Measuring Black Smoker Fluid Flow Rates Velocimetry Results
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A large body of evidence indicates that fluid flow rates within mid-ocean ridge hydrothermal systems may be highly variable [e.g. Baker, 1994; Fornari et : . }gg _ ' ' ' | ' ' ' | 0 (_)1
al., 1998; Lilley et al., 2003]. And recent studies show that flow within these systems may be strongly sensitive to mechanical forces, such as those gener- —31 3L - 15:5 - 50 | 50 | 50 |
ated by seismic activity and tidal loading [Crone and Wilcock, 2005; Johnson et al., 2000]. Thus a wide variety of processes occurring at mid-ocean ridges 6 R 15.0 | 2
may be strongly linked through flow variability, including tectonics, tides, chemical exchange, mineral and crustal formation, and biological productivity. 91 _o| {1 145 | 100 100 100 -3
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Despite the potential importance of hydrothermal flow variability, no long-term black smoker fluid flow rates have ever been measured. High temperatures, 1 2 3 4 S5 6 7 |_5
low pH, mineral deposition, and flow disruption all limit the effectiveness of invasive flow measurement techniques for long-term deployments. To address a 2z~ BeN 5b) 7 150} 150} 150 6
this issue, we are working to develop a technique to measure black smoker fluid flow using video image analysis. Such a technique would allow the non- 13 55 - - - - - '
invasive measurement of black smoker flows, and seafloor camera systems with this capability would be ideally suited for deployment on a cabled ocean 0 OF ' 50 - 200 200 200 | 5 | 1=/
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As a first step toward developing this technique, we have conducted laboratory simulations of black smoker plumes with known discharge rates, and have 1 3(5) ' | | | | | | I I_1 0
applied our correlation-based technique to video imagery of these experiments. We have been able to determine the expected precision of this technique, 2 2 . . . ; M T > 3 4 5 6 7 300} {300} {300 : 17
and have shown that temporally-averaged velocity estimates based on image correlation are linearly related to discharge rate as expected. In its current -2 -1 0 1 2 -2 -1 0 1 2 X . . . . . . . . . . . . -3
state, however, our technigue correlates noise when applied to faster flow rates, leading to velocity estimates that are lower than expected, as well as re- X X >0 100 150 200 >0 100 150 200 >0 100 150 200
duced sensitivity to flow rate changes. We are now working to develop a better system for weighting individual velocity estimates based on the quality of Figure 4. Contours of typical spline-interpolated RMS misfit functions, R, with Figure 5. Veertical cross-sections around the minima of the X X X
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M h d weight the displacement vectors according to the quality of the correlation. to poor velocity measurements, and we are currently search- ferent frame intervals between image pairs used in the analysis. Blye, | 18.cm
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Figure 1. Photographs of a) the laboratory apparatus just prior to hydrothermal plume simulation, and b) the laboratory apparatus during plume simulation. ! Ei‘g‘ Iﬁ
To simulate black smoker plumes, we injected water seeded with colloidal graphite through a custom-built flow-straightener and nozzle system into an 2 /4N L T U U U . ~ . ot
m-tall 450 gallon tank. We injected the fluid downward, with ~0.5 weight-percent NaCl to provide some measure of buoyancy flux, and employed a ] _ 107 A TR Q — | , 300 ; s
constant-head overflow tank seen near the top of a), an adjustable head height, and a set of flow restrictors to regulate fluid flow rate. We illuminated the 10 10 At 10 10 10 10 N 10 10 o ﬂEE
plume with two custom-built underwater halogen flood lights, and recorded the simulations using an NEC T1-22P NTSC video camera (shown),anda TS Potentially 1 400 F o " 1 'ﬁ
QImaging Retiga EX digital video camera. For this poster we analyzed sets of sequences acquired with the QImaging camera at frame rates of 33 frames _ _ N _ _ Contaminated Data Ly O
per second. We conducted five simulations lasting between ~10-15 minutes each, at discharge rates of 2.4, 3.2, 4.1, 5.2, and 5.7 I/min, through an 18 mm Figure 6. Temporal variograms computed at four positions along the Figure 7. The standard error of the mean, normalized by the mean, com- —3 [ I — P e L SRR
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vides the locations of these positions in the form of distances from the I/min simulation. The legend provides the locations of these positions in _4 | | | | | | | | | -
nozzle. For faster flowing fluid, independent velocity measurements are the form of distances from the nozzle. Dashed lines indicate the theoreti- 0O 100 200 300 400 500 600 700 800 900 1000 600
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mate is not an independent one, as shown in Figure 6. These curves show
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