channel shall not vary by more 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 made for
injecting a user-provided calibration signal through each and
every one of the hydrophone preamplifiers (i.e., one at a time
and all simultaneously) with the array connected electrically to
the DAU and the amplifiers powered by the DAU electronics in a
laboratory setting.  For each of the hydrophones, the calibration
signal shall be applied to the preamplifier input in series with
the hydrophone crystal element.

f. Hydrophone self noise: The electrical self-noise of the
assembled hydrophones/preamplifier/array/DAU system, when
operated in the system's highest gain state, shall be
sufficiently low that this self noise, as measured at the input
to the analog-to-digital converter within the DAU, shall not
exceed the following equivalent acoustic noise levels when the
electrical amplification gains and hydrophone sensitivities are
accounted for.  The levels are: 45 decibels relative to 1
micropascal-squared per Hz throughout the frequency range 50 Hz
to 500 Hz and 25 decibels relative to 1 micropascal-squared per
Hz throughout the frequency range 500 Hz to 10 kHz.

4.11  Vertical Array Option #2:

a. Number of Hydrophones: The array shall have no fewer than 64
hydrophones.  The number of hydrophones is the principal
difference between the specifications for Vertical Array #1 and
Vertical Array #2
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b. : The length of the array, measured from the DAU
connector to the supporting float will not be less than 50 meters

the COR upon exercise of the option.

c. : The location of each of the
hydrophones along the array will be specified by the COR upon

hydrophones
will located at these positions to a tolerance of ± 5

d. Operational Depth
specifications when deployed in the ocean to any depth less than
or equal to 500 meters.

Inter-channel crosstalk crosstalk figure measured
between any pair of acoustic or engineering signal channels shall

square signal is supplied by a sensor on any signal channel with
no signals applied by the sensors on other channels, the

dB re 1 volt root mean square.  The measurement shall be made
with the system fully assembled and test signals used shall be

range of the system.  The signal input measurement point shall be
at the sensor location and the signal output point shall be at

other components of the syustem shall be constructed so that this
benchtop environment.

f. : The array shall be faired along its entire length
with a haired fairing.  The length of this fairing strands shall

the fairing shall conform to customary industry practice for
effective reduction of current-induced strum.

Array Electromechanical Cable:

Mechanical Strength: The array shall have a working strength
newtons force and a breaking strength of at

least 40,000 
electrically or mechanically by being deployed through a sheave
of diameter 75 centimeters under conditions of a 90 degree cable

newtons.

b. :  Separate electrical and mechanical
terminations shall be used to provide strain relief for the

be connected and disconnected while maintaining a working
strength tension on the assembled mechanical terminations.

array.
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c. Electrical Terminations:  The array shall be connected
electrically to the DAU via one or more waterproof multipin
electrical connectors.  This connector shall have a 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
assembled.

4.11.2  Hydrophones

4.11.2.1  Attachment to the array: The hydrophones shall be mounted
external to the array cable and shall be designed so they are
readily removable from and replaceable onto the array for
purposes of testing and repair.  The mechanical attachment shall
be of a shock-mount type and shall conform to standard industry
practice for shock-mounting hydrophones.  Electrical attachment
to the array shall be made by using waterproof electrical
connectors which have strain relief caps.  These strain relief
caps will withstand a force of 500 newtons without disconnecting
the connector or compromising its electrical integrity.

4.11.2.2 Hydrophone sensitivity and electrical performance

a. Preamplifiers: The hydrophone units shall have signal
preamplifiers 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
electronics unit.

b. Sensitivity: The nominal sensitivity of the hydrophone sensors
measured at the current-to-voltage converter shall be at least -
180 decibels relative to 1 volt per micropascal acoustic signal
pressure.  The hydrophone sensitivity shall be selectable between
this nominal sensitivity and a 40 decibel lower sensitivity (for
use with high-level acoustic signals) by reversal of the
preamplifier power supply polarity.  The absolute sensitivity
calibration (referred to 1 micropascal) of each hydrophone to an
accuracy of 0.5 decibels shall be provided over the frequency
range 20 Hz to 5 kHz in intervals no larger than 1/3 octave
intervals.  This information shall be provided in a word-
processing compatible table and in hard-copy form.  This
calibration data shall contain information necessary to associate
the data with each of the corresponding hydrophones via indelible
marks on the exterior of the hydrophone units.

c. Passband Flatness and channel-to-channel uniformity: As
measured 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.



22

d.  The differences in sensitivity of any acoustic channel, with
decibel sensitivity values averaged over the linearly-weighted
frequency band, to the similarly-averaged sensitivity of any
other acoustic channel shall not vary by more 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 made for
injecting a user-provided calibration signal through each and
every one of the hydrophone preamplifiers (i.e., one at a time
and all simultaneously) with the array connected electrically to
the DAU and the amplifiers powered by the DAU electronics in a
laboratory setting.  For each of the hydrophones, the calibration
signal shall be applied to the preamplifier input in series with
the hydrophone crystal element.

f. Hydrophone self noise: The electrical self-noise of the
assembled hydrophones/preamplifier/array/DAU system, when
operated in the system's highest gain state, shall be
sufficiently low that this self noise, as measured at the input
to the analog-to-digital converter within the DAU, shall not
exceed the following equivalent acoustic noise levels when the
electrical amplification gains and hydrophone sensitivities are
accounted for.  The levels are: 45 decibels relative to 1
micropascal-squared per Hz throughout the frequency range 50 Hz
to 500 Hz and 25 decibels relative to 1 micropascal-squared per
Hz throughout the frequency range 500 Hz to 10 kHz.

4.12  Horizontal Array Option 1:

a. Number of Hydrophones: The array shall have no fewer than 32
hydrophones.

b. Array length: The length of the array, measured from the DAU
connector to the mechanical termination at the opposite end will
not be less than 50 meters and will not exceed 200 meters.  The
length will be provided by the COR upon exercise of the option.

c. Hydrophone positions and spacing: The location of each of the
hydrophones along the array will be specified by the COR upon
exercise of the option.  The sensing elements of the hydrophones
will located at these positions to a tolerance of ± 5
centimeters.

d. Operational Depth: The array shall function and meet all
specifications when deployed in the ocean to any depth less than
or equal to 500 meters.
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e. Inter-channel crosstalk: The signal crosstalk figure measured
between any pair of acoustic or engineering signal channels shall
be no greater than -60 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 mean square.  The measurement shall be made
with the system fully assembled and test signals used shall be
continuous wave signals at any frequency throughout the operating
range of the system.  The signal input measurement point shall be
at the sensor location and the signal output point shall be at
the input to the analog-to-digital converter.  The array and
other components of the syustem shall be constructed so that this
measurement can be made in a laboratory benchtop environment.

4.12.1 Array Electromechanical Cable:

a. Mechanical Strength: The array shall have a working strength
of at least 20,000 newtons force and a breaking strength of at
least 40,000 newtons force.  The array cable shall not be damaged
electrically or mechanically by being deployed through a sheave
of diameter 75 centimeters under conditions of a 90 degree cable
bend with a cable tension of 20,000 newtons.

b. Mechanical Terminations:  Separate electrical and mechanical
terminations shall be used to provide strain relief for the
electrical connector and to enable the electrical connector(s) to
be connected and disconnected while maintaining a working
strength tension on the assembled mechanical terminations.
Mechanical terminations shall be provided at both ends of the
array.

c. Electrical Terminations:  The array shall be connected
electrically to the DAU via one or more waterproof multipin
electrical connectors.  This connector shall have a 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
assembled.

4.12.2  Hydrophones

4.12.2.1 Attachment to the array: The hydrophones shall be mounted
external to the array cable and shall be designed so they are
readily removable from and replaceable onto the array for
purposes of testing and repair.  The mechanical attachment shall
be of a shock-mount type and shall conform to standard industry
practice for shock-mounting hydrophones.  Electrical attachment
to the array shall be made by using waterproof electrical
connectors which have strain relief caps.  These strain relief
caps will withstand a force of 500 newtons without disconnecting
the connector or compromising its electrical integrity.
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4.12.2.2 Hydrophone sensitivity and electrical performance

a. Preamplifiers: The hydrophone units shall have signal
preamplifiers 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
electronics unit.

b. Sensitivity: The nominal sensitivity of the hydrophone sensors
measured at the current-to-voltage converter shall be at least -
180 decibels relative to 1 volt per micropascal acoustic signal
pressure.  The hydrophone sensitivity shall be selectable between
this nominal sensitivity and a 40 decibel lower sensitivity (for
use with high-level acoustic signals) by reversal of the
preamplifier power supply polarity.  The absolute sensitivity
calibration (referred to 1 micropascal) of each hydrophone to an
accuracy of 0.5 decibels shall be provided over the frequency
range 20 Hz to 5 kHz in intervals no larger than 1/3 octave
intervals.  This information shall be provided in a word-
processing compatible table and in hard-copy form.  This
calibration data shall contain information necessary to associate
the data with each of the corresponding hydrophones via indelible
marks on the exterior of the hydrophone units.

c. Passband Flatness: As measured 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 made for
injecting a user-provided calibration signal through each and
every one of the hydrophone preamplifiers (i.e., one at a time
and all simultaneously) with the array connected electrically to
the DAU and the amplifiers powered by the DAU electronics in a
laboratory setting.  For each of the hydrophones, the calibration
signal shall be applied to the preamplifier input in series with
the hydrophone crystal element.

e. Hydrophone self noise: The electrical self-noise of the
assembled hydrophones/preamplifier/array/DAU system, when
operated in the system's highest gain state, shall be
sufficiently low that this self noise, as measured at the input
to the analog-to-digital converter within the DAU, shall not
exceed the following equivalent acoustic noise levels when the
electrical amplification gains and hydrophone sensitivities are
accounted for.  The levels are: 45 decibels relative to 1
micropascal-squared per Hz throughout the frequency range 50 Hz
to 500 Hz and 25 decibels relative to 1 micropascal-squared per
Hz throughout the frequency range 500 Hz to 10 kHz.
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4.13  Horizontal Array Option 2:

a. Number of Hydrophones: The array shall have no fewer than 96
hydrophones.

b. Array length: The length of the array, measured from the DAU
connector to the mechanical termination at the opposite end will
not be less than 200 meters and will not exceed 1500 meters.  The
length will be provided by the COR upon exercise of the option.

c. Hydrophone positions and spacing: The location of each of the
hydrophones along the array will be specified by the COR upon
exercise of the option.  The sensing elements of the hydrophones
will located at these positions to a tolerance of ± 5
centimeters.

d. Operational Depth: The array shall function and meet all
specifications when deployed in the ocean to any depth less than
or equal to 500 meters.

e. Inter-channel crosstalk: The signal crosstalk figure measured
between any pair of acoustic or engineering signal channels shall
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 mean square.  The measurement shall be made with
the system fully assembled and test signals used shall be
continuous wave signals at any frequency throughout the operating
range of the system.  The signal input measurement point shall be
at the sensor location and the signal output point shall be at
the input to the analog-to-digital converter.  The array and
other components of the syustem shall be constructed so that this
measurement can be made in a laboratory benchtop environment.

4.13.1 Array Electromechanical Cable:

a. Mechanical Strength: The array shall have a working strength
of at least 20,000 newtons force and a breaking strength of at
least 40,000 newtons force.  The array cable shall not be damaged
electrically or mechanically by being deployed through a sheave
of diameter 75 centimeters under conditions of a 90-degree cable
bend with a cable tension of 20,000 newtons.

b. Mechanical Terminations: Separate electrical and mechanical
terminations shall be used to provide strain relief for the
electrical connector and to enable the electrical connector(s) to
be connected and disconnected while maintaining a working
strength tension on the assembled mechanical terminations.
Mechanical terminations shall be provided at both ends of the
array.
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c. Electrical Terminations: The array shall be connected
electrically to the DAU via one or more waterproof multi-pin
electrical 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
assembled.

4.13.2 Hydrophones

4.13.2.1 Attachment to the array: The hydrophones shall be mounted
external to the array cable and shall be designed so they are
readily removable from and replaceable onto the array for
purposes of testing and repair.  The mechanical attachment shall
be of a shock-mount type and shall conform to standard industry
practice for shock-mounting hydrophones.  Electrical attachment
to the array shall be made by using waterproof electrical
connectors which have strain relief caps.  These strain relief
caps will withstand a force of 500 newtons without disconnecting
the connector or compromising its electrical integrity.

4.13.2.2 Hydrophone sensitivity and electrical performance

a. Preamplifiers: The hydrophone units shall have signal
preamplifiers 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
electronics unit.

b. Sensitivity: The nominal sensitivity of the hydrophone sensors
measured at the current-to-voltage converter shall be at least -
180 decibels relative to 1 volt per micropascal acoustic signal
pressure.  The hydrophone sensitivity shall be selectable between
this nominal sensitivity and a 40 decibel lower sensitivity (for
use with high-level acoustic signals) by reversal of the
preamplifier power supply polarity.  The absolute sensitivity
calibration (referred to 1 micropascal) of each hydrophone to an
accuracy of 0.5 decibels shall be provided over the frequency
range 20 Hz to 5 kHz in intervals no larger than 1/3 octave
intervals.  This information shall be provided in a word-
processing compatible table and in hard-copy form.  This
calibration data shall contain information necessary to associate
the data with each of the corresponding hydrophones via indelible
marks on the exterior of the hydrophone units.

c. Passband Flatness: As measured 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 made for
injecting a user-provided calibration signal through each and
every one of the hydrophone preamplifiers (i.e., one at a time
and all simultaneously) with the array connected electrically to
the DAU and the amplifiers powered by the DAU electronics in a
laboratory setting.  For each of the hydrophones, the calibration
signal shall be applied to the preamplifier input in series with
the hydrophone crystal element.

e. Hydrophone self noise: The electrical self-noise of the
assembled hydrophones/preamplifier/array/DAU system, when
operated in the system's highest gain state, shall be
sufficiently low that this self noise, as measured at the input
to the analog-to-digital converter within the DAU, shall not
exceed the following equivalent acoustic noise levels when the
electrical amplification gains and hydrophone sensitivities are
accounted for.  The levels are: 45 decibels relative to 1
micropascal-squared per Hz throughout the frequency range 50 Hz
to 500 Hz and 25 decibels relative to 1 micropascal-squared per
Hz throughout the frequency range 500 Hz to 10 kHz.

4.14  Increased array depth: Options to increase the specified depth
from 500 to 1000 meters in sections 4.10 through 4.13 inclusive.

4.15 Vertical Array Cable: Provide an option to purchase at least 2
kilometers of vertical cable.

4.16 Horizontal Array Cable: Provide an option to purchase at least 2
kilometers of horizontal cable.


