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Revision History

Ver 2-0 August 26, 2011
1) Modified Budget Justification section of proposal to move purchase of 2" profiling float to year 2.
2) Modified project Gantt chart and milestones sections of proposal so tasks do not span calendar years to
address labor estimate inconsistencies
3) Added task to project and text to Approach to Problem section (3 paragraph) of proposal to address
“ocean debris” issue
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2)

1) ABSTRACT

A warming climate, increased use of nitrogen fertilizers, acidification, loss of sea ice, decreasing oxygen
concentrations and a variety of other processes are expected to impact coastal waters. Since much of the
global ocean carbon cycling occurs in relatively shallow coastal waters where nutrients are upwelled to
the surface, an observing system that can be distributed on a global scale is needed to provide
assessments of the effects of these processes on fundamental biogeochemical processes such as net
community production and carbon export. We propose an effort to develop a profiling float optimized
for use in coastal waters that can serve as the basis of an economically sustainable coastal observing
system. The goal is to provide the kind of “salient, credible and legitimate”™ knowledge that can
strengthen the role of science in public policy and decision making. Our approach is to extend the reach
of the existing, successful global Argo array into the coastal zone by modifying existing Argo profiling
float technology for operation in coastal waters. Our unique contribution would be twofold. First,
development of a platform with a bottom “parking” mode optimized to increase the float residence times
in the coastal zone. Second, this platform will be optimized to ease integration of sensor suites
specifically targeting coastal issues e.g., pH, nitrate, oxygen and bio-optical sensors.

! David & Lucille Packard Foundation Science Strategy: Linking Knowledge with Action

PROPOSAL

a) New Projects

Statement of the problem, why it is important

A warming climate, increased use of nitrogen fertilizers, acidification, loss of sea ice, decreasing oxygen
concentrations and a variety of other processes are expected to impact coastal waters. An observing
system that can be distributed on a global scale is needed to provide assessments of the effects of these
processes on fundamental biogeochemical processes, such as net community production and carbon
export. There are no such coastal observing systems that are now available. Coastal moorings are
typically expensive, require a skilled labor force for continual maintenance, and are quite susceptible to
damage from vessel traffic and fishing. Gliders are also expensive, require a highly trained group to
service them between missions, and they carry few sensors.

The Argo array, based on a network of 3000+ profiling floats distributed throughout the open ocean, has
been, arguably, the only successful model for global scale sensor arrays in the ocean. The main focus of
Argo is to provide a measurement of the changing heat content of the global ocean. The profiling floats
used by Argo are optimized for deployment in waters deeper than their 2000 meter maximum profiling
depth. Argo has not focused on the coastal zone simply because shallow coastal waters hold little heat.
We are now successfully equipping profiling floats with biogeochemical sensors with a goal to provide
similar assessments of the time variations in open ocean cycles of carbon, nitrogen and oxygen.
However, in contrast to heat, much of the global ocean carbon cycling occurs in shallow coastal waters
where nutrients are upwelled to the surface. Thus assessments of the changing elemental cycles in the
open ocean will require sensor arrays that can be economically deployed in large numbers for decades
throughout the coastal regions of the world. We believe that profiling floats are best suited for this type
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of global observing system for several reasons. They are relatively low cost and do not require continual
service, as do gliders and moorings. For example one glider costs roughly $150K and it typically
requires approximately $60K per year to operate a glider (based on conversations with O. Schofield, C.
Lee and D. Rudnick). Over 5 years, this represents a cost of $450k. A profiling float costs
approximately $50K and, based on current Argo statistics, is essentially maintenance free for at least 3-5
years. Nine profiling floats can be deployed for every glider over a 5 year period. Ata 9 to 1 ratio, the
economic advantage of a profiling float array is clear.

We propose an effort to begin development of a profiling float optimized for operation in coastal
waters. Our unique contribution would be twofold. First, development of a platform optimized for
coastal operation (water depths less than about 500 meters). Second, it will be optimized to ease sensor
integration e.g., pH, nitrate, oxygen and bio-optical sensors. Specifically we propose to add a bottom
parking mode that will substantially increase the float residence time inside the coastal region. Current
Argo floats have a buoyancy engine that provides a relatively small buoyancy change, not nearly enough
to provide even a moderate ability to “park” on the bottom (we do not use the term anchor since it
implies a more permanent state than we are envisioning). In addition, this small buoyancy change
requires a very precise pre-deployment ballasting process that currently must be run on each and every
float. Because we will be working at shallower depths, we won’t need to overcome the same pressure
difference and can use this saved energy to build in more buoyancy change. The Chemical Sensor lab
has an ongoing relationship with Steve Riser’s Lab at UW, the leading developer of new enhancements
for the standard APEX Argo float. We have discussed the project with Steve and we are pleased he has
agreed to collaborate with us on this development and will be using APEX float as the starting point for
our design.

Figure 1 is an example of the kind of data product currently possible from the global Argo array
and provides approximately 9 years of O, and temperature data for an area near Hawaii. ~ We believe
the proposed project could generate similar plots in 4 dimensions economically sustainable over decades
for not only O, and temperature but also a range of other parameters like pH and nitrate that are critical
to understanding and managing coastal zones.

Oxygen [pmol kg™] - Temperature [C]
220

2004 2006 2008 2010
Year

Figure 1. Nine years of O2 and temperature data collected near Hawaii by profiling floats deployed
by the University of Washington

How does it relate/contribute to MBARI’s mission and strategic plan?
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This proposed project relates and contributes to MBARI’s mission and strategic plan at several
levels. At the highest level relative to MBARI’s mission statement, this project is a symbiotic
collaboration between MBARI Engineering and MBARI’s Chemical Sensor lab to develop a unique
instrumentation system capable of providing economical measurements of fundamental properties
required to understand natural phenomena in the critical coastal zone and how human activities are
affecting these phenomena. More specifically, the proposed project directly addresses all 3 of the
overarching goals in the 2011 strategic plan:

1. Develop or adapt innovative technologies that allow researchers to identify and resolve important
questions and advance our understanding of the ocean.

2. Utilize those developments to explore and understand how natural ocean systems operate and
how they respond to natural and anthropogenic change.

3. Transfer the knowledge gained, solutions devised, and the technology developed to communities
outside of MBARI researchers, educators, policy makers, resource managers, industry, and the
general public.

1) We are adapting innovative Argo technology to better understand important coastal processes. 2) We
will utilize this technology with a targeted science field program throughout the project to validate the
operation of the system, although the real benefit will be long term when large arrays of coastal profiling
floats can be deployed. 3) Because the technology is an extension of the existing Argo technology, we
have an existing community of users and commercial vendors to transfer the technology to.

In addition, the proposed project directly addresses the Ocean biogeochemistry 2011-2020 research
theme identified in the Strategic Plan. In this section of the strategic plan measurements of ocean acidity,
oxygen, temperature, density, nutrient density and trace metals are identified as major influences on
ecosystem structure and function. The Chemical Sensor Lab had demonstrated the ability to measure all
of these parameters on other platforms. This effort will move at least the first 5 of these measurements
onto a platform that can be deployed in arrays across the coastal regions of the world. These
measurements will also be of fundamental usefulness in project addressing the Ecosystem Dynamics
2011-2020 Research theme.

How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies?

The Packard Foundation Strategic Framework for Oceans Grantmaking “concentrates on three
interlinked objectives ... Restoration of ecologically important fisheries, Improved coastal management;
and, Enhanced scientific understanding of the functioning of marine ecosystems”. The long term
products of this project; economically sustainable 4D records of important coastal ocean parameters are
critical input to the kind of policy making the Packard Foundation is explicitly supporting. More
specifically, the Packard Foundation Science subprogram describes a “growing body of knowledge that
can help determine the most effective strategies to strengthen the role of science in decision making”.
Their document Science Strategy: Linking Knowledge with Action describes the kind of knowledge
required by policy and decision makers as 1) Legitimate 2) Salient and 3) Credible. We believe the
global data currently generated by the Argo program meets all 3 criteria for several reasons. More than
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3000 floats have been deployed since 2000. Two global data centers provide quality controlled data
within 24 hours of reception. There is a large, global community of researchers using Argo data
publishing over 100 papers per year. In addition, at least 16 operational centers around the world
currently produce regional and global products based on Argo data. We expect the data generated by the
proposed coastal profiling floats can be integrated into the proven Argo data system with all the
advantages described above.

Approach to the problem

The Management Team has identified several issues including permitting and impact on Marine
Protected Areas that must be addressed for this project to be successful and we have re-scoped our
project to address these issues immediately (to simplify discussion, we’ll refer to all these non-technical
issues as permitting). We have already begun discussions with the Sanctuary and their responses suggest
that this project can be included in the MBARI research permit with no substantive changes. Following
is a comment from Andrew DeVogelaere regarding the issues with deploying several floats in the
MBNS eventually leading to large arrays of floats in a coastal region, not necessarily Monterey Bay.

“Erica does not think your project would be a problem but it would need a permit. She suggests that you
contact Mandy Allen at MBARI, and work through the MBARI institutional permit. You may already
be covered, or Mandy could request a permit modification. Relative to permits, this kind of project is
much less problematic than a cable like MARS.”

In order to minimize the impact on humans and marine wildlife and minimize any additional
contribution to the growing volume of ocean debris, we will develop an operational capability to track
the location of every float we deploy. It is relatively straight forward to integrate the float tracks into a
GIS database (ArcMap and Matlab are likely candidates) in order to evaluate the float positions relative
to the desired measurement volume and, just as important, any keep out areas such as Marine Protected
Areas. We will be using MLML small boats to retrieve all floats we deploy when either a) the
predefined mission ends or b) a float track becomes problematic based on some pre-defined criteria e.g,
leaves the measurement volume with little chance of re-entry, approaches shore or a MPA. Larger
deployments beyond the scope of this project may have to identify appropriate small boats to retrieve
floats when necessary.

Finally, we note that the industrial and ocean communities are moving towards greater acceptance of Li
batteries. For example, Teledyne/Webb originally supported only alkaline battery deployments in floats,
but now routinely includes Li batteries as an option. It is likely that future ocean observing will be
based on systems using batteries with higher energy density, not lower and we will use this opportunity
to better understand the permitting issues. As a risk mitigation measure, we have the option of using Li-
ion secondary batteries which present a significantly lower risk than Li metal primary batteries and
standard alkaline batteries are also a very reasonable alternative for all MBNS deployments. While all
of the above leads to some confidence with respect to the MBNS permits, it does not resolve the greater
question of permitting for large scale coastal arrays of profiling floats. We will also be pursuing this
question as part of our planned permitting efforts.
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Happily, the development part of this project is somewhat more straightforward than permitting. We
aren’t starting from scratch on this design. We start with the existing Argo APEX float design which
allows us to leverage the existing relationship with Steve Riser’s Lab at UW, the developers of this float.
We expect to follow the usual process of defining science and design requirements, developing a
preliminary design with prototyping as necessary to mitigate risk, hold a design review, finalize the
design and review, build, test and deploy. As mentioned above, the permitting process is a significant
predecessor to any substantial engineering effort. We suggest that a reasonable balance between a)
optimism that we can successfully negotiate the permitting process and b) prudent expenditure of
resources; is to make completion of the permitting process (or at least a reasonably high probability we
can acquire the required permits in a timely fashion) the predecessor to the PDR on the project GANTT
chart/schedule with a small amount of system engineering going on in parallel with the permitting
process.

We are planning for a 3 year project. As mentioned, we’ve already started the process of understanding
the permitting environment and we are making the assumption that we can successfully negotiate this
process by the end of the second quarter of the first year. The majority of the engineering development
will start Q3 year 1 through Q4 year 2. The third year will be science driven deployments, data analysis
and publication(s). Transferring this technology to the larger ocean observing community will start in
year 3.
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¢) New and Continuing Projects: Plans for 2012

The plan for this effort can be divided into 2 parts, research activities (primarily science staff) and
engineering/technology activities (primarily engineering staff). The research activity primarily consists
of a modeling effort by Sergey Frolov and is described in more detail below. There will also be a low
level task by the Chemical Sensor lab to ensure the data acquired by the floats meets reasonable quality
control standards. The primary detailed engineering activity is evaluating current profiler buoyancy
engine technologies, developing an approach that will increase the buoyancy change capability to the
required level and implementing this approach on a modified Argo Apex float. More detail on the
engineering activities is also provided below.

Research Activities
Sergey Frolov has expressed an interest in expanding his current work to include 2 tasks for this project.

1) To develop a float trajectory prediction system using existing operational forecast
[http://ourocean.jpl.nasa.gov/MB/] for the Monterey Bay area. We plan to use this prediction system for
adaptive mission planning where a float heading in the “wrong” direction could be re-missioned to take
advantage of potentially more advantageous currents in order to increase the residence time in the
desired measurement volume.

2) To describe statistics of the float residence times along the U.S. West Coast. This task will utilize
the coast-wide NCOM model available to us through collaboration with the Navy. We plan to use the
residence-time statistics to determine usage scenarios and design criteria for the float. No MBARI
support is requested for Sergey Frolov

Engineering/technology development

A top level Gantt chart of the engineering tasks is shown in Figure 2. Please note the majority of the
effort is dependent on successful navigation of the permitting process. As we all know, permitting is a
bit of a black hole so, as a starting point, we have included 15 days of Gene’s time to work with Mandy,
Linda and anyone else who can help negotiate this process. We have adopted a mildly optimistic
approach that has a small amount of system engineering going on in parallel with the permitting process
in order to make sure we are ready to start the engineering immediately after we have a reasonable belief
the permits can be acquired. The mechanical engineering effort is primarily the design of a more
capable buoyancy engine and redesign of the existing float frame and hull to better accommodate coastal
instrumentation. Both gear and piston pumps are currently in use by Argo floats and we will evaluate
both options. We have done some very basic calculations on the feasibility of a more capable generic
buoyancy engine that indicate enough energy is available with a reasonable amount of batteries to meet
our profiling requirements. The example below suggests that only 5 DD L. batteries would be required
to provide 5 Ibf of ballast (5 times the drag force at 20 cm/sec) for 150 profiling cycles (the number
provided by current Argo floats) to 250 meters at 50% efficiency. Because we are adapting existing
floats, minimal electrical engineering is anticipated. Somewhat more software development effort is
anticipated to modify the existing UW Apex float software. Fortunately, this software has been
thoroughly tested and is available as an open source product. In addition, UW has a comprehensive
software verification tool suite that we hope to take advantage of. Luke Coletti has already worked with
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the UW Float group integrating the ISUS with the Apex float and will continue as the software/electrical
engineer on this project
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Field programs (detail ship requirements/deployments/diver requirements)

As we’ve described the approach is to modify the existing Argo APEX float to meet our requirements.
In parallel with the development process, we need to build up an operational capability using these floats.
Our plan is to deploy the 2 floats unmodified soon after delivery and all the required permits are in place
in the Monterey Bay for several months. With 2 floats we can expect to continue deployments in some
combination of engineering test deployments and more science driven operational deployments. 2 floats
also allows for very direct comparison of the performance of varying “parking” mode techniques.

Our plan is to use MLML small boats to deploy and recover the floats. For the first year, we have
budgeted for 4 deployments and 4 recoveries (8 half day operations) including 2 recoveries using the
larger, more sea worthy John Martin in case we need to recover a float aiming at a MPA or other keep
out area in bad weather. No diving support is anticipated for this project.

Specific deliverables

At the end of this 3 year project we expect to have 2 profiling floats optimized for deployment in coastal
zones and for biogeochemical measurements with C, T, D, O, Nitrate and pH as the priorities. The data
from appropriate deployments will be openly available on the FLOATViz web site
( http://www.mbari.org/chemsensor/floatviz.htm ). The goal is to have proven the capability of these
profiling floats and to have started discussions with existing commercial Argo float vendors about
incorporating these new capabilities in their product line.
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