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Motivations
• Key questions: 

– What is the role of turbulence-induced dispersion 
during the spill? 

• When turbulence is negligible and why? 
• Under what conditions will turbulence dominate the 

dispersion of the oil droplets in the ocean?
– What is the vertical structure of turbulence around 

the DWH spill site? 
• Few measurements of 

turbulence in the northern 
GOMX.

• We measured Vertical profiles
of ε(z)



Methodology

Rockland Scientific Inc. 
μRider
Maximum Depth: 
2000m
Sampling rate: 512 Hz
Vertical profiles of TKE 
dissipation rate, ε(z) and 
thermal dissipation rate, 
χ(z)



CTD
Buoyancy frequency

Turbulence 101

4

Reb >200, strong turbulence;
Reb<200, weak or moderate turbulence
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When γ >> 1: oil droplets will 
become passively Lagrangian
particles
When γ << 1: turbulence is 
negligible

We measure

Further define

(Yamazaki & Osborn 1990)

(Wang et al. 2016, Deep‐sea Res. I)



Experiments

Cruises: GISR 04, GISR06, 
GISR 09
Time: summer 2013, 2014 
and 2015
Depth range: 100‐ 1800 m
Instruments: μRider, CTD, 
ADCP (300 kHz and 75 
kHz)

DH spill site DH spill site

GISR 04
GISR 06

Example of one across‐slope section of ε(z)

(Wang et al. 2016, Deep‐sea Res. I)



ε vs N diagram
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Showing GISR04 data on 
the ε vs N diagram at 
loglog domain

Near surface
layer (0‐30m)

Upper thermocline
(30‐250 m)

Lower thermocline
250‐800 m

Deep water
800‐1800 m

(Wang et al. 2016, Deep‐sea Res. I)

Buoyancy Frequency log10(N)

Turbulent dissipation rate log10(ε)



ε vs N diagram
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Reb >200, strong turbulence;
20<Reb<200, moderate 
turbulence
Reb< 20, weak turbulence;

Buoyancy Reynolds Number

In the Gulf, most water is under moderate or weak turbulence condition in the 
summer.
15% of water is under strong turbulence condition.

Conclusion:

Reb 


N 2

(Yamazaki & Osborn 1990)

(Wang et al. 2016, Deep‐sea Res. I)



ε vs N diagram
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Conclusion:

 1/ 2/ew N

Turbulent Velocity we

we ranges from > 0.1 to 6 
mm/s around the DH spill 
site

For oil droplets with rising speed greater than 6 mm/s, turbulence effects can be 
ignored.
For oil droplets with rising speed much less than 6 mm/s, turbulence effects need to 
be considered.  (Wang et al. 2016, Deep‐sea Res. I)



Relate to oil droplets size 
Relationship of Oil droplet size and slip velocity

6 mm/s

d e
=3
39

μm

Literature suggests oil from DH spill 
was rapidly atomized at the well head, 
producing fine droplets, many with 
diameters below 300 microns 
(Socolofsky et al. 2011; Masutani and 
Adams, 2000).

Use of subsurface dispersants may 
have reduced diameters by an order of 
magnitude. 

the density of the oil used is 875 kg 
m‐3, a light, sweet crude oil with no 
dissolved gases typically found in the 
Gulf of Mexico. 

Equivalent Spherical Diameter (μm)
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For oil droplets >339 μm, turbulence effect is negligible.  For 41 < oil droplets < 339 
μm, turbulence effects need to be considered. For droplets < 41 μm, turbulence is 
the dominant force. 

Conclusion:

Based on Clift et al. (1978); Zheng and Yapa (2000);

NegliableDominant

(Wang et al. 2016, Deep‐sea Res. I)



Future work
• Funded by GOMRI, RFP-V, Year 

6-8 Investigator Grants
• ~$2.7 Million
• Period: Jan 2016 - Dec 2018
• Title: Understanding how the 

complex topography of the 
deepwater Gulf of Mexico 
influences water-column mixing 
processes and the vertical and 
horizontal distribution of oil and 
gas after a blowout.

• PIs: K. Polzin (WHOI) and J. 
Toole (WHOI), S. DiMarco 
(TAMU) and Z. Wang 
(NOAA/UMD)

• Slocum G2 Gliders with 
microRider and High Resolution 
Profiler (HRP)



Summary
 The first effort to directly measure turbulence around the DH spill 

site after the spill. 
 Most water is under moderate or weak turbulence conditions in the 

summer in the study region (Reb<200). 
 Criteria are developed to determine the influence of turbulence. 

 Buoyancy Reynolds number and turbulent velocity scale are two useful 
parameters. 

 For droplets with slip speed less than 6 mm/s, turbulence effect need to be 
considered. 

 For a typical GOM oil with density of 875 kg m‐3, droplets of size less than 
339 μmmight be affected by turbulence. 

 Further studies will be conducted in the next three years to fully 
understand the role of turbulence on droplet dynamics, especially 
bottom-enhanced turbulence.  
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Thank you!

Questions?
Reference:
Wang Z., S. DiMarco and S. Socolofsky
2016, Turbulence measurements in the 
northern Gulf of Mexico: Application to 
the Deepwater Horizon oil spill on 
droplet dynamics, Deep‐sea Research 
part I, 109, 40‐50. 



Turbulent diffusion

1100‐1200 m

From Socolofsky et al. (2011)

Measured vertical diffusivity between 1000 an 1500 m

Subsurface
hydrocarbon
intrusions

Vertical thermal diffusivity
[Osborn and Cox, 1972; Rainville
and Winsor, 2008]   Kz ~ 1.3‐4 × 10‐4m2/s 

on the slope (boundary 
area) 4 mo after initial 
release. 
Kz ~ 1.5 × 10‐5 m2/s 
Interior of the GOM 1 year 
after initial release. 

Compared with diffusivity from tracer 
release  experiments (Ledwell et al.  
2016, JGR‐oceans, in press)

SlopeInterior


