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1 Overview

During Aug-Sept 2015, the US R/V Roger Revelle and Indian R/V Sagar Nidhi took part in an intensive,
coordinated observational program to understand the dynamics of freshwater and heat dispersion during the
Bay of Bengal Summer Monsoon. These experiments, part of ONR’s Air Sea Interaction Regional Initiative,
consisted of a series of small-scale process studies and large-scale surveying to resolve the details of submesoscale
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Table 1: Science Personnel

Name Inst. Role
Jonathan Nash Oregon State University Co-Chief Scientist
Amit Tandon Univ. Mass. Dartmouth Co-Chief Scientist
Emily Shroyer Oregon State University PI
Drew Lucas Scripps Inst. Ocean. PI

Amala Mahadevan WHOI PI
Abhisek Chakraborty Space Applications Centre (Ahmedabad) Scientist

Verena Hormann Scripps Inst. Ocean. Scientist
Andrew Pickering Oregon State University Scientist

San Nguyen Scripps Inst. Ocean. Scientist
Thirumurugan Karuppiah National Institute of Ocean Technology (Chennai) Scientist

Nanda Busireddy National Institute of Ocean Technology (Chennai) Scientist
Jonathan Ladner Scripps Inst. Ocean. Technician
Anthony Aja Scripps Inst. Ocean. Technician
June Marion Oregon State University Technician
Jared Buckley Univ. Mass. Dartmouth Graduate Student

Gualtiero Jaeger Massachusetts Institute of Technology Graduate Student
Srikanth Gedela National Institute of Oceanography Regional Centre Graduate Student

Bhaskararao Dokala National Institute of Oceanography Regional Centre Graduate Student
Jayati Mukherjee National Institute of Oceanography Regional Centre Graduate Student
Kevin Tennyson Oregon State University Graduate Student
Kerstin Cullen Oregon State University Graduate Student

Sebastian Essink Massachusetts Institute of Technology Graduate Student
Nicholas McComb Oregon State University Undergrad Student

processes (horizontal scales of 10 m to 10s of kms) that both dispense and disperse the freshwater from river and
direct rainfall on the ocean surface. This 28 day experiment represents the third intensive period of fieldwork
from the R/V Revelle (complementing previous cruises in Nov/Dec 2013 and June 2014), and numerous other
field campaigns conducted by our Indian Colleagues.

Our goal is to understand the processes that set upper ocean stratification and heat content in the Bay of
Bengal, which both have direct effects on local climate by controlling air-sea fluxes of heat and moisture. For
example, strong freshwater input creates thin mixed layers, high near-surface stratification, and prevents heat
from deeper layers to be accessible to the atmosphere.

Experiments were performed: (1) preferentially at interesting features (e.g., across fronts of various orienta-
tions with respect to the wind), both (i) near the 18 N mooring, and (ii) in a semi-Lagrangian mode, drifting
with the mean (large-scale) currents. (2) within a known mesoscale context, which will be determined by sur-
veying the local mesoscale structure (50-100 km max scale), and by deploying drifter arrays and using satellite
products.

2 Personnel

Nash and Tandon were the nominal co-chief scientists, with strong support (science and logistically) from
Shroyer, Lucas and Mahadevan. The complete science party and affiliations are listed in Table 1.

3 Operations

Operations on the R/V Revelle were constrained to being outside foreign EEZ boundaries. Coordination with the
ORV Sagar Nidhi, which operated both within and outside the Indian EEZ permitted broader spatial coverage.
Observations focussed on the upper ocean physical properties (velocity, temperature, salinity & turbulence)
and their horizontal and vertical gradients on scales of several m through many kilometers, measured using a
combination of 1- and 2-ship surveys, moorings, and arrays of autonomous and drifting assets. A detailed cruise
log is provided at the end of this document.

After a series of initial shake-downs, in which various new and old instrument platforms were tested, our
goal was to perform a series of highly-resolved process experiments, interspersed between longer transects from
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Figure 1: Overview figure showing cruise track with all of the throughflow salinity data (color) and near-surface
velocity data (vectors).

which the statistics of fresh water, horizontal gradients, and stratification could be computed. Operations were
focussed on the western and northern parts of the basin, as indicated in Figure 1 using the timing of instruments
as indicated in Figure 2. Meteorological data acquired from the ship during the cruise is shown in figure 3. There
was a period during the middle of the cruise (starting on Aug 30) when the short and long wave radiometers
were down (due to flooding of connectors?), but this was repaired and working again by Sept 7.

One of our primary observational tools was Lucas’ and Pinkel’s FastCTD system, a rapidly winched CTD
profiler that can be used to obtain relatively deep (several hundred m) profiles while the ship is underway at
4-5 knots. Each of the individual FCTD sections are shown in table 2. During most of the fast-CTDing, a 10-m
thermistor/CTD chain was deployed from the port bow, and a 500 kHz 5-beam ADCP was deployed on the
port side. Timing of all other instrument deployments and operations are shown in figure 2 and table 3. Section
names are used in this report and also as a naming convention for Matlab files and processing.
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Figure 2: Sampling during the month

Initial Revelle Operations

The Revelle began by deploying ROSS (OSU’s Robotic Oceanographic Surface Sampler) and sampling across
an easterly-flowing jet at about about 14 N. We made 3 crossings of the jet, 2 of them with ROSS paralleling
us, and one with us VMPing (turbulence profiling) across it.
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Figure 3: Meteorological data acquired from the ship.
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Table 2: Fast CTD sections

FastCTD
jet1 24-Aug-2015 11:38:00 25-Aug-2015 07:08:00
jet2 25-Aug-2015 07:10:00 25-Aug-2015 23:52:06
jet3 25-Aug-2015 23:52:06 27-Aug-2015 02:39:24

FullSpeedN 27-Aug-2015 05:56:04 28-Aug-2015 03:12:42
upnorth 28-Aug-2015 06:44:00 29-Aug-2015 13:54:00
eddy1 29-Aug-2015 13:35:00 29-Aug-2015 23:40:00
eddy2 29-Aug-2015 23:43:00 30-Aug-2015 11:26:00

duenorth 30-Aug-2015 16:08:00 31-Aug-2015 15:07:00
SEleg 31-Aug-2015 15:10:00 01-Sep-2015 06:57:00
SWleg 01-Sep-2015 07:00:00 01-Sep-2015 17:15:00

bigtriangle1 01-Sep-2015 17:20:00 01-Sep-2015 23:05:00
bigtriangle2 01-Sep-2015 23:07:00 02-Sep-2015 07:28:00

drifter1 02-Sep-2015 07:31:00 02-Sep-2015 16:47:00
drifterX1 02-Sep-2015 16:50:00 02-Sep-2015 18:15:00
drifter2 02-Sep-2015 18:20:00 02-Sep-2015 22:18:00
drifterX2 02-Sep-2015 22:19:00 02-Sep-2015 23:15:00
drifter3 02-Sep-2015 23:51:00 03-Sep-2015 02:20:00
dangler 03-Sep-2015 02:20:00 03-Sep-2015 04:05:00
nidhi1 03-Sep-2015 15:16:00 03-Sep-2015 18:09:00
nidhiX1 03-Sep-2015 18:12:00 03-Sep-2015 23:07:00
nidhi2 04-Sep-2015 00:28:00 04-Sep-2015 03:29:00

dangler2 04-Sep-2015 07:16:00 04-Sep-2015 08:30:00
nidhi3 04-Sep-2015 08:50:00 04-Sep-2015 17:17:00
nidhiX3 04-Sep-2015 17:18:00 04-Sep-2015 17:46:00
nidhi4 04-Sep-2015 17:52:00 04-Sep-2015 23:23:00
nidhiX4 04-Sep-2015 23:24:00 05-Sep-2015 00:10:00
nidhi5 05-Sep-2015 00:11:00 05-Sep-2015 09:15:00
nidhi6 05-Sep-2015 11:35:57 05-Sep-2015 19:04:05
nidhi7 05-Sep-2015 19:53:00 06-Sep-2015 02:24:00
nidhi8 06-Sep-2015 03:19:59 06-Sep-2015 09:46:16
nidhi9 06-Sep-2015 10:17:37 06-Sep-2015 16:27:23
nidhi10 06-Sep-2015 17:24:11 06-Sep-2015 23:33:06
nidhi11 07-Sep-2015 00:42:29 07-Sep-2015 10:42:33
nidhi12 07-Sep-2015 13:51:16 07-Sep-2015 20:56:50
nidhi13 07-Sep-2015 21:48:53 08-Sep-2015 05:33:06
front1 08-Sep-2015 06:12:25 08-Sep-2015 08:40:10
front2 08-Sep-2015 08:40:10 08-Sep-2015 14:33:49
front3 08-Sep-2015 14:33:49 08-Sep-2015 17:41:49
front4 08-Sep-2015 18:02:48 08-Sep-2015 21:26:50
front5 08-Sep-2015 21:38:11 09-Sep-2015 00:05:27
front6 09-Sep-2015 02:13:51 09-Sep-2015 04:49:58
front7 09-Sep-2015 04:49:58 09-Sep-2015 08:55:04
front8 09-Sep-2015 08:55:04 09-Sep-2015 10:33:02
front9 09-Sep-2015 10:33:02 09-Sep-2015 14:45:14
front10 09-Sep-2015 14:45:14 09-Sep-2015 16:51:22
front11 09-Sep-2015 16:53:37 09-Sep-2015 20:11:19
front12 09-Sep-2015 20:11:19 09-Sep-2015 23:48:11
front13 09-Sep-2015 23:48:11 10-Sep-2015 02:59:49
front14 10-Sep-2015 03:22:15 10-Sep-2015 05:33:26
18N 12-Sep-2015 11:50:42 15-Sep-2015 02:30:33

secHome1 15-Sep-2015 19:54:39 16-Sep-2015 18:23:37
secHome1b 16-Sep-2015 18:23:37 17-Sep-2015 09:54:03
secHome2 17-Sep-2015 09:54:03 20-Sep-2015 01:51:32
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Two-ship operations

Roger Revelle and Sagar Nidhi carried out two joint process experiments (September 3-7, and September 7-
10) in then North Bay. Two ship operations were planned with two objectives; parallel lines with ships close
together would allow (1) inter comparison of observations made form both ships - meteorological variables,
hydrography and velocities were planned to be inter-compared so that any offsets or calibration issues could be
identified and (2) computation of density and velocity gradients at the scale of separation between the ships - in
particular it would allow a computation of vorticity. Since Sagar Nidhi had not previously participated in two
ship coordinated experiment before, the separation distance was discussed at the meeting of the two captains
before heading out of Chennai port. A minimum distance of 2km (approx 1nm) was agreed upon by Captain
Sharma.

The first process experiment consisted of long parallel lines across a front that was identified by combining
the previous long lines carried out by Nidhi and the drifter survey carried out by Revelle. The science parties
aboard the two vessels communicated by email and radio communications. The two ships conducted more than
10 parallel lines during the first process experiment across a strong front that was at 17 34E, taking care such
that most or all drifting assets were to the west of Revelle, and Nidhi was updated on the possible drifting
assets as needed. Each line was approximately 50km and the ships made coordinated turns at the end of each
line. After the first couple of lines all communication between the two bridges had been ironed out. Since Nidhi
could ascertain their speed over ground, not over water, and Nidhi kept at beam with Revelle to stay parallel,
although in some lines Nidhi had some deviations. ROSS was also deployed during this process experiment and
one of the lines allows for 3-ship hydrography and velocity comparison! The parallel lines experiment astride a
strong front lasted for about two inertial periods.

The second process experiment deployed a 3m drogued pacific gyre drifter by the Revelle on September 8th.
While Sagar Nidhi started larger scale survey, Revelle did smaller sections across the front (about 16-20 km).
The drifter tracked the front southward as it drifted east. Revelle continued to be in communication with Nidhi
over internet and via radio. This experiment continued until September 10th afternoon. The 3-m drogued
drifter stayed remarkably close to the frontal boundary during the two days, and was recovered at the end of
joint operations. Sagar Nidhi was close by and came within 0.5nm distance while Revelle did a CTD station.
Both ships held positions while a small boat launched from Nidhi took pictures of both ships. Captain Curl sent
gifts to Nidhi via the small boat as the two ships prepared to end their joint operations. ROSS did a drive-by
near Sagar Nidhi to very appreciative crowd on Nidhis deck.

4 Autonomous / Drifting Assets

4.1 Wirewalkers

Wirewalkers are profiling vehicles developed at the Scripps Institution of Oceanography in La Jolla, California
(Pinkel et al., 2011; Rainville and Pinkel, 2001; Smith et al., 2012); http://www.delmarocean.com). Its motive
force is provided by the surface wind-wave field, which drives the sensor package down a wire to a subsurface
weight; vehicle buoyancy lets it rise smoothly from its terminal depth. The combined profile pair requires no
onboard energy cost, lending it the advantage of indefinite profiling. The large instrument and battery payload
of the Wirewalker allows for rapid, continuous sampling of a range of properties of the upper ocean, includ-
ing its temperature and salinity (and thus density) structure, its bio-optical and dissolved oxygen saturation
characteristics, its turbulent fluctuations, and the vertical and time variability of currents, over prolonged de-
ployments. Here, temperature, salinity, pressure (RBR CTD), dissolved oxygen (Alec Electronics RINKOIII
oxygen optode), and three bio-optical channels (Turner Designs Cyclops 7 chlorophyll a fluorescence, chro-
mophoric dissolved organic material fluorescence (CDOM), and turbidity) were sampled continuously at 6 Hz.
Horizontal currents were sampled continuously at 16 Hz (Nortek Aquadopp II), and microstructure temperature
and vehicle acceleration were recorded continuously at 100 Hz (Oregon State University χpod; Moum and Nash
2009). Typically, quantities in individual profiles are decimated to 25 cm vertical resolution from 2 meters to
105 m depths.
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Table 3: Bowchain, ROSS, Reel-CTD and VMP deployments

Bowchain
Deploy1 24-Aug-2015 04:15:00 27-Aug-2015 05:35:00
Deploy2 28-Aug-2015 05:50:00 29-Aug-2015 09:00:00
Deploy3 29-Aug-2015 13:36:00 02-Sep-2015 03:44:00
Deploy4 02-Sep-2015 09:13:00 03-Sep-2015 13:30:00
Deploy5 04-Sep-2015 06:12:00 06-Sep-2015 09:52:00
Deploy6 06-Sep-2015 11:32:00 09-Sep-2015 00:24:00
Deploy7 09-Sep-2015 02:05:00 11-Sep-2015 01:33:00
Deploy8 12-Sep-2015 03:49:00 15-Sep-2015 03:40:00
Deploy9 15-Sep-2015 19:14:00 17-Sep-2015 05:54:00
Deploy10 17-Sep-2015 11:07:00 19-Sep-2015 23:47:00

ROSS
Deploy1 24-Aug-2015 05:37:00 25-Aug-2015 06:04:00
Deploy2 25-Aug-2015 23:42:00 26-Aug-2015 11:37:00
Deploy3 05-Sep-2015 03:00:00 05-Sep-2015 10:39:00
Deploy4 07-Sep-2015 11:43:00 07-Sep-2015 12:35:00
Deploy5 07-Sep-2015 13:38:00 08-Sep-2015 08:57:00
Deploy6 10-Sep-2015 03:12:00 10-Sep-2015 08:28:00
Deploy7 10-Sep-2015 11:03:00 10-Sep-2015 11:44:00
Deploy8 14-Sep-2015 04:16:00 14-Sep-2015 15:23:00

Reel-CTD
Deploy1 27-Aug-2015 10:18:00 28-Aug-2015 02:20:00
Deploy2 30-Aug-2015 11:43:00 30-Aug-2015 15:55:00
Deploy3 02-Sep-2015 02:48:00 02-Sep-2015 03:12:00
Deploy4 04-Sep-2015 14:42:00 04-Sep-2015 15:13:00

VMP
shake 24-Aug-2015 08:59:00 24-Aug-2015 11:35:00
Jet3 25-Aug-2015 23:52:00 27-Aug-2015 02:36:00
frontx 08-Sep-2015 09:15:00 08-Sep-2015 13:39:00
frontx 09-Sep-2015 05:01:00 09-Sep-2015 14:53:00
18N 12-Sep-2015 10:42:00 14-Sep-2015 14:40:00

4.2 ROSS

The Robotic Oceanographic Surface Sampler (ROSS) is an open-ocean autonomous vehicle designed to carry
out precision-navigated missions to sample upper-ocean physics. In its current configuration, ROSS cruises
at 4 knots, is equipped with 300 kHz and 2 MHz ADCPs, and tows a 20-m long thermistor/CTD chain. Its
purpose is to complement traditional ship-board sampling by providing a comprehensive and uncontaminated
3D perspective of near-surface temperature, salinity and velocity at high vertical and horizontal resolution.
The first set of extended open-ocean testing and data collection for ROSS occurred during this cruise, where it
participated in coordinated 3-ship operations with the R/V Revelle and ORV Sagar Nidhi to study submesoscale
dynamics associated with the summer Monsoon.

4.3 Surface Velocity Program (SVP) floats

During the cruise, 36 satellite-tracked Surface Velocity Program salinity drifters (SVP-S) were deployed along
with 10 SVP drifters and 5 experimental wave buoys (Fig. 1). The SVP-S drifters were equipped with a Sea-
Bird Electronics SBE37-SI located just underneath the surface buoy at an approximate depth of 50 cm and
transmit their data every 5 min. for the first month before switching to 30-min. sampling. Our deployment
strategy has been to drop most of the drifters on the fresher side of a salinity front (Fig. 2a), with deployments
largely organized in clusters of 3 SVP-S and 1 SVP. Both types of SVP drifters also allow for the inference of
Lagrangian currents at 15-m depth and their speeds are shown in Fig. 2b, with the trajectories following a
mesoscale feature.

4.4 Solo floats

Solo floats equipped with χ-pods were deployed by Shroyer (OSU), an example data set is shown in figure 9.

8



Figure 4: Zoom-in on the process experiment; throughflow salinity data (color) and near-surface velocity data
(vectors).
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Figure 5: Zoom-in on the process experiment; throughflow salinity data (color) as we tracked our 3-m drogued
drifter (that was nominally tracking the front) while performing coordinated Revelle, Nidhi and ROSS sampling
across the front on various scales.

Figure 6: Structure of the velocity and density during eight of the “Nidhi” front-crossing sections.
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Figure 7: SVP drifter deploy pattern

Figure 8: Drifter deployments, trajectories and speeds (left), salinity (right)
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Figure 9: Example data from χ-pod Solo floats.

Figure 10: Track and upper-100 m velocity from ROSS, the R/V Revelle and the ORV Nidhi, each travelling
in parallel, simultaneous lines in order to compute instantaneous vorticity. Data from the Revelle was obtained
from a 5-beam, side-mounted 500 kHz ADCP; the other two vessels use 300 kHz ADCPs.

12



Figure 11: Upper 15-m temperature from ROSS’ thermistor/CTD chain. Bottom panels show a 35-km long
segment of T and T variance, which is a proxy for mixing. The upper color panels show two close-ups: on the
left is a 500-m wide segment that illustrates the narrowband structure of nighttime convection; on the right
is a zoom-in of instabilities within a bore-like front over larger (3 km) horizontal scales. Plots in the upper
right corner show computations of turbulence derived from these data. Horizontal spectra exhibit a clear inertial
subrange (k1/3), with scales controlled by the forcing. The dissipation rates and heat flux are strongly influenced
by the dynamical regime.

Figure 12: Three-day record of incoming shortwave radiation (top), windspeed (middle), and near-surface
temperature from the Revelles thermistor chain (bottom). Visible is the near-surface, diurnal heating and
cooling, and the erosion of a 6-m deep cold layer via the combination of wind-forced mixing and a net incoming
air-sea heat flux.
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Figure 13: Pole-mounted ADCP data captures the fine-scale evolution of a strong mesoscale convergence sampled
by all three ships.

Figure 14: Example of one crossing of the front.
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Appendix A: detailed cruise log follows
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RR1513 Scientists’ LOG

August 22, 2015
Cleared immigration and port formalities and “signed on” to the Revelle. 
Had lunch on board and worked on prepping the wire walkers, FastCTD, 
Ross and other assets. Slept on the Revelle in Chennai port. 

August 23, 2015 (Sunday)
10 AM was our estimated time of departure.   Wire walkers were ballasted 
in port. Then received clearance from customs and got underway at 12 
noon.  Transited through the EEZ. 

August 24, 2015 (Monday)
Arrived outside the EEZ in the morning. Did a “shakeout”  which included a 
CTD cast and water sample collection, FRRF profile,  Fast CTD. 
Deployed Ross.

The plan was to cross a strong jet (a squirt) coming out of the EEZ, in a 
convergence zone between two large mesoscale eddies.  

August 25, 2015 (Tuesday)
CTD cast 2 and water sampling at 8.15 AM.
We FastCTD-ed across the jet. Ross also sampled across the jet. Found a 
freshwater filament in the zone between the two mesoscale eddies. At one 
point ROSS was moving at 2kn and we are catching up to it at 3kn with 
beautiful fastCTD profiles down to 200m, roughly every 200m in the 
horizontal. The entire section in the convergence zone is about 50nm. We 
crossed the squirt and picked up ROSS. The squirt salinity shows an 
interesting distribution with strong gradients (roughly 1 psu over 10km, M^2 
= about 1.1*10^-6 s^-2) on the south side than the north side (about half as 
strong). So both ROSS and Revelle did a section across the broad 
freshwater filament, reaching the North edge of it.

Decided to cross back and re-sample the squirt using FastCTD. During the 
night we retraced our path across the squirt with FastCTD at 4 kn. An intra-
thermocline sub-mesoscale eddy was observed in the data. 



CTD stations were done on both sides of the squirt and water samples 
taken and analyzed.

August 26, 2015 (Wednesday)
At 4 am we had finished the transect back.  Now Ross was deployed and 
the FastCTD was taken out and replaced by the VMP, for the last crossing 
heading north.  We saw a very interesting feature on the south end of the 
front. As the shallow stratification reached 10m, we saw a low PV feature, 
subducted underneath the shallow mixed layer, with about a 20km length 
scale (could be a sub-mesoscale intra-halocline eddy?) from about 
10m-40m depth. It would be interesting to see later what kind of shear is 
associated with this low PV feature.

The VMP mode requires us to travel at 2 kn. The FastCTD had some 
problems that were resolved. 

No CTD profile or water sampling today. 

Flow-through system produces erroneous data when clogged by a bubble. 
While looking at the TSG data, look at the flow rate.  Flow rate ought to be 
between 2 and 2.5 lpm.  Data corresponding to lower values of flow should 
be flagged as inaccurate. 

August 27, 2015 (Thursday)

Ship’s CTD cast with water sampling this morning. VMP did not record for 
few hours at night and then resumed until 8am. After 8am we headed North 
East doing some REELCTD casts on the way. For a period of time a rain-
squall line and intense rain cells suspended the REEL CTD operation. 

Changed from 8 hour shifts to 12 hour shifts from 3pm-3am, and from 
3am-3pm.

REEL CTD LOG TIMES ARE IN IST (NOT UTC SO PAY ATTENTION!)
3:07 PM Two casts of ReelCTD, 6knots, called the bridge to slow down 
to 6 knots
3:45 PM  Two casts of ReelCTD, 6knots, call the bridge to slow down to 6 



knots
continued with 2 casts every half hour  16.15, 17.00, 17.45… then stopped 
for bad weather, and resumed at 19.15, ….  and continued through the 
night/morning. 

August 28, 2015 (Friday)
We put back the bow chain, did a CTD cast, and switched to Fast CTD 
mode (going 4 kn) in the morning.  Fast CTD is going well - but around 4pm 
the instrument caught a fishing long line. Instrument was brought out of the 
water, line cleared and put back.  Drew is asking that we bring it out to 
visually inspect every hour due to the fishing activity in the region. 
We are heading toward the center of the cyclonic eddy to deploy WW and 
solo floats. Following that we have the following plan to survey and deploy 
drifters over 4 days. We anticipate meeting the Nidhi around Sept 3. 
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August 29, 2015 (Saturday)
3AM: We have turned the ship to head due east toward the diamond 
(marked) within the cyclonic eddy. Through the night we have been in a 
strong southward flow (which must be the flank of that eddy feature.  Fast-
CTD through out the night at 4 kn.  Crossed a feature - with very high 
surface Fl - and a subsurface lens. Since there was a fishing line caught in 
the Fast CTD earlier, we were bringing it to surface every hour to check.

~630AM (IST) - AP -  Launched solo float, wire walker, and wave buoy. 
Bow chain had a fishing line on it, so it was pulled out (~10am), fishing line 
pulled out and then put back again.  About 730am a CTD station was done, 
and water sampling and analysis carried out by the Indian scientists, 
Gualtiero and Drew. FRRF profiles were also done.

Then we continued east at 3knots for about 6 hours making fastCTD 



measurements. It turned out that WireWalker had not been profiling. About 
2:30pm IST we brought the ADCP on the side pole up, and the bow-chain 
was pulled out.  Then we made a U turn and started heading toward the 
Wirewalker which as about 15nm away. The ADCP battery voltage will be 
tested when we retrieve the WireWalker.

Wire walker was retrieved at 4.30 PM IST after which we made a U-Turn 
and continued to steam 12 kn due East.   Problems were resolved and it 
was re-deployed at 6 PM IST, this time, further to the east than its original 
position.   We continued to head East (12 kn) without instruments in the 
water. 

19.00 IST : The bow chain was deployed and we started our radiator - zig-
zag pattern, with the Fast CTD in the water. 

Here are the way points and track that Jonathan provided the bridge.  We 
should re-visit whether we need such a long leg 2. 
Each leg is the following number of nm:  
   35.3880   19.1191   33.7199   38.4763



August 30, 2015 (Sunday)
In the morning, it was decided to omit the track along the EEZ and follow a 
zig-zag.  Fast CTD continued. The second leg of the zig-zag (roughly 120 
degrees heading) encountered low salinity water less than 30psu, which 
had a large east-west extent. 

CTD at 815am

  We had a good discussion of plans during “Science Moments”, at 4 pm.  
Discussed the Fast CTD data, the course for the next few days, and the 
data processing that needs to be done.  



Sagar Nidhi sent us their TSG data and we overplayed both our TSG and 
theirs to map out the relatively freshwater  locations.

During the evening, the Fast CTD developed a problem, and Tony had to 
re-terminate the cable. We switched to the Reel CTD at 5 pm.  At around 
8.30 PM we turned around to head northward, and the Fast CTD was put 
back in the water (after Drew and Johnny solved other problems).   We 
continued on the northward course during the night. 

August 31, 2015 (Monday)

As we continue to fastCTD, we are also encountering relatively fresh <30 
psu water going North. Most profiles have a double N^2 structure, 
suggestive of a thin layer of river water with a shallow strong halocline 
overlying the deeper stratification which is setup thermally.

Testing a float with 2 ADCPs? (Jonathan+Emily to add)



CTD cast at 815am.

September 1, 2015 (Tuesday)
Fast CTD continued nicely through the night. We could see the Nidhi on the 
port side. 
Here are the velocities (averaged) and salinity (in color) around 8 pm IST.  
Jonathan has sketched the following plan, so we can start the drifter, WW 
and float deployment on Sept 2.  Drifters in the region of the orange circle?

Amit’ summary email of Sept 1

We have now been at sea for 9 days, and what a thrilling time it has been, 



with even more exciting news to come! All the ASIRI-OMM collaborators 
who are on land, if you have not heard from us, it is mainly because we 
have all been very hard at work both on Revelle and Nidhi. With 12 hour 
watches on Revelle, such a conscientious team and great food, we are 
happy to be working hard.

I am enclosing a few of figures to give a teaser as there will be a lot of talk 
about on these cruises.

Broadly this is what Revelle did so far: We found an interesting jet region 
affectionately called the “squirt” (13.5N, 84.5N) using the altimetry data, 
and indeed found a broad and shallow salinity anomaly, which was frontally 
asymmetric on its edges. This was mapped in awesome detail by Revelle 
(twice using the fastCTD), and by ROSS (the yellow kayak that could!), as 
well as a full microstructure section across the squirt. For brevity I am 
enclosing a plot generated by Drew using the fastCTD. 

Then we headed North using “ReelCTD" (for a photographic view go 
to http://rogerrevelle.tumblr.com/), stopping briefly to deploy a wire walker, 
solo-chipod float, and wave buoy in a cyclonic eddy near 16.5N 88.6E. 
Most recently we have been creating a large scale map of the salinity in the 
region north of 16N. Salinity ranges (using both ships) between 24 psu to 
32 psu in the North Bay triangle.

Nidhi too has been hard at work, as she came up the coast, she first 
sampled the large anticyclone with >32 psu water and then headed just 
north of the mooring sampling about 25 psu water heading east until she 
reached 32 psu water again. Then she headed back west and north to the 
Ganges and mapped the Ganges canyon 2.5 times before heading to the 
Indian Tsunami mooring which she is servicing today.

A through flow salinity plot from both the ships is included herewith. We are 
in good communication with Nidhi by email, and have been able to 
exchange data and plots, which will be super useful as we begin to work 
together in the coming days.

Weather has been interesting too, we have had  black skies and intense 
sudden squalls, and rain in all manner of intensity - and the tumblr page 

http://rogerrevelle.tumblr.com/


has some interesting pictures of this. We have seen the air temperature 
drop a few degrees in a few minutes with down pours that keep the work on 
deck interesting. When Nidhi started sampling the anticyclonic eddy in the 
Indian EEZ, an atmospheric vortical structure was developing close to 
Orissa, thankfully that system soon moved northwestward on to land.







September 2, 2015 (Wednesday) 

(AP) Around 8am (local) the FCTD was recovered to adjust the fins on the 
fish. When brought on board, we discovered that part of one of the fins had 
actually broken off and would take longer to repair. As we were just 
crossing a front, we jumped into reel-CTD mode for about half an hour to 
keep measuring along the line. We then stopped, recovered the bow chain, 
and began FRRF profile. We plan to next do a CTD and pull up the side 



pole quickly to download the ADCP data.  Another storm during bow chain 
recovery, with sudden drop in temperature and wind/rain.

1015 (IST): Now heavy, sustained rain as we start CTD cast. (AP)

~14:00 IST : Pulled up side pole to download ADCP data. Could not 
connect to it with wireless. Used Gualtiero’s AM radio to confirm that it was 
still pinging, and then put it back down. Redeployed bow chain immediately 
after. Radiometer not working, Mary was up on pole trying to fix it. (AP)

Deployed the Solo float around 5.45 pm.  
Started deployment of the drifter array around 6 pm.   Triangular pattern - A 
cluster has 4 drifters, 3 svp-s and 1 svp. B cluster has 1 svp-s + 1 wave 
buoy. 
continued this deployment through the night, while using FastCTD on lines 
of the array.

September 3, 2015 (Thursday)

03:50 (IST) - Drifter cluster ‘A7’ deployed. (AP)

08:30 (IST) By this time all of the drifter clusters, wave buoys have been 
deployed.

10:00 (IST) - Doing FRRF and CTD profile. (AP)

11:30 (IST) - The waypoints for the Spar Buoy and the three Wirewalkers 
have been decided and given to the Bridge. The next 5-7 hours will be 
used to prep and deploy the Spar Buoy, and three wire walkers. In the 
attached figure, “x” marks the position of the Spar buoy while the 3 open 
circles are the WW positions.



September 4, 2015 (Friday)
Two ships - Sagar Nidhi and Revelle did parallel lines from NW-to SE 
through the night. 1.5nm separation between ships.  Radio communication 
between the bridges, and understanding each other, is getting smoothed 
out.   The line was without the bow chain, but FastCTD continued on the 
Revelle, and uCTD on the SN. 

03:00 (IST) - Apparently bow chain anchor broke off sometime last night, 
instruments were recovered. Amala says recovery was around 19:00 IST 
on 09/03/15. (AP)

04.00 (IST)  Having completed the line, we picked another South-to North 
line - keeping most of the assets to our west, and Nidhi to our east. 

09:00 (IST) - Starting FRRF profile. (AP)



~930-1015 (IST) - CTD cast.

11:00 (IST) - Pulled up side pole and downloaded data (~2GB, last 5 days). 
Emily wiped the button with alcohol this time and the wireless worked right 
away. Redeployed, check that it was pinging with the AM radio. (AP)

11:45 (IST) - Bow chain redeployed (with new Christmas anchor). This will 
be “Deploy5”.

15:15 (IST) - About to start southward line with Nidhi. Were going to launch 
ROSS, but having issues with engine control on it. Delaying for now and 
starting line with FCTD. (AP)

20.00 IST (approx) - Conductivity sensor on FastCTD had problems. When 
pulled out of the water, Drew and Johnny discovered a tiny squid was 
impaled by the conductivity probe.    Reel CTD was carried out during the 
time.  Fast CTD back in the water, before we turned.  - Drew is working on 
comparing / matching up the Reel CTD and FastCTD. Some post-
calibration will be needed. 

20.30  (IST)  Both ships completed the North to South line from 17-34’N to 
17-10’N, Nidhi on 89-42’ E and Revelle on  89-41’E. 
We seem to have lost that salty water that we had previously seen at 
17-10’N.  

20.30-21.30 (IST)
Smooth communication and turn around to start the next lines  Nidhi on  
89-40’ and Revelle on 89-39’,  heading north from  latitude 17-10’ N to 
17-34’N. 
Expected ETA is 5.00 hrs IST  9/5. 
Most assets are out of the way— need to check on one wire walker later. 
Did a sewage dump on the turn.

Note Sagar Nidhi’s instrumentation for telling speed over water is broken. 
That is why it was hard for them to tune in to 4kn SOW.    The new method 
is for Revelle bridge to inform the SN as to what speed over ground (SOG) 
she should maintain. 



Notice our track at 89-39E heading north. A previous track that was very 
close had salty water, now it is much fresher. The wind has an upfront 
component and the Ekman transport may be helping to move the fresher 
water to the south-east. 

September 5, 2015 (Saturday)

3.00 IST - Called the Nidhi’s bridge and informed them of a Wirewalker that 
would be close to Nidhi’s track.   Bryan was on the bridge and showed me 
the track of another ship that had been heading into our assets. He 
requested them to reroute, which they did. 

09:00 IST - Launched Ross successfully (Deploy3). Will head south parallel 
to Revelle and Nidhi on lon 89 35.5. Ross is west of Revelle. (AP) 



10:55 IST - A sharp rain front passed over us, approaching from the west. 
Ross gps track looks like it was blown off course briefly , maybe by wind 
associated with front. (AP)

14:08 IST - Ross made a slight detour off our line; I uploaded new 
waypoints for the turn-around and I think it started heading back to home 
first, which was at the beginning of line. We got it back on line and heading 
south. So a small section of the line is shifted maybe 50-100m west.(AP)

15:20 IST - Ross turned north on longitude 89 34.5 and will head north until 
17 34’. Revelle is turning with it, and will head north on longitude 89 34’. 
(AP)

15:30 IST - Ross appears to have stopped going and is now drifting to the 
E/SE. Will likely go to pick it up. (AP).  Ross picked up.

17:00 IST - Deployed PG-13 drifter (Pacific Gyre drifter with T-chain and 
ADCP attached). (AP)

17.10 IST - Nidhi and Revelle got in to position to start the south to north 
lines from 17-10’N to 17-34’N.   Nidhi occupied 89-35’ E, Revelle took 
89-34’E. 

Midnight -  Completed the lines with FastCDT (and presumably UCTD on 
the NIdhi) .  Had a couple of hours of  intense rain after dinner.  At 17-34’ 
we are seeing a very thin layer of freshwater - < 29 psu at the surface.  We 
decided to continue the line north to 17-36’N before turning both ships 
around. 

On the southward tracks, Nidhi will occupy longitudes 89-32’ and Revelle 
will occupy 89-31’

September 6, 2015 (Sunday)

15:15 IST - Bow chain recovered (end of ‘Deploy5”). (AP)

September 7, 2015 (Monday)



We have identified a strong mixed layer front and gone back and forth 
across it several times with two ships along lines of longitude. The front 
seems to have intensified. 
This will be a good place to do a quasi-Lagrangian study of the front. 

Water sampling was done across the front — CTD cast on the North side, 
and the south side of the front.  Surface water was collected every 30 mins 
as the Revelle crossed the front at 4 kn. 

~12:20 IST - Ross deployed. Stopped working shortly after, and is now 
being recovered. (AP)
13:30 IST - Ross recovered. (AP)
 Ross was deployed and recovered 3 times and fixed  until there was 
nothing else that could possibly go wrong. 

Drew, Emily and Jonny made a bucket drifter that will be deployed in the 
front tomorrow - for a adaptive survey. 

We did one more overnight South to North crossing of the front.  This time, 
Ross joined in for a 3-ship line.  
Nidhi on 89-18’, Revelle on 89-16’ and Ross on 89-14’.
At the northern end, both ships moved over 1’ to the west be closer to Ross 
for communication.

September 8, 2015 (Tuesday)

13:26 IST - Pacific Gyre drifter with bucket drogues launched. (AP)
We started doing smaller sections (8-10 nm) across our sharp front. Ran 2 
sections at night. Our drifter seems to be tracking the front and has turned 
southward. 

September 9, 2015 (Wednesday)
Started the next section heading NW - to cross the drifter trajectory more or 
less at right angles.  Black line is Slim Shady (bucket drifter)



September 10, 2015 (Thursday)

~0830 IST - Launched Ross on Deploy5 (AP)

~1400 IST - Recovered Ross. (AP)

Picked up the drifter Slim Shady, which did really well. 

The folks on the Nidhi told  us that they had to head off, so both ships were 
lined up for a photo (1/2 nm apart). The Nidhi lowered a boat and the folks 
got some could 2-ship photographs. The crew of the Revelle handed some 
gifts over to the boat.  Then the Ross went in for the final farewell.  

We picked up the float PG-13  (looked good but had lost one sensor) and 
headed south toward the eddy center. We got a nice long section overnight.  



Will head back north to pick up Emily’s Solo float in the morning.  The plan 
is to pick up all the rest of the assets (WWs) through the day, and then 
head to the WHOI mooring. 

Fig shows us at 4.30 AM IST on Sept 11.  We will turn around and pick up 
the solo in the morning.

September 11, 2015 (Friday)

~07:00 IST - Recovered bowchain (Deploy07?). 

~07:25 IST - Brought up side pole ADCP. (AP). Will now transit to pick up 
Solo float. (AP)

Picked up both solo floats - using a boat.  
Next picked up wire walkers -  and Spar buoy.   Went fast without Fast CTD 



or side pole or bow chain.
Last wire walker was retrieved at 2.30 AM on Sept 12.

September 12, 2015 (Saturday)
We are now headed to the WHOI mooring, which is showing very large 
salinity fluctuations (5 psu) in one day. 
Fast CTD and side pole were put in the water at 4 am.   It is about 42 nm to 
the mooring. 
Bow chain will wait until the morning.

VMP time series started doing a triangle P1-P3-P2 clockwise shown in 
attached figure for the next 2 days (one inertial period).

P1 = 18 3.0’ N, 89 27.0’ E
P3 = 18 5.0’ N, 89 25.50’ E
P2=  18 5.0’ N, 28.50’ E
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September 13, 2015 (Sunday)

Continue doing VMP triangle north of WHOI mooring. 
WW Ice cube deployed in the afternoon.

September 14, 2015 (Monday)

0950 IST - Ross launched for deploy 6. Will do a triangle outside our ship 
triangle. (AP)

Ross recovered in the evening ~9pm in rough seas (some difficulties in 
bringing it in; no one hurt).

September 15, 2015 (Tuesday)

Last VMP profile about 7am. Getting ready for deep CTD cast before 



picking up WW IceCube.
BowChain recovered
CTD to 2000m. 
About 0945am IST, while CTD is less than 500m depth (about 365m), the 
wire broke and Rosette was lost. We will attempt to recover the Rosette by 
deploying dragging hooks in the region where it was lost.

Return to the barn:
1900 UTC - Deployed bow chain and over the side ADCP and started our 
final steam southwestward, along a 700 km, mostly straight line to the SW 
at 4 knots while fast-CTDing.  Will be an incredibly unique line; Drew’s 
calling this “Jen’s line” because the idea is to get horizontal statistics of 
vorticity, divergence, and small-scale gradients that can be used to identify 
how changes in the signatures of submesoscale instability are related to 
changes in the larger scale mesoscale and orientation of wind-forcing in 
relation to the background gradient.       

September 16, 2015 (Weds)

At 000 (UTC), we shifted from auto-heading mode to auto line tracking 
mode.  There are clear differences between those two modes.  the auto 
tracking mode has clear narrow-band

At 03:45 (UTC), we shifted back to driving by hand, using auto heading, not 
auto tracking mode. 

IN the middle of the night, we changed course, headed due West instead of 
continuing South as had been originally planned, in an attempt to get the 
zonal structure of the eddy we were passing through, in addition to trying to 
get to fresher waters to the west (and zonal freshwater gradients of both 
signs).  Was probably something we should have thought out a little more 
before making this change, but hindsight is 20:20   

Sept 17 (10:00 UTC), 

0600 UTC:  Morning; decided our westward course is a dead-end, and that 
we are not going to make it far enough south if we continue on the current 
course.   So at 0600 UTC we recovered bow chain and ADCP, and 



steamed at 12 knots south (for about 60 miles), towards the center of the 
eddy. 

deploy 10 bow chain has the conductivity cell moved 50 cm lower, and 
there are now 2 thermistors above it, spaced at 75 cm, instead of at 0, 1, 
1.5 m.
Also noticed that two thermistors were reversed (67 and 66 in their 
placement and the logs), so fixed that.

11:00 redeployed bow chain and ADCP; resuming Fast-CTDing and 
heading SW at 4 knots for the next 36+ hours.  

Sept 19 (23:00 UTC), 

This is morning of 20 Sept, 8 AM local.  End of our ASIRI sampling for 
2015.

23:00 sept 19: recovered the bow chain and ADCP pole.  Spending the day 
cleaning the labs, downloading final data and organizing, dismantling all of 
gear on the fantail and packing the container.  Many crane ops during the 
day to remove ADCP pole mounts, crane fast-CTD parts, move large 
ROSS boxes into the container, etc.   

Sept 21, 8AM local

Back in port :) :) :) :) 



Above, our final map…. needs a little work to see the details.   Nice job 
crew!
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