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Cover imageMultibeam observations of a plume of presummadthane gas bubblegsing from a seep site the San

Diego Trough during SKQ201602S. Seep site bathymRiy &ikuliag EM710 data gridded at 15 m (color scale-1015
1060 m depth) overlain on background bathymetry from R/V Melville (USGS cruise MV1316) gridded at 25 m (color sc:
500-1200 m depth) The plume showmereincludesrefractioncorrected midwater datérom multiple pingsollected

with the EM302 aboard R/V Sikuliag, with one transparent swath view for context. Vertical scale of the scene is 3X.



Introduction

The RN\Sikuliags equipped with Kongsberg Maritime (KMYIED2 (30 kHzpnd EM71Q70-100 kHz)nultibeam
echosounars and a Seapath 320 positioning and attitsgstemwith GNAV DGNSS auxiliary inpthesesystems

were reviewed by the Mtibeam Advisory Committee (MA@Hd personnel frofNOAA, theJniversity ¢ Alaska
Fairbanks (UAFand Kongsberg Maritime (KM) during sea acceptance {83 )n August 2014. No major
modifications were made to the multibeam systefoowing the SATintil a drydock period in early 2016, during which
the Seapatt820 GPS amtina separation was increasedapproximately 2.5 m tbetter satisfy KM installation
suggestions. Thel WAV GCGPS antennasalso relocated from a lower positiontietween theSeapath antennat®
improve itssky view.

The MAC was requested to reviehetmodifiedd @ 8 G SY O2y FAIdzNI A2y | YR LISNF 2 NY
of the multibeam systemduring a coring shakedown cruise northwest of San Diddns report describethe

procedures and results of thealibratiors conductedduring cruise SKQ20160@%arch 912, 2016)n order to verify
functionalityfollowing the antenna relocationln addition to geometric calibrationsiansmitter element impedance
measurements were collected for both systems to identify early warning @ any possible transducer degradation
Swath coverageersus depth wasexamined for both echosoundersing data collected throughoutansits and surveys

of opportunity for other activities duringKQ201602S in depths of2@00 m.

Overview of Systm Geometry

Ly GKAa NBLE2NISXS ¢S dzaS (i K SefdieBddFrame(g) of hé \&asel a8 thrasaBandNE Q (i 2
angular offsets of the primary components of the multibeam mapping systémluding the TX arrays, RX arraysl

motion sensors. flese parameters are critical for data collection inuabiased and repeatable mannefable 1

provides a chronological outline of available documentation describing the system geometry.

Tablel. System geontey documentation

Date Location Event References

IMTEC survey to establish vessel reference frame and offsets ¢
20131028 EM302/EM710 arrays, Seapath MBlUand GPS antennas; surve
report in KM convention with origin at granite block

IMTEC survey report provided by
R/VSikuliaq

R/V SikuliagSAT report
(http://mac.unols.org)
IMTEC survey report (rev. 2)
provided by R/ASikuliaq
20160312 San Diego, CA | Calibration of EM302 and EM710 This document

20140902 Woods Hole, MA | Sea acceptance trials; calibration of EM302 and EM710

201603-05 San Diego, CA | IMTEC survey of relocated Seapath 320 GPS -Ah&\Cantemas

PreSKQ201602Geometry Reviewnd Seapath Modification

The 2013 (Rev. 1) IMTEC survey repstablished the primary reference frame used by the multibeam echosounders
and ancillary sensors. This is a righhded coordinate system with its origin at teanite block with the X axis

positive toward the bow, Y axis positive toward starboard] Zraxis positive downward. Theanite blocks also used

as theorigin for SIS configuration and as tRavigation Reference Point for the Seaptlensure consistency among all
sensor reference frames used on board and the locations at which position/attitude data are valid. Angles are providec
in the IMTEC report using descriptions rather than a given sign converitimse angles wetteanslated diring the

initial installationaccording to the Kongsberg Maritime sign convention, with pitch positive with bow up-(végid rule
about the +Y axis), roll positive with port side up (rigabd rule about the +X axis), and yaw positive with bow
movementtoward darboard (compass conventionReview of the SIS and Seapath 320 configurations prior to
SKQ201602S revealed no modifications from the original$83t configuration.



IMTEC provided an updated survey report (Rev. 2) after surveying the rel@agthas in San Diego, immediately
prior to cruise SKQ2016026omparisorof thetwo revisionsconfirmed that only the Seapath andNAV antenna
offsets were modified in the IMTEC repoifheSeapath configuration was updated to reflect the new positbthe
primary (aft)antenna and the heading offset to the secondary (forward) antetiraCalibration Wizard was then run
to calcuate antennaseparationwhile the vessel was secured alongside the B Street Hiee resulting secondary
primary antenndocation calculated by the Calibration Wizard agreediihin 9 mm of the surveyed location

GeometricCalibration

After review and confirmation of all linear offsets, both the EM302 and EM710 multibeam systems were calibrated for
residual angular offsetsf the MRUS in the multibeam reference frames. TabZ4 in the Calibration Results section
provide summaries of the linear and angular p8#tQ201602S for the EM302, EM710, and Seapath 320.

Site Selection

Figurel shows theline plan anctalibration area northwest of San Dieigeluding prominent features for pitch and yaw
calibrationwith slopes of 2B0°andrelativelyflat seafloor for roll calibrationThe deph range ofapproximately 525

700m was selected so as to allow simultaneous calibratfothe EM302 and EM710 systemgotion sensor angular

offsets in SIS were kefintouched from the préSKQ201602S valupsor to calibration as no changes to the MRU

installation had been noted Residual angular offsets weretdrmined in the order of pitch first, roll second, and yaw

third. To minimize coupling of angular offsets in the calibration results, each angular offset was updated in SIS after
completion of its respedte calibration procedure and before the start of seyvdata collection for the followingffset
calibration. The procedure was then repeated after initial calibration to verify the angular offset results in SIS and make
final adjustments as necessary.

¥
Calibration Area

Roll Site 2 - |

Pitch/Yaw Site

‘ .
Roll Site 1

O ‘\H

Figurel. Calibration survey plans (red lines, inset) and transit tracklines (white lines) nortifvst Diego, CAThese sites were selected based
on availability of suitable seafloor features in the operational depth ran§dse EM302 and EM710 multibeam echosounders. Swath coverage
(acoustic extinction) data were catted over depths of 22000 mduring transitsfrom San Diego to the calibration and coring sites
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Sound speegrofiles were acquired with Sippicar/Texpedable bathythermographs (XBEs)d applied in Sigior to

the calibrationand verification lines. All XBTs throughout SKQ2016@2& processed with SVP Editor to remove
spurious sound velocities, apply salinity data from the World Ocean Atlas, anareridye profile for SISToachieve
highping rate and sounding density, tisbip wasoperated at 67 kts for all calibration lines; speeds were slightly higher
during the verification lines due to time constraints.

The EM302 and EM710 weeenfigured adollowsfor all calibration data collection

Depth mode: Auto

Duakswath mode: Dynamic

Transmit mode: FM enabled

Yaw stabilization: Enabled (rel. mean headingluring pitch and roll lines;

disabled during yaw lines
Pitch stabilization: Enabled
Beamspacing: High density equidistant
Swath width: Pitch: 15°/15° port/stbd
Roll: ~ 70°/70° port/stbd
Yaw: 15°/55°and 55°15° port/stbd

Calibration Resultsnd Current Configuration

Calibration tools irsISand QPS Qimenaere used separately tevaluate each set of calibration lines fortho
echosounders Examinations of each seff calibration lines byerram Steve Roberts (UAF), and Steven Hartz (UAF)
were discussed and collectivelgreed upon before modificatioof residual angular offsefa SIS.Only the EM302 MRU
pitch and roll values required modification during the initial calibration; the EM302 yaw and all EM710 angular offsets
were left unmodified. The EM302 MRU pitch and roll modifications werified by repeating the pitch analt

calibration lines with the initial calibration values applied 8. ®lecause the initial roll calibration site depth (~700 m) is
on the shallow end of the intended operational range for the EM302 and no EM710 roll verification was necessary, a
slighty deeper roll verification site (~1000 m) site was selected based on transit time available between coring
operations. No further modifications were made to the EM302 during verification. Furthermmepparent latency
effects were visible during SK@QIB02S, and no latency test was performed.

Tables2-4 summarize the posEKQ201602&nfigurations for the multibeam echosounders and motion sen3dese
results are based otie up-to-date vessekurvey documetation and calibration resulisaccordingly, these values are to
be applieduntil sensors are modified or another calibration becomes neces§arydemonstrate the calibration results,
Figures2-7 depict transects of the roll, pitch, and yaalibrationdata sets in th€@PS Qimera Patch Test Tool with the
final angular offsets applied. @t that the vale applied in the calibration tool is only tfi@al adjustmentmade during
calibration or verificationnot the offset recorded in theorresponding table of offsets or Sli&.these examples, zero is
applied in the calibration tool for all subsets.

Tabk 2. EM302 sensor offsets after systgegometryreview andcalibration duringSKQ2016023re SKQ201602S values are shown in parentheses
where changes were mad®©nly the MRU pitch and roll (Attitude 1) were modified from the§K€201602S configuration for the EM308e

EM302 TX and Rafray Z values reflect the 2013 IMTEC report valitler compensatiorfor the ice window thickness; see the 2014 MAT 1@port

for additional details. (Note that therray angular offsets reported in the initial survey and applied during installation include decimal places
beyond the accuracy of the measurement.)

EM302 X Y z Pitch Roll Yaw
Origin at Granite Block BOW + STBD + DOWN + BOW UP +| PORT UP + COMPASS -
EM302 TXArray 28.601 2.122 5.240 -0.00033 -0.13588 0.02177
EM302 RXrray 23.826 2.078 5.243 -0.18122 0.00460 359.838
Pos, COM1 (Seapath 320) 0.00 0.00 0.00 - - -
Attitude 1, COM2/UDP5 (Seapath 320 0.00 0.00 0.00 -0.10(-0.15) | 0.14(0.17) -0.11
Waterline - - 0.06 - - -




Table3. EM710sensor offsets after systegeometryreview and calibration durin§KQ201602S. No modifications were made from the pre
SKQ201602S configuration for the EM710.

EM710 X Y z Pitch Roll Yaw
Origin at Granite Block BOW + STBD + DOWN + BOW UP +| PORT UP +{ COMPASS -
EM710 TXArray 25.360 1.141 6.041 0.04516 0.03240 0.17085
EM710 RXArray 24.540 2.015 6.042 0.13700 -0.02500 359.748
Pos, COM1 (Seapath 320) 0.00 0.00 0.00 - - -
Attitude 1, COM2/UDP5 (Seapa20) 0.00 0.00 0.00 -0.05 0.20 -0.08
Waterline - - 0.06 - - -

Table4. Seapath 320 sensor offsafter system geometry review, antenna location updates,aridnnaseparationcalibrationduring
SKQ201602SNote that the secondary (forward) antenna location calculated by the Calibration Wizard is within 9 mm of the IMTE& survey
locationand maintains theantenna baselin@eading offset 0f0.04°(from primary to secondary in the vessel reference frame).

Seapth 320 X Y Z Pitch Roll Yaw
Nav. Ref. Point at Granite Block BOW + STBD + DOWN + BOW UP +| PORT UP + COMPASS -
GPS Antenna 1 (Aft) 12.821 2.064 -30.521 - - -
GPS Antenna 2 (Fyd 15.309 2.082 -30.537 - - -
MRU-5 Center Top 25.459 2.122 -0.884 0.729 -0.151 1.168
Nav. Ref. Point (Granite Blork 0.00 0.00 0.00 - - -

EM302 with Seapath 320

=EE
@%]a s

artm]

.7

Dirsace

& 5@n

Ditkante 5428, Degtn 51170

Selectin Sets: Curremt Caiboabion

Wurul suvelion w(k o
L) Lingi 1, Lines 2 - - s

s Inec 1 lee ot | Atcn waattzn. = | |

Vit | ooorr 2 (e B 73]
Cumiatn G

Motan Senser  Kallizean
L T | T
®elt | uug-

deasing 00
tnes

;D045 301GTIN1_LIERET_Tleutag TGN pitch vef Ine | (1757 7.2 kor
021005 006311 _LL4T50_Siku ieq_ENS0L_piteh_venl_Ine_E B33, 58

Lateny
Foubior | 00

Prosrzbistary | i e Mukple

fubs bgail: OFF Tesloading: 0 WOCOOCOO00 10 o H

Figure2. EM302 / Seapatbpitch verification in Qimeraapplyingan adjustment 0D.00°to the initial resulffor a final offset 0f0.10° in SIS.
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EM710 with Seapath 320
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Figure5. EM710 / Seapathitch calibration in Qimera, applying an adjustmenddi0° to the original value for a final offset €9.05° in SIS.
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Figure7. EM710 / Seapatiiaw calibrationin Qimera, applying an adjustment of @Qo the original value for a final offset €9.08 in SIS.

Transducer and System Health

A full Builtin SIf-Test (BIST) diagnostic routine was run through the SIS acquisition software prior thudeefram San
Diegowith both systemspassing all testsAdditionally, aransmitterimpedance BISTas run through a telnet session.
As has been mentioned irgvious reports, the BIST provides the ability to perform impedaneasurements of the
transmitter elements, receiver array modules, and receivgnese tests are useful in establighithe health of system
as a whole, especially with regard to the trarifer elements agthese componentfiave been known to degrade over
time with normal use It is important to note that the BIST impedance measurements do not provide a full
characterization of transducer prop@s as a function of frequencydoweverthe BISTs provide usefndicators of
overall transducer health over their lifetime, especially when conducted on a routine basis.

The overallfXimpedance patters (Figure8-9) are similar to thoseollected during th&2014 SATshowing acceptably

small hiangesin transmiter arrayhealth for bothsystens. TwoEM302 transmitter elementsow show high

impedance(Slot 10/Channel 23 and Slot 12/Channel 26), in addition to the seven high impedance channels documente
in 2014. The EM710 transmitteimpedance values show no appreciable change from 2014 and no failed elements.

Receiver and receiver modulmpedance masurements (Figures 118) show minimal variation from the 2014 SAT
values, with the exception ofraarked increase across all EM710 receiver moduldse 2016 values for this test follow
almost exactly the same trends across modules as the 2014 dataawibffset of roughly 100 ohms. The root of this
offset is unclear; however, the consistency in trends across modules from 2014 to 2016 (with the exception of module
112) suggest no worrisome degradation of any particular parts of the array.



Figure8. EM302 transmitter channel impedangering SKQ2016028s measured by BIST through the system electronics.
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