Free Ocean Carbon Dioxide Enrichment (FOCE):
Control and Measurement of Ocean Seawater to Simulate a Low pH-High CO, Ocean
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Scientists and Engineers at the Mderey By Aquarium Research Institute (MEARI) have N B " wll T = AL _' Based on our initial successes dhe two field deployments we are maing ahead with futther refinements to the prototype FOE

undertaken a series omall-scale in-situ COenrichment experiments in order to sinulate the
present and predicted future effés of fossil fuel CQ, emissions on ocean pH. Inxess of25
gigatons CQ are added to the atmsphere each gar and the ocean has badhe primary sink of
these emissions Presenty, the ocean Is absorbing onverage 1 million tons of fossil fuel CQO, per

hour. The result ofthis process has been awering of the surface ocean pH by appramately 0.1
units during the past 100 gars Recent ggochemical modés project an additional dop of 0.2 units e U]
by the middle of this centuly. T T 7 s—
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system to achige better operational methods and pH control. The original mechanicahlve for fluid release will be r@laced with
individual solenoids for each s&ion of the FOCE frame This approach will insure proper sdé®mn management for pH control along
with closed sections able to beevified as closed. The mdwanical valve demonstrated that & can perfom the function of proper
distribution of fluid without use of power If a patticular deployment configuration requires thacondition. We did experience some
leakage from the \alve and some acid bypass tadditional (non-upstream)sections ofthe frame which indicates the mechanial
design and/or tolerances need to be imprad.

Further efforts include development of flow restriction panels baffles or shutters The implementation of these systems will allay
more time for pH altering fuid (HCI or CO ) to achieve equilibrium with surrounding seavater before entering our pH cotrol area

while keeping the hardvare footprint as small & possible Also being considered is aambination of active and passie controls that
would allow adequate mixing through thesystem. These cong#s are intended to maximizdhe operational zones ofFOCE while
minimizing physical dismuption to the biological community within the region being studied.

The FOCE prototype was designed to create a controlledwaeered pH condition for a freey
exchanging wlume of seavater 0.5 meters high by 1.0 meters di@eter. A current meter and pH
probes In the center othis volume provide the control feedback for dwuing the system to a desired
PH set point (0.1 to 0.3 pH units belv ambient seavater pH). The prototype system used a
rotating mechanica vane and \alve with eight poits, each pot delivering acidified sesvater to
emitters that covered 1/8th the circumferenceof the 2-meter diameter frenework. The directional
valve delvered acidified seavater primarily to the upstream side othe FOCE stiucture A
second-@neration FOCE system will use a cuient meter directional resolher and electronic 'y Zd B
operation of up to 16 solenoid alves allowing for significantly improved directional controlat A1 A |
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low flow conditions (< 10 cm/sec). For the two sea trials conducted with the ©CE prototype ROV Ventana and FOCE system prior to d@oyment. Once on the sealdor the ROV and FOCE frame are connected via an undemter Py’ SA%
system, HCl was used to laver the pH of the seavater We hae nov begun to ewision a FOCE mateable connecto(15 meter orang cable at left side opicture). This allavs for real time paver and data comnunications necessarto ki
design that would use liquid CO, to change the local pH chemisty. A near shore cabled control the pH altering fuid. Blue dye was added to the acid solutio to enhance visual detection fothe plume and vas contained in eight

obsewatory could provide the pover, communications, and a suppy of piped CO, necessay for 20 gallon cubitainers This was then plumbed to the centralalve for distribution to the upstream side ofhe frame Data from three pH

long tem (weeks-months) obsemtion and control of depressed pH lgels in an ocean probes at the center ofthe 1.0 m x 0.5 meter control @lume was fed into our control algorithm (belav left).

environment.

Free Ocean COZ Enrnichment (FOCE) Experiment

BACKGROUND

Terrestrial FACE (Free Air Carbon Dioxide Enrichment) experiments hare been implemented for
long temm studies and are considetea worthwhile multi-discipline approach to dgobal CO,

research. Presenglthere are ony a fev oceanic facilities that hae attempted to &amine the
hypercampic changs that global ocean@systems are)gected to &perience in the coming
decadesand none hae employed the FACE approach. Ower the past tvo years MBARI has used
their extensive backgound in CO, research to deelop a prototype oceanic systa based on the

scientifically accepted concepts of the terestrial FACE experiments Our Initial effort has led to
two deployments of a small system that allars real time feedback ad modulation of pH in a
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small control volume. Our first deployment was in November 2004 at a deth of 250 meters while MBARI has developed a ariety of unique tools and techniques for CO, hydration and kinetic disequilibriunt In situ effects of

| . . L handling CO, in the dee sea. Recent work has demonstrated w can adding either HCI or CQ, to seavater hase been studied this
the second dploymen_t was In J_le 2005 at a deth of 500 meters _These sites \ere Iocated within 4 6 e C '2h fuids b . tor thru chamb i n .
the Monterey Bay National Marine Sanduary. Once we had obtained the required penits from create CQ rich fluids by pumping seavater thru chambers pahally past year (ee poster OS45B-20). Reaction rates hae been
both MBNMS and NOAA, the prototype system imitated prgected pH changs due to CQ using Time (days) filled with liquid CO ,. Similarly, large resevoirs of CO, rich fluids to found to be on the order ofminutes before steaglstate pH
a low concentration mixture of HCI released into the ocean arfronment. These small scale maintain a lowered pH field within a FOCE array could be fomed by ~ Is achieved. Rates are deendent upon both temperature
experiments will likely become more cormon as scientists deslop new research strategies for Above Is a 20 minte frame gab from our control software GUI (Lab showering seavater through a CQ gas-spacealume. We are nav pressure and pH.
assessing the impact dfigher CO, levels and laver pH conditions in the ocean. View). The plot shaws all three pH probes (geen, red, white) and the actively pursuing such designs for lagg scale pH modification systems . .

average pH value (blue) which was used to control the feedback loop _ - -. _ | Mathematical equations from Zeebe and \Wi-Gladrow

once every second. The pH within our control ar@ successfuy (2001) for calculatingreaction rates:

oscillated around our ©iosen set point (0.1 pH units belw ambient).

%

Photo from test tank trials caducted prior to FOCE field deployment. Dye was used to
visually check on the perfomance of both the mechanical alve/vane assemiyl and the tuid
emitters located around the perimeter afhe frame Quarter inch soaker hose @&s proven to
work well as it created a diffuse cloud and minimized back pressure on olund delivery
system.
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To compensate for the sk reaction time of CO, in seavater future FOCE designs will hae

to Increase the emitter to control zone distance and also moderate bottomremt speeds to
match residence time to leemical equilibration times.

Recent images from the benthic ecosystem ne®avidson Seamount. Corals ad sessile benthic
communities are paticularly sensitve to pH and climate fuctuations and hae been considered the
“canary in a coal mine” indicators as we begin to assess the impacts afchanging ocean laemistry.




