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• California State Lands Commission
• NOAA Sea Grant
• University of Washington

Golden Bear Research 
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• Pacific EcoRisk

• BioVir Laboratories



Golden Bear Research Center

The Center’s objectives:

• Provide an effective platform, for the research, development, 
testing and evaluation of technologies and practices that 
reduce marine vessel environmental impacts

• Advance US merchant shipping and environmental technology 
business interests

• Develop stewards of the environment through Cal Maritime 
student education, community involvement, and maritime 
business outreach



Services/Functions:

• BWTS “Plug and Play”
– One Week to Install & Commission

– Testing at 100 to 440 m3/hr

– Two Test Tanks at 432 m3 each

– Two Source Tanks at 350 m3 each

– Total 7,141 m3 capacity in 28 tanks

• BWTS Verification Testing
– USCG/IMO Land-based Guidelines

– USCG/IMO Shipboard Guidelines

– ETV Land-based Protocol

• R&D Platform
– Treatment System Stress Testing

– Filter Efficiency

– Emergency/Interim Ballast Water 
Treatment

– Compliance Monitoring Tools



Updates - Personnel

• June 2017 - Scientific Program Manager



Recent/Current Projects

• Ecochlor
• USCG/IMO land based and shipboard 

testing 
• Received USCG TA in late 2017

• Panasia
• Completed USCG/IMO land based 

testing
• Report recently submitted, decision is 

pending
• Envirocleanse

• Completed USCG/IMO land based and 
shipboard testing Feb 2018.

• Reports to be submitted 2nd quarter 
2018

• Recently Installed System 
• Currently performing USCG land based 

and shipboard testing
• Anticipated completion by late fall 

2018





Recent/Current Projects

• Portable compliance sampling rig for 
collecting representative samples

• Ballast Responder 
• Portable treatment as a 

contingency in case of BWMS 
failure

• SkySails – Alternative propulsion

• Waste heat recovery technology
• Joint project with DOE, DOD, 

MARAD

• RTC graduate student biofouling project

• R&D Projects – Benchtop and Pilot scale
• Several full and small scale



Successes – Freshwater testing



Successes – Phytoplankton
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USCG Memo on Test Water Augmentation 
Validation

• USCG sent a memo to all ILs and TFs asking for verification of augment 
materials used in testing

• GBRC currently augments certain water quality parameters and 
phytoplankton through culturing ambient populations



Augmentation – Water Quality

Test Water PSU
Ambient 

POC (mg/L)

Ambient 

DOC (mg/L)

Ambient 

TSS (mg/L)

Fresh 0 - 1.0 0.8 - 3.2 2.0 - 3.2 3.9 - 15.6

Brackish 10.0 - 20.0 1.3 - 3.3 1.6 - 2.8 16.2 - 53.9

Marine > 28.0 1.2 - 4.0 1.8 - 3.5 15.4 - 44.5

POC (mg/L) DOC (mg/L) TSS (mg/L)

USCG 4 6 25

IMO 5 5 50

Testing Requirements Ambient SF Bay Conditions

POC – Corn starch
TSS – Kaolin clay, Test Dust
DOC – Sodium citrate, Lignin 
sulfonate



Augmentation – Water Quality

• DOC must be augmented to achieve USCG required 
level of 6 mg/L for all salinities

• DOC additives may be aromatic and complex (e.g. 
lignin) or “simple” (e.g. sodium citrate)

• Aromatic DOC alters natural water’s UV absorption, 
consumption of TRO, and formation of disinfection 
by-products whereas “simple” DOC additives do 
not

• “Simple” DOC sources have little to no effect on 
water parameters important to measuring efficacy 
of a BWMS (e.g. UVT%, TRO consumption)

ETV Protocol states that one objective of the challenge conditions is to verify a 
BWMS’s performance using a set of challenging, but not rare, water quality 
conditions in the natural environment.



Test Water PSU

Target TRO 

Consumption 

(mg/L-hr)

Ambient 

(mg/L-hr)

Augmented 

(mg/L-hr)

Fresh 0 - 1.0 3.6 ± 1 3.2 3.8

Brackish
10.0 -

20.0
4.8 ± 1 5.1 5.7

Marine > 28.0 2.7 ± 1 2.4 3.2

DOC and TRO Consumption



Augmentation – Phytoplankton

• “In cases where ambient organisms are concentrated through harvesting 
or culturing, all efforts should be made to preserve natural relative 
frequency distribution in the resulting challenge water”
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Augmentation – Phytoplankton



Testing Facility Closures

• Valid concerns were raised with current 
regulations:

• Non-motile = non-living

• Organisms smaller than 10 µm in 
“minimum dimension”, such as several 
species of Pseudonitzschia, do not fit in a 
regulated size class

• Lack of transparency with the testing 
process and results

• Lack of a standardized approach 
• Global TestNet



Statements Regarding TF Closures



GBRC Statement Regarding TF Closures

• It is clear that BWDSs need attention/correction to modify literal 
interpretations of the law that seem counterintuitive to ballast water 
management

• However, we object to the swelling doomsday sentiment that there is a patent failure of 
BWTS in the abatement of potentially aquatic invasive species.

• BWDS equate to a “line in the sand” 
rather than looking at the whole 
quantitative impact of BWTSs

• 110 comparisons of “uptake” vs 
“discharge” yielded organism reductions 
from 1,000 – 1,000,000x (!!), with over 
50% of the samples in the 100,000 –
1,000,000x range



GBRC Statement Regarding TF Closures

• BWTSs should be thought of as one component of a larger BWMS. 

• Ships must have reliable treatment systems installed and operated, routinely 
and collectively  

• Shipping-based species transport is a ‘give and take’ condition and all 
participants must be fully engaged in order to ensure the management plan 
operates properly

• A realistic acknowledgement must be given to the fact that ballast water 
management, even if coupled with perfect control of all shipping vectors (e.g. 
biofouling) CANNOT eliminate the global spread of invasive species entirely; it 
is an abatement program, but likely not an elimination program
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• SkySails is the first company 
to successfully 
commercialize towing-kite 
technology into industrial 
products.

• SkySails products efficiently 
capture high-altitude wind 
energy for both mobile and 
stationary applications.

• The purpose of the effort is 
to evaluate whether the 
potential positives in fuel 
savings, and emissions 
reductions outweigh the 
potential costs 

Other Projects- SkySails
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Other Projects- SkySails

• Phase 1 of the project will 
occur during TSGB’s summer 
2018 cruise

• Recently installed V-PER 
software will use real time 
data during the cruise to 
optimize vessel performance

• Later phases of the project
will use the V-PER software
to guide a sail installed on
the TSGB, if Phase 1 proves
feasible



Thank you!
Christopher Brown

cwbrown@csum.edu
(707) 654-1282


