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NPAL Philippine Sea Experiment: 2009 Pilot Study/Engineering Test 
SIO Experiment Plan 

 
 
A short-term Pilot Study/Engineering Test, referred to as PhilSea09, will be conducted in the 
northern Philippine Sea during April-May 2009, preceding the yearlong Philippine Sea deep-
water acoustic propagation experiment planned for 2010–2011. The strategy is to instrument a 
single acoustic path from among the multiple paths planned for the 2010–2011 experiment. A 
225–325 Hz Webb Research Corporation (WRC) swept-frequency source with an integrated 
STAR controller and data acquisition system will be moored at location T1. The WRC 
transmissions will be recorded by a new Distributed Vertical Line Array (DVLA) receiver, as 
well as by the towed Five Octave Research Array (FORA). Following installation of transceiver 
T1 and the DVLA, additional sources (HX-554, Multiport, J15-3) will be lowered and/or towed 
from shipboard on a subsequent research cruise. The transmissions from the ship-suspended 
sources will also be recorded on the DVLA and on the FORA array. The 2009 objectives are: 
 
(i) To obtain an initial look at deep-water acoustic propagation and ambient noise in the northern 
Philippine Sea, with special emphasis on reliable acoustic path (RAP) propagation and on using 
long duration transmissions to study temporal variability; and 
 
(ii) To test the equipment planned for use in 2010–2011 under actual operating conditions. 
 
SIO (Worcester) is responsible for the moored source at T1 and the DVLA. SIO (D’Spain) is 
responsible for the J15-3 source suspended from shipboard. APL-UW is responsible for HX-554 
and Multiport sources suspended from shipboard, as well as for a towed CTD chain. MIT and 
OASIS are responsible for the FORA array. This document summarizes the SIO plans for which 
Worcester (SIO) is the Principal Investigator. 
 
1. Geometry 
 
The overall geometry and acoustic path are shown in Figure 1, imposed on Smith-Sandwell 11.1 
bathymetry. Table 1 gives nominal mooring locations, water depths, ranges, and travel times. 
Figure 2 gives the detailed bathymetry in the immediate vicinity of each mooring. The 
temperature, salinity, and sound-speed profiles at the DVLA for April from the World Ocean 
Atlas 2005 (WOA05) are shown in Figure 3. 
 
Moored DVLA receiver (PI: P. Worcester, SIO) 
 
Two subarrays of the new DVLA, with a combined total of 60 hydrophones, will be deployed. 
One subarray will span the sound-channel axis, which is at 1000–1100 m depth throughout the 
year at the DVLA location. The second subarray will span the surface conjugate depth, which is 
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at 4670 m in April, 4890 m in May, and 5026 m in June (WOA05). The surface conjugate depth 
of course changes substantially during the year, as it depends on the sound speed at the surface. 
 
The mooring design is shown in Figure 4. D-STAR (DVLA–Simple Tomographic Acoustic 
Receiver) controllers will be located at the top of each subarray. The locations of the receiving 
elements, called Hydrophone Modules, are given in Table 2. Each subarray will have 30 
Hydrophone Modules: 
 

• The axial subarray will consist of (i) an array of 25 Hydrophone Modules spaced 25 m 
apart to resolve the low-order modes for transmissions from the moored source at T1, (ii) 
two (2) Hydrophone Modules spaced 75 m apart above the mode-resolving array, and 
(iii) three (3) Hydrophone Modules spaced 75 m apart below the mode-resolving array. 
The more widely spaced Hydrophone Modules are designed to characterize the near-axial 
time front. 

 
• The deep subarray will consist of (i) a dense array of 20 Hydrophone Modules located 

below the surface conjugate depth and spaced λ/2 apart at 150 Hz (5.0 m) to resolve the 
angular dependence of the ambient noise, and (ii) ten (10) Hydrophone Modules spaced 
90 m apart located above the dense array, spanning the surface conjugate depth in order 
to characterize the time front and ambient noise in the vicinity of the surface conjugate 
depth. The mooring will be designed to allow the deep subarray to be placed 100 or 200 
m deeper in the water column than the nominal depth, in order to ensure that the dense 
array at 5.0 m spacing is located below the surface conjugate depth. A CTD cast will be 
made prior to deploying the mooring to determine whether or not to move the subarray 
deeper. 

 
The DVLA will be navigated using the long-baseline navigation systems in the D-STARs and a 
Sonatech NT-104 acoustic transponder network on the seafloor (four transponders). The 
Sonatech transponders use jitter-reduction technology to improve timing precision. 
 
The DVLA will remain in place for about one month, while coordinated ship-based components 
of the experiment are conducted. 
 
Moored acoustic transceiver T1 (PI: P. Worcester, SIO) 
 
The 225–325 Hz WRC swept-frequency source will be located at a depth of 1050 m, 
approximately on the sound-channel axis. The source level on-axis is 190 dB re 1 µPa at 1 m. 
The T1-DVLA path is 192.797 km long (Table 1). A 250-Hz array of four hydrophones will be 
placed above the source (hydrophone separation 9.0 m, i.e., 3/2λ at 250 Hz) to record ambient 
noise. 
 
The mooring design is given in Figure 5. 
 
The ray paths and the bathymetry between mooring T1 and the DVLA are shown in Figure 6. 
The predicted time front at the DVLA is shown in Figure 7. 
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The source mooring will be navigated using the long-baseline navigation system in the STAR 
controller integrated into the WRC source and a Benthos acoustic transponder network on the 
seafloor (three transponders). 
 
The moored source will remain in place for about one month, while coordinated ship-based 
components of the experiment are conducted. 
 
Moored temperature, salinity, pressure, and velocity measurements: DVLA and T1 (PI: J. 
Colosi, NPS) 
 
The DVLA will be densely populated with Seabird MicroCATs (SBE 37-SM/SMP) and 
Temperature Recorders (SBE 39) (Table 3 and Fig. 4). In addition, it will have a near-surface, 
upward-looking 150 kHz ADCP to measure near-surface current profiles. Source mooring T1 
will also be densely populated with Seabird MicroCATs and Temperature Recorders (Table 3 
and Fig. 5). It will have near-surface up and down-looking 300 kHz ADCPs. 
 
The DVLA will also have a Nortek Aquadopp current meter just above the reserve buoyancy at 
the base of the mooring (Fig. 4). The goal is to measure the current velocity in the deep 
Philippine Sea, although it is uncertain whether or not there will be sufficient scatterers for the 
Doppler velocimeter to function correctly. The Aquadopp is within 100 m of the seafloor, with 
the hope that the density of scatterers will be greater close to the seafloor. 
 
In addition, the D-STAR controllers in the DVLA and the STAR controller in the 225–325 Hz 
WRC source will measure pressure with an accuracy of ± 3.5 dBars (0.05% of 7000 dBar full 
scale). The Hydrophone Modules in the DVLA will make precision temperature measurements 
with an initial accuracy of ± 0.005°C. 
 
2. Acoustic transmission/reception schedule 
 
Transceiver T1 Transmission and Reception Schedules 
 
The moored source will transmit on three different schedules: 
 
(i) Monitor. Immediately following deployment the source will transmit once per hour for 24 
hours, using standard 135-s FM transmissions (225–325 Hz). The transmissions will be 
monitored from shipboard using AN/SSQ-57B sonobuoys to verify proper operation. The 
transmissions will occur at HR:00. 
 
(ii) Experiment: Tomography. The background source schedule, when no other T1 schedule is 
active, is one transmission every three hours, using standard 135-s FM transmissions (225–325 
Hz). This schedule will be used for the tomographic array in 2010–2011. The 3-hr sampling 
period is designed to be adequate to resolve the semi-diurnal tides. The transmissions will occur 
at 0000Z, 0300Z, 0600Z, … 2100Z. 
 
(iii) Experiment: Long-timescale. Standard 135-s transmissions (225–325 Hz) will be made at 5-
min intervals for one period of three consecutive days and for two additional one-day periods. 
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The goal is to explore longer timescale variability and to provide signals for the FORA array. 
The inertial period at the DVLA (21.360°N) is 32.9 hr. The transmissions will occur at HR:00, 
HR:05, HR:10, … HR:55. 
 
The WRC/STAR will be programmed to record signals only during the Tomography schedule. It 
will receive and store samples for 155.0000 s once every three hours in conjunction with the 
Tomography transmissions. The sample rate will be 2000 Hz. The receptions will occur at 
0010Z, 0310Z, 0610Z, … 2110Z.  
 
The overall transmission schedule is as follows: 
 
Schedule Start Time Yearday 

2009 
Comments 

    
Deployment spin-up  NAV-PT-OSTAR, Rb tasks only 

(no transmissions or disk writes) 
Monitor 8 hr after spin-up  Transmissions at hourly intervals 

(no disk writes) 
Tomography 8 hr after spin-up + 24 hr  Transmissions at 3-hr intervals 
Long-timescale 1005Z, 21 April 2009 111 Transmissions at 5-min intervals 
Tomography 1000Z, 22 April 2009 112 Transmissions at 3-hr intervals 
Long-timescale 0400Z, 30 April 2009 120 Transmissions at 5-min intervals* 
Tomography 0400Z, 3 May 2009 123 Transmissions at 3-hr intervals 
Long-timescale 0000Z, 6 May 2009 126 Transmissions at 5-min intervals 
Tomography 0000Z, 7 May 2009 127 Transmissions at 3-hr intervals 
Recovery 1600Z, 9 May 2009 129 NAV-PT-OSTAR, Rb tasks only 

(no transmissions or disk writes) 
 
*Transmissions will not occur on year days 121 and 122 at 00:00:00, 00:05:00, 00:10:00 in order 
to allow Rubidium measurements to be made (Section 6). 
 
The Deployment schedule provides time to deploy the acoustic transceiver and ensure that it is 
hanging nearly vertical under the subsurface float prior to any transmissions. The WRC/STAR 
will not write to disk during the deployment, monitor, and recovery schedules. The final 
recovery schedule is designed to stop transmissions prior to recovery of the source. 
 
The energy budget for the WRC source is given in Table 4. 
 
DVLA Reception Schedule 
 
The DVLA sample rate for all acoustic receptions will be 1953.125 Hz. 
 
T1 Receptions. During the Tomography and Long-timescale schedules, the DVLA will record for 
155.0000 s beginning ten seconds prior to the nominal arrival time of the beginning of the FM 
sweep in order to provide approximately10-s buffer periods before and after the expected arrival 
time. Table 5 gives the time intervals when T1 is transmitting, when acoustic signals are present 
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at the DVLA, and when recording is to start, all relative to the beginning of the hour. One of the 
receptions each hour during the Long-timescale schedule has to be eliminated in order to allow 
for the mooring NAV sequence at the DVLA. The Tomography transmissions occur every three 
hours, at 0000Z, 0300Z, 0600Z, … 2100Z. 
 
Ambient Noise Recording. During the Tomography schedule, the DVLA will record for 
155.0000 s shortly after each T1 reception, when no signal is expected to be present, in order to 
record ambient noise. Table 5 gives the time when recording is to start, relative to the beginning 
of the hour. 
 
Continuous Receptions. The DVLA will record continuously, except for intervals once per hour 
to allow for NAV tasks to measure the mooring motion (Section 4), at times when the ship-
suspended sources (HX-554, Multiport, J15-3) are scheduled to be transmitting. No separate T1 
or ambient noise receptions will occur during these periods. The Hydrophone Modules are 
powered up throughout each continuous reception period. The HM clock is set once for each 
continuous reception, after allowing the HM oscillator to warm up for 400 s. The D-STARs 
invoke time latches of the HMs twice an hour throughout the continuous receptions, however, at 
HR:20:22 and HR:50:22, to allow for post-experiment clock corrections. 
  
The overall DVLA reception schedule is as follows: 
 
Schedule Start Time Yearday 

2009 
Comments 

    
Deployment spin-up  NAV-PT-OSTAR, Rb tasks only 

(no D-STAR disk writes) 
Tomography 8 hr after spin-up  Receptions at 3-hr intervals 
Continuous 0000Z, 17 April 2009 107 Continuous receptions 
Tomography 0000Z, 25 April 2009 115 Receptions at 3-hr intervals 
Continuous 0000Z, 26 April 2009 116 Continuous receptions 
Long-timescale 0400Z, 30 April 2009 120 Receptions at 5-min intervals* 
Tomography 0400Z, 3 May 2009 123 Receptions at 3-hr intervals 
Long-timescale 0000Z, 6 May 2009 126 Receptions at 5-min intervals 
Tomography 0000Z, 7 May 2009 127 Receptions at 3-hr intervals 
Recovery 1600Z, 7 May 2009 127 NAV-PT-OSTAR, Rb tasks only 

(no D-STAR disk writes) 
 
*Receptions will not occur on year days 121 and 122 at 00:00:00, 00:05:00, 00:10:00 in order to 
allow Rubidium measurements to be made (Section 6). 
 
The D-STARs will not write to disk during the Deployment and Recovery schedules. 
 
Data storage 
 
The data storage budgets for the WRC/STAR receiver and the DVLA Hydrophone Modules are 
given in Table 6. Each WRC/STAR has two 11-Gbyte disk drives; the data will be written in 
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parallel to both drives for redundancy. Each Hydrophone Module in the DVLA has a 16-Gbyte 
Secure Digital card. 
 
3. Ambient noise, SNR, and Receiver Gain 
 
At 275 Hz both distant ship traffic and surface processes contribute to the ambient noise. 
Ambient noise has a predicted spectral level of 66.7 dB re 1 µPa/√Hz at 275 Hz due to surface 
processes (Sea state 4) and a predicted spectral level of 66.4 dB re 1 µPa/√Hz at 275 Hz due to 
shipping (using shipping density VI as a worst case) (Sadowski, Katz, and McFadden, Ambient 
Noise Standards for Acoustic Modeling and Analysis, Naval Underwater Systems Center, 1984). 
The overall predicted spectral level is then about 69.6 dB re 1 µPa/√Hz. The predicted signal-to-
noise ratio (SNR) for the WRC source receptions at the DVLA is given in Table 7. 
 
The software-selectable WRC/STAR gain (PGA: 0-38 dB) will be set to 0 dB to record ambient 
noise. 
 
4. Long-baseline acoustic navigation system, transponder survey, and acoustic releases 
 
The WRC/STAR transceiver on mooring T1 will be tracked using three Benthos TR-6001 
transponders deployed in a circle of radius 3500 m approximately centered on the mooring 
location. The WRC/STAR will operate in a single-frequency interrogate (9.0 kHz), multiple-
frequency reply (11.0, 11.5, 12.0 kHz) mode. Even though the Benthos transponders do not use 
jitter-reduction technology, the WRC/STAR will use 2-ms jitter-reduction precursors (10.0 kHz) 
preceding 8-ms interrogation pulses (9.0 kHz). The WRC/STAR will transmit interrogation 
signals once per hour continuously throughout the experiment and record the transponder replies 
without processing using a 15-s recording window. 
 
The DVLA will be tracked using four Sonatech NT-104 acoustic transponders deployed in a 
circle of radius 3500 m approximately centered on the mooring location. The D-STARs will 
operate in a single-frequency interrogate (9.0 kHz), multiple-frequency reply (11.0, 11.5, 12.0, 
12.5 kHz) mode. The transponders all use Sonatech’s proprietary jitter-reduction technology. 
The D-STARs will use 2-ms jitter-reduction precursors (10.0 kHz) preceding 8-ms interrogation 
pulses (9.0 kHz). The two D-STARs will transmit interrogation signals once per hour 
continuously throughout the experiment and record the transponder replies without processing 
using a 15-s recording window. The Hydrophone Modules will record both the interrogate pulse 
and the transponder replies using a 15-s recording window that starts two seconds prior to the 
interrogate pulse. The D-STAR interrogation sequences will occur sequentially in order not to 
interfere with one another. 
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 STAR Mooring 
ID 

Bottle 
ID 

Transmit Time 
(UTC) 

Frequency 
(kHz) 

T1  1 0 HR:37:30 9.0 
DVLA 

Tomography 
Continuous 
Long-timescale 

Axial 0 0  
HR:55:55 
HR:55:55 
HR:52:55 

9.0 

DVLA  
Tomography 
Continuous 
Long-timescale 

Deep 0 1  
HR:56:35 
HR:56:35 
HR:53:35 

9.0 

 
Recording at the Hydrophone Modules during the Continuous schedule will be interrupted once 
per hour for the Navigation task. The schedule will be: 
 

 Bottle ID 0 Bottle ID 1 
NAV set-up (2 s) HH:55:51 – HH:55:53 HH:56:31 – HH:56:33 
NAV sampling (39062.5 Hz) HH:55:53 – HH:56:08 HH:56:33 – HH:56:48 
Sampling set-up (2 s) HH:56:08 – HH:56:10 HH:56:48 – HH:56:50 
Sampling (1953.125 Hz) HH:56:10 – HH+1:55:51 HH:56:50 – HH+1:56:31 
 
It will be possible to filter and decimate the Navigation receptions at the Hydrophone Modules to 
make slightly more continuous time series at the lower sample rate, if desired. 
 
The transponder and mooring locations will be surveyed after deployment. An attempt will be 
made to use the R/V Melville’s 12-kHz transducer for the surveys, because it is rigidly attached 
to the ship. An interrogate transducer will be lowered over the side if the attempt to use the 
ship’s 12-kHz transducer is unsuccessful. The survey will use GPS navigation (using the ship’s 
P(Y)-code GPS receiver). The ship's gyrocompass heading will be recorded so that the GPS 
positions can be corrected to be at the position of the interrogate transducer. 
 
The acoustic releases to be used are: 
 

Mooring Release #1 
S/N 

Release #2 
S/N 

   
T1 589 (2 yr) 588 (2 yr) 
DVLA 679 (2 yr) 680 (2 yr) 
Spares 585 (2 yr) 587 (2 yr) 

 
John Kemp will provide a spare Benthos DS-7000 deck unit. 
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5. In situ time checks 
 
In situ time-checks will be performed at the times of mooring deployment and recovery using the 
STAR Deck Unit. Time checks will be performed in response to the 9.0 kHz interrogate pulses 
generated by the WRC/STAR and D-STARs. 
 
6. Other DVLA and WRC/STAR measurements 
 
WRC/STAR and D-STAR. Every hour each STAR will make external pressure/temperature and 
tilt-meter/compass/temperature (FSI OSTAR) measurements in conjunction with the navigation 
measurements. The full-scale range of the pressure sensors in the STAR controllers in the WRC 
sources and in the D-STARs is 7000 dBar absolute. (The temperature sensors are located inside 
the STAR and therefore do not provide accurate measurements of ocean temperature due to the 
heat generated by the STAR electronics.) Once a day a daily task will occur. The outstanding 
engineering data may be written to disk at this time, depending on when the buffer holding the 
engineering data becomes full. 
 
The frequency of the precision, low-power Q-Tech MCXO QT2002 system oscillator will be 
compared once per day with the frequency of a Symmetricom X72 Rubidium frequency standard 
and the difference between the two recorded with a precision of 1 part in 1010. The low-power 
oscillator frequency is not adjusted in response to the Rb measurement, however, so the STAR 
clock will gradually drift. The low-power oscillator is typically set with a precision of about 1 
part in 108, giving a low frequency drift of order 1 ms/day. 
 
Hydrophone Module. During all schedules but the Continuous Reception schedule, the 
Hydrophone Modules will make precision temperature measurements at 15-minute intervals 
(HR:05:00, HR:20:00, HR:35:00, HR:50:00), in addition to the P/T measurement made in 
conjunction with the NAV task. During the Continuous Reception schedule, the Hydrophone 
Modules will make temperature measurements at 5-minute intervals (HR:00:00, HR:05:00, 
HR:10:00, … HR:55:00). 
 
7. CTD measurements 
 
CTD. Deep CTD casts will be made near moorings T1 and DVLA during deployment and 
recovery. Additional deep CTD casts will be done as time permits on the acoustic path between 
T1 and the DVLA. The SIO Oceanographic Data Facility will provide the CTD (Seabird), as 
well as a data acquisition system, for the deployment and recovery cruises on the R/V Melville. 
 
8. Cruise plans 
 
The cruise schedules are given in Table 8. The scientific parties are given in Table 9. Table 10 
gives an overall summary of the PhilSea09 schedules. 
 
John Kemp (WHOI) is responsible for preparing the moorings and will be in charge of the deck 
during the mooring deployment and recovery cruises. SIO will provide our Lebus winch and four 
air tuggers. 
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Upon arriving at each nominal mooring location, we will do a bathymetric survey using the R/V 
Melville’s EM120 multibeam system to determine the precise location at which to deploy the 
moorings. Both moorings will be deployed anchor last and recovered buoy first. 
 
Bathymetry and sub-bottom profiles along the acoustic path between mooring T1 and the DVLA 
and in the vicinity of the moorings will be measured using the ship’s EM120 multibeam system 
and Knudsen 320B sub-bottom profiler operating at 3.5 kHz, respectively.  
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Table 1. Mooring geometry, PhilSea09. 
 
Mooring locations, water depths (corrected), ranges (WGS-84), and predicted travel times of the 
final cut-offs of the acoustic receptions. 
 

 Position Water 
Depth 
(m) 

T1 22° 53.52’N, 126° 54.48’E 
(22.892°N, 126.908°E) 

5770 

DVLA 21° 21.60’N, 126° 01.20’E 
(21.360°N, 126.020°E) 

5530 

 
Nominal range (km) (WGS-84) 
 

 T1 DVLA 
T1 0 192.797 

 
Nominal travel times (s) for final cut-offs (computed assuming an average axial sound speed of 
1481.7 m/s) 
 

 T1 DVLA 
T1 0 130.119 
DVLA  0 
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Table 2. Hydrophone Module depths, PhilSea09. 
 

Axial subarray Deep subarray 
Depth (m) Hydrophone 

Module 
Comments Depth (m) Hydrophone 

Module 
Comments 

 DSTAR   DSTAR  
650 H0 75-m spacing 4285 H0 90 m spacing 
725 H1  4375 H1  
800 H2 25-m spacing 4465 H2  
825 H3  4555 H3  
850 H4  4645 H4 April critical 

depth 4670 m 
875 H5  4735 H5  
900 H6  4825 H6 May critical 

depth 4890 m 
925 H7  4915 H7  
950 H8 5005 H8 June critical 

depth 5026 m 
975 H9 5095 H9  

1000 H10 5185 H10 
1025 H11 5190 H11 
1050 H12 

Axial depth 
1000–1100 m 

5195 H12 
1075 H13  5200 H13 
1100 H14  5205 H14 
1125 H15  5210 H15 
1150 H16  5215 H16 
1175 H17  5220 H17 
1200 H18  5225 H18 
1225 H19  5230 H19 
1250 H20  5235 H20 
1275 H21  5240 H21 
1300 H22  5245 H22 
1325 H23  5250 H23 
1350 H24  5255 H24 
1375 H25  5260 H25 
1400 H26 75-m spacing 5265 H26 
1475 H27  5270 H27 
1550 H28  5275 H28 
1625 H29  5280 H29 

5-m spacing 
(λ/2 at 150 Hz) 

   5634  Seafloor 
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Table 3. Moored environmental observations, PhilSea09 (J. Colosi, PI). 
 
The instruments are deployed at depths derived from WKB baroclinic scaling. 

SBE37-SMP/SBE37-SM: Seabird MicroCAT (pumped/without pump) 
SBE39: Seabird Temperature Recorder 

 
DVLA 
 

Depth (m) Instrument Depth (m) Instrument 
100 SBE37-SMP 680 SBE37-SM 
130 SBE37-SMP 730 SBE37-SM 
160 SBE37-SMP 800 SBE37-SM 
190 SBE37-SMP 870 SBE37-SM 
220 SBE37-SMP 940 SBE37-SM 
250 SBE37-SMP 1020 SBE39 
280 SBE37-SMP 1110 SBE39 
320 SBE37-SMP 1220 SBE39 
350 Up-looking ADCP (150 kHz) 1340 SBE39 
360 SBE37-SMP 1480 SBE39 
390 SBE37-SMP 1650 SBE39 
440 SBE37-SMP 1860 SBE37-SM 
480 SBE37-SMP 2160 SBE39 
520 SBE37-SMP 2640 SBE39 
570 SBE37-SM 5000 SBE37-SMP 
620 SBE37-SM   

 
T1 
 

Depth (m) Instrument Depth (m) Instrument 
100 SBE37-SM 680 SBE39 
130 SBE39 730 SBE37-SM 
150 Up & down-looking ADCPs 

(300 kHz) 
800 SBE39 

160 SBE37-SM 870 SBE37-SM 
190 SBE39 940 SBE37-SM 
220 SBE37-SM 1020 SBE39 
250 SBE39 1110 SBE39 
280 SBE37-SM 1220 SBE39 
320 SBE39 1340 SBE39 
360 SBE37-SM 1480 SBE39 
390 SBE39 1650 SBE39 
440 SBE37-SM 1860 SBE39 
480 SBE39 2160 SBE39 
520 SBE37-SM 2640 SBE39 
570 SBE39 5000 SBE39 
620 SBE37-SM   
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Table 4. WRC sweeper source energy budget, PhilSea09. 
 
Each 135-s transmission consumes approximately (4 A x (15 + 135 s) = 600) Amp-seconds at 45 
V (7.50 watt-hr). Each parallel string in the source battery pack contains 30 alkaline cells in 
series. Each string has a capacity of 13.2 Ah at an average voltage of about 1.35 VDC per cell 
(535 watt-hr). 
 

Schedule Energy Required 
(Wh) 

Comments 

   
Monitor 180 24 transmissions @ 7.50 W-hr 
Experiment: 
     Tomography 

1920 256 transmissions @ 7.50 W-hr 
(8 xmits/day x 32 days) 

Experiment: 
     Long-timescale 

10,800 1440 transmissions @ 7.50 W-hr 
(288 xmits/day x 5 days) 

   
Total 12,900  
   
Battery capacity 14,980 28 stacks of alkaline cells at 535 Wh/stack 
   
Safety margin 2080 13.9% of battery capacity 
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Table 5. DVLA recording times, PhilSea09. 
 
Time intervals when source T1 is transmitting, when the signals are present at the DVLA, and 
when recording is to start, all relative to the beginning of the hour. The travel times are those for 
the final cut-off. The WRC sweeper source transmissions are recorded beginning 10 s prior to the 
approximate arrival time of the middle of the arrival pattern. The recording at HR:52:00 during 
the Long-timescale schedule is eliminated in order to allow for the mooring NAV sequence at 
the DVLA. The Tomography transmissions occur every three hours, at 0000Z, 0300Z, 0600Z, … 
2100Z. 
 

Source Transmit 
Time (s) 

DVLA: 
T1 Reception 

DVLA: 
T1 Recording 

DVLA: 
Ambient Noise 

Recording 
T1/WRC: 
     Tomography 

HR:00 HR:02:10.119 HR:02:00:00 HR:10:00 

T1/WRC: 
     Long-timescale 

HR:00 
HR:05 
HR:10 
HR:15 
HR:20 
HR:25 
HR:30 
HR:35 
HR:40 
HR;45 
HR:50 
HR:55 

HR:02:10.119 
HR:07:10.119 
HR:12:10.119 
HR:17:10.119 
HR:22:10.119 
HR:27:10.119 
HR:32:10.119 
HR:37:10.119 
HR:42:10.119 
HR:47:10.119 
HR:52:10.119 
HR:57:10.119 

HR:02:00:00 
HR:07:00:00 
HR:12:00:00 
HR:17:00:00 
HR:22:00:00 
HR:27:00:00 
HR:32:00:00 
HR:37:00:00 
HR:42:00:00 
HR:47:00:00 

None 
HR:57:00:00 

None 
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Table 6a. Mooring T1 WRC/STAR data storage budget, PhilSea09. 
 
The WRC/STAR will record ambient noise during the Tomography schedule. Each STAR has 
two 11-Gbyte disk drives. Data will be written in parallel to both drives for redundancy. There 
are four hydrophone channels, and two bytes per data sample. 
 

 Sample Rate 
(Hz) 

Data Storage 
(Gbytes) 

Comments 

Moored source    
WRC: Tomography 2000 0.635 256 receptions @ 155 s 

(8 xmits/day x 32 days) 
    
Navigation 39,062.500 1.041 888 receptions @ 15 s 

(24 NAV/day x 37 days) 
    
Total  2.196  
    
Disk capacity  11.0 Mirrored disks 
    
Safety margin  8.804  
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Table 6b. Hydrophone Module data storage budget, PhilSea09. 
 
Each Hydrophone Module has a 16-Gbyte Secure Digital memory card. There are three bytes per 
data sample. 
 

 Sample Rate 
(Hz) 

Data Storage 
(Gbytes) 

Comments 

Moored source    
WRC: Tomography 1953.125 0.233 256 receptions @ 155 s 

(8 xmits/day x 32 days) 
WRC: Long-timescale 1953.125 1.046 1152 receptions @ 155 s 

(288 xmits/day x 4 days) 
Ambient noise    

WRC: Tomography 1953.125 0.233 256 receptions @ 155 s 
(8 xmits/day x 32 days) 

Ship-suspended sources    
J15-3: 
     35-km ship stop and 
     related tows 

1953.125 2.025 96 hr 

HX-554/Multiport: 
     50-km ship stop 

1953.125 2.025 96 hr 

HX-554/Multiport: 
    111-km ship stop 

1953.125 2.109 100 hr 

    
Navigation 39,062.500 1.561 888 receptions @ 15 s 

(24 NAV/day x 37 days) 
    
Total  9.232  
    
SD card capacity  16.0  
    
Safety margin  6.768  
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Table 7. Signal-to-noise ratio at 275-Hz for the WRC sweeper source, PhilSea09. 
 
The SNR at a single hydrophone for a resolved ray arrival are given. The spreading loss 
calculations for a single ray conservatively assume pure spherical spreading. Attenuation is 
calculated for the North Pacific Ocean using Lovett (A = 0.055). 
 

 193 km  
   
Source level (rms) 190 dB re 1 µPa at 1 m 
   
Spreading loss (spherical) –105.7 dB 
   
Volume attenuation 
(0.0051 dB/km) 

–1.0 dB 

 _____  
Received signal level 83.3 dB re 1 µPa 
   
Noise (1 Hz band) 69.6 dB re 1 µPa/ √Hz 
   
Pulse compression gain 
(135 s) 

21.3 dB 

   
Single hydrophone SNR 35.0 dB 
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Table 8. PhilSea09: SIO Cruise Schedules. 
 
All times are local. Chief Scientist: Dr. Peter Worcester 
 
PhilSea09 SIO Mooring Deployment Cruise: R/V MELVILLE, Kao-hsiung, Taiwan - Kao-
hsiung, Taiwan 
 
March 29–30, 2009: Load 
March 31 – April 9, 2009: At sea 
April 10, 2009: Unload 
 

Date  Yearday 
2009 

Local 
Time 

 

     
19 Feb. Wed.   SIO surface shipment departs San Diego 
6 March Fri.   SIO air shipment departs San Diego 
20 March Fri. 79  SIO personnel depart San Diego 
21 March Sat. 80  SIO personnel arrive Kao-hsiung 
22 March Sun. 81  Pre-cruise prep: Set-up 

Brian Dushaw arrives Kao-hsiung 
23 March Mon. 82  Pre-cruise prep: D-STAR, HM 
24 March Tues. 83  Pre-cruise prep: D-STAR, HM 
25 March Wed. 84  Pre-cruise prep: D-STAR, HM 
26 March Thurs. 85  Pre-cruise prep: WRC Source, HM 
27 March Fri. 86  Pre-cruise prep: WRC Source, HM 

Kathleen Wage arrives Kao-hsiung 
28 March Sat. 87  

0800 
Pre-cruise prep: Contingency 
R/V Melville arrives Kao-hsiung 

29 March Sun. 88  Load ship 
30 March Mon. 89  Load ship 
31 March Tues. 90 1600 Depart Kao-hsiung for mooring T1: 

Kao-hsiung-Hengchun-T1 
42.0 + 347.4 = 389.4 nm 
33.3 hr @ 11.7 kts 

1 April Wed. 91  Transit 
Wire test releases and WRC source 

2 April Thurs. 92 0600 Arrive mooring T1 
Survey bathymetry 
Deploy T1 
CTD (full ocean depth) 

3 April Fri. 93  
 
 
2000 

Deploy transponders 
Survey transponder locations 
Timechecks 
Depart for mooring DVLA: 

192.8 km = 104.1 nm 
8.9 hr @ 11.7 kts 
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Swath bathymetry measurements 
4 April Sat. 94 0600 Arrive mooring DVLA 

Survey bathymetry 
Deploy DVLA 

5 April Sun. 95  Deploy transponders 
Survey transponder locations 
CTD (full ocean depth) 
Timechecks 

6 April Mon. 96  CTD/Contingency 
7 April Tues. 97  CTD/Contingency 
8 April Wed. 98 0000 Depart DVLA for Kao-hsiung: 

DVLA- Hengchun - Kaohsiung 
298.6 + 42.0 = 340.6 nm 
29.1 hr @ 11.7 kts 

9 April Thurs. 99 0800 Arrive Kao-hsiung 
Unload 

10 April Fri. 100  Unload 
Put equipment in storage 

11 April Sat. 101  Scientific party departs Kao-hsiung & 
arrives San Diego 
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PhilSea09 SIO Mooring Recovery Cruise: R/V MELVILLE, Kao-hsiung, Taiwan - Kao-
hsiung, Taiwan 
 
May 5, 2009: Load 
May 6–15, 2009: At sea 
May 16, 2009: Unload 
 

Date  Yearday 
2009 

Local 
Time 

 

     
2 May Sat. 122  SIO personnel depart San Diego 
3 May Sun. 123  SIO personnel arrive Kao-hsiung 
4 May Mon. 124  Pre-cruise prep 
5 May Tues. 125  Load ship 
6 May Wed. 126 1600 Depart Kao-hsiung for mooring DVLA: 

Kao-hsiun-Hengchun-DVLA 
298.6 + 42.0 = 340.6 nm 
29.1 hr @ 11.7 kts 

7 May Thurs. 127  Transit 
8 May Fri. 128 0600 Arrive at mooring DVLA 

Timechecks 
Recover DVLA 

9 May Sat. 129  
 
2000 

Recover transponders 
CTD (full ocean depth) 
Depart for mooring T1: 

192.8 km = 104.1 nm 
8.9 hr @ 11.7 kts 

Swath bathymetry measurements 
10 May Sun. 130 0600 Arrive mooring T1 

Timechecks 
Recover T1 

11 May Mon. 131  Recover transponders 
CTD (full ocean depth) 

12 May Tues. 132  CTD/Contingency 
13 May Wed. 133  

2200 
CTD/Contingency 
Depart T1 for Kao-hsiung 

T1-Hengchun-Kao-hsiung 
347.4 + 42.0  = 389.4 nm 
33.3 hr @ 11.7 kts 

14 May Thurs. 134  Transit 
15 May Fri. 135 0800 Arrive Kao-hsiung 

Unload 
16 May Sat. 136  Unload 
17 May Sun. 137  Prepare/pack equipment for shipment 
18 May Mon. 138  Scientific party departs Kao-hsiung & 

arrives San Diego 
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Notes: 
 
1. Distances are great circle routes. 
2. Transit times calculated at 11.7 kts. 
3. Nominal positions: 

Kaohsiung: 22 37.4N, 120 18.5E (22.6178N, 120.3014E) 
Hengchun: 22 02.3N, 120 43.5E 
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Table 9. Personnel. 
 
Deployment Cruise 
 
Recovery Cruise 
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FIG. 6. Ray paths from T1 (0 km) to the DVLA. The source depth is 1050 m. Black (blue) paths 
have positive (negative) source angles (RR). Red paths reflect from the surface (RSR). The 

surface conjugate depth is indicated by the horizonal red line. The calculations use sound speed 
from WOA05 for the month of April. 
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FIG. 7. Time front at the DVLA for the ray geometry in Figure 6. The axial and deep subarrays 
are indicated by green dots. 

 


