SUPPLEMENTARY DATA
Calculation of Oil Viscosity Increase with Weathering
Oil viscosity increases with weathering. In order to provide an estimate of the change in viscosity of oils, weathering data on several oils (Alaska North Slope, Louisiana, and Alberta Sweet Mixed) were combined and were correlated with time (Fingas, 2013; ESTS, 2018). The data are applicable to medium crude oils as typified by the oils chosen. The data are plotted as shown in Figure S1 and regression used to derive a generalized equation.
[image: ]
Figure S1. A plot of the three oils viscosity with hours weathering. The line is a regression line created using SigmaPlot 14. The regression analysis yielded the following simplified relationship (R2 = 0.85):

  				                                                 (1)
where µ is the adjusted or viscosity of the weathered oil, µstart is the starting oil viscosity, and thrs is the time in hours that the oil has weathered At 0 t, µ= µstart.
Discrete calculation
Discrete calculations can be made by following simple steps in a spread sheet. The steps are outlined in Table S1 and an example given in Table S2.
The discrete calculation for the purposes of performing a regression curve was calculated for the following times; 0, 1, 2,4, 6, 8, 10, 16, 18 hours. It was performed for the following viscosities; 10, 20, 40 80, 160, 320 and 500 mPa.s. The following wind speeds were modelled: 7, 10, 18 and 24 m/s. These were considered to be minimum inputs to achieve a realistic input to regression. The coarse inputs result in some oscillation in the numbers past about 4 hours, however this is smoothed out in the regression.
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Table S2    Example of Discrete Calculation Spread sheet

Output Output Inputs  Interim Calculations

Time

Viscosity

Wind

% in Water

 Actual Loss %

Actually 

Dispersed

Initially 

Dispersed

New 

Dispersibility

Newly 

dispersed

Available for 

dispersion

Depth

Rise Rate

Hours to Rise

Fraction Risen

% Resurfaced

% Redispersed

New Viscosity

% Oil 

Permanently 

Resurfaced 

0 10 7 60.3 3.0 57.3 60.3 60.3 100.0 10

1 10 7 72.9 3.0 57.3 60.3 57.3 19.0 33.2 0.9 0.11 7.9 0.1 6.0 3.5 10 27.1

2 10 7 62.2 2.0 38.7 40.7 38.7 7.5 19.5 0.9 0.18 9.7 0.2 14.6 5.6 13 37.8

4 10 7 24.1 1.2 21.9 23 21.9 6.2 28.5 0.9 0.54 6.4 0.6 37.3 8.2 19 75.9

6 10 7 7.6 0.8 14.4 15.2 14.4 10.3 71.7 0.9 1.33 3.9 1 24.1 3.5 25 92.4

18 10 7 3.6 0.2 3.8 4 3.8 3.6 94.7 0.9 19.3 0.8 1 4.9 0.2 61 96.4

0 10 10 100.0 14.6 85.4 100 100.0 100.0 10

8 10 10 15.9 2.7 50.7 53.4 50.7 27.6 54.5 2.1 2.63 6.4 1 28.4 14.4 31 84.1

18 10 10 11.7 1.0 18.3 19.3 18.3 14.1 77.1 2.1 19.3 2 1 18.5 3.4 61 88.3

0 10 18 100 5.0 95.0 100 100.0 100.0 10

4 10 18 85.5 5.0 95.0 100 95.0 0.0 0.0 9.2 0.54 68.2 0.1 10.0 9.5 19 14.5

18 10 18 20.0 5.0 95.0 100 95.0 39.4 41.5 9.2 19.3 8.6 1 30.0 28.5 61 80.0

0 10 24 100.0 5.0 95.0 100 100.0 100.0 10

4 10 24 100.0 5.0 95.0 100 95.0 0.0 0.0 19 0.54 140 0 0.0 0.0 19 0.0

18 10 24 40.0 5.0 95.0 100 95.0 0.5 0.5 19 19.3 17.6 1 48.5 46.0 61 60.0

0 40 24 100.0 5.0 95.0 100 100.0 100.0 40

4 40 24 100.0 5.0 95.0 100 95.0 0.0 0.0 19 0.54 140 0 0.0 0.0 55 0.0

18 40 24 30.0 2.7 50.4 53.1 50.4 21.8 43.2 19 19.3 17.6 1 36.0 18.2 223 70.0

0 80 14 43.2 2.2 41.0 43.2 43.2 100.0 80

4 80 14 77.1 1.5 28.1 29.6 28.1 3.9 13.9 4.9 0.54 36.4 0.1 8.2 2.3 103 22.9

18 80 14 3.1 0.2 3.2 3.4 3.2 3.1 95.3 4.9 19.3 4.6 1 4.4 0.1 439 96.9

0 160 7 0.9 0.0 0.9 0.9 0.9 100.0 160

4 160 7 1.6 0.0 0.7 0.7 0.7 0.6 97.7 0.9 0.54 6.4 0.6 1.3 0.0 199 98.4

18 160 7 0.1 0.0 0.1 0.1 0.1 0.1 99.9 0.9 19.3 0.8 1 0.1 0.0 871 99.9

0 160 10 4.6 0.2 4.4 4.6 4.6 100.0 160

4 160 10 11.1 0.2 3.1 3.3 3.1 2.8 87.9 2.1 0.54 15.7 0.3 3.6 0.1 199 88.9

18 160 10 0.4 0.0 0.4 0.4 0.4 0.4 99.5 2.1 19.3 2 1 0.5 0.0 871 99.6

0 160 12 8.9 0.4 8.5 8.9 8.9 100.0 160

4 160 12 22.8 0.3 6.1 6.4 6.1 4.7 76.8 3.3 0.54 24.7 0.2 4.5 0.3 199 77.2

18 160 12 0.7 0.0 0.7 0.7 0.7 0.7 99.0 3.3 19.3 3.1 1 1.0 0.0 871 99.3

0 160 14 15.3 0.8 14.5 15.3 15.3 100.0 160

4 160 14 41.8 0.6 10.5 11 10.5 6.2 59.7 4.9 0.54 36.4 0.1 3.9 0.4 199 58.2

18 160 14 1.2 0.1 1.1 1.2 1.1 1.1 98.3 4.9 19.3 4.6 1 1.6 0.0 871 98.8

0 160 18 35.1 1.8 33.3 35.1 35.1 100.0 160

4 160 18 71.0 1.3 24.0 25.3 24.0 5.7 23.9 9.2 0.54 68.2 0.1 7.3 1.8 199 29.0

18 160 18 2.6 0.1 2.7 2.8 2.7 2.6 96.4 9.2 19.3 8.6 1 3.4 0.1 871 97.4

0 160 24 87.4 4.4 83.0 87.4 87.4 100.0 160

4 160 24 100.0 3.2 59.9 63 59.9 0.0 0.0 19 0.54 140 0 0.0 0.0 199 0.0

18 160 24 3.6 0.3 6.6 6.9 6.6 4.8 73.9 19 19.3 17.6 1 24.2 1.6 871 96.4

0 320 14 5.4 0.3 5.1 5.4 5.4 100.0 320

4 320 14 17.2 0.2 3.8 4 3.8 3.2 84.4 4.9 0.54 36.4 0.1 1.5 0.1 391 82.8

18 320 14 0.4 0.0 0.4 0.4 0.4 0.4 99.4 4.9 19.3 4.6 1 0.6 0.0 1735 99.6

0 320 18 12.4 0.6 11.8 12.4 12.4 100.0 320

4 320 18 35.5 0.5 8.7 9.2 8.7 5.8 66.4 9.2 0.54 68.2 0.1 3.3 0.3 391 64.5

18 320 18 1.0 0.1 1.0 1 1.0 0.9 98.7 9.2 19.3 8.6 1 1.3 0.0 1735 99.0

0 320 24 30.9 1.5 29.4 30.9 30.9 100.0 320

4 320 24 75.4 1.1 21.8 22.9 21.8 6.8 31.5 19 0.54 140 0 0.0 0.0 391 24.6

18 320 24 1.5 0.1 2.3 2.4 2.3 1.8 80.9 19 19.3 17.6 1 18.6 0.4 1735 98.5

0 500 18 6.4 0.3 6.1 6.4 6.4 100.0 500

1 500 18 12.4 0.3 6.1 6.4 6.1 5.7 93.3 9.2 0.11 83.7 0 0.0 0.0 500 87.6

0 500 24 15.8 0.8 15.0 15.8 15.8 100.0 0

1 500 24 88.4 4.5 85.4 89.9 85.4 68.1 79.7 19 0.11 172 0 0.0 0.0 157 11.6

4 500 24 94.4 0.6 11.2 11.8 11.2 0.7 6.3 19 0.54 140 0 0.0 0.0 607 5.6

6 500 24 85.0 0.3 6.2 6.5 6.2 0.3 4.7 19 1.33 85.3 0.1 9.4 0.6 907 15.0
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		Table S2    Example of Discrete Calculation Spread sheet

		Inputs 						Output		Interim Calculations																										Output

		Time		Viscosity		Wind		% in Water		 Actual Loss %		Actually Dispersed		Initially Dispersed		New Dispersibility		Newly dispersed		Available for dispersion		Depth		Rise Rate		Hours to Rise		Fraction Risen		% Resurfaced		% Redispersed		New Viscosity		% Oil Permanently Resurfaced 

		0		10		7		60.3		3.0		57.3		60.3				60.3		100.0														10

		1		10		7		72.9		3.0		57.3		60.3		57.3		19.0		33.2		0.87		0.11		7.9		0.1		6.0		3.5		10		27.1

		2		10		7		62.2		2.0		38.7		40.7		38.7		7.5		19.5		0.87		0.18		9.7		0.2		14.6		5.6		13		37.8

		4		10		7		24.1		1.2		21.9		23		21.9		6.2		28.5		0.87		0.54		6.4		0.6		37.3		8.2		19		75.9

		6		10		7		7.6		0.8		14.4		15.2		14.4		10.3		71.7		0.87		1.33		3.9		1		24.1		3.5		25		92.4

		18		10		7		3.6		0.2		3.8		4		3.8		3.6		94.7		0.87		19.34		0.8		1		4.9		0.2		61		96.4

		0		10		10		100.0		14.6		85.4		100				100.0		100.0														10

		8		10		10		15.9		2.7		50.7		53.4		50.7		27.6		54.5		2.12		2.63		6.4		1		28.4		14.4		31		84.1

		18		10		10		11.7		1.0		18.3		19.3		18.3		14.1		77.1		2.12		19.34		2		1		18.5		3.4		61		88.3

		0		10		18		100		5.0		95.0		100				100.0		100.0														10

		4		10		18		85.5		5.0		95.0		100		95.0		0.0		0.0		9.21		0.54		68.2		0.1		10.0		9.5		19		14.5

		18		10		18		20.0		5.0		95.0		100		95.0		39.4		41.5		9.21		19.34		8.6		1		30.0		28.5		61		80.0

		0		10		24		100.0		5.0		95.0		100				100.0		100.0														10

		4		10		24		100.0		5.0		95.0		100		95.0		0.0		0.0		18.91		0.54		140.1		0		0.0		0.0		19		0.0

		18		10		24		40.0		5.0		95.0		100		95.0		0.5		0.5		18.91		19.34		17.6		1		48.5		46.0		61		60.0

		0		40		24		100.0		5.0		95.0		100				100.0		100.0														40

		4		40		24		100.0		5.0		95.0		100		95.0		0.0		0.0		18.91		0.54		140.1		0		0.0		0.0		55		0.0

		18		40		24		30.0		2.7		50.4		53.1		50.4		21.8		43.2		18.91		19.34		17.6		1		36.0		18.2		223		70.0

		0		80		14		43.2		2.2		41.0		43.2				43.2		100.0														80

		4		80		14		77.1		1.5		28.1		29.6		28.1		3.9		13.9		4.91		0.54		36.4		0.1		8.2		2.3		103		22.9

		18		80		14		3.1		0.2		3.2		3.4		3.2		3.1		95.3		4.91		19.34		4.6		1		4.4		0.1		439		96.9

		0		160		7		0.9		0.0		0.9		0.9				0.9		100.0														160

		4		160		7		1.6		0.0		0.7		0.7		0.7		0.6		97.7		0.87		0.54		6.4		0.6		1.3		0.0		199		98.4

		18		160		7		0.1		0.0		0.1		0.1		0.1		0.1		99.9		0.87		19.34		0.8		1		0.1		0.0		871		99.9

		0		160		10		4.6		0.2		4.4		4.6				4.6		100.0														160

		4		160		10		11.1		0.2		3.1		3.3		3.1		2.8		87.9		2.12		0.54		15.7		0.3		3.6		0.1		199		88.9

		18		160		10		0.4		0.0		0.4		0.4		0.4		0.4		99.5		2.12		19.34		2		1		0.5		0.0		871		99.6

		0		160		12		8.9		0.4		8.5		8.9				8.9		100.0														160

		4		160		12		22.8		0.3		6.1		6.4		6.1		4.7		76.8		3.34		0.54		24.7		0.2		4.5		0.3		199		77.2

		18		160		12		0.7		0.0		0.7		0.7		0.7		0.7		99.0		3.34		19.34		3.1		1		1.0		0.0		871		99.3

		0		160		14		15.3		0.8		14.5		15.3				15.3		100.0														160

		4		160		14		41.8		0.6		10.5		11		10.5		6.2		59.7		4.91		0.54		36.4		0.1		3.9		0.4		199		58.2

		18		160		14		1.2		0.1		1.1		1.2		1.1		1.1		98.3		4.91		19.34		4.6		1		1.6		0.0		871		98.8

		0		160		18		35.1		1.8		33.3		35.1				35.1		100.0														160

		4		160		18		71.0		1.3		24.0		25.3		24.0		5.7		23.9		9.21		0.54		68.2		0.1		7.3		1.8		199		29.0

		18		160		18		2.6		0.1		2.7		2.8		2.7		2.6		96.4		9.21		19.34		8.6		1		3.4		0.1		871		97.4

		0		160		24		87.4		4.4		83.0		87.4				87.4		100.0														160

		4		160		24		100.0		3.2		59.9		63		59.9		0.0		0.0		18.91		0.54		140.1		0		0.0		0.0		199		0.0

		18		160		24		3.6		0.3		6.6		6.9		6.6		4.8		73.9		18.91		19.34		17.6		1		24.2		1.6		871		96.4

		0		320		14		5.4		0.3		5.1		5.4				5.4		100.0														320

		4		320		14		17.2		0.2		3.8		4		3.8		3.2		84.4		4.91		0.54		36.4		0.1		1.5		0.1		391		82.8

		18		320		14		0.4		0.0		0.4		0.4		0.4		0.4		99.4		4.91		19.34		4.6		1		0.6		0.0		1735		99.6

		0		320		18		12.4		0.6		11.8		12.4				12.4		100.0														320

		4		320		18		35.5		0.5		8.7		9.2		8.7		5.8		66.4		9.21		0.54		68.2		0.1		3.3		0.3		391		64.5

		18		320		18		1.0		0.1		1.0		1		1.0		0.9		98.7		9.21		19.34		8.6		1		1.3		0.0		1735		99.0

		0		320		24		30.9		1.5		29.4		30.9				30.9		100.0														320

		4		320		24		75.4		1.1		21.8		22.9		21.8		6.8		31.5		18.91		0.54		140.1		0		0.0		0.0		391		24.6

		18		320		24		1.5		0.1		2.3		2.4		2.3		1.8		80.9		18.91		19.34		17.6		1		18.6		0.4		1735		98.5

		0		500		18		6.4		0.3		6.1		6.4				6.4		100.0														500

		1		500		18		12.4		0.3		6.1		6.4		6.1		5.7		93.3		9.21		0.11		83.7		0		0.0		0.0		500		87.6

		0		500		24		15.8		0.8		15.0		15.8				15.8		100.0														0

		1		500		24		88.4		4.5		85.4		89.9		85.4		68.1		79.7		18.91		0.11		171.9		0		0.0		0.0		157		11.6

		4		500		24		94.4		0.6		11.2		11.8		11.2		0.7		6.3		18.91		0.54		140.1		0		0.0		0.0		607		5.6

		6		500		24		85.0		0.3		6.2		6.5		6.2		0.3		4.7		18.91		1.33		85.3		0.1		9.4		0.6		907		15.0
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Table S1  Explanation of Calculation Spreadsheet

ColumnTitle SignificanceDescription Excel Formula

Minimum

Maximum

A Time input Time in hours numerical input 0 240

B Viscosity input Viscosity in mPa.s numerical input 1 5000

C Wind input Wind velocity in m/s numerical input 7 50

First row - is different than all the others

D % in water output

The sum of oil in the water which is amount 

in the water last cycle less the amount 

resurfaced, plus the amount redispersed, 

plus 5 % of the amount redispersed, plus 

the remainder of the last amount that is 

dispersed

F3 +E3 0 100

E Loss % interim calc.

5% of the dispersibility to account for small 

particles 0.05*G3 0 5

F Actually Dispersed interim calc.The amount of dispersal less the loss % IF(G3>100,100-E3,G3-E3) 0 100

G Initially Dispersed interim calc.Calculation from the modified Delvigne Eqn.

ROUND((449*POWER(C3,2.28)

)*(0.058 -(0.29 

/(C3)))*(POWER(B3,-1.5)),1)

0 100

H New Dispersability not used here - blank blankblank

I Newly Dispersed interim calc.The amount dispersed this cycle D3 0 100

J Available for Disp.  interim calc.input 100 100 100

K to P not used not used here - blank

Q New Viscosity B9 1 5000

R not used not used here - blank

Second row and following

D % in water output

The sum of oil in the water which is amount 

in the water last cycle less the amount 

resurfaced, plus the amount redispersed, 

plus 5 % of the amount redispersed, plus 

the remainder of the last amount that is 

dispersed

I4 +D3 - P4 + E4 -O4 0 100

E Loss % interim calc.5% of the dispersibility  for small particles 0.05*G4 0 5

F Actually Dispersed interim calc.The amount of dispersal less the loss % IF(G4>100,100-E4,G4-E4) 0 100

G Initially Dispersed interim calc.The Initial amount dispersed

ROUND((449*POWER(C4,2.28)

)*(0.058 -(0.29 

/(C4)))*(POWER(Q4,-1.5)),1)

0 100

H New Dispersability interim calc.

The new dispersibility calculated with new 

viscosity

IF(ROUND((449*POWER(C4,2.

28))*(0.058-

(0.29/(C4)))*(POWER(Q4,-

1.5)),1)>100,F4,F4)

0 100

I Newly Dispersed interim calc.The amount actually dispersed this cycle H4*J4/100 0 100

J Available for Dispersion interim calc.The amount of oil available for dispersion 100-D3-E4-P4 0 100

K Depth interim calc.The depth of injection calculated  ROUND(0.0067*(POWER(C4,2.5)),2)0.1 15

L Rise Rate interim calc.The rate in m/hours as calculated in the text

ROUND(0.096 

+0.014*(POWER(A4,2.5)),2)

0.1 2

M Hours to Rise interim calc.Calculation of the depth divided by rise rateROUND((K4/L4)*A4,1) 0.1 20

N Fraction Risen interim calc.

The calculation of the fraction of oil that has 

arisen in this time period

ROUND(IF(1/(M4/A4)>1, 1, 

1/(M4/A4)),1)

0.1 1

O % resurfaced interim calc.The percent of oil that has resurfaced N4*D3 0 100

P % Redispersed interim calc.The percent of the oil that is redispersed N4*H4*D3/100 0 100

Q New Viscosity interim calc.The calculated oil viscosity with weathering

IF(ROUND(7 + 

(B3*(A4)*0.3),1)<Q3,Q3,ROUN

D(7 + ((B4*(A4)*0.3)  ),1))

1 5000

R

% Oil Permanently 

Resurfaced 

output

The amount of oil that is not in the water 

column

100-D4 0 100
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		Table S1  Explanation of Calculation Spreadsheet



		Column		Title		Significance		Description		Excel Formula		Minimum		Maximum

		A		Time		input		Time in hours		numerical input		0		240

		B		Viscosity		input		Viscosity in mPa.s		numerical input		1		5000

		C		Wind		input		Wind velocity in m/s		numerical input		7		50

		First row - is different than all the others

		D		% in water		output		The sum of oil in the water which is amount in the water last cycle less the amount resurfaced, plus the amount redispersed, plus 5 % of the amount redispersed, plus the remainder of the last amount that is dispersed		F3 +E3		0		100

		E		Loss %		interim calc.		5% of the dispersibility to account for small particles		0.05*G3		0		5

		F		Actually Dispersed		interim calc.		The amount of dispersal less the loss %		IF(G3>100,100-E3,G3-E3)		0		100

		G		Initially Dispersed		interim calc.		Calculation from the modified Delvigne Eqn.		ROUND((449*POWER(C3,2.28))*(0.058 -(0.29 /(C3)))*(POWER(B3,-1.5)),1)		0		100

		H		New Dispersability		not used here - blank						blank		blank

		I		Newly Dispersed		interim calc.		The amount dispersed this cycle		D3		0		100

		J		Available for Disp. 		interim calc.		input 100				100		100

		K to P		not used		not used here - blank

		Q		New Viscosity						B9		1		5000

		R		not used		not used here - blank

		Second row and following

		D		% in water		output		The sum of oil in the water which is amount in the water last cycle less the amount resurfaced, plus the amount redispersed, plus 5 % of the amount redispersed, plus the remainder of the last amount that is dispersed		I4 +D3 - P4 + E4 -O4		0		100

		E		Loss %		interim calc.		5% of the dispersibility  for small particles		0.05*G4		0		5

		F		Actually Dispersed		interim calc.		The amount of dispersal less the loss %		IF(G4>100,100-E4,G4-E4)		0		100

		G		Initially Dispersed		interim calc.		The Initial amount dispersed		ROUND((449*POWER(C4,2.28))*(0.058 -(0.29 /(C4)))*(POWER(Q4,-1.5)),1)		0		100

		H		New Dispersability		interim calc.		The new dispersibility calculated with new viscosity		IF(ROUND((449*POWER(C4,2.28))*(0.058-(0.29/(C4)))*(POWER(Q4,-1.5)),1)>100,F4,F4)		0		100

		I		Newly Dispersed		interim calc.		The amount actually dispersed this cycle		H4*J4/100		0		100

		J		Available for Dispersion 		interim calc.		The amount of oil available for dispersion		100-D3-E4-P4		0		100

		K		Depth		interim calc.		The depth of injection calculated 		ROUND(0.0067*(POWER(C4,2.5)),2)		0.1		15

		L		Rise Rate		interim calc.		The rate in m/hours as calculated in the text		ROUND(0.096 +0.014*(POWER(A4,2.5)),2)		0.1		2

		M		Hours to Rise		interim calc.		Calculation of the depth divided by rise rate		ROUND((K4/L4)*A4,1)		0.1		20

		N		Fraction Risen		interim calc.		The calculation of the fraction of oil that has arisen in this time period		ROUND(IF(1/(M4/A4)>1, 1, 1/(M4/A4)),1)		0.1		1

		O		% resurfaced		interim calc.		The percent of oil that has resurfaced		N4*D3		0		100

		P		% Redispersed		interim calc.		The percent of the oil that is redispersed		N4*H4*D3/100		0		100

		Q		New Viscosity		interim calc.		The calculated oil viscosity with weathering		IF(ROUND(7 + (B3*(A4)*0.3),1)<Q3,Q3,ROUND(7 + ((B4*(A4)*0.3)  ),1))		1		5000

		R		% Oil Permanently Resurfaced 		output		The amount of oil that is not in the water column		100-D4		0		100






