Feb 6th-8th Dive Plans

Pre-Mob tasks:

Comms check DORISS & PUP

Put Foot on PUP to hold hydrate cylinder

Check PUP/DORISS alignment for good observation of cylinder – (what was the focal length of the probe head set to?  Does this need changing?)

Calibration of pH probes

Mob Day: Friday Feb 3rd
DORISS tool sled

Put DORISS on tool sled

Get PUP secured on deck

Install kinetics experiment equipment & CO2 cylinder

Fill CO2 cylinder

Equipment List DORISS/PUP

Seapuppy

Calibration Module

Heater tape

Power Transformer

Laser power meter

Shroud

Toolbox 1 (including MBARI cube)

Liquid N2 Dewar

Dive Day 1 & 2: Feb 6th & 7th – Kinetics experiment

GOALS: to obtain kinetics data from injection of CO2 enriched seawater at 1000m and 300m and multiple temperatures.

General Notes

Target temperatures

For good comparison to previous data – at both depths, triple injections at each of 3 temperatures (6 experiments).

Note we did not do the temperature experiment at 300m before (1000, 100, and surface).  

Target temperatures should overlap with those at 1000m, and roughly equivalent to ambient, ambient + 5, and ambient + 10 - or ambient (~7.5(C), then 10 and 15, as this will be directly comparable to ‘heated’ data from 1000m)

1000m: ambient = 3.9(C, 10(C, 15(C

300m: ambient = 7.5(C, 10(C, 15(C

NOTE: in some instances we started the injections before the temperature was stable.  Data indicates it takes about 10 minutes to reach T and stabilise.

Pump rates & flushing times

Estimate pumping rate when flushing to seawater is 1.8L/min.

Total volume of CO2 chambers = 10L.  Exchange of three volumes = ~17 minutes

Total volume of kinetics chamber = 0.5L.  Exchange of 3 volumes = ~1 minute

We should ensure we take an accurate record of when we switch valves as we will not have flow rate data to work back from.

CO2 dissolution rates & target CO2 concentration in enriched seawater

NOTE: in all following calculations (as rough) I have assumed volume = mass seawater

In the acid injection experiments with the strong acid, we were achieving a shift in pH of 0.2-0.3 units.  For good data match our aim is to achieve delta pH of ~0.25.  Note all pH on NBS scale, and all calculations done using Lueker constants (refit of Merbach data)

· 1000m calculations

Using the ambient seawater data from 1000m on our last dive (V2755 Expt1):

TCO2 
= 2357.9 umol/kg

TAlk   
= 2389.9 umol/kg

Si 
= 132.6 mmol/kg

PO4
= 3.23 mmol/kg

T
= 3.865 (C

S
= 34.53

P
= 1010.8 dbar

pH 
= 7.7513

Applying a delta pH of 0.25, we can calculate required shift in TCO2 from CO2SYS

pH 
= 7.5013

TCO2 
= 2434.8 umol/kg

CO2
= 76.9 umol/kg

Calculating required injection amount & concentration of TCO2 in injected fluid

(i) Volume kinetics cell = 0.5L ( ~38.45 umol of CO2 per injection (76.9*0.5)

(ii) When we inject, we also displace equal volume of seawater from the kinetics cell, therefore this addition is EXCESS CO2, above the ambient seawater concentration (i.e. ambient seawater injected simply replaces ambient seawater displaced).

Volume single injection 


= 0.89 ml 


Required EXCESS concentration 

= (38.45 umol / 0.89 ml)

= 43.20 umol/ml

= 43.20 mmol/L

Required TOTAL concentration

= 43.20 mmol/L + ambient







= 43.20 mmol/L + 2.36 mmol/L







= 45.56 mmol/L

TARGET pH of solution


= 4.86

Calculating time for CO2 dissolution

(i) assuming same dissolution rate as observed in CO2/Raman experiment

Mean dissolution rate 
= 12.5 mmol/min


Min dissolution rate 
= 11.0 mmol/min


Max dissolution rate 
= 14.0 mmol/min


(ii) Although dissolution rate does not change with volume of CO2 injected (dependent only on surface area, which stays constant), the volume of seawater that needs enriching does.  See plot below.  Looking at ~30-35 minutes.
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Sensitivity analysis:

(1) we assume min dissolution rate, when actual = max ( delta pH 0.3

(2)  we assume max dissolution rate, when actual = min ( delta pH 0.2 
Other issues:

The CO2/Raman experiment was conducted at 500m, and under variable flow (static conditions for ~80% of the time).

This experiment will be at 1000m and under continuous flow, and we may observe different dissolution rates.  Suggest we react the system for 20 minutes, or until we are reading a pH of ~5.5 in the ‘Seawater’ Chamber, (which ever comes first) close the loop and wait for eqm, and get a better estimate of our observed dissolution rate this way.  Then we can do a quick calculation to determine how much more solution we need to transfer.  The difficulty here is not having a great handle on the pump rates.  Ed anticipates a ‘recycle’ rate of ~2.2L/min.  In the previous experiment (non-modified pumps, and not lab calibrated), the pump rate when flushing between chambers was ~0.2L/min lower than when recyling in the seawater chamber only.  So suggest we anticipate a rate of ~2.0L/min.

Any other suggestions about how to approach this would be welcome.
· 300m calculations

Using the ambient seawater data from 300m on a recent (Jan) Pt Lobos dive (ave all data from 290-310m):

TCO2 
= 2350.1 umol/kg

TAlk   
= 2292.8 umol/kg

Si 
= 58.62 mmol/kg

PO4
= 2.56 mmol/kg

T
= 7.543 (C

S
= 34.19

P
= 302.03 dbar

pH 
= 7.4506

Applying a delta pH of 0.25, we can calculate required shift in TCO2 from CO2SYS

pH 
= 7.2006

TCO2 
= 2450.0 umol/kg

CO2
= 99.9 umol/kg

Calculating required injection amount & concentration of TCO2 in injected fluid

(i) Volume kinetics cell = 0.5L ( ~49.95 umol of CO2 per injection (99.9*0.5)

(ii) When we inject, we also displace equal volume of seawater from the kinetics cell, therefore this addition is EXCESS CO2, above the ambient seawater concentration (i.e. ambient seawater injected simply replaces ambient seawater displaced).

Volume single injection 


= 0.89 ml 


Required EXCESS concentration 

= (49.95 umol / 0.89 ml)

= 56.12 umol/ml

= 56.12 mmol/L

Required TOTAL concentration

= 56.12 mmol/L + ambient







= 56.12 mmol/L + 2.35 mmol/L







= 58.47 mmol/L

TARGET pH of solution


= 4.73

Calculating time for CO2 dissolution

At 300m we are in the gas phase – too many unknowns to estimate a dissolution rate. Suggest same method – i.e. react system until reading pH 5.5 in ‘Seawater’ Chamber, or for 20 minutes, whichever comes first, then step-wise from this point.

FEBRUARY 6th – KINETICS EXPERIMENT 1000m

Under this dive schedule, we are due back in ML @ 15:15pm – i.e. we have a good safety margin for delays with pH probes equilibrating etc.

07:00

Depart Moss Landing

08:45

Arrive Hydrate Hotel Site (Lat 36 46.4407, Long 122 04.9747)

09:00

Launch & shallow water test of equipment

09:15

Start descent to 1025m – descent rate approx 20-25 m/min



All chambers flushing to seawater

10:00

Arrive at depth – locate hydrate sample for visual inspection



Homer beacon #95



Continue flushing chambers.  



Cycle syringe & all valves to ensure system is well flushed



Must flush CO2 chambers for minimum of 17 minutes

10:20

CO2 injection into Chamber 1.  Approx 500-600ml



Reaction time ~30 minutes



Equilibration time ~5 minutes



Flush syringe lines



Reflush kinetics chamber

11:00

Start Experiment 1.  Approx 15 minutes

11:15

Set up experiment 2.



Flush kinetics chamber – get stable pH endpoint @ ambient T



Heater on (10 minutes to stabilise at set point of 10(C)

11:30

Start Experiment 2.  Approx 15 minutes

11:45

Set up experiment 3.



Flush kinetics chamber – get stable pH endpoint @ 10(C (10 mins)



Heater up (10 minutes to stabilise at set point of 15(C)

12:05

Start Experiment 3.  Approx 15 minutes

12:20

End experiment 3.



Flush kinetics chamber – get stable endpoint @ 15(C (10 mins)



Heater off.



Open kinetics chamber flush to seawater



Open vent top & vent bottom in CO2 chamber



Start Ascent (approx ascent rate 20-25 m/min)

13:10

Arrive at surface & recover

13:30

Underway

15:15

Arrive Moss Landing

FEBRUARY 7th – KINETICS EXPERIMENT 300m

Under this dive schedule, we are due back in ML @ 13:30pm – i.e. we have a good safety margin for delays with pH probes equilibrating etc., and still plenty of time for the equipment change over. 

I have allowed 1 hr for the initial CO2 dissolution.

07:00

Depart Moss Landing

08:15

Arrive Dive Site (Just inshore of M1)

08:30

Launch & shallow water test of equipment

08:45

Start descent to 300m – descent rate approx 20-25 m/min



All chambers flushing to seawater

09:00

Arrive at depth 



Continue flushing chambers.  



Cycle syringe & all valves to ensure system is well flushed



Must flush CO2 chambers for minimum of 17 minutes

09:20

CO2 injection into Chamber 1 



Reaction time ?  



Equilibration time ~5 minutes



Flush syringe lines



Reflush kinetics chamber

10:20

Start Experiment 1.  Approx 15 minutes

10:35

Set up experiment 2.



Flush kinetics chamber – get stable pH endpoint @ ambient T



Heater on (10 minutes to stabilise at set point of 10(C)

10:50

Start Experiment 2.  Approx 15 minutes

11:05

Set up experiment 3.



Flush kinetics chamber – get stable pH endpoint @ 10(C (10 mins)



Heater up (10 minutes to stabilise at set point of 15(C)

11:25

Start Experiment 3.  Approx 15 minutes

11:40

End experiment 3.



Flush kinetics chamber – get stable endpoint @ 15(C (10 mins)



Heater off.



Open kinetics chamber flush to seawater



Open vent top & vent bottom in CO2 chamber



Start Ascent (approx ascent rate 20-25 m/min)

11:55

Arrive at surface & recover

12:15

Underway

13:30

Arrive Moss Landing

