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Early Oil Spill Research

Emphasized fundamental “basic”
science and hypothesis testing

Advocated surface science principles
“colloidal” applied to oil spill research

His work led to other investigators
winning Nobel Prize

Advocated in situ oil spill monitoring
to gain insight to behavior and
understanding

Advocated Intentional Release of Oil _
& Scaled experiments Ben Franklin -- 1st U. S.

Could not get a U.S. permit, so O1l Spill Researcher
conducted research in England




Presentation Objectives
Discussion points & results involving:

experiments with crude oil dispersions at multiple scales including
laboratory, mesocosm, controlled field and full field scale;

‘scaling’ as a primary experimental design criterion;

theoretical hypothesis testing involving mathematical modeling
approaches;

Understanding of key environmental processes is critical to the

understanding, prediction, and management of dispersed oil fate
INn agueous systems.




PhD Pipeline Project

Historical Overview
(1993-current)

 Funded by Texas General Land Office (TGLO,
API, MSRC, NSF, ONR, COE, TCEQ, NYSRF.
ExxonMobil, ARO, DOD, DOE, CODAR,

Others

 Long-term collaboration for better understanding
of oil spill remediation technology

o Multi-disciplinary research team




Comprehensive and Fully Integrated
Research Program

Full-Scale Field

Laboratory
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Increasing Experimental Control




“Solubility” Agueous phase
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Laboratory Studies
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Rhodococcus H-13A

Biodegradation kinetics

oxicity Analysis




Dispersed Oil &
Naphthalene Toxicity

B oil-only
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Fig. 2. Mysidopsis bervlling dechning exposure toxicity results for
fresh and weathered crude oill media, Median lethal concentration
(LC30) represents the units of mg/l. nonvolatile hydrocarbons, * =
no-chserved-adverse-eflects concentration.

FIGURE 4. Comparison of ECw and tetal naphthalenss {i.e.
naphthalene plus methyl-subHioned sephtusisees| corcsntration
for the thies Treaiment sirabegies.

Environmental Toxicology and Chemistry, Environmental Science &
23(12), 2941-2949, 2004. Technology 31(2), 556-561, 1997




Biosurfactant-Enhanced Aqueous Concentration
of Methyl-Substituted Naphthalene
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FIGURE 2. Agqueeus-plus-micells atratian of {a] C1-naghthal
aaplthalosss ausr H"'l"ln -:'. _Lul:'_:;:_-“"'nﬂ (8] C1-nap hthalemes. (b] C2-naphthalenes, {c) C3-napkihalones, and (d) CA-

Environmental Science & Technology 31(2), 556-561, 1997




CDO Properties and Aggregation
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Fig. 1. Measured C-potential values of chemically dispersed crude oil
droplets at selected pH values,

Mean Shear Rate (5'1 )

Fig. 2. Effect of shear rate on collision efficiency.

Dispersed Qil Fraction (C/Cy)
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. 3. Effect of shear rate (Gy,) on dispersed oil concentration,



CDO Dynamic
Size Distribution

gy §

Volume Distribution
awa{dp] {ul/mL)

Clay-Oil Aggregate Formation over Time
(initial clay-oil ratio 1:3 ~ Gm = 20s-1)

Volume Distribution
ﬁUMIdp:l (nlL/mL)

1000
dp (um)

ig. 5. Evolution of droplet size distribution at G, — 20 57!, salin-
ty = 3%, (a) Collision efficiency =025 and (b) collision effi-
ciency = 0.0, (==} min; (=== Q++++) H min; (—-w=—) 90 min and

Op=24Mp=190p=140p=09 )
P P L L —-=p-=} |80 min,




Rates
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CDO B

Reduction

UBIUOIBLIBIUS]

| aumuodeLel |

| aumuoowinog

SUBIUOOELNUSH

JUBIUOIBLL]

AUBSOIBUON

2URS0IBIA)

auesoaeydapy

JUBSOIBNSH

ARSI

AUBSOIRNA]

AUBSOIL]

AUBSOO(]

auBS0JIAUIH

AUBS0II]

AURIAPRUON

aujAyf

JUBIIPEI()

AUR)SIL]

aumaaperday

AURAPEXI]

aumapeuag

auedapena |

auBdApLI]

aURApO(]

aumapun)

aupda(]

Reduction

JUEU0IBINENA],

S2UAPURLA £

SOUMIIBUAN] )

mu_.._u.:._._:._.:._.ﬂ_._ﬁ_ _|.u_

QUL URUAL ]

sauaqdonpoz uaqi(e)

sauaydorqiozuaqrz)

mu_.._ﬂ_.__”,“_ﬁ.::.:x U] D

auaydonpozuaqi]

SAUAIONL[E)

SAUONL[T

SR #_._m._.m _.u.

AUAION|

[Auaydig

sauaeyde Ny

52 L e F___._ﬂ.: NED

sauaegde gy

I sauaEqydeN D)

auapeypyden




Real-time In situ Sensor Development
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otic In Situ Sensors Results
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Scatter plot of the actual salinity variation along the IDACC route on November 29,2006 ITHE G STRE AT3 ATIS ATE ST05 ST NS BT ews
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Meso-scale
(SERF)

(Shoreline

Environmental
Research
Facility)
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Wave Tank Scaling

» Testbed = Corpus Christi Bay ---- Fr,eq
Model system = SERF wave tank -Fr
Scaling factor
— Fr=[inertial force]/[gravity force]®°>= V/(g* L)°>

where g gravity, L is the wave length, V is the velocity or wave
celerity gT ?

/ L =
Wave length for linear waves

Wave velocity yob g gt

Shear rate \
Power Dissipation \

model

P = [ro]= G2V, = E,..C,,= E,..C, (M, Mdm)[kim}




SERF: Dispersant Study
(toxicity effects)

Oyster
deployment in
tanks

Oiled snailson |
the beach

Chamber for Sheepshead Minnow study




SERF: Dispersant Study

(o1l mass balance)
Water Research 34(9): 2507-2516, 2000

Oiled Control CDO

Initial TPH mass = 5.15 kg Initial TPH mass = 5.65 kg
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m sediment = water cumulative effluent = Free-phase oil




SERF: Dispersant Effectiveness
EXxperiments

Application
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SERF: Dispersant Effectiveness
Experiments

o In-Situ sensors
Dissipator




Controlled-Field
Studies
San Jacinto
Wetland
Research
Facility,
(SIWRF)

San Jacinto Rive .
-\_,,_--"'——-.. -—--—-—-" m
E

 Controlled application of oil: to /7 e
evaluate the behavior and effects of et
chemically-dispersed oil (CDO) in a E SN
wetland setting

e Monitored sediment petroleum

chemistry; toxicity; microbial numbers;

nutrients




Controlled Application of Oil

Soil sampling
Soil sample processing




Dispersed
Oil in
Wetlands

(Total Target Saturates)

— Control
A Control
— High-CDO
+ High-CDO
— Low-CDO
= Low-CDO

o Ol

(Total Target Aromatics)

Conc. (ng/ng-hopane)
R N DN W w s




Full-Field Studies:
Texas Coastal Waters

Both dyes apparent




Model Simulation
Results W|th Passwe Tracer (over

Color scale: from blue to red (0 to 150 cm/s)



Conclusions

e Chemically-dispersed oil
— Behaves like particle ‘colloid’ (10-100um)
— Blodegrades
— Aggregates w/ ambient particles
— Aggregates w/ oll particles

— Accumulates Less on surfaces ‘beaches,
shorelines, & wetlands

— Is transported like other environmental particles




