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1. Narrative 
 

Introduction 
 
There exists a well-developed and maturing framework for understanding and predicting the circulation 
of water masses at scales of the world ocean down to the scales of ports and harbors.  Ocean circulation 
models employing data-assimilative techniques, and operating in real time, can benefit from 
observational infrastructure established and maintained by researchers, governments, and other 
organizations around the globe.  As an example, observations from moored instruments which facilitate 
the measurements of current velocities can be used to constrain or adjust the predictions made by ocean 
circulation models (OCM).  There are, however, properties of oceanic flows which are less conducive to 
direct observation, yet, if observed and assimilated into circulation models, could constrain and likely 
enhance the predictive skill of OCMs.  Applications which stand to gain from improvements to the 
predictive ability of OCMs include the prediction of the drift trajectories of people/objects lost at sea 
(Hannah et al. 2004), the prediction of the transport of radioactive wastes (Nakano et al. 2012; Tsumune 
et al., 2012), oil (Paris et al. 2012; LeHénaff et al. 2012; Dietrich et al. 2012), drilling muds (Niu et al. 2009), 
as well as, other pollutants. 
 
An example of one such property which is not yet observed in a routine sense, is the parameter with which 
small-scale or sub-grid scale mixing is represented.  The actual representation may vary between model 
implementations.  This mixing parameter may be referred to colloquially as an eddy diffusivity. 
 
To the end of furnishing the data required to evaluate how well numerical models are able to represent 
small-scale mixing, we endeavor to enhance the spatial and temporal resolution, as well as, reduce the 
analysis effort, of tracer concentration measurements during deliberate tracer release experiments.  
Specifically, our objectives include: 
 

1. Development of a rugged, compact, unattended gas chromatograph (GC) system for the detection 
of the conservative tracer, SF5CF3. 

2. Integrating a tracer detection system into the, Dorado, unmanned, surface vehicle (USV) 
3. Experimental design of tracer release experiment in coastal waters. This includes implementation 

of a tracer release strategy, as well as, the development of an intelligent vehicle sampling strategy. 
4. Implementation / development of data processing methodology.  Comparison of measured tracer 

fields to those predicted by numerical models. 
 

This work constitutes the development and testing of a proof-of-concept autonomous, unmanned scout 
for rapid environmental assessment (REA).  With this tool, we will use observations of deliberate tracer 
dispersion (surface) in order to evaluate the performance of a high resolution, re-locatable ocean 
circulation model. 
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Results 
 
The development of novel instrumentation for the detection of the deliberate tracer SF5CF3 was identified 
as first major component of the project.  To draw the link between this effort and the other parts of the 
work, this detection system can be thought of a single sensor.  This sensor is being packaged and arranged 
alongside a series of off-the-shelf sensors in a designed-for-purpose, pumped, flow-through system that 
is currently being integrated into the high-speed Dorado USV.  Overall the instrumented USV system will 
facilitate standard oceanographic measurements in addition to a series of measurements specifically 
targeted to the problem of dispersion.  Progress to date on these two aspects of the project is described 
below: 
 
Miniature GC 
 
Gases dissolved in seawater are sampled by employing a device known as a membrane-based equilibrator; 
effectively a sample interface.  Seawater is pumped though the equilibrator, dissolved gas tends to 
establish an equilibrium across a gas-permeable membrane.  Air samples are then drawn from an air 
volume residing opposite the flowing water volume, separated by a membrane.  Throughout the course 
of this work, a variety of these devices were designed, fabricated and tested.  One such design is shown 
in Figure 1.  At the beginning of analysis, a known volume of the equilibrated air stream is switched by a 
standard, 10-port rotary valve forming an injector onto the chromatographic column.  Analytes leaving 
the column are then directed to the detector. Our initial testing has largely been done with this simple 
arrangement with excellent results, and no apparent need to move to more complex analytical circuitry. 
 
In collaboration with an industrial partner, Valco Instruments Company Incorporated (Valco), we 
attempted to identify a capillary column which would allow us to separate the tracer of interest, SF5CF3, 
from the other constituents we expected to find in seawater and to which we expected the detector to 
show a considerable sensitivity.  We arrived at a 15 m long, GS-GasPro capillary column which has been 
bundled with a nickel heating wire by Valco.  Balancing constraints such as ruggedness while attempting 
to satisfy a requirement for near complete thermal-isolation of the column from the housing in which it 
is suspended, we arrived at the assembly shown in figures 2 and 3.  This assembly represents a 
considerable economy in size when compared to conventional GC systems.  Similarly, the nickel heating-
wire requires only a fraction of the power consumed by a conventional GC oven.  An electronic controller 
for the column temperature facilitates both basic isothermal control of column temperature, as well as, 
more complex temperature-programmed analysis.  Detection is facilitated by a pulsed discharge detector. 
The detector operates on the principle of helium ionization and subsequent electron capture.  The gas 
analyzer relies on a supply of ultra-high purity helium and other analytical and calibration gases.  
 
Figures 7 and 8 demonstrate the response of the miniature GC system for SF5CF3 gas.  Initial testing shows 
an excellent signal to noise ratio on the order of a couple µV on a full scale range of 0 - 6V.  The two figures 
correspond to SF5CF3 in helium samples with concentrations of 0.28 and 8.4 ppm, respectively.  We have 
not yet fully explored the upper and lower detection limits.  When used in conjunction with various system 
features which allow one to control/vary the volume of the equilibrated gas analyzed, we arrive at a high 
dynamic range measurement system; enabling concentration measurements over several orders of 
magnitude.  This equates to being able to observe a deliberate tracer over long time scales, and great 
distances. 
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Dorado flow-through system 
 
Design, component specification, and much of the layout/packaging of a pumped flow-through system 
for oceanographic measurements for integration with the Dorado USV has been completed to date.  The 
system consists of a high throughput rotary vane centrifugal pump which pulls ingested seawater across 
a bank of sensors. 
 
Tracer release 
 
A deliberate tracer release study on the Scotian Shelf in the Northwest Atlantic is currently in the planning 
phase; scheduled for the Summer/Fall of 2016.  Observations of surface tracer dispersion will be used to 
validate a high resolution, re-locatable ocean circulation.  We will explore the performance of the model 
with various mixing parameterizations.  Multiple tracers including various fluorescent dyes, as well as, 3He 
will be released by collaborators simultaneously with the release of SF5CF3. 
 

Significance and impact 
 
Conventionally, tracer release experiments have been conducted from research vessels; the 
measurements of tracer concentration are achieved by standard water sampling and later through manual 
analysis using benchtop GC systems or other detectors.  This painstaking and time-consuming workflow 
limits the investigator’s ability to resolve high frequency oceanic dynamics/features.  Moreover, 
interpretation of data acquired in this way should give rise to integrative diffusivities with large 
uncertainties.  Ultimately, the predictive skill of models forced with parameters derived from such data is 
expected to suffer. 
 
Relatively high sampling frequency has been a key consideration in the design of, both the GC system, and 
the flow-through system that will be integrated into the Dorado.  At the GC end, we have set a sampling 
frequency target of better than 0.3 Hz and have been letting this figure guide development/choice of 
components.  Similarly, the pump which pulls ingested seawater past sensor bank has been specified to 
operate at fluid throughputs equating to a linear velocities greater than that which the platform can 
achieve, so as to not smear or alias steep gradients in tracer concentration and/or other observed 
properties.  Although various challenges remain, we are confident that our system will enable high 
resolution tracer concentration measurements will allow us to observe features/mixing dynamics in the 
coastal ocean which have not previously been observed. 
 
 

Where might this lead? 
 
The fellow envisions making a miniature, unattended GC available to other researchers engaged in 
environmental monitoring and other applications.  The first steps in this effort are planned for 2016.  I will 
be participating in a research exchange at the Marine Biogeochemistry group at GEOMAR in Kiel, 
Germany.  During the research stay, I would like to participate on a research cruise on which a yearly 
survey of previously injected tracer patches (e.g. in the Equatorial Atlantic, see Banyte, 2013) are sampled.  
Beyond this rather specialized application, I intend on meeting and working with researchers who could 
benefit from the use of a novel tool for the measurement of climate-relevant gases in the ocean or 
atmosphere.  Other applications include the detection of dissolved compounds leaching from extant 
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subsea munitions depots.  This experience may result in the establishment of a set of early product 
adopters and may yield invaluable feedback toward improving the tool. 
 
A second outcome would involve replicating the tracer release and subsequent tracer survey as a means 
of investigating surface or sub-surface hydrodynamics at a site slated for/currently occupied by offshore 
oil and gas exploration and/or development.  Alternatively, the survey could be conducted in any area 
deemed to be at high-risk for a marine contamination event, e.g. harbors of busy shipping ports, ports 
associated with oil refineries or otherwise heavily industrialized.  Moreover, I believe that it is incumbent 
upon cities, specifically port authorities, to build some of the observational infrastructure used by various 
research communities into their marine emergency response plans.  Specifically, efficiently carried-out 
tracer release studies may represent a powerful complement to a proven circulation model implemented 
with the goal of assessing the impacts associated with a pollutant spill. 
 
Finally, the Dorado has tremendous potential for application to the study of air-sea gas exchange.  We 
envision collaborations in which the expertise of other groups is ported to the Dorado platform in order 
more fully explore the utility of this platform for ocean observation. 
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2. Publications, Presentations, and Other Outputs.   
 
Papers (submitted) 
 
L'Esperance, J. C. & Wallace, D. W. R. (2015) Monitoring the dispersion of the deliberate tracer, SF5CF3 
with an instrumented, unmanned surface vehicle. 2015 IEEE 28th Canadian Conference on Electrical and 
Computer Engineering (CCECE), pp. XX-XX, May 5. 
 
Publications anticipated to acknowledge Link Foundation support 
 
L'Esperance, J. C. & Wallace, D. W. R. & Black, M. & Cai, H. (2016) – methods paper describing miniature 
GC, the use of nickel-wire heated capillary column, and the detection of SF5CF3 in a laboratory context. 
 
L'Esperance, J. C. & Wallace, D. W. R. & Black, M. & Cai, H. (2016) – methods paper describing initial in-
water testing of miniature GC and the detection of SF5CF3 in seawater in the field. 
 
L'Esperance, J. C. & Wallace, D. W. R. et al. (2017) – Scotian Shelf Tracer Release Experiment results: paper 
describing the instrumented Dorado platform. 
 
L'Esperance, J. C. & Wallace, D. W. R. et al. (2017) – Scotian Shelf Tracer Release Experiment results: paper 
describing comparison of evolving near-surface tracer fields measured by the instrumented Dorado versus 
those tracer distributions predicted by a high-resolution numerical model. 
 
L'Esperance, J. C. & Wallace, D. W. R. et al. (2017) – Scotian Shelf Tracer Release Experiment results: paper 
presenting a comparison between fluorometer-sensed dyes and SF5CF3. 
 
Presentations:  
 
L'Esperance, J. C. & Wallace, D. W. R. & Seto, M. L. (2014) A Compact Gas Chromatographic System for 
the Measurement of Dissolved Gases from an Autonomous Vehicle.  2014 Nova Scotia Energy R&D 
Conference, Student Poster Session, May 21 – 22. 
 
L’Esperance, J. C. (2014) Monitoring the dispersion of an intentionally released tracer, SF5CF3 with an 
instrumented unmanned surface vehicle. TOSST/HOSST Student Talk, Killam Library, Halifax, NS. June 5.  
 
L'Esperance, J. C. & Wallace, D. W. R. (2014) Integration of a miniature GC/ECD with the ISE Dorado 
unmanned surface vehicle. Introductory Meeting/Project Discussion, International Submarine 
Engineering, Port Coquitlam, B.C.  October 22. 
 
L’Esperance, J. C. (2014) Monitoring the dispersion of an intentionally released tracer, SF5CF3 with an 
instrumented, unmanned surface vehicle: Introduction and Progress, Steele Ocean Sciences Building, 
Halifax. NS. November 14.  
 
L'Esperance, J. C. (2015) Monitoring the dispersion of an intentionally released tracer, SF5CF3 with an 
instrumented, unmanned surface vehicle.  Scotian Shelf Tracer Release Experiment planning workshop. 
Halifax, NS. April 15. 
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L'Esperance, J. C. & Wallace, D. W. R. (2015) Monitoring the dispersion of the deliberate tracer, SF5CF3 
with an instrumented, unmanned surface vehicle.  2015 IEEE 28th Canadian Conference on Electrical and 
Computer Engineering (CCECE) held in Halifax, NS, May 5. 
 
L'Esperance, J. C. & Wallace, D. W. R. & Seto, M. L. (2015)  Use of the Dorado as a Platform for the Study 
of Air-Sea Gas Exchange.  The 7th International Symposium on Gas Transfer at Water Surfaces. Seattle, 
WA, USA, May 18-21 [accepted abstract, could not attend conference] 
 
L'Esperance, J. C. & Wallace, D. W. R. & Tanhua, T. (2015)  A Compact Gas Chromatographic System for 
the Measurement of Dissolved Gases from an Autonomous Vehicle.  International Symposium in Marine 
and Atmospheric Science hosted by Instituto Nacional do Desenvolvimento das Pescas (INDP), Mindelo, 
Republic of Cabo Verde, May 20 – 22. [poster] 
 
L'Esperance, J. C. & Wallace, D. W. R. (2015) Monitoring the dispersion of an intentionally released tracer, 
SF5CF3 with an instrumented, unmanned surface vehicle. International Ocean Carbon Coordination Project 
(IOCCP) Sensors Course held at the Sven Lovén Center for Marine Sciences, Kristineberg, Sweden.  June 
22 - July 1. 
 
Press 
 
April 2nd, 2014. Marine Environmental Observation, Prediction and Response Network (MEOPAR) news 
entry: “MEOPeer Awarded Link Foundation Fellowship”. Link shown here. 
 
June 4th, 2014. Dalhousie, Department of Oceanography website news entry: “Oceanography graduate 
student Chris L'Esperance is awarded a prestigious Link Fellowship in Ocean Engineering and 
Instrumentation”. Link shown here. 
 
Monday, June 23rd, 2014. The Telegraph Journal.  Article: “Researcher out to predict the path of oil spills 
in the ocean” by Verity Stevenson.  Link shown here. 
 
Monday, June 30th, 2014. Société Radio Canada/Canadian Broadcasting Corporation (SRC/CBC), French 
language radio interview during a current affairs program called: “Heure de Pointe” with journalist Émilie 

Vallières. Broadcast throughout the Atlantic Provinces of Canada. 
 
 
 
 
 
 
 

http://meopar.ca/news/entry/meopeer-awarded-link-foundation-fellowship
http://www.dal.ca/faculty/science/oceanography/news-events/news/2014/06/04/oceanography_graduate_student_chris_l_esperance_is_awarded_a_prestigious_link_fellowship_in_ocean_engineering_and_instrumentation.html
https://www.telegraphjournal.com/telegraph-journal/story/37781138/researcher-out-to-predict
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Figure 1. Membrane equilibrator used to facilitate the exchange of gases present in the dissolved pool in 
water/seawater with the closed gas volume sampled by the analyzer. 
 

 
Figure 2. Nickel wire-heated GC column assembly.  The approximate dimensions of the assembly are 10 x 
10 x 5 cm. 
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Figure 3. Pluggable GC column assembly (top view). 
 

 
Figure 4. Top-view of a two column-switching gas chromatograph arranged into three separate modules; 
column selection (far left), injector (center), and detector module. 
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Figure 5. Rendering of prototype compact, unattended GC system for the detection of dissolved SF5CF3.  
Shown in the far left of the image are two, nickel-wire heated chromatographic columns which offer 
considerable economy of space and power over the prior art. 

 
Figure 6.  Zoomed in view of nickel-wire heated column bundle assemblies.  This render illustrates the 
pluggable nature and design intent. 
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Figure 7. Detector response curve (right) and associated representations of the chromatogram (left) for 
SF5CF3 in helium at a low concentration.  The detector response curve shows the integrated area under 
the small, encircled region on the chromatogram corresponding to an elution time of 1.95 minutes 
 
 

 
Figure 8. Detector response curve (right) and associated representations of the chromatogram (left) for 
SF5CF3 in helium at a high concentration.   
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Figure 9. Chris L'Esperance demonstrating and discussing the features of the miniature GC with Dr. Mae 
Seto. 
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3. Future Plans and How did the fellowship make a difference? 
     
I feel fortunate to have been able to work on the project conceived by Dr. Douglas Wallace and Dr. Mae 
Seto, and recognize that this work is an excellent fit with the mandate of the Ocean Engineering & 
Instrumentation Fellowship program.  To have been awarded the title of Link Fellow in and of itself will 
clearly bear positively on my career trajectory.  Also, both presently, and further down the road, I think 
that all team members will appreciate being able to communicate our work though the Link Foundation 
as a venue, and with association to the Foundation, through other venues.  I believe there to be great 
value in this owing to the reputation of the organization. 
 
I can say that I have an inclination toward science with immediate application.  During my time as a Link 
Fellow I have certainly reflected on the precedence that exists on this front among other projects which 
have received support from the foundation. 


