


Technical Statement of Work (SoW):
NOAA-PMEL and MBARI share a common interest in the development of in situ autonomous Dissolved Inorganic Carbon (DIC) measurement technology, and enabling the wide use of this technology within the ocean carbon community to expand the number of in situ ocean acidification measurements, enhance our understanding of the ocean carbon cycle, and our predictive capability.  The goal of the effort is to provide the ocean research community with the best possible access to a cost efficient, combined pCO2 and DIC instrument and not necessarily to generate revenue or manufacturing exclusivity for NOAA-PMEL or MBARI through patent licensing.  As such, the parties agree to work together to conduct cooperative research, development, test and evaluation (RDT&E) on combined autonomous sea surface dissolved pCO2 and DIC sensor technology for use on moorings and Autonomous Surface Vehicles (ASV), including: 

1. Co-Development of system requirements
Both PMEL and MBARI will work together to develop requirements for combined pCO2-DIC instruments, including:
· Minimum instrument measurement specification targets.
· Optimization of pCO2-DIC calibration and sampling protocols.
· Common instrument interface specification.
· Development of instrument Quality Assurance (QA) best practices.
· Development of DIC data Quality Check (QC) best practices.
· Development of a common, self-described, data dissemination template.
2. Joint research of CO2 gas detection technology
Both PMEL and MBARI will: 
· Collaborate to better understand the Licor 830/850 gas sensor.  Work will be divided up by questions to answer / tests to run, then results jointly shared and discussed between organizations.
· Research alternative CO2 gas sensors.  PMEL and MBARI will coordinate research efforts to identify and develop promising alternatives in collaboration with private industry.
3. pCO2-DIC instrument development
Collaborate on the development of cost-efficient, combined pCO2 and DIC technologies, which will be made available to the ocean carbon community.  
Both PMEL and MBARI will: 
· Use MBARI’s off-the-shelf industrial controller and/or pCO2-DIC board to jointly develop and bench test instrument prototypes.  This will allow component designs to be easily shared / tested between labs.
· Develop new designs that will be built and engineering tested at each institution for functionality, and then sent to the collaborating institution for lab testing.
· Critique each other's designs by sharing prototypes, then conducting short Webex virtual meetings to provide input.
· Collaborate, where applicable, on driver-level software and code unit testing.  
· Develop firmware that will be well-documented and commented, and able to be modified/shared by both MBARI and PMEL.  
· Use Github to coordinate and track issues throughout the project.
· Co-publish a peer-reviewed methods paper at the end of development testing describing the system and its performance specifications.
PMEL will:
· Lend MBARI one ASVCO2 Gen2 system for up to 1 year to look at electronics and gas conditioning design. PMEL pays for round trip shipping.
· Lead design of instrument packaging for long-term (2 year) and moored applications.
· Lead the effort to identify potential manufacturing scale up.  Options to control instrument costs while allowing for broad technology dissemination could include traditional licensing agreements with not-for-profit or for-profit instrument companies, open-sourcing the technology and using a trademark in order to exert control over QA/QC, establishing contract manufacturing partners, etc.
MBARI will:
· Share industrial controller specifications and code.
· [bookmark: _GoBack]Lead the design of a  pCO2-DIC instrument packaged for a Wave-Glider.
4. Field validation experiments
Both PMEL and MBARI will: 
· Test combined pCO2-DIC instrument(s) in both simulated and real-world conditions by both organizations. Testing metrics and test designs will be jointly developed, and the results will be co-published in a peer-reviewed methods paper.

PMEL will provide:
· Between one and three PMEL designed pCO2-DIC instrument(s) tailored for long-term, 2 year, autonomous deployments.
· Access to PMEL reference data sets and assets such as moorings, ASVs, and ships.
MBARI will provide:
· Between one and three MBARI designed pCO2-DIC instrument(s) tailored for Wave Glider deployments.
· Access to MBARI reference data sets and assets including the MBARI test tank facility for controlled-environment testing.
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