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ADIOS 2 Summary 
 
Automated Data Inquiry for Oil Spills (ADIOS2) is an initial oil spill response tool for 
emergency spill responders and contingency planners. ADIOS2 integrates a library of 
approximately one thousand oils with a short-term oil fate and cleanup model to estimate the 
amount of time that spilled oil will remain in the marine environment, and to develop cleanup 
strategies.  
 

 
 

ADIOS 2 Program Structure 
 
The program provides a best-guess answer and also calculates possible ranges in the values of 
estimated spill properties. Oil properties and processes covered by the program are listed below. 
 
oil properties   weathering processes   other processes 
 
density    dispersion     beaching 
viscosity   evaporation    dispersant application 
water fraction   emulsification    in-situ burning 
benzene hazard  spreading    skimming 
         smoke plume 
 
ADIOS 2 has a relatively complex interface, allowing the release of oil over time at a varying rate 
with time-varying weather conditions, meaning that different parts of the slick will be a different 
stages of weathering. 
 
The model operates in a mixed mode, storing some properties (e.g. fraction evaporated) as 
Lagrangian elements (portions of the slick), while calculating other properties (e.g. fraction 
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beached) as an integral slick. All displayed results are for the whole slick. The LE's are of the 
intelligent variety, i.e. they contain detailed oil information. The LE structure used is 
(approximately): 
 
 LE structure 
release time 
age 
evaporative exposure (used to calculate fraction evaporated) 
vapor pressure 
benzene mole fraction 
molar volume 
x,y coordinates 
area (see spreading discussion) 
volume 
water fraction 
fraction evaporated 
kinematic viscosity 
density 
pure oil evaporation rate 
pure oil dispersion rate 
wind drift factor 
Fay diffusion coefficient 
pseudo-component volumes 
LE number 
 
These components are often inter-dependent. The displayed oil properties are mass weighted 
averages from the LE's values. This is problematic since it is questionable what is, for example, 
the meaning of an average of different viscosities for different parts of the slick. 
 
ADIOS2 is a dynamic program with a time step of 30 minutes. It runs its simulation for a 
maximum of five days. The fixed size of the time step can be contrasted with the ALOHA source 
strength algorithms that use a varying-size time step, generally being shorter at the beginning 
when change is rapid, and longer at the end when the situation is more static. The ALOHA 
approach is superior, in my opinion. However this approach carries a cost in complexity, the 
reason it was not used in ADIOS2 where we had the added task of spatial variation. 



September 28-29, 2011     Seattle, WA 
 
 
 

3 | P a g e  
 

 
 

SPECIFIC PROCESSES AND APPLICATIONS 
 
Spreading 
 
ADIOS2 utilizes a numerical approach to slick spreading. Separate Lagrangian elements are 
individually transported by wind stress, surface currents, Fay gravity-viscous forces, and random 
turbulence. ADIOS2 approximates Fay spreading by a diffusion process where the diffusion 
coefficient, is a function of relative density, spill volume, and water viscosity. Added to this 
diffusion coefficient is a second non-Fickian diffusion coefficient designed to represent eddy 
diffusion of the surface water.  
  
Probably the most important cause of long term oil spreading is wind stress on the slick and 
surface water. Oil is driven into the water column by breaking waves and broken into droplets of 
different size. ADIOS2 adopts the model of Elliot that uses a boundary layer approach to estimate 
the vertical dependence on wind driven displacement of the Lagrangrian elements and Stokes law 
to estimate their re-float time. Galt's new model in MARO (aka STAR) uses a similar concept. 
This is the cause for the ‘comet’ shape of many slicks where a thicker part of the oil at the upwind 
part is encompassed in a larger sheen that trails out behind the thick part. The smallest droplets 
never resurface and are thus permanently removed from the surface slick. ADIOS2 randomly 
assigns a droplet size to each LE based on Delvigne's distribution profile and then calculates the 
net wind-caused displacement depending upon the fraction of the time the LE is below or on the 
surface. 
  
ADIOS2 allows the introduction of a constant surface current when computing the spread of the 
oil. This allows more realistic modeling of continuous spills from a fixed point such as an 
offshore platform. An Eulerian slick thickness is reconstructed in ADIOS2 after the displacement 
of the Lagrangian elements by allowing each element to represent the center of a Thiessen 
polygon. This allows variable thicknesses within the modeled slick but adds a high computational 
cost. Also, it does not allow the slick to break into different pieces, something real slicks do. 
ADIOS2 does not model Langmuir cell formation, another common fate of spilled oil. 
 
Evaporation 
 
ADIOS2 contains a pseudo-component evaporation model developed by Robert Jones. In the 
pseudo-component approach, crude oils and refined products are modeled as a relatively small 
number of discrete, non-interacting components. Each pseudo component (PC) is treated as a 
single substance with an associated vapor pressure and relative mole fraction. The total 
evaporation rate of the slick is the sum of the individual rates. However, the individual rate for a 
particular component is coupled to the other PC’s by the relative mole fraction. The distillation 
cuts from the oil database are used to generate the PC’s.  
  
The volumetric evaporation rate for a single PC can be written as a function of the volume of the 
oil, wind speed, and the mole fraction, vapor pressure, and molar volume of the component. A set 
of coupled (by molar fraction) differential equations are solved approximately using an extension 
of the MacKay evaporative exposure method to multiple components.  Benzene is arbitrarily 
designated as the first pseudo-component and reported out separately as an air hazard. This model 
assumes that the oil is well-mixed, i.e. uniform from the top to the bottom of the slick. In an 
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earlier AMOP paper, I examined the relative evaporation rates for benzene if one assumes, 
alternatively, the well-mixed, diffusion-limited, or crust-limited approach to evaporation. Merv 
Fingas, based upon Environment Canada lab studies, favors a diffusion-limited approach. 

 
In all cases, evaporation per unit area decreases over time, approaching zero as the fraction 
evaporated hits a critical asymptote that is dependent upon the initial oil chemistry. 
 
Emulsification 
 
ADIOS2, based on studies by Fingas, uses asphaltene fraction in estimating emulsification 
potential. Such high molecular weight hydrocarbons may be considered as solutes in a solvent 
consisting of the lighter hydrocarbon components of the oil. As the oil weathers and loses the 
light ends, these large molecules may precipitate out, forming crystals that stabilize small water 
droplets in the oil.   Once oil begins to emulsify, the process typically proceeds at a rapid rate. In 
a series of laboratory experiments with crude oils, Eley found that the rate of emulsion formation 
was best described by a first-order rate law in interfacial area. This is the method used in the 
model. The ADIOS2 database contains maximum water content for each oil. Actual measured 
values of maximum water content are limited so most oils are set to the default value. 
 
Since his earlier work, Fingas has developed new emulsion categories (stable, meso-stable, 
unstable) and some empirically derived formulas to estimate into which category an oil belongs. 
Emulsification has a large affect on viscosity, hence impacting the efficiency of cleanup. 
 
Dispersion 
 
Dispersion of oil into the water column is estimated using a hydraulic model developed by 
Delvigne and Sweeney. They measured the number and size distribution of oil droplets driven 
into the water column by breaking waves. The vertical entrainment of oil is directly proportional 
to the dissipation of energy of a single breaking wave, the total dissipation rate for a given wave 
spectrum, and the volume of oil injected into the surface layer each time a wave breaks. ADIOS2 
assumes that whitecap formation begins at 3 m/sec and increases linearly to 5% coverage at 4 
m/sec, where a second linear relationship, utilizing the more recent observations of Ding and 
Farmer, is applied.  Alternative formulations were considered, particularly for high energy 
conditions where the whitecap increase may be more rapid. ADIOS2 assumes that any droplets 
larger than 70 microns re-surfaces and add to slick spreading 
 
ADIOS2 combines the dispersion model with a sediment scavenging model. The actual physical 
process of sedimentation is quite complicated, and the important parameters in the process are not 
well understood, although the recent work by Khelifa will help. As an interim approach, ADIOS2 
used a simple model proposed by Payne, which relates sedimentation rate to stickiness of the oil, 
oil droplet concentration, sediment concentration, and dissipation energy rate for surface water. 
 
Cleanup 
 
In order to aid in the completion of the ICS mass balance form, ADIOS2 allows the user to 
manually enter oil removal by the standard cleanup techniques. Many of the intricacies found in 
the Cleanup Calculators were eliminated. A smoke plume cross-section, however, provides more 
detail than present in the calculators.  
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ADIOS2 uses 
 
NOAA/ERD staff runs the model during most spill incidents.  It is also on the approved list for 
USCG workstations. It is easily the most widely distributed software for its special niche of oil 
behavior. Academics and others occasionally use it for unusual purposes. For example, a New 
Zealand researcher is currently adapting it to assess spill penalties. 
 
Some users make requests to extract information from the model that are internally calculated but 
not displayed. The most common data is the estimated spill area. MMS has requested thirty-day 
runs but the model only predicts up to a maximum of five days. 

 
 
 


