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Cruise Objectives

The objectives of the first leg of the cruise were to deploy tracer and RAFOS floats on a surface
of constant density at approximately 1100 m depth within the GISR mooring array deployed
along the continental slope to the east of the Mississippi Canyon. The objectives of the second
leg of the cruise were to sample the early distribution of the tracer for the initial condition of a 1-
year study of dispersion a passive tracer released in deep water near the north-central boundary
of the deep Gulf of Mexico. Dispersion of the tracer will be compared with realistic numerical
simulations of the circulation of the Gulf. Such simulations will help in responding to accidental
petroleum releases in the deep waters of the Gulf.

The Tracer

The tracer is trifluoromethyl sulfur pentafluoride, CF;SFs, a compound which is neither
chemically nor biologically active in the ocean, and is thus harmless and conservative. The
material is not generally available commercially, and that used for this experiment was
manufactured specifically for our use by Fluorochemika Poland, Sp.

Injection Sled Configuration

The injection sled is an aluminum frame about 2 meters long by 1.2 meters wide by 1 meter high
(Fig. 1). It houses a CTD which is used in the feedback system to tow the sled at constant
density, and which also transmits commands and sensor signals between the ship and the
injection system. The sled also houses a control electronics, wet-cell batteries, pumps and tracer
reservoirs comprising the tracer injection system. The sled is made approximately neutrally
buoyant with the glass flotation balls in hard hats along the top rail (Fig. 2). The sled is towed at
the end of a 2.5-meter long tether trailing behind a pear-ring to which the termination of the CTD
cable is attached from above and a 850-1b depressor weight is attached from below. The purpose
of the tether is to isolate the sled from much of the vertical motions of the CTD cable.

Tracer Release

It had been planned to center the release at 28°30° N, 88°30°W. However, there was a
considerable line of gear on the bottom just to the northeast of this site, and trending northwest to
southeast. The skipper of Brooks McCall had excellent images of this gear, which belonged to
BP, and brought it to our attention. It was also necessary to avoid a TAMU mooring that had
been placed at the location mentioned above as part of our experiment. Hence we modified the
plan for the injection track. We decided to place the tracer on a line running through the
mooring array, rather than offshore of it, in order to obtain as much synergy as possible between
the two components of the GISR project. This decision brought the injection into shallower
water than planned, which led to some of the difficulties in sampling described below, but which
also seems to have resulted in a unique boundary-current tracer release experiment.



Injection sled preparations. The starboard
side 25-micron orifices are mounted in the
dark grey vertical bar on the starboard side
of the aft end of the sled. In the picture are,
from left to right, Bill Green, Brian Guest,
Leah Houghton and Cory Anderson. Photo
by Adam Ariganello.

Injection sled ready to go in the water. Brian
Guest watching the hydroweight going down.
Alexi Shalapyonok standing by. Photo by Adam
Ariganello.

Brian Guest directing the deployment of the
injection sled. Photo by Adam Ariganello.

Fig. 1. Injection sled prepa

ration and deployment.




Fig. 2. Injection sled just after deployment. The sled is slightly buoyant at the surface due to the
glass balls and the compressible white fenders. The sled is streaming behind the wire with the
ship underway at about a knot. The yellow boots at the forward end of the sled bridle can be seen
below the water surface where they are attached to the end of the CTD cable via a pear-ring.
Suspended from the pear-ring is a 50-meter cable with an 850-pound hydroweight at the bottom.
The sled becomes less buoyant as it descends because the fenders compress. They expand again
upon surfacing to facilitate recovery.

Seventeen kilograms (actually 16.8 kg) of CF3SFs were released on 28 July 2012, on two
segments of a track roughly parallel to the isobaths along the continental slope bounding the
northern Gulf of Mexico (Fig. 3). The target density for the release was 6, = 32.254 kg/m’,
where o, is the potential density anomaly referenced to 1000 dbar. It is known that a small term
in the formula for the primary conductivity sensor was omitted in the CTD conductivity
calculation, so this density will be revised in post-processing. Also, adjustments may be made
for post-cruise calibrations. The pressure on this isopycnal surface varied from approximately
1090 to 1180 dbar over the injection track (Fig. 4, bottom panel). The bottom depth along this
track varied from about 1200 to1400 meters (Fig. 5). The mean “height above bottom” of the
release was between 152 meters (minimum: 104 m; maximum: 248 m; standard deviation: 28
m). Statistics of the hydrographic parameters during the time the injection pumps were on are
listed in Table 1. The rms density error during the release was 0.00079 kg/m’, equivalent to
about 1.6 meters in the nominal mean density gradient of 0.00048 kg/m®*. Hydrographic
properties at the target density surface for the tracer release, from cruise GSO1, prior to ours but
near the site, are listed in Table 2.
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Fig. 3. Tracer Release Track (red). The positions of six current meter moorings deployed on the
GISR Mooring Deployment Cruise G01, 5-11 July 2012, are shown (‘x’). Bathymetry (color) is
in meters. Bathymetry data in this and subsequent figures in this report are from the NOAA
National Geophysical Data Center, U. S. Coastal Relief Model, available at the web site:
http.//www.ngdc.noaa.gov/mgg/coastal/crm.html.

The first seven hours of the tracer release were uneventful, with constant pump speed setting
(setting = 75 on both pumps) and with the ship moving over ground on a course to the northeast,
with the speed varying from 1.0 to 1.5 knots. Approximately 13.3 kg were released during this
first streak, which has been dubbed Streak 1. At the end of this period the pumps were turned off
while the package was hauled in for fear that too much wire had been paid out, given the
proximity of the bottom and the risk of the hydroweight falling to the bottom if the ship were to
slow or turn. More than two hours passed before adjustments had been made to the disposition
of the wire and the package had settled into a stable tow again to occupy the shorter segment to
the northeast of the first segment, at the same pump rates as before; approximately 3.5 kg were
released in this “Streak 2”. After a brief interruption to let wire out at the end of this segment,
the pump batteries appeared to be depleted when attempts were made to restart the pumps, and
the release came to an end.
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Fig. 4. Potential density anomaly, referenced to 1000 dbar, temperature, salinity, and pressure
recorded by the CTD on the injection sled during the tracer release tow, on 28 July 2012. The
records are colored blue or green when the tracer pumps were on, and black when off. Gaps
appear when the sled was far away from the target density surface due to adjustments made for
the disposition of the CTD sea cable.
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Table 1. Hydrographic Properties During the Tracer Injection

Mean Stal}dgrd
Deviation

Salinity 34.9449 0.00029
Temperature (°C) 4.7330 0.00464
Pressure (dbar) 1122.5 20.1
Potential temperature (°C) 4.6400 0.00468
o, (kg/m’)’ 32.2538 0.00079
Height above bottom (m) 152 28
Number of samples: 31157
Sample frequency: 1 Hz

*potential density anomaly, referenced to 1000 dbar
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Fig. 5. Bottom depth (blue) and the depth of the tracer injection sled (red: pumps on, black:
pumps off) along the deployment track shown in Fig. 3.

The total amount of tracer released was 16.8 kg. Although the injection sled had been loaded
with nearly 40 kg of tracer, as proposed, we decided to inject no more tracer. The reasons were
that 16.8 kg will provide more than sufficient signal for a one or two year study of dispersion in
the Gulf of Mexico, and the release had gone well so far, and there is always a risk that a release
can go wrong. To the risk of a rupture in the injection system, or a software or operator error
putting the injection sled on the wrong density surface, is added the risk in this case of the
hydroweight catching on an obstacle on the bottom, since we were towing so close to the bottom.

Appendix A includes details of CTD operations, Cast Notes, figures showing the variability of
potential density anomaly, referenced to 1000 dbar, salinity, temperature, and pressure for each
of the sampling tows, statistics for each tow, as well as figures showing the downcast portion of
each tow.

Appendix B contains a spreadsheet of the complete Event Log.



Table 2. Hydrographic Parameters at 1100 dbar from the 9 CTD casts at

and surrounding the station at 28.5°N, 88.5°W, on Cruise G01

Neutral density % 32.752 kg/m’
Temperature (Real) T 4.76 oC
Temperature (Potential) T* 4.67 oC
Salinity S 34.95

Depth Z 1100 m
Pressure P 1110 dbar
Potential density Ob 27.6739 kg/m’
Pot. density referenced to 1000 Oi0 32.2540 kg/m’
Thermal expansion coefficient a 1.3652x 10*  oc!
Saline contraction coefficient yij 7.6031 x 107

Adiabatic T-Gradient r 9.180x 107 °C m’
Vertical T-gradient dT/dz 2.693x 107 oCm’!
Vertical S-gradient dS/dz -1.122x 10* m’
Effect of dT/dz on stratification oAdT/dz+T) 3.802x 107

Effect of dS/dz on stratification -A(dS/dz) 8.531x 10™

Potential density gradient do/dz -4.784 x 107 kg/m*
Buoyancy frequency squared N 6.40 x 10°° 57
Buoyancy frequency N 2.53x 107 s
Buoyancy frequency (cph) N 1.45 cph
Density ratio R, -4.457




Injection System Details

We injected 16.8 kg of tracer over 519 minutes of pumping, to give a mean rate of 0.032
kg/minute. The speed setting on both pumps was 75. The density of the tracer at the pressure
and temperature of the injection is not well known, especially given the compression of the tracer
in the pump chambers, but is probably around 1.5 kg/m’, and so the volume flow rate was
perhaps a bit greater than 20 ml/min. The readings from the pressure sensors on the outlet side
of the injection pumps varied greatly, as usual, but were from 3 to 5 volts typically while the
pumps were on and fell to near zero when off.

The tracer was pumped through two sets of six 25-micron orifices, one set for each pump. The
sled went down with two accumulators with tracer, approximately 19 kg each, and one
accumulator with approximately 10 liters of Vertrel, which is used as the primer fluid. The sled
was buoyant at the surface with this load. About two hours of effort in the hot sun were required
to set up 12 orifices that were spraying clearly.

One of the batteries was found not to have outgasses upon recovery of the injection sled,
suggesting that this battery was defective and not providing power. This may be the reason that
we ran out of power earlier than usual and also that flow rates may not have been as great at a
setting of 75 as usual.

Sampling System

The tracer sampling system was composed of a central sled at the end of the CTD cable, 10
integrating samplers clamped on the CTD wire above the sled, and between 0 and 10 more
integrating samples clamped on an auxiliary cable suspended below the sled. These integrating
samplers take 850 ml of water into a metalized bag at a slow rate over 5 to10 hours by pumping
water from behind the bag, which is housed in a plastic cylinder. The spacing between
integrating samplers was usually 3 to 5 meters, and typically 4 meters. At the sled were one or
two integrating samplers, a CTD which is used to keep the sled as close as possible to the
potential density surface of the injection, and 50 glass syringes, which fill one at a time while the
integrating samplers fill. At the bottom of the auxiliary cable, was a hydroweight, usually 850
pounds. Several versions of the auxiliary cable were used, with lengths from 20 to 50 m, and for
some deployments only a short cable and 285-pound weight were suspended from the sled, with
no samplers below the sled, to get the sled with its CTD close to the bottom. Also in the array
were one or two SeaBird SBE 39 CTDs to obtain the wire angle and to give a record of the
density stratification over the tow track by comparison with the central CTD. The integrating
samplers on the cables were tripped by mechanical messenger, those on the sled were tripped
from a rosette pylon mounted on the sled, and the 50-syringe sampler on the sled started on a
timer.



Sampling Track Narrative

The hunt for the tracer was more difficult than anticipated because the injection track was closer
to the bottom than planned. Our choices for the location and direction of the sampling tracks
(Fig. 6) may seem ill advised to anyone not involved in the decisions, so here we record the
reasoning behind those decisions.

First of all, it is challenge for the ship to maintain a speed of less than a few knots, while our
sampling system must be towed at a speed of less than 2 knots to keep the wire angle tolerable.
In fact in the present case, due to the proximity of the bottom, it was necessary to keep the ship’s
speed to less than 1.5 knots to avoid paying out too much wire. The best course to maintain such
a low speed on Brooks McCall is approximately down wind. The wind speed was 5 to 10 knots
for most of the cruise, usually from the southwest, south or southeast, and significant wave
heights were usually less than 4 feet. These benign conditions helped the bridge maintain a low
speed and steady course. Nevertheless, the captain and mate of the ship showed great skill and
attention to execute the sampling tracks on this cruise, seen in the figures.

The second severe constraint to the choice of tracks on this cruise was proximity of the bottom.
Sampling is done with the sampling sled maintained at the target density surface for the
injection. The depth of this surface varied from around 1100 to 1200 meters. However, the
tracer was often found near the 1200-meter isobath, especially when approaching the continental
slope, and so the weight at the bottom of our sampling array was often uncomfortably close to
the bottom. We did not think to request a Precision Depth Recorder or bring a bottom pinger to
use with a PDR, and so we had no real-time measurement of the height above the bottom. We
were reliant on the data from bathymetric surveys of this part of the Gulf, which appeared to be
very accurate, fortunately. We dragged our bottom weight into the bottom only once.
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Fig. 6. Overview map. The sharp red lines in the northeast show the injection streaks. Sampling
tows are shown as light blue lines, with added colors to indicate tracer found: black: no tracer,
pink: less than 5 pM; red: more than 5 pM; no added color: syringes did not fill. The tows were
done from south to north. Cast 9 was a station near the northwest end of Cast 10 — no tracer;,
Cast 13 was a station where much tracer was found (red asterisk). Blue squares: TAMU
moorings. Black isobaths are drawn every 100 m from 1000 to 1400 m, from northwest to
southeast. The light isobaths between these are every 20 m. A detail of Casts 7 through 14 is
shown in Fig. 11.
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Here is a cast by cast summary of our hunt (Cast 1 was the injection cast):

Cast 2: A cast off shore of the region of the tracer to test the equipment, especially for
contamination of the ship and sampling gear from the injection cruise. The sampling gear had
remained on shore, but still could pick up tracer during loading. Of particular concern was the
ship’s fresh water supply, which is used in the hydraulic systems in the samplers. All
components of the system turned out to be clean. Many bugs in the overall sampling system and
launch procedure were discovered and ironed out from the experience of this cast. However, a
failure of the sea cable caused no CTD data to be collected.

Cast 3: This was the first sampler tow aimed at sampling the tracer. The tow track retraced
more or less the first half of the injection tow, but 5 days later. Tow tracks are shown in Fig. 6,
color coded crudely for where the tracer was found, according to the 50-syringe sampling
system. The bottom 3 samplers did not fire because the messenger was caught on one of the
SBE37 CTDs in the array. Only one sampler was on the sled for this cast, and it also did not
fire. (Two samplers were mounted on the sled for subsequent casts.) The first sampler above the
sled was about 5.5 meters above the sled, instead of the intended 4 m, due to the vagaries of
launching the sled. The resulting vertical profile from the integrating samplers is shown in Fig.
7. We see a peak at 8 meters below the target surface, but there is data gap between 4 meters
below and 5.5 meters above the sled, so unfortunately we can’t be sure there was no tracer near
the target surface.

The maximum concentration in this profile is 3 pM and the column integral of tracer is
approximately 35 nanomoles/m”. If this column integral were typical of the overall patch, then
the area covered by the patch would have been approximately 2500 km?, and the length scale of
the patch would have been 50 km. The length of the initial streak was about 20 km, so an
exponential growth rate of the length scale of about 2 x 10 s™ would account for the increase. It
is easy to imagine the length of the streak growing at this rate, or even faster, along the isobaths.
It is perhaps a little more difficult to imagine such a growth rate in the cross-isobath direction. In
any case, the concentrations found were of the order of magnitude expected 5 days after
injection, though it would not have been surprising to find ten times as high concentrations at
this point in the experiment, based on past experience.

Due to an arithmetic error, the chief scientist underestimated the amount of tracer found by a
factor of 1000 at first, and this error persisted for two or three days, causing us to believe that we
were only on the periphery of the patch.

Cast 4: This tow continued to the northeast along the path of the injection (see Fig. 6).
Simulations at NCSU and TAMU indicated that there would be tracer along this path and so one
purpose was to test these predictions. It turned out that very little tracer was found along this
track. The only sampler that came up with tracer, about 0.5 pM, was the one at 4 meters above
the sled. This lack of tracer does not invalidate the simulations, since a small displacement of
the actual patch from the predicted patch could cause us to miss it.

11
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Fig. 7. Vertical tracer profile from Cast 3. The mid-time of the cast was 5.1 days after the mid-
time of the injection. Tracer concentration, in pM (I pM = 107 moles/liter) is on the horizontal
axis, and nominal height above the central sled is on the vertical axis.

Cast 5: This tow was well to the south of the tracer release location. We were guided by the
RAFOS float that was deployed during the early part of the injection and timed to come to the
surface a few days later. The displacement of this float was to the southwest, and to a somewhat
shallower isobath than where it was deployed (Fig. 8), giving evidence that there was a boundary
current along the isobaths at the level of the tracer, with a velocity of around 3 cm/s. We used
this speed and the guess that the tracer was moving along isobaths to select the location for the
Cast 5 track (see Fig. 6). A few samplers found only small amounts of tracer on this track (Fig.
9). We guessed that we were too far off shore; that the tracer was hugging the boundary, as the
float seemed to do, and also as appeared in the TAMU simulations for Streak 1.

12



28°N

Fig 8. Displacement of the first RAFOS float (blue) and second RAFOS float (cyan) superposed
on the tracer injection streaks (red). The sense of both displacements was from northeast to
southwest. Contours are in meters.

As for Cast 3, the tracer found was below the target density surface. In fact the bottom sampler,
40 meters below the sampling sled, found a peak of tracer. The 50-syringe sampler failed to
work at all on this tow, so we don’t know where along the track tracer was found. But we note
that by the end of the cruise, where we think the tracer was most likely found, the bottom of the
sampling array was only 50 meters above the bottom, and this may have had something to do
with us finding this deep tracer peak.

Cast 6: This tow was from the end point of Cast 5 to the northeast into shallower water (see Fig.
6 for the tow track). It was necessary to end this tow early because of the proximity of the

13



bottom. The vertical distribution from the integrating samplers is shown in Fig. 10. The column
integral was about 60 nmol/m?, and the profile is centered just a few meters below the target
surface. The 50-syringe sampler suggests that the tracer was found along the middle of the tow
track when the bottom sampler was around 60 meters off the bottom.
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Fig. 9. Vertical tracer profile from Cast 5. The mid-time of the cast was 6.9 days after the mid-
time of the injection. Tracer concentration, in pM (1 pM = 107 moles/liter) is on the horizontal
axis, and nominal height above the central sled is on the vertical axis.

Cast 7: At some point the second short-term RAFOS float, deployed shortly after Streak 2 and in
the same area as Streak 2, had surfaced and relayed its position. This float had also moved to the
southwest, and to somewhat shallower water, but mostly along isobaths, and at a speed of about
6 cm/s (Fig. 8). This displacement gave us even more reason to look to the southwest, along
isobaths, to sample the tracer. We estimated from the float drifts that the center of the patch was
in the vicinity of the tracks for Casts 7 through 12, shown in Fig. 11, which is a detail from Fig.
6.
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Fig. 10. Vertical tracer profile from Cast 6. The mid-time of the cast was 7.1 days after the mid-
time of the injection. Tracer concentration, in pM (1 pM = 107" moles/liter) is on the horizontal
axis, and nominal height above the central sled is on the vertical axis.

We indeed found high concentrations there, although in only a limited segment of the track. The
western end of this track was diverted to be due west rather than northwest as planned, due to the
descent of the target density surface toward the bottom. The top 10 samplers were not tripped
for this tow because the messenger was stopped by a marking tape on the cable, 100 meters
above the termination that we had not noticed. Thus, samples were obtained only from the
central sled and from the samplers below the sled. The tracer was found broadly distributed with
maximum concentration 16 meters below the sled (Fig. 12). The column integral of this partial
profile was again about 60 nmol/m’.
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Fig. 11. Detail from Fig. 6. The color key is the same: cyan: no data from the 50-syringe
samplers, pink: black C = 0; cyan: C < 5 pM; red: C > 5 pM. Casts 7, 8, and 12 lie almost on
top of one another in places. Cast 7 is a simple dog-leg underneath the others, with tracer along
its eastern half. Cast 8 is nearly straight with a bend to the west at the western end. Cast 12 has
three segments with a pink and red southwestward segment in the east and a cyan
southwestward segment in the west. Black isobaths are drawn every 100 m from 1000 to 1400 m,
from north to south. The light isobaths between these are every 20 m.
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Fig. 12. Vertical tracer profile from Cast 7. The mid-time of the cast was 8.1 days after the mid-
time of the injection. Tracer concentration, in pM (1 pM = 107 moles/liter) is on the horizontal
axis, and nominal height above the central sled is on the vertical axis.

Cast 8: The length of the cable under the sampling sled was reduced from 50 meters to 20
meters in order to sample over shallower isobaths. Cast 8 was along a track a bit to the north of
Cast 7. It succeeded in obtaining the samples above the sled as well as below, and found tracer
in locations similar to those for Cast 7, i.e. about a third of the way along the track (Fig. 11).
Because the bottom wire was short for this cast, the lower part of the profile was missed. Figure
13 shows the vertical profile. The peak concentration is 4 meters below the sampling sled, but
there is a broad wing below this depth, consistent with Cast 7 (Fig. 12). The depth of the
sampling system and the bottom along the track is shown in Fig. 14. According to data from the
50-syringe sampler, tracer was found between 4 and 8 km along the track, where the bottom
depth is at about 1210 m, and the bottom sampler was about 54 meters above the bottom. Tracer
was not found at the shallow end of the track, between 14 and 22 km, where the bottom depth
was about at about 1230 m, and the bottom sampler was about 14 meters above the bottom.
Figure 14 suggests that the weight hit the bottom, and this indeed was the case, but no damage
was donze to the equipment. The column integral represented by this profile was about 30
nmol/m”.
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Fig. 13. Vertical tracer profile from Cast 8. The mid-time of the cast was 8.9 days after the mid-
time of the injection. Tracer concentration, in pM (1 pM = 107" moles/liter) is on the horizontal
axis, and nominal height above the central sled is on the vertical axis.
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Fig. 14. The bottom depth (blue), depth of the weight at the bottom of the sampling array (cyan)
and the depth of the sampling sled (black) along the tow of Cast 8. The 50-syringe sampler found
tracer between 4 and 8 km range, but not between 14 and 22 km. The bottom depth is from
NGDC data. We tested its accuracy in that the weight did indeed hit the bottom.

Cast 9: Advantage was taken of a few hours in the afternoon to occupy a stationary point at
28°4.8°N, 89°18’W, near the end of the track for Cast 8 where the bottom depth was at about
1220 meters, to measure short term variability of the density 20 meters off the bottom and to see
whether there was tracer at that location. The lower cable was replaced by a 1-meter cable with
a 285 pound weight just beneath the sled for this operation. No tracer was found at this location,
consistent with the results from the 50-syringe sampler on Cast 8.

Cast 10: The lower cable was left off the array and the sled was towed at a shallower isobath
(1180 to 1220 m) paralleling that of Casts 7 and 8 to determine whether the tracer had moved to
regions shallower than we had been able to sample. Tracer concentrations were generally less
than 0.1 pM, so quite low, with the tracer distributed rather broadly above the target surface (Fig.
15). The 50-syringe sampler found tracer again in the first third of the track (Fig. 11), although
the syringes failed to fill along much of that track. The column integral is around 3 nmol/m? for
this tow. This Cast seemed to reinforce the suspicion that not much of the tracer had moved
inshore of the 1220 m isobath.
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Fig. 15. Vertical tracer profile from Cast 10. The mid-time of the cast was 9.9 days after the mid-
time of the injection. Tracer concentration, in pM (I pM = 107 moles/liter) is on the horizontal
axis, and nominal height above the central sled is on the vertical axis.

Cast 11: A plan was made to take a quick look for tracer in deeper waters in preparation for Cast
12. On Cast 11 we occupied a short line cutting across isobaths on an afternoon cast (see Fig.
11). We did not deploy the sampling array but only two samplers on the sled which were
triggered to fill quickly at two points along the path. We found no tracer in either the integrating
samplers or the 50-syringe sampler, but the latter returned no samples past the half-way point.

Cast 12: Given the negative result from Cast 11 we were not motivated to look for tracer at
isobaths deeper than 1240 m. So the Cast 12 track was along the 1240 m isobath, roughly
parallel to Casts 7, 8, and 10 (see Fig. 11). We found a strong tracer signal along the eastern
third of this track, and not too far to the east of the other finds. However, we infer from the float
displacement and also from the distance of the tracer we had found from the release point that
the current along isobaths was about 3 nautical miles per day and so we believed that we were
sampling different water on each cast.

The vertical tracer profile from Cast 12 (Fig. 16) found the tracer peaked at or just a meter or two
below the target surface, with a smooth wing both above and below this level. The wing below
the sled was much broader though, and was cut off at 20 meters below the sled because we were
using the 20-meter cable to avoid further encounters with the bottom. The column integral for
this profile was again about 30 nmol/m”.
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Fig. 16. Vertical tracer profile from Cast 12. The mid-time of the cast was 10.9 days after the
mid-time of the injection. Tracer concentration, in pM (1 pM = 107 moles/liter) is on the
horizontal axis, and nominal height above the central sled is on the vertical axis.

Cast 13: We estimated that at least the leading edge of the tracer should have turned the corner
near the end of tows 7 and 12 in Fig. 6, and headed south by the final day of sampling. We
therefore did a spot check in the afternoon in this region, well south of the western end of the
previous tows (see the red asterisk marked 13’ in Fig. 11). There we found large concentrations
in 6-minute integrating sampler aliquots taken at three densities around the target density, i.e.,
essentially spot samples. A peak concentration of 14 pM was found at the target density in the
central sampler, indicating that there was indeed tracer in this region.

Cast 14: As we had not delimited the deeper part of the tracer distribution very well, we took
measures to sample deep in the region in the vicinity of Cast 13. We reduced the tow time to 5
hours so that we would not run into shoals. We increased the length of the lower cable to 40
meters. The results were gratifying, with the Cast yielding a complete profile that was consistent
with partial views we had obtained from the other casts. The multichamber sampler was also
more successful on this tow, perhaps because the pump rate was doubled, and the sampler
yielded high concentrations along most of the track. The vertical profile from this cast is fairly
symmetrical, although with an increase in concentration near the bottom (Fig. 17). The hot spot
of tracer was found near the location of Cast 13, at bottom depth of 1250 m according to the
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integrating samplers (Fig. 11), although tracer was found along most of the track. The bottom
sampler was within 30 meter of the bottom at this location and over the last third of the track
(Fig. 18).
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Fig. 17. Vertical tracer profile from Cast 14. The mid-time of the cast was 10.9 days after the
mid-time of the injection. Tracer concentration, in pM (1 pM = 107 moles/liter) is on the
horizontal axis, and nominal height above the central sled is on the vertical axis.

The column integral for this profile is about 75 nmol/m”. This is the fullest profile obtained
during the sampling cruise in both concentration and depth coverage. If we were to fit a
Gaussian to this profile it would give a standard deviation of about 18 m, both above and below
the target density surface. A crude estimate of the diapycnal diffusivity can be made from the
formula:

2k = (of — 67°)/At
where £ is the diapycnal diffusivity, or and G; are the final and initial standard deviations and A¢
= 11.8 days is the time since injection. G; has never been greater than 10 m in previous injections

with this same system. Hence, we estimate that k> 10™ m%/s.

This diffusivity is an order of magnitude greater than found in the open ocean, suggesting that
dynamics associated with boundary currents and internal waves near the continental slope along
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the northern Gulf of Mexico are enhancing the energy available for mixing considerably. The
other tracer profiles are consistent with this interpretation, although evidence from them is
fragmentary. More work is required to analyze exactly what is going on. Of particular value
will be the records from the SBE37 CTDs that were incorporated in the sampling array.
Comparison of those records with those from the central CTD at the sampling sled will give
information on the stratification where the tracer was actually found, and closer look at the
bottom depth will give information on the bottom depth and height above bottom of the sampling
sled where tracer was found.

GISR02014 Altitude

— Sea Floor
— Sled
Weight

1100

1150

1200

Depth (m)

1250

1300

0 1 2 3 4 5 3] 7 8 g 10
Range(km)

Fig. 18. The bottom depth (blue), depth of the weight at the bottom of the sampling array (cyan)
and the depth of the sampling sled (black) along the tow of Cast 14. The 50-syringe sampler
found tracer along much of the range, but especially beyond 7.8 km.
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Table 3 lists the sampling characteristics for Casts 2—14.

Table 3. Sampling Cast Characteristics
Aux Cable | No. of
Cast Length (m) | Samplers Comments
2 Test 50 21 No contamination found
3 10-hr tow 50 21 1 sampler on sled; did not fill;
lowest 3 samplers did not trip
4 10-hr tow 50 22 2 samplers on sled from here on
5 10-hr tow 50 22
6 6-hr tow 50 22
7 10-hr tow 50 22 Upper 10 samplers didn’t trip
8 10-hr tow 20 17
9 3-hr station 2 (2)
10 10-hr tow 2 22
11 Exploratory tow 2 2 No tracer
12 10-hr tow 20 17
13 Exploratory station 2 3 Spot sample — high tracer
14 5-hr tow 40 21
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Appendices
Appendix A. CTD Operation
CTD Instrument Overview

Two Seabird SBE 9p/us CTD units were used on the GISR02 cruise. One was the Ledwell CTD
and the other was supplied Frank Bahr. The Ledwell CTD was used for the injection tow and the
Bahr CTD was used for the sampling tows. Both CTD’s had dual pumped C/T sensors and a
pressure sensor for the primary variables There were some instrument and sensor problems
during the cruise and sensors and CTD 9plus units were changed to diagnose and correct these
problems. Table 4 lists the serial numbers of the sensors used.

A total of 14 casts were performed during the two legs of cruise. Most of these were tows with
integrating samplers attached to the wire above and below the sled. A few casts had samplers

only above the sled and some had no samplers except for those on the sled as indicated in Table
4.

Table 4. CTD Sensor Serial Numbers

Sensor Type Serial No.
Ledwell 9plus Cast 01:

Pressure 59933
Bahr 9plus Casts 03-14:

Pressure 47053
Cast 01:

Primary Temperature 1085
Secondary Temperature 1080
Primary Conductivity 763
Secondary Conductivity 3648
Casts 03-14:

Primary Temperature 1085
Secondary Temperature 1043
Primary Conductivity 763
Secondary Conductivity 744

Cast notes:

Cast 1 Injection cast

Cast 2 Sea Cable failure, no data

Cast 3 CTD fish replaced w/ Bahr CTD, secondary temperature replaced
Cast 9 Inter-calibration cast (Microcats attached to sled)
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Figures 19—32 show the variability of: potential density anomaly, referenced to 1000dbar;

temperature; salinity; and pressure for each of the sampling tows. Tables 5—18 show the
statistics for each tow.
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Fig.19. Cast 3 (Sample tow 2) Potential density anomaly, referenced to 1000 dbar, temperature,
salinity, and pressure variability during tow.
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Table 5. Cast 3 (Sample tow 2) Statistics

Mean Star}da}rd
Deviation

Sigma 32.253979 0.00060115
Salinity 34.944221 0.00023686
Temperature 4.728785 0.00356070
Pressure 1130.771394| 12.04616828
Theta 4.635015 0.00373569
Number of samples used: 36938
Duration in Seconds: 36937
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Cast: GISR02004 - (Sample3)
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Fig. 20. Cast 4 (Sample tow 3) Potential density anomaly, referenced to 1000 dbar, temperature,
salinity, and pressure variability during tow.

Table 6. Cast 4 (Sample tow 3) Statistics

Mean Stagdqrd
Deviation

Sigma 32.254012 0.00067477
Salinity 34.944408 0.00018832
Temperature 4.730841 0.00401804
Pressure 1144.049516 6.80315624
Theta 4.635842 0.00402736
Number of samples used: 36624
Duration in Seconds: 36691
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Cast: GISR02005 - (Sampled)
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Fig. 21. Cast 5 (Sample tow 4) Potential density anomaly, referenced to 1000 dbar, temperature,
salinity, and pressure variability during tow.
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Table 7. Cast 5 (Sample tow 4) Statistics

Mean Stagdqrd
Deviation

Sigma 32.253998 0.00084157
Salinity 34.944199 0.00024051
Temperature 4.724394 0.00513054
Pressure 1085.656213| 22.79150572
Theta 4.634753 0.00500701
Number of samples used: 35412
Duration in Seconds: 35411
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Fig. 22. Cast 6 (Sample tow 5) Potential density anomaly, referenced to 1000 dbar, temperature,
salinity, and pressure variability during tow.

Table 8. Cast 6 (Sample tow 5) Statistics

Mean Stagdqrd
Deviation

Sigma 32.253904 0.00092506
Salinity 34.944145 0.00030158
Temperature 4.729381 0.00584087
Pressure 1135.915929| 35.17494390
Theta 4.635129 0.00554523
Number of samples used: 34501
Duration in Seconds: 34500
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Cast: GISR02007 - (Sample6)
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Fig. 23. Cast 7 (Sample tow 6) Potential density anomaly, referenced to 1000 dbar, temperature,
salinity, and pressure variability during tow.

Table 9. Cast 7 (Sample tow 6) Statistics

Mean Stagdqrd
Deviation

Sigma 32.253904 0.00092506
Salinity 34.944145 0.00030158
Temperature 4.729381 0.00584087
Pressure 1135.915929| 35.17494390
Theta 4.635129 0.00554523
Number of samples used: 34501
Duration in Seconds: 34500
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Fig. 24. Cast 8 (Sample tow 7) Potential density anomaly, referenced to 1000 dbar, temperature,
salinity, and pressure variability during tow.

Pressure (db)

Table 10. Cast 8 (Sample tow 7) Statistics

Standard
Deviation

Sigma 32.253932 0.00108876
Salinity 34.943967 0.00034141
Temperature 4.728502 0.00665151
Pressure 1139.711186 34.4265497
Theta 4.633913 0.00654616
Number of samples used: 35075

Duration in Seconds: 35073

Mean
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Fig. 25. Cast 9 (Sample tow 8) Potential density anomaly, referenced to 1000 dbar, temperature,
salinity, and pressure variability during tow.

Table 11. Cast 9 (Sample tow 8) Statistics

Mean Stagdqrd
Deviation

Sigma 32.267676 0.00077161
Salinity 34.947234 0.00024108
Temperature 4.651029 0.00435452
Pressure 1189.513489 0.17149892
Theta 4.552578 0.00431342
Number of samples used: 9613
Duration in Seconds: 9612
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Cast: GISR02010 - (Sample9)
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Fig. 26. Cast 10 (Sample tow 9) Potential density anomaly, referenced to 1000 dbar,

2203 220.35

temperature, salinity, and pressure variability during tow.

Table 12. Cast 10 (Sample tow 9) Statistics

Mean Stagdqrd
Deviation

Sigma 32.252556 0.00322831
Salinity 34.943666 0.00079753
Temperature 4.740204 0.01897306
Pressure 1176.380553 16.08602587
Theta 4.642164 0.01901014
Number of samples used: 27823
Duration in Seconds: 27822
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Fig. 27. Cast 11 (Sample tow 10) Potential density anomaly, referenced to 1000 dbar,
temperature, salinity, and pressure variability during tow.

Table 13. Cast 11 (Sample tow 10) Statistics

Standard
Deviation

Mean

Sigma

Salinity

Pressure

Theta

Temperature

32.253574
34.944001
4.733960

1168.507269

4.636698

0.00082362
0.00023628
0.00468947
7.42126995
0.00477486

Number of samples used: 10683
Duration in Seconds: 10682
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Cast: GISR02012 - (Sample11)
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Fig. 28. Cast 12 (Sample tow 11) Potential density anomaly, referenced to 1000 dbar,

2214 221

temperature, salinity, and pressure variability during tow.

Table 14. Cast 12 (Sample tow 11) Statistics

Mean

Standard
Deviation

Sigma
Salinity
Temperature
Pressure

Theta

32.253827
34.943742
4.729762
1159.216520
4.633386

0.00145795
0.00041099
0.00871983
18.75401381
0.00850267

Number of samples used: 35838
Duration in Seconds: 35837
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Fig. 29. Cast 13 (Sample tow 12) Potential density anomaly, referenced to 1000 dbar,
temperature, salinity, and pressure variability during portion of cast at Sigma=32.249.

Table 15. Cast 13 (Sample tow 12) Statistics for sampler at
Sigma=32.249

Standard

Mean ..
Deviation

Sigma 32.249001 0.00036705
Salinity 34.942289 0.00012154
Temperature 4.757791 0.00225155
Pressure 1171.067972 0.59334639
Theta 4.660087 0.00227356

Number of samples used: 641

Duration in Seconds: 639
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Fig. 30. Cast 13 (Sample tow 12) Potential density anomaly, referenced to 1000 dbar,
temperature, salinity, and pressure variability during portion of cast at Sigma=32.259.
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Table 16. Cast 13 (Sample tow 12) Statistics for sampler at
Sigma=32.259

Mean

Standard
Deviation

Sigma
Salinity
Temperature
Pressure

Theta

32.258916
34.944584
4.703091
1221.589628
4.601228

0.00039423
0.00012316
0.00230065
1.54414285
0.00232013

Number of samples used: 591

Duration in Seconds: 590
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Cast: GISR02013_6 - (Samplel12)
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Fig. 31. Cast 13 (Sample tow 12) Potential density anomaly, referenced to 1000 dbar,
temperature, salinity, and pressure variability during portion of cast at Sigma=32.254.

Table 17. Cast 13 (Sample tow 12) Statistics for sampler at
Sigma=32.254

Standard
Deviation

Sigma 32.253995 0.00047908
Salinity 34.943530 0.00017466
Temperature 4.729043 0.00283313
Pressure 1177.867615 0.72241128
Theta 4.630968 (0.00284366
Number of samples used: 629

Mean

Duration in Seconds: 628

38



Cast: GISR02014 - (Sample13)
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Fig. 32. Cast 14 (Sample tow 13) Potential density anomaly, referenced to 1000 dbar,
temperature, salinity, and pressure variability during tow.

Table 18. Cast 14 (Sample tow 13) Statistics

Mean Stagdqrd

Deviation
Sigma 32.252797 0.00221986
Salinity 34.943200 0.00059551
Temperature 4.734630 0.01420341
Pressure 1164.039899|  32.44023205
Theta 4.637765 0.01289286

Number of samples used: 18658
Duration in Seconds: 19008
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CTD Downcasts

Figures 33—45 show the salinity, temperature, and potential density anomaly referenced to 1000
dbar as a function of pressure for the CTD downcasts from each tow.

Cast: GISR02001 Lat: 28.2512N Lon:88.9978 W Yearday 2012: 210.0479
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Fig. 33. Cast I (Inject tow) downcast salinity, temperature, and potential density anomaly
referenced to 1000 dbar.
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Gast: GISR02003 Lat: 28.2215N Lon:89.0286 W Yearday 2012: 215.176
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Fig. 34. Cast 3 (Sample tow 2) downcast salinity, temperature, and potential density anomaly
referenced to 1000 dbar.
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Cast: GISR02004 Lat: 28.3396N Lon:88.8642 W Yearday 2012: 216.0854
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Fig. 35. Cast 4 (Sample tow 3) downcast salinity, temperature, and potential density anomaly

referenced to 1000 dbar.
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Cast: GISR02005 Lat: 27.9332N Lon:89.0402' W Yearday 2012: 217.0453
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Sigmal ke'm3 (_. _._)

Fig. 36. Cast 5 (Sample tow 4) downcast salinity, temperature, and potential density anomaly
referenced to 1000 dbar.
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Cast: GISR02006 Lat: 28.1149N Lon:89.013 W Yearday 2012: 217.8176
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0 i 3
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[ | | 1 1 1 1 1 | | |
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Sigmat (kg/m3 (_. _._)

Fig. 37. Cast 6 (Sample tow 5) downcast salinity, temperature, and potential density anomaly

referenced to 1000 dbar.
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Cast: GISR02007 Lat: 28.0076N Lon:89.1349 W Yearday 2012: 218.244

Salinity (PSU) (- - -)
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Sigmat (kg/m™ (_._._)

Fig. 38. Cast 7 (Sample Tow 6) downcast salinity, temperature, and potential density anomaly
referenced to 1000 dbar.
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Cast: GISR02008 Lat: 27.9959N Lon:89.0996 W “earday 2012: 219.0272

Salinity (PSU) (- - -)
3475 3495 3515 3535 3555 9575 3595 3675 3635 3655 G675
[ f [ I [ [ I ] I
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\ \ \ |
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Sigma1 (kgm?) (_. _. _

Fig. 39. Cast 8 (Sample tow 7) downcast salinity, temperature, and potential density anomaly
referenced to 1000 dbar.
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Cast GISR02009 Lat 28.0804N Lon:89.2999 W Yearday 2012: 219.7478

Salinity (PSU) (- - -)
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Sigma (kg/m™ ( _. _. _

Fig. 40. Cast 9 (Sample tow 8) downcast salinity, temperature, and potential density anomaly
referenced to 1000 dbar.
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Cast: GISR02010 Lat: 28.0301N Lon:89.1458 W Yearday 2012: 220.0306
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Fig. 41. Cast 10 (Sample tow 9) downcast salinity, temperature, and potential density anomaly
referenced to 1000 dbar.
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Cast GISR02011 Lat 28.0275N Lon:89.2369 W Yearday 2012: 220.7487
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0 I
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Sigma (kg™ (_. _. _)

Fig. 42. Cast 11 (Sample tow 10) downcast salinity, temperature, and potential density anomaly

referenced to 1000 dbar.
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Cast: GISR02012 Lat: 28.0233N Lon:89.1211 W Yearday 2012: 221.0695
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Fig. 43. Cast 12 (Sample tow 11) downcast salinity, temperature, and potential density anomaly
referenced to 1000 dbar.
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Cast GISR02013 Lat: 27.9838N Lon:89.3334 W Yearday 2012: 221.7503
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Fig. 44. Cast 13 (Sample tow 12) downcast salinity, temperature, and potential density anomaly
referenced to 1000 dbar.
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Cast: GISR02014 Lat: 27.9118N Lon:89.3336 W Yearday 2012: 222.0179
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Fig. 45. Cast 14 (Sample tow 13) downcast salinity, temperature, and potential density anomaly

referenced to 1000 dbar.
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Appendix B. Event Log
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