2. Methods:

Throughout the survey, data from a Simrad EK60 multiple-frequency echosounder system were collected and processed aboard Miller Freeman. 

2.1 Echosounders:

Measurements of volume backscattering strength (Sv; dB re 1 m) and target strength (TS; dB 1 m2) were made using four calibrated Simrad EK60 general purpose transceivers (GPTs) configured with split-beam transducers at frequencies of 18, 38, 120, and 200 kHz. To index the data by time and geographic position, a differential-corrected GPS receiver provided navigational data to the echosounder software (ER60). The system time of the ER60 computer that is recorded in the EK60 raw data files was frequently and automatically updated and synchronized with GPS clock using SymmTime (Symmetricon, Inc.).

2.2 Transducers:

The split-beam echosounder transducers (Simrad ES18-11, ES38B, ES120-7C, and ES200-7C) on Miller Freeman are mounted in a retractable keel which positions them approximately 9.15 m below the water surface with the keel extended. During calibration the keel was retracted, placing the transducers at 6.15 m below the water surface, and that value was entered for transducer depth. After calibration, the transducer depth value was changed to 9.15 for the survey. 

2.3 Calibrations:

The echosounder system was tested prior to the cruise while the Miller Freeman was docked in the San Diego Bay at the Tenth Avenue Terminal.
2.3.1 System calibrations:

On 2 April, 2010, a calibration using the standard sphere method was conducted for the EK60 echosounders of the Miller Freeman. Calibration occurred in San Diego Bay, at the Tenth Avenue Marine Terminal, at 32° 41.779’ N, 117° 09.266’ W. Prior to the CCES10 survey, on 2 April 2010, the calibration parameter values were entered into the ER60 software controlling the EK60s.

The sphere was a 38.1 mm, grade 25 tungsten-carbide sphere. The range from transducers to the sphere during calibration was 6 to 7 m. Total depth was 14.1 m (22:30 GMT).

During calibration, sea surface temperature and salinity measurements were obtained from the thermosalinograph, and absorption values for each frequency were calculated using those and applied during calibration. However, the temperature and salinity values were never applied, by mistake, and previous environmental settings were used by the ER60 software during calibration. Table 1 summarizes the true conditions and the settings from the previous survey that were actually set during calibration. Fortunately, the error did not substantially affect the calibration results (Table 2), and the gain and beam model results were nearly identical to previous calibration results while the RMS deviation values were low for all frequencies. 

Table 1. Environmental conditions in San Diego Bay during the calibration experiments.

	
	Settings applied
	Intended settings

	Sea-surface temperature (°C)
	20.019
	7.1

	Sea-surface salinity (psu)
	32.98
	31.8

	Sea-surface sound speed (m•s-1)
	1523.3
	1479.0


Table 2. Calibration values used for the CCES10 and spring CalCOFI survey aboard Miller Freeman; values in bold are calibration model results that were entered into the ER60 for survey operation.

	Frequency (kHz)
	18
	38
	120
	200

	Transducers
	ES18-11
	ES38-B
	ES120-7C
	ES200-7C

	Transducer SN
	2074
	30595
	300
	321

	Angle Sensitivity
	15.33/15.82
	23.77/23.83
	21.78/22.16
	21.18/21.17

	Beamwidths (alo/ath)
	9.78/9.57
	6.46/6.42
	6.97/6.87
	7.01/6.91

	Angle Offsets (alo/ath)
	-0.08/0.05
	0.05/-0.01
	0.07/-0.08
	0.03/-0.01

	2-way beam angle (dB)
	-17.39
	-21.09
	-20.91
	-20.44

	Depth offset (m)
	6.15
	6.15
	6.15
	6.15

	Transmit power (W)
	2000
	2000
	500
	100

	Pulse duration (μs)
	1024
	1024
	1024
	1024

	Pulse interval (s) (Cal1/2)
	1.0/0.5
	1.0/0.5
	1.0/0.5
	1.0/0.5

	Absorption Coeff. (dB/m)
	1.839
	7.242
	43.467
	70.845

	TSpred (dB) 1423.3 m/s
	-42.42
	-42.38
	-39.82
	-38.79

	Noise Estimate (dB)
	-124
	?
	?
	?

	Model Results

	Tx Gain (dB)
	22.38
	25.41
	26.38
	24.59

	Sa_corr (dB)
	-0.76
	-0.51
	-0.35
	-0.19

	Beam Angle (athw.)
	9.57
	6.44
	6.82
	7.04

	Beam Angle (along)
	10.09
	6.31
	6.91
	6.99

	Angle Offsets (ath)
	0.02
	0.0
	-0.01
	0.13

	Angle Offsets (along)
	-0.04
	0.04
	0.02
	0.03

	RMS
	0.31
	0.19
	0.25
	0.66


2.4 Data Collection and Archive:

For each of the four frequencies, the EK60s collected data using a pulse duration of 1024 μs, ping interval of 2 seconds, and a sampling range of 750 meters throughout the duration of the survey.  Output power settings for the 18, 38, 120, and 200 kHz frequencies were set at 2000, 2000, 500, and 100 W, with received bandwidths of 1.57, 2.43, 3.03, 3.09 kHz, respectively.  Pings were digitized every 256 µs (ER60 .raw data format) and recorded using a laptop computer. Data backups were made periodically to an external disk drive.
