-----Original Message-----

From: Deirdre Hall [mailto:Deirdre.Hall@noaa.gov]

Sent: Wednesday, November 17, 2004 3:02 PM

To: Allen Mandy

Subject: CO2 application questions

Dear Mandy,

Thank you for sending the application for discharge of CO2.  I have read through the information that was provided and have the following 

questions and/or concerns.

    * Because CO2 sequestration is an issue of high, and increasing

      controversy we have asked for a  more detailed description and

analysis of the effects of this experiment. It is possible that this assumption is significantly in error. The clearly stated, and actual, purpose of the experiments planned is not active CO2 sequestration, but the creation of essential techniques for investigating environmental impacts of the very large scale present and future passive invasion of CO2 that is taking place in the sanctuary, and in the upper ocean worldwide. This is clearly in line with the environmental protection ethic of the Sanctuary. The purpose of the work is to develop technique; but because any chronic effects of an inevitably lower pH ocean will be subtle, the eventual need will be for a sustained experimental effort.

Although the document broadly states that the "short duration of the experiments and the small perturbations targeted will ensure no loss of, or injury to, any Sanctuary resources" it doesn't seem to offer much concrete evidence for coming to that conclusion. Our statement is correct. There is abundant evidence from the many hours of videotapes resulting from our experiments. Those organisms that appear in view simply proceed with no perturbation. We welcome Sanctuary examination of these tapes. The impacts of, for example, ship propellers or vehicle thrusters far exceed any conceivable effects from our work.

I seem to recall seeing a paper a few years ago (Tamburri?) that made mention of some acute, although not chronic, effects like fish kills or benthic impacts.  This is not mentioned in this iteration of the application.  Have those impacts been alleviated? Yes. We invited Mario Tamburri to carry out an experiment with us in which we deliberately created an enticing odor trail to attract scavenger fish (hag fish). The animals were so compelled to get to the source that they attempted to enter the nozzle of the odor release apparatus. We then added high concentrations of CO2 to the odor source. One fish still attempted to enter the nozzle, and was temporarily incapacitated. After a few seconds it recovered, and, after further inspection of the site, it swam away. Without the use of an odor source animals are not attracted to the site, and simply ignore the work in progress. The work in the Sanctuary takes place at depths at which CO2 is buoyant; the signal propagates upwards, and thus there are no “fish kill or benthic impacts.”

    * The application mentions that a detectable signal is not expected

greater than 2m from the experimental site.  Is pH signal the only effect assessment being employed?  Is this sufficient? A pH sensor is the only practical choice, and, together with knowledge of the alkalinity and the thermodynamic constants, this permits full calculation of the CO2 system properties. If there are other and/or better procedures available we would be happy to hear of them.

    * Although past permits issued to MBARI (MBNMS-2000-016) have been

      "Categorically Excluded" from further environmental review under

NEPA, this project is much more sensitive. As we have mentioned in past letters, future proposed experimental disposal of volumes of carbon dioxide greater than what was currently authorized, may

      require further environmental review, such as an Environmental

      Assessment or Environmental Impact Statement in order to comply

with NEPA. The term “disposal” does not appear to be accurate in this case. For example in the equivalent very large-scale land experiments the term “enrichment” is used for 1000 ton CO2 annual releases. These experiments, many of which are on federal land, do not require environmental review. The quantities of CO2 used are extraordinarily small compared to any other source.

I am still consulting with Holly to determine what may

      be appropriate in this case.  We were expecting a more robust

      analysis of impacts in this application, building on what was

      learned from past experiments, as this would certainly aid our

determination. It is difficult to compile a list of effects when 

none have been observed in work of this scale, but we can compile a list of experiments carried out, and provide a formal statement that no adverse environmental consequences have been observed for work within the Sanctuary.

Any additional information you have related to potential impacts, or evidence as to why no environmental consequences are anticipated would be appreciated. We can best illustrate this by common sense examples:

1) There are very large natural gradients of CO2 within the Sanctuary that many marine animals migrate through, or are exposed to during upwelling or El Nino events. The typical pH range encountered is 8.2 (surface) to 7.6 (~600m depth). The gradient is thus about 0.1 pH units per 100 meters. Since we create pH perturbations of the order of 0.1 to 0.3 very close to the apparatus this is roughly equivalent to a change of 100 to 300 meters in depth. Natural variability approaches this scale. BUT the preceding analysis grossly exaggerates the environmental effects. In nature the lower pH is accompanied by very large changes in dissolved oxygen (200 micromolar to ~ 10 micromolar), which provides the primary stress on respiration of marine animals. We do not perturb the oxygen levels, and thus the actual environmental stress is far lower. No robust measure of this exists, but a reasonable approximation is that the effects of lowered oxygen are far greater than the pH perturbation. Thus the impacts of our work are equivalent to depth changes <100-300 m – well within normal fluctuations of water masses.

2) There are already un-permitted and significant discharges of CO2 rich gases within the Sanctuary, with no ill effects observed. Ship exhaust below the water line is one such discharge. A smaller, but interesting, example comes from recreational SCUBA divers. In this activity oxygen in a tank of air is converted to CO2 and released as a gas stream into the water column. Typical O2 consumption rates for a diver are about 1.2 L/minute; for a one-hour dive this equates to the release of 72L of gaseous CO2 at NTP. This is 141 grams CO2. Thus the effect of 7.1 diver hours within the sanctuary is the direct equivalent of the release of 1 kg (about 1 liter liquid) of CO2. I do not know the number of diver hours per year in the Sanctuary, but it is at least in the many hundreds. Our impacts appear to be far less than those of recreational divers. We have carried out experiments on the dissolution rate at depth of a N2/CO2 gas mixture; we know the rates well, and can confirm that the dissolution of CO2 into the water occurs rapidly.

    * Page 4 of the application states "The DoE awards specify

      compliance with NEPA, and the procedures adopted here are

      consistent with that."  Please explain what is meant by this

      sentence.  Is it referring to previous work done elsewhere in the

world's oceans or to specific protocols? This is simply a required statement that we do not cause significant harm to the environment in the execution of this research.

    * Page 3, section(d) of the application, states that experiments

      will be carried out in mid-water at 100-300m water depth and will

      involve about 1m3 of gaseous CO2. Will this be a continuous

stream injected into this container, or a pre-set volume?  Research in the field must adapt to the realities of execution in practice (weather, equipment etc.) but the plan is to dissolve about this quantity of gas into a closed box, containing sea water and sediment, of about this volume over the period of an hour or so.

What would be the approximated volume if it were converted into liters? This unit of measurement would be a helpful comparison to past permitted volumes. How confident are you that this can be contained? In order to provide a comparison with the units above we can convert the experimental plan as follows: the problem is to saturate at depth a volume containing both water and sediment with CO2. For a box of 50cmx25cmx30cm the volume is 37.5 L. Saturation requires about a 0.8M CO2 solution. This will take about 1.3 kg CO2, or (in using the units above) the equivalent of about 11 diver hours CO2 released. However we will recover the apparatus and some significant quantity will be retained within the box.
· What is the total volume of dye that is planned for release? That cannot be determined precisely ahead of time. Our experience suggests that a 20L cubitainer of a dilute dye solution per day will be required. These releases are common in many experiments carried out in the Sanctuary.
I look forward to hearing from you shortly.

thanks,

Deirdre

Deirdre Hall

NOAA's Monterey Bay National Marine Sanctuary

299 Foam Street, Monterey, CA  93940

(831) 647-4207    Phone

(831) 647-4250    Fax

e-mail:  deirdre.hall@noaa.gov
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