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OCEAN-ICE OIL-WEATHERING

MODEL OVERVIEW

COMPUTER PROGRAM USER’S MANUAL

The ocean-ice oil-weathering code is written in FORTRAN as a series

of stand-alone subroutines that can easily be installed on most any computer.

All of the trial-and-error routines, integration routines, and other special

routines are written in the code so that nothing more than the normal system

functions such as EXP are required. The code is user-interactive and requests

input by prompting questions with suggested input. Therefore,

actually learn about the nature of crude oil and oil weathering

code. A complete code listing of the ocean-ice oil-weathering

sented in the Appendix to this report.

the user can

by using this

code is pre-

The ocean-ice oil-weathering model considers the following weathering

processes:

-- evaporation

-- dispersion (oil into water)
-- mousse (water

-- spreading

These processes

into oil)

are used to predict the mass balance and composition

of oil remaining in the slick as a function of time and environmental param-

eters. Dissolution of oil into the water column is not considered as part o“f

the main code because this weathering process is not significant with respect

to the overall material balance of the oil slick. The companion document to

this User’s Manual (Final Report for RU 664, Payne et al. 1987)* contains

computer code for stand-alone models which consider component-specific

dissolution from oil slicks and from dispersed droplets.

An important assumption required in order to write material balance

equations for evaporation is the state of mixedness of the oil in the slick.

The ocean-ice oil-weathering model is based on the assumption that the oil is

well mixed. This might not always be true, but data have been taken and

*See pages 147-465 of this volume.
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interpreted as if the oil is well mixed. Thus , experimental results based on

this assumption must be used in the same way mathematically. There is growing

thought based on physical and compositional observations that the oil is not

always well mixed. As the oil weathers, its viscosity increases (measured and

known to be true), resulting in a slab-like oil phase. Clearly, the mass

transfer within the oil will change drastically in going from a well-mixed to a

slab-like phase.

The other three weathering processes are not explicitly component

specific as is evaporation. However, the dispersion process is a function of

the oil viscosity; oil viscosity is a function of composition. Thus the

dispersion process does depend on the evaporation process. Mousse formation

also alters the oil viscosity but the present knowledge of this process does

not point to any quantifiable compositional dependence. The spreading of the

slick results in an ever-increasing area for mass transfer.

The composition of the oil is described in terms of pseudocomponents

that are obtained by fractionating the oil in a true-boiling-point distillation

column. This procedure yields cuts of the oil which are characterized by

boiling point and density. This information is then used to calculate many

more parameters about the cut. The most important calculated parameters

pertain to vapor pressure and molecular weight. The evaporation process is

driven by vapor pressures, and system partial pressures are calculated assuming

Raoult’s law.

Sample runs of the model are included in this User$s Manual in the

following manner. Examples of the various input options are presented and

described on pages 17 through 39. Examples of various calculated results

appear on pages 40 through 81. Each output or run of the computer model always

echoes the input to the output. In other words, what was entered as input is

documented in the output. Therefore, the calculated results appearing on pages

40 through 81 contain all the user-entered parameters. The illustrations of

input are intended to illustrate all the options available and a real computer

run would (probably) not invoke all these options (i.e., spreading versus

no spreading, dispersion versus increased dispersion, and many other on-off

examples).



MODEL DESCRIPTION

The pseudo-component characterization of crude oil for the open-ocean

oil-weathering model is described in detail (Payne et al., 1984a). The

specific detail presented in oil characterization can vary depending upon

exactly which literature references are used. Those references used to write

the current open-ocean oil-weathering model are all essentially contained in a

standard text (Hougen, Watson and Ragatz, 1965).

The pseudc-component evaporation model and the over-all mass-transfer

coefficient required for evaporation has also been described in detail (P:y.le,

Kirstein, et al., 1983 and 1984a). The fundamental process of evaporation is

described in many texts, such as Mass Transfer Operations (Treybal, 1955) and

in papers in the open literature. A paper on this subject relevant to oil

weathering is that by Liss and Slater (Liss and Slater, 1974).

The equation which describes slick spreading has also been described

(Payne et al., 1983). The spreading equation is based on observations due to

Mackay (Mackay et al., 1980) and is not based on the many publications which

describe oil spreading due to gravity-viscosity-surface tension. The

phenomenological  approach to oil spreading does not pertain to a rough ocean

surface, and the empirical approach at least reflects reality.

The viscosity prediction used in early oil-weathering model calcula-

tions is based on a (mole fraction) .(cut viscosity) summation (Reid, et al.,

1977)’. This viscosity prediction has been found to be inadequate in that the

predicted viscosity is always too low. This viscosity prediction has been

replaced with one due to Tebeau and Mackay (Tebeau, Mackay et al., 1981) where

the viscosity at 25°C is a function of the fraction of oil evaporated on a

dispersion-free basis. The functional relationship is exp(K4F) where K4 is an

oil-dependent constant and F is the fraction evaporated. The viscosity is

scaled with respect to temperature according to the Andrade equation (Gold and

Olge, 1969).



The prediction of water-in-oil emulsification is based on four param-

eters (Mackay, et al., 1980) appearing in the following equation:

[1(1 - K2W) exp ~- = exp (-K5K3t)

where W is the weight fraction water in the oil-water mixture, K1 is a constant

in a viscosity equation due to Mooney (Mooney, 1951), K2 is a coalescing-

tendency constant, K3 is a lumped water incorporation rate constant, and K5 is

a factor by which the mousse formation rate is increased during broken- ice

field weathering.

The change in visiosity due to mousse formation is predicted by:

where p“ is the parent oil viscosity. K1 is usually around 0.62 to 0.65 and

apparently does not change much with respect to different types of oils. The

constant ‘2 above must satisfy the relation K2W < 1 in order for the water

incorporation rate term (right-hand side) to be > 0. Thus, K2 is the inverse

of the maximum weight fraction water in the mixture, K3 is the water incorpo-

ration rate constant and is a function of wind speed in knots.

The dispersion (oil into water)

equations (Mackay, et al., 1980). These

F = Ka KC(U + 1)2

weathering process

equations are:

is described by two

F B= (1+ Kb~0“56 X)-l



where F is the fraction of sea surface subject to dispersions per second, U is

the wind speed in m/see, Ka is constant, and Kc is a factor by which dispersion

is increased during broken-ice field weathering. Fb is the fraction of drop-

lets of oil below a critical size which do not return to the slick, \isa

constant, ~ is the viscosity in centipoise, x is the slick thickness in meters,

and 6 is the surface tension in dynes/cm. The mass fraction that leaves the

slick as dispersed droplets is (E’b). (F) and this fraction applies to each cut

of oil.

USER INPUT DESCRIPTION

The initial input required to perform an oil-weathering calculation is

the distillation characterization of the crude oil. The desired input is

termed a true-boiling-point (TBP) distillation and consists of distillate cuts

of the oil with each cut characterized by its average boiling point and API

gravity. For a description of the TBP distillation see Van Winkle (1967). An

example of a TBP distillation is shown in Table 1. The petroleum product

characterized in this table is a whole crude oil. The reason for choosing this

example is that it is a text-book example of a ~rue-Qoiling-point

distillation. The introduction of the true-boiling-point distillation to

characterize crude oil and products for environmental predictions is a new

concept. Therefore, the objective in using this example is to illustrate that

the concept is common in another branch of engineering. By providing this

example, the reader has access to a readily available reference that actually

used a TBP (i.e. , Van Winkle, 1967).

TBP distillations of crude oils are not always readily available. The

more common inspection on crude oil is termed an ASTM (D-86) distillation. The

ASTM distillation (Perry, R. H., and C. H. Chilton, 1973) differs in that the

ASTM distillation is essentially a flask distillation and thus has no more than

a few theoretical plates. The TBP distillation (ASTM D- 2982, 1977) is per-

formed in a column with greater than 15 theoretical plates and at high reflux

ratios. The high degree of fractionation in this distillation yields an

accurate component distribution for the crude oil (mixture). Another type of

crude oil inspection available is the equilibrium flash vaporation (EFV) which



Table 1. --Example of True Boiling Point (TBP) Distillation of Crude
Oil (Van Winkle, 1967).

Z Distilled T, ‘F API Gravity

o

5

10

20

30

40

50

60

70

80

90

99

105

230

300

392

458

505

542

585

640

720

880

1090

first drop

63.5

46.7

39.0

34.5

32.0

30.8

27.5

23.5

20.4

13.1

--

14



differs from both the ASTM and TBP distillation in that the vapor is allowed to

equilibrate with the liquid, and the quantity vaporized reported. In the

distillations vapor is continuously removed from the still pot.

Both the ASTM distillation and EFV can be converted to a TBP distilla-

tion (API, 1964). However, at the present the ASTM D-86 distillation results

can be used directly in the oil-weathering calculations because it is a reason-

able approximation to the TBP-distillation  result at the light end of the

barrel. The differences between the two distillations at the heavy end of the

barrel are noticeable but since the heavy ends of the barrel do not evaporate

in oil weathering, this difference is of little consequence.

Currently, the best sources of distillation data are “Evaluation of

World’s Important Crudes” (O&CJ , 1973) where a tremendous number of distil-

lations and other characterizations are reported. The distillations reported

are a mix of ASTMS and TBPs. Another excellent source of distillation data is

“Analyses of 800 Crude Oils from United States Oilfields” (Coleman, et al.,

1978) . The distillations reported by Coleman are not TBP distillations but are

essentially ASTM distillations and can be used in the oil-weathering calcula-

tions when the boiling points are all converted to one atmosphere total pres-

sure. The reason parts of the ASTM or TBP distillations are conducted at

sub-atmospheric pressure is that cracking begins to occur in the still pot at

temperatures around 700F. Thus, the data reported by Coleman are around atmos-

pheric pressure up to 527F, and for fractions boiling above this temperature

the distillation is performed at 40 mm Hg, In order for the entire distilla-

tion to be used as input to the oil-weathering calculation, the cut data must

be converted to one atmosphere total pressure. The procedure for converting

sub-atmosphere boiling points to atmospheric boiling points is described in

many places (Edmister and Okamoto, 1959; ASTM D-2892, 1977; API, 1964). An

example of the sub-atmospheric boiling-point conversion is shown in Table 2 for

Prudhoe Bay Crude Oil. The reported distillation pressure for Prudhoe Bay

crude oil in (Table 2), which is near atmospheric but not exactly at one atmos-

phere, is not critical for the oil-weathering calculations.



Table 2. --Distillation Data for Prudhoe Bay
Conversion of Sub-Atmosphere Boiling Points to
Points (see text) (Coleman et al., 1978).

Crude Oil
Atmospheric

Al&
Naih 41m

Showing
Boiling

#y I V,da ‘ -54.2
nlo :.s I

ti?9i I 28,6

Fraction Cut temperature, “F
no. at 1 atmosphere

10 580
11 638
12 638
13 738
14 790

Residuum --

16



An example of the use of the distillation data as input for the oil-

weathering calculation is shown in Table 3. This table is an actual computer

display of what the user sees beginning with code execution. In this example

the user is using data that is programmed into data statements and will not

have to enter the distillation characterization data. The TBP cuts echoed to

the user in Table 3 were obtained from the data of Coleman (Coleman et al.,

1978) in Table 2, and illustrate the transfer of these data to the oil-

weathering calculation. Notice that cut 1 (fraction 1) in Table 2 has been

deleted and the cuts renumbered. The reason cut 1 was deleted is because it is

not the first cut with any measurable volume. Also note that the residuum cut

is assigned a boiling point of >850F. This assigned boiling point is ficti-

tious and used to indicate that this cut is indeed a residuum.

It can be noted that the true boiling point data presented here (e.g.,

Table 3) differ from values presented in the open-ocean oil weathering model

(Payne et al., 1984a). Reasons for these differences can be explained as

follows. The distillation data in Table 2 are presented as cumulative-cut

temperatures and are to be interpreted as follows: Fraction #4 (for example)

has a cut temperature of 257°F, which means the distillate receiver was changed

at this temperature and Fraction #5 began being collected. Thus , the Fraction

#4 temperature tabulated is the upper temperature at which that fraction was

collected. The temperature used to characterize the entire fraction is the

average temperature that is (rounded up to) 235°F.

A similar example of the use of distillation data from Coleman

(Coleman et al., 1978) is illustrated in Tables 4 and 5. Table 4 again is the

published data and Table 5 illustrates how these data appear as input to the

oil-weathering calculation.

The distillation cut data for non-library oils can be entered by the

user. The user can either enter this data via the keyboard or use data from a

disk file created from a previous execution of the model. An example of

keyboard input is illustrated in Table 7 using TBP data for a gasoline cut

(O&GJ, 1973, pg. 57) which is presented in Table 6.



Table 3. --Distillation Cut Data as Used in Oil-Weathering Calculation
(data obtained from Table 2).

ENTER THE NU;4BEK’ (3F T13F’ C U T S  TC) HE CHARACTERIZED ON 12
IF YOU HAVE NO INPUT  DATA JUST ENTER 99
A 99 ENTRY WILL USE A LIBRARY  EXMF’LE
97
CHOOSE A CRUDE ACCORDING TO:
1. -  F’K’UIiHOE BAY? ALASKA
.9..: -  COOI< INLET?  ALASKA
.-.3 - ldIL?fINGTONs CALIFORNIA
4 -  i+lJRl?uQNt ABU llHABI
5 - LAKE CHICOTP LOUISIANA
6 - LIGHT DIESEL CUT
1

18



Table 4. --Distillation Data for Wilmington Field Crude Oil (Coleman
et al., 1978).

I I’n 1

II
1?
13

1/ I*

U!52,7’24
b7 : S3.0 t 27 ;:;$#I ;Xii

u.! I 30 1.4* 12KS
43.2

,...
I&”t ‘ .p

167
212 2.3 2.3 0.A7  ~.& , - 1.39n4 1329
2s7 4.7 .74
ma ::: .74
M? , 2.s u .*
1~ I 2.8 12.4 .810 I : I 34 I }.446s1 I m.j
437 ‘ ~!f 16.0 A&iwl.s’39 1,45771 1 149,6
ma 20.4 35.4 41 }.467!M 1 lSO. S
%17 5:1 25.7 .W 32.3 ‘ u 1.47/36 153.9

h.ma 2 -lh.O,lb#mm  ,em,mml  ●  40 ,II,r) II*..—, —
m I 4.7 m.4 0:09; I 16.3 ‘ 5s ‘1.4SUS-{ IQ.V-I “47—i@GG3
$17 ! $: 34.7 57 1.49U92 I 163.,8

40.8
4 *.

@R m; I ~:
‘ 5:5

i%
ml 4&3 , . ‘: in 2:

Is I I
n..wl,,r,wl ‘“ 53.3 99.6 I.UX &9

K— dmtllhm .
God I 1:.: : . -b ~ 32:5
%am. - ~m 4bMl18w 4.SWI-.9222S. H2.O W. Mm
Ud- MmOlim **IIW* :: ~ .922-.9 21.+19.7 Im m
v—~d-titi .93(b.939 19.7- !9.2 Ah.. =
a-m.. ‘ S:a I.ooi I e.9 ,

19



Table 5. --Distillation Data for Wilmington Field Crude Oil Illustrating
Use in Oil-Weathering Calculations. (See Table 4 for published data.)

ENTER THE NUNBER OF TBF’ CUTS TO BE CHARACTERIZED ON 12
IF ● fOU HAVE NO lNF’UT DATA JUST ENTER 99
A 99 ENTRY WILL USE A LIBRARY ENWF’LE
??
::HOCISE A CRUDE ACCORDING “;0:
I = F’RUDHOE BAYs ALASKA
-& =  COOK Ii4LET* AL6SKA
: = WILtfINGTONr  C A L I F O R N I A

= ilURBANr  AEU DHABI
Ei- LAKE CHICOTr  LOUISIANA

= LIGHT DIESEL C U T
$

‘1’ou CHOSE: WILMINGTON? CALIFORNIA

CUT
1.
~
3
4
5
6
7
i3
9

10
11
12

i: You
N
UO YOIJ

TB AFI VOL
i9.s*o 68.(5 2*3
23!500 S8.7 2*4
i80e0 S3*0 2*4
X5  ● o 48o1 2es
370*0 4 3 , 2 2*8
415+0 38+8 3.6
46060 3 s . 4 4 * 4
505 ● o 3 2 * 3 !5*3
554*O 26*8 4,7

&09*o 24,5 6*3
662*O 22,3 4*1
712+0 2(?*3 5*S
830+0 8,9 S3*3
bMNT T O  CHANGE ANY’!’

ldANT THE MACKAY CONSTANTS?



Table 6. --True Boiling Distillation Data for a Gasoline Cut (O&GJ, ‘
1973, pg. 57).

cut Cut Temp. , “F vol. % API Gravity

1 137 1.5 71.6

2 196 2.1 69.7

3 228 2.0 55.0

4 256 2.0 53.8

5 283 2.0 49.6

Table 7 .--Illustration of User Input of Data for a Gasoline Cut. (See
Table 6 for published data.)

IZNTER T H E  NUitiBE~  O F  TEF’  C U T S  TO EE CHt311ACTE~XZED  ON 12
IF ‘fUU H A V E  H O  IHPIJT DATA JUST EHTER 9 9
A 99 ENTRY WILL USE A LIBRARY  EXAMPLE
s
IS T H E  Cf?UIIE  ON A F I L E  ?

/NTER THE NAilE OF “TI+E CiliJDE
i3XXjLIiiE CIJT
l;i4TER Ai+ I D E N T I F I C A T I O N  NUMBER FOR THIS CRUDE ON 15
“111s1
EidTER A SAi+PLE  “i4UilBER ON 15
,.qmmqL:&.&&&
i?.idTER THE BULK API GRAVI”TY
5s ●

““1’cJu ifiusT Ei4TER  THE TRUE BOILING POINT  CUT DATA STARTING
iIAITH THE ifit9ST  VOLATILE CUT MD GOIHG TO THE BOTTOtf OF THE BARREL

Ei+TER T H E  B O I L I N G  POINT AT 1 ATM XH DEG F FOR C U T  1
1.:37.
Ei4TER API GRAVITY FOR CUT 1
71.(?)
ENTER V(3LIJHE  PER CIZN”r 1:013 t;l. j”f 1
1.$
i=i4TER T H E  BOILING P O I N T  AT I ATM IN DEG F  F O R  C U T  2
1.7A*

21



Table 7--- (Continued)

API GRAVITY FOR CUT 2

VOL!JHE PER (:l:ii”~ FOII t2iJ”l 2

T H E  BOILING POINT 14”T 1 ATil  IN OEG F  FOR C U T  3

API GRAVITY FOR CUT 3

VOLU14E PER CENT F(IR C U T  3

THE BOILING POINT AT 1 ~T;4 IN DEG F FOR CUT 4

API GR+WXT’f  FOR CUT 4

UOLUM PER CENT F O R  CUT 4

“rHE BOILING POINT  AT 1 ATM IN i3EG F FOR C U T  5

API GRAVITY  FOR CU”T 5

VOLUME Pm (md”l’  Iwll? cm s

7Ei AF I VOL
137.0 71*6 1*S
196*9 S9*7 2*1
228.0 5 s . 0 2.0
256 *(I 53*8 Z*()
283.0 49,6 2*()

N
“i’i+XS CRUDE WILL  NOW B E  URXTTEN T O  A FILE* WHAT tdOULll  Y O U  LIKE

“TO CALL ITT
ZFRSNAN OFEN wtib 38 lJSl{:FOR38+IlAT  at liAIidc+G26  ( F C  14421)1
CFRSEFS Enter c o r r e c t  file specs]
AGASCiJT*OIL
1~0 YOU UA;4T THE MCKAY  CONSTANTS?
N
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Each time an input is required the user is prompted with an appro-

priate question. Since it is nearly impossible to enter many numbers into the

oil-weathering calculation without an error, the distillation cut data are

always echoed to the user for review. In the event an input error is dis-

covered or it is desired to change an entry, the user’s response to DO YOU WANT

TO CHANGE ANY? is yes. The error recovery is illustrated in Table 8 where the

gasoline-cut data from Table 6 is entered. Note the input error for TB

(boiling temperature) for cut 3 where 22.8 was entered instead of 228. The

user is prompted for the error-recovery information and the final data is

echoed to the user. In the event another error is to be corrected, a “YES”

would be entered in response to the very last question in Table 8.

Following keyboard data entry, the user will be prompted for a name

to be assigned to a disk file which will contain the TBP data for the oil of

interest. The format for this name is one to six characters followed by an

optional period and one to three letter extension. In the example (Table 7),

the file was named GASCUT.OIL.

An example of disk file input is illustrated in Table 9. In this

example, the disk file created in the previous example (Table 7) is used as

input for the model.

After the TBP data required as input have been specified, the user is

asked if the Mackay Constants are desired. These constants are input constants

for the Mackay evaporation model (Mackay, 1982). The calculation of these

constants are an “add-on” calculation and do not affect the “weathering”

portion of the model.
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Table 8---Illustration of Input-Error Recovery. (Note error for cut 3
boiling temperature.)

ENTER THE B O I L I N G  POINT  AT 1 ATM IN llEG F FOR C U T  S
283 ●

ENTER API GI?NJXTY F O R  CUT  Ei
49.6
i=NTER UOLU/llZ PER  CENT F O R  C U T  5
2.

C [.) T TR API UOL
1 137*O 7106 1.5
~ 196*O 5 9 , 7 2*1
3 ~~,a 5540 2*O
4 256*O 5 3 . 8 2*O
5 2a3*o 4 9 . 6 2*O

ri~ You wA;iT T O  CHANGE A;d’f’?

~idTER T H E  C U T  NUMBEl?  T O  BE CHAiNGEU  ON 1 2

3
tINTER 1 TO CHANGE TB~ 2 FOR APIs 3 F(3R UOL%
1
i=i4TER THE CHANGED RATA
228.

CUT TB w I UOL
1 1 3 7 . 0 71*6 1.s
? 196*O 5 9 * 7 ~+1

3 22840 55*O 2+0
4 256 e O S3.8 2*O
s 28360 49+6 2*O

DO YOU WANT TO CHANGE ANY’?
N
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Table 9. --Illustration of Disk-file Input of TBP Distillation Data.

ENTER THE NUlfBEK’  OF TM’ CUTS TO BE C H A R A C T E R I Z E D  UN 12
IF Y O U  HAVE NO INPUT IMTA J U S T  E N T E R .  9 9
A 9 9  E N T R Y  UILL U S E  A LIBRARY EXAMPLE
5
“[S THE CRUDE ON A  FI1.i;  ?
Y
W H A T  T,S Tlii; FILE NAME?
~FRSNAll OPEN unit 3 6 K1SK:FOR3t5.IIAT  at MAIN,+156 ( F C  1.4031)1
~FRSEFS Eriter corrt?ct file s~ecsl
XGI%SCUT+(3TL

[:LJT
1
2
3
4
5

Do ‘(OU
N
~iO ‘{DIJ
N

T13 W I UOL
137.0 71,6 1!5,6
194.0 59,7 21.9
228*O 53.0 20,8
2s(5.0 s3. i3 20.8
283*G 4 9 . 6 ,20.8
WANT T O  CHANGE  AN*f?

!AIANT THE ;lACi<14Y CONSTANTS?
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At this point the calculation can be stopped. The crude oil char-

acterization and, if desired, the Mackay Constants are all that will have been

calculated. However, in order to “weather the crude”, the user types “YES” in

response to DO YOU WANT TO WEATHER THIS CRUDE?

The user input required for an oil-weathering calculation begins with

a YES in response to the question DO YOU WANT TO WEATHER THIS CRUDE? The user

is then prompted for the spill size in barrels.

Following this, the user is “led” through a series of three “compart-

ments” of possible oil weathering. These three compartments are:

1. Oil weathering in pools on top of ice.

2. Oil weathering on the ocean surface in a broken-ice field.

3. Open ocean oil weathering.

The user is allowed to “mix and match” combinations of these three

environmental configurations in order to design a scenario that will best match

the actual or hypothetical conditions for which an oil weathering prediction is

desired. Individual compartments can be skipped and environmental parameters

such as temperature, wind speed, etc. can be changed from compartment to com-

partment. An example of user input for a scenario that involves all three

compartments using a library crude oil is illustrated in Table 10. Following

the spill size specification the user is asked WILL THE WEATHERING SCENARIO

INCLUDE SEA ICE? If the user responds with “N”, the first two compartments are

not used and open ocean weathering follows, If the user enters ‘Y’, as in the

example, all three weathering compartments are offered.

For weathering of oil on top of ice the required input data are: the

numb e r of hours for oil weathering, the temperature, the depth of the oil

pools, the mass-transfer coefficient code, the wind speed, and, if desired, new

viscosity constants.
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Table 10 .--Illustration of User Input for Oil-Weathering Calculation
with a Library-Specified Crude.

ENTER THE NUMBER  O F  T13F’ C U T S  T O  B E  CHARACTERIZErI ON IZ
TF Y O U  H A V E  N(I INPIJT DATA .JUST  ENTER 9 9
A 9 9  E N T R Y  UILL USE A LIBRARY EXANFILE
? ‘?
CHOOSE A CRIJDE  A C C O R D I N G  T O :
1 = FRUDHOE HAYs  ALASi(A
~ - COOK INLETs A L A S K A
3 = WILMINGTON? C A L I F O R N I A
4~ ilURBAN~ ABU UHAEI
5- I.AKE  CHICOTS LOUIS IANA
A = LIGHT DIESEL CUT
1.

YOU CHOSE: FRUllHOE BAYv ALASKA

CIJT TEi API UOL
1 150,0 7 2 . 7 2*1
2 19000 64+2 2*6
3 235*O %4.7 3.5
4 2s0.0 S1*6 3*A
5 323*i) 4 7 . 6 3 . 7
6 S70*0 4s,2 3 . 5
7 415.0 41.5 4.3
8 460.0 37+8 4 , 8
‘? 5 0 5 . 0 34.s S*O

10 5!54 ,0 3 0 , 6 2+8
11 409.0 29*1 6,5
12 662+0 26,2 6+i3
13 712.0 2400 6,0
14 764+0 ~~,~ 7.4
1s 830,0 1 1 . 4 36*3
UO YOU &JANT TO CHANGE Ml’?
N
t10 ‘fol~ UANT “THE ilACKAY CONSTANTS?
Y
AT bJHA”T TEilFERATURE~ DEG F?
323

PLEASE WAIT

UO YOU bMNT TO WEATHER THIS 011.?
Y
iAIHAT IS Ti+E SPILL SIZE IN BARRELS?
1000G
WILL THE bJEAT1-lERING SCENARIO INCLUI)E SEA ICE?
Y
UHEN THE OIL REr4CiiES THE OIL SURFACE,
ldILL IT WEATHER IN FOOLS ON TOP OF THE ICE?
Y
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Table 10. --(Continued)

AT W H A T  TEMPERATtJl?Ep  DEG F?
20.
I=OR Hold ilANY HOURS?
24.
H(3W DEEP ldILL  T H E  POOLS B E  IN Cii? TRY 2
2
ENTER ‘THE ilASS-TRANSFER  C O E F F I C I E N T  CO~E: 1S 2! OR 3 WHERE:
l=USER  SFECIFIEU OVER-ALL M$SS-TRANSFER  COEFFICIENT
2=CORRELATION  ifASS-TRAidSFER C O E F F I C I E N T  BY MACKAY S MATSUGU
3-INDIVIDUAL-F’HASE i4ASS-TRANSFER  COEFFICIENTS

;NTER T H E  IdIND  W E E D  IN iUNOTS
1.0
uo ‘{()[J UANT TO ENTER NEU  VISCOSITY  C O N S T A N T S ?
N

PLEASE (MIT
WILL  THE OIL NOW WEATHER Iid THE BROKEN ICE FIELD?
.,1
FOR H(W ;+(4NY HOURS?
100*
tiiT &JHAT Tl;ifPERA”TUREy ~1~(~ F:’?
.-.32*
;=iNTER TliE F R A C T I O N  OF I(:E COJERt I~E* 007
+ h6
IiO ‘I’ol.j biAidT To ENTER NEU ilOUSSE FORilATION C O N S T A N T S ?
iq
HO ‘1’OU UANT TO ENTER A NEU OIL-UATER SURFACE TENSION (DYNES/CM)~
N
ENTER THE MASS-TRANSFER COEFFICIENT CODE: I? 2P OR 3 WHERE:
I-USER SPECIFIEII  OVER-ALL MASS-TRANSFER COEFFICIENT
2-CORRELATION MASS-TRANSFER COEFFICIEidT  BY MACKAY & llATSUGU
3-INDIVIMJAL-PHASE MSS-TRAidSFER  COEFFICIENTS
2
ENTER “~HE ldIND SPEED IN KNOTS
1.5.
110 ‘r’OIJ ltJANT THE SLICK TO SPREAD?

;0 ‘fOU WANT TO ENTER NEld UISCOSITY CONSTANTS?
N
110 ‘fOU UANT THE UEA”THERING TO OCCUR bJITH D ISPERSION?.,

~10 YOU WANT TO ENTER NEld .DISPERSION CONSTANTS?
N

i=’LEASE UAIT
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Table 10. --(continued)

IAIILL 13F’IEN CICEAN WEATHERING  NOW OCCUR?
Y
FOR t-KHd MANY H(NJHS?
‘240.
AT b&MT TENPERA”~URE~  TIE(3 F?
40 ●

tl~ Y(3U bJI%N”l’ TO ENTER NEU MOUSSE Fo~~~710~ co~f3T~~Ts7
IN
130 YOU WANT’ TO ENTER A NEW OIL-UATER S U R F A C E  TENSIUN  (DYiNIZS/CN)7
N
ENTER “THE M A S S - T R A N S F E R  C O E F F I C I E N T  CO13E: Ir 2S OR 3 WHERE:
1-USER SPECIFIED  OVER-ALL ifiASS-TRANSFER  COEFFICIENT
2-CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY 8 PiATSUGIJ
3-INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS
*

;NTER T H E  WIND SPEED IN ifNOTS
20.
~lo ‘{OU tdANT “rl+E ~L~C~( TO sFREA~T
Y
~10 ‘(~[J  UANT  T~ I;N’TER  NEU  V I S C O S I T Y  C O N S T A N T S ?
N
TiO ‘(OU UANT THE FEATHERING TO OCCUR ldITH DISPERSION?
$,I

I=LEASE bJAIT
CFIJ time 19+73 ElaPs@d  time 2:36,35
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The mass-transfer coefficient is for the evaporation weathering

process, not dissolution. There are three possible mass-transfer coefficient

input specifications, and the one recommended is 2 as illustrated in Table 10.

The wind speed, which is in knots, should be less than 40 knots be-

cause oil-weathering processes at and above this wind speed are not quantified.

Also , the lowest wind speed used in the calculation is 2 knots and any value

entered lower than this is reset to 2.

For now, new viscosity constant are not entered. The procedure for

specifying new constants will be detailed later in this manual.

After all of the required data have been entered, the user is asked to

wait while the numerical integration rout ine is executed. Following this

pause, the user is asked if broken ice field weathering will take place. In

the example (Table 10), the answer is “YES” so the input parameters for broken-

ice field weathering are now requested. For library oils the required data are

the same for broken-ice and open-ocean weathering (with one minor exception

noted below) so the following discussion applies to both of these compartments

of the model.

The required data at this point are: the number of hours for weather-

ing to occur, the temperature, new mousse formation constants (if desired), new

oil-water surface tension (if desired), the mass-transfer coefficient code, the

wind speed, whether or not the slick is to spread (YES) or (NO), new viscosity

constants (if desired), whether or not the slick is to disperse (YES) or (NO),

and new dispersion constants (if desired). For broken-ice weathering one other

parameter is required, the fraction of ice cover.

As shown in Table 10, dispersion and spreading are “on” for the

example and no new constants have been specified to replace the library values.

The same guidelines for mass-transfer coefficient code and wind

speed outlined above apply for the last two compartments as well.
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The fraction of ice cover is used to calculate the reduction in

spreading rate due to the broken ice. The spreading equation (or algorithm)

used in the oil weathering code(s) is a correlation based on observation. At

present, the re is not a mechanistic model (except possibly Elliot, 1986) that

applies to the open ocean, and especially the situation where ice occurs or

where ice cover changes as a function of time. The correlation algorithm for

spreading can be changed quite readily in the oil-weathering codes in the event

a useable algorithm is published. The search for a more realistic and

mechanistic spreading model for all situations is on-going.

The preceding input description illustrates a straightforward use of

the information programmed in the oil-weathering code. Illustrations of how

the programmed information can be changed are presented in the following dis-

cussion. Altering the programmed information allows other crudes or petroleum

cuts to be entered into the calculation, or actual spills and experiments can

be analyzed to find the best physical properties or rate constants which pre-

dict observed

ments of the

compartments.

The

data. Such

model so

alteration can be used in each of the three compart-

the following discussion applies to each of those

first input information that can be changed by the user is the

mousse-formation constants as illustrated in Table 11. The mousse constants

appear in an equation which quantifies the rate of water incorporation into the

oil with respect to time. This rate equation is (Mackay, et al., 1980).

(1 - [ 1K2W) exp “* = ew (-K3K5t)
where W is the weight fraction water is mousse. K1 is a constant in the

viscosity equation, K2 is a coalescing-tendency constant, K3 is a lumped water

incorporation rate constant, and K5 is the factor included in the equation to

increase the mousse formation rate in the broken-ice field. K1 appears in a

stand-alone equation for the apparent viscosity of the emulsion as (Mooney,

1951),



I

$$$“~$$

@
Table l;. --Illustration of User-Specified Mousse-Formation Constants.

110 YOU &h.$NT T(I ENTER NEW MOUSSE FORMATION CONSTANTS?
‘{
1. E N T E R  T H E  MAXINUN WEIGHT FRACTICIN IAATER IN 011.
e 6i)
2+ E N T E R  THE PICIUSSE-VISCCISITY  CONSTANTS TRY Oe4!5
● &5
3. EidTER THE WA”~EFi INC(II?130RATION RATE CONSTANT? T R Y  0+001
* 001
4. ENTER THE HROKEN ICE FIELD NL!L7XPLIER  FOR MOUSSE FORMATION
5+
NO Y O U  WANT’ TO ENTER A NEW CIIL.-UATER  S U R F A C E  T E N S I O N  (DYNES/CPi)?
Y
TRY 30.
30,

.
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where K“ is the parent oil viscosity. K1 is usually around 0.62 to 0.65 and

apparently does not change much with respect to different types of oils.

The constant K2 must satisfy the relation K2W < 1 in order for the

water incorporation rate to be > 0. Thus, K2 is the inverse of the maximum

weight fraction water in mousse, K3 is the water incorporation rate constant

and is a function of wind speed in knots. Currently the oil-weathering code

calculates K from3

K3 = 0.001 (WIND SPEED)2

and the constant actually entered by the user is the 0.001 constant above.

Thus , referring to Table 11, the first mousse formation constant

entered is the maximum weight fraction water in the mousse. The reciprocal of

this number is used for K1“ The second constant entered is the viscosity con-

stant in Mooney’s equation and this number should be 0.62 to 0.65 unless exper-

imental evidence suggests otherwise. The third constant entered is the multi-
2

plier of the (wind speed) which then yields K3. This number is around 0.001

as indicated. There is limited data available for K5 but some evidence points

to a typical value of about 10 for broken-ice fields, which is the default

value. In the open ocean, K5 is by definition 1.0 so input is not required for

this constant in the open-ocean section of the code, Note that most of the

prompting for input also prints suggested values for each constant.

The next input parameter that the user can change is the mass-

transfer coefficient for evaporation. The input illustration in Table 10 uses

the correlation mass transfer coefficient as developed by Mackay and Matsugu

(Mackay and Matsugu, 1973) . Table 12 illustrates the three possible input
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Table 12. --Illustration of Three Input Options for the Mass Transfer
Coefficient for Evaporation.

ENTER THE MASS-TRANSFER COEFFICIENT CODE: l? 2? OR 3 UHERE:
I=USEl? SPECIFIED O V E R - A L L  M A S S - T R A N S F E R  C O E F F I C I E N T——..
2-CORRELATION NASS-TRANSFER  COEFFICIENT BY-MAC~AY  ~ NATSUGU
3-INDIVIDUAL-PHASE tf#iSS-TRAtdSFER

&R THE UIND  SPEED IN KNOTS
1.0.
110 YOU UANT THE SLICK TO SPREAD?
‘f
ENTER THE OVER-ALL PtASS-TRANSFER
1.0,
r10 ‘{OIJ WANT TO ENTER NEU VISCOSITY CONSTANTS?

COEFFICIENTS

COEFFXCIENT~  CM/tiR~ TRY 10

ENTER “THE HASS-”TRANSFER  C O E F F I C I E N T  CODE: 17 2S OR 3 UHERE:
l-USER SFECIFIESI OVER-ALL MASS-TRANSFER COEFFICIENT
2=Ci3RRELATION  MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGtJ
3-INDIVIDUAL-PHASE i+ASS-TRANSFER  COEFFICIENTS
~
ENTER THE MIND SPEEXI IN KNOTS
10’
[/0 YOIJ &lANT THE SLICK TO SPREAD?
‘(

i~NTER “THE lYAss-TRANsFER  COEFFICIENT CODE: l? 2? OR 3 UHERE:
I=USER  SPECIFIESI OVER-fiLL  MSS-TRMSFER COEFFICIENT
2-CCIRRELATION  MASS-TRANSFER COEFFICIENT EIY MACKAY S llATSUGIJ
3-INDIvIDUAL-PHASE MASS-TRANSFER COEFFICIENTS

:NTER THE ldIilll SPEED Ill KNOTS
10+
IJO ‘/ou &JA~T THE SLICK “TO SPREAD?
‘t
IZNTER THE OIL-PHASE i+ASS-”TRANSFER  COEFFICIENT IN C1l/HR? TRY 10
10.
ENTER THE AIR-PHASE iiASS-TRANSFER  COEFFICIENT IN Cil/HR! TRY 1000
1000.
Ei~TER THE ilOLECULAR bKIGHT  OF THE COMPOUND FOR K-AIR ABOUEr TRY 200
200.
DO ‘fOIJ UANT TO lZNTIER MU U3SCOS1TY C O N S T A N T S ?
IN
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options for the evaporation mass transfer coefficient. The first input option

shown in Table 12 allows the user tp input the mass-transfer coefficient

directly, in contrast to the second input option where the coefficient is

calculated as a function of wind speed and slick diameter. In the third input

option the user can enter individual-phase mass transfer coefficients. In this

last option the entered coefficient is scaled according to the square root of

the molecular weight of each cut to yield a coefficient specific to each cut

(Liss and Slater, 1974). The coefficient in this last option is also scaled

according to wind speed according to Garratt’s drag coefficient (Garratt.

1977) .

After specifying the mass-transfer coefficient options the user can

specify if the slick is to spread or not. This option is illustrated in Table

13 by entering YES or NO to the prompt. In this particular illustration the

user has specified that the slick does not spread. This option is useful for

investigating evaporation from spills on solid surfaces such as ice or land.

When the no-spreading option is selected the user is prompted for a starting

thickness, unless previous weathering has occurred in which case the remaining

thickness is used. In the illustration in Table 13 the entered thickness is

2 cm,

The final physical property optional input that can be specified by

the user is the viscosity. The viscosity-prediction for the bulk weathered oil

is important when dispersion of oil into water occurs, since viscosity appears

in the rate equation for dispersion. The current methaod of viscosity pre-

diction is based on the viscosity of the initial crude at 25”C, a temperature-

scaling constant, and a fraction-oil-weathered constant. The viscosity

predicted at this stage of optional input is for oil only, and must not be

interpreted as that viscosity when a water-in-oil emulsion is present. The

further change in viscosity due to water-in-oil emulsification (mousse forma-

tion) was described on page 12.

The viscosity at 25°C is scaled to other temperatures by the Andrade

equation (Gold and Olge, 1969), which is
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and the temperature-scaling constant is B. This viscosity of the weathered oil

is calculated according to exp(K4F)  where F is the fraction weathered (Tebeau,

Mackay, et al., 1982) i.e., fresh crude oil has F = O. As weathering proceeds,

the parent oil viscosity increases exponentially with respect to F.

The user can enter the three viscosity constants by answering YES to

the prompt illustrated in Table 14. In this illustration suggested input

viscosity constants are printed along with the prompt.

The constants which appear in the dispersion process can also be

specified by the user. The dispersion of oil into the water column is

described by two equations (Mackay, et al., 1980):

F = KaKc (U + 1)2

and

FB= (1+ KbM
0“ 5 6X)-1

where F is the fraction of sea surface subject to dispersions per second, U is
-1

the wind speed in m\sec, and Ka is a constant, typically 0.1 hr . FB is the

fraction of droplets of oil below a critical size which do not return to the

slick, ~ is a constant, around 50, p is the viscosity in centipoise, x is the

slick thickness in meters, w is the surface tension in dynes/cm, and Kc is the

constant which determines the increase in dispersion for broken-ice fields.

Little experimental data is available for K however some limited data sug-C’
gests a value of 10, which is the default value. In open-ocean weathering, Kc

is by definition 1.0, so input for this variable is not required in the
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Table 13 .--Illustration of the “No-Spreading” Option and Starting
Thickness Specification.

ENTER THE MASS-TRANSFER COEFFICIENT CODE: 17 2? OR 3 WHERE:
I-USER SFECIFIEII OVER-ALL MASS-TRANSFER COEFFICIENT
2=CORRELATION  M A S S - T R A N S F E R  CC)EFFICIEldT  BY MACKAY ~ flA’TSLIGU
3-INIIIVIIIUAL-FHASE  MASS-TRANSFER! COEFFICIENTS
?
;NTER THE ldINIl SPEED IN KNOTS
“i o
I1O YOU WANT “THE SLICK TO SPREAD?
N
SINCE “THE !3L1CK DOES NOT SFREAD~ ENTER  A STARTING THICKNESS IN Ct4
S*

Table 14---Illustration of Viscosity-Constant Input Options.

~1~ ‘f~[j w~~”r To E~”r~~ ~~~ (JISCOSITY  co~sT~~Ts?

‘t
‘1, ENTER “THE BULK CRUDE VISCOSITY AT 25 DEG C? CENTIFOISE~ “TRY ;35.
40 ●

.io ENTER “THE VISCOS:l”TY TEMPERATURE SCALING CONSTANT fANDRADE)r TRY 9000.,s

9000.. . .
..). ENTER THE VISC~S:l”TY-l:l%~CTI(li’4-OIL-bJEATHERED  CONSTANT? TRY 10+5
1.0.5
1:10 ‘{~[J WANT THE WATHW{:[NG “T(J OCCUR  UITli DISPERSION?

;0 YOIJ bJAN”T TO ENTER NEU DISPERSION CONSTANTS?
.,1
I=NTER THE WIND SPEED C(3NSTANTP  “TRY 0.1
.1
i<NTER THE CRITICAL DROPLET SIZE CONSTMTF TRY !30
,- A~J(.I  ●

ENTER “THE 13RClKEN ICE FIELD DISPERSION MULTIFLIER
8.

[IO ‘fo[J UANT “THE IJJEATHERING “TO OCCUR UI”~H DISPERSION?
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open-ocean portion of the modelf. Ths mass fraction that

dispersed droplets is (Fb) .(F) and this fraction applies

Table 15 illustrates the user input of the constants Ka, ~

leaves the slick as

to each cut of oil.

, and K-.

OUTPUT DESCRIPTION

The output generated by the ocean-ice oil-weathering code is written

to four disk files: OILICE.OUT, OILICE.TYP, OILICE.PLT, and MACKAY.DAT. These

files contain the calculated results in various forms. The OILICE.OUT file is

130 columns wide and intended to be printed on an appropriate high speed

printer. The OILICE.TYP file is an abbreviated version of OILICE.OUT. The

OILICE.PLT  is a numbers-only raw data file and intended to be read by a

plotting routine or other data processing routines which must be supplied by

the user. The MACKAY.DAT file contains the input parameters for the MACKAY

evaporation model.

An example of the OILICE.OUT file (130 column) is presented in Table

16 where the calculated results for an oil-weathering calculation for Prudhoe

Bay crude are presented. The first page of this output (page 40) is crude

characterization information for fresh Prudhoe Bay crude oil as calculated

according to previous descriptions (Payne et al., 1983, 1984a). Page 41

presented the mass-transfer coefficients, the input parameters and constants,

and the beginning of the results of the calculations for weathering in pools on

top of ice. Pages 42 through 45 are the remainder of these calculations. Page

46 presents characterization of the oil after “pool-weathering .“ The

intermediate characterization is used automatically as input for further

weathering as directed by the user. (Note that the volume percents and bulk

API gravity have changed.)

For the scenario presented in Table 16,

field at 32°F was chosen next. Page 47 presents

beginning of the results for this weathering.

One important aspect of the code output

very volatile cuts. The information presented

weathering in the broken-ice

the input constants and the

to notice is the deletion of

for various times is self
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Table 15. --Illustration of Dispersion Constants Input.

r~o ‘{~[J  UAN”T THE  UE,~”THERING  TO OCCUR WITH DISPERSION?
Y
[io ‘1’ou UANT To ENT&R NEU DISPERSION CONSTANTS?
Y
ENTER “1’HE  UIi4D SPEED CONSTANT? T R Y  Ool
.2
ENTER “THE CRITICAI. IIRilFLE”l ~IZE CONSTANT? TRY 50
SG.
ENTER ‘THE BROKEN ICI: I:IELB DISPERSION MULTIPLIER
f39.

1=’L.EASE UAIT



Table 16 .--Illustration of Output from Oil-Weathering Calculations: Fresh Prudhoe Bay Crude Oil
Characterization.

SUPUIAllY  OF TIM’ t:UIX  CHAIIACIFJII’LA’I’IUN  Ft)ll:  IWIIMMIE  l\AY, AIJiSKA

CUIW VENSION IS (:UT14;A  OF NAY 04, .Im v , SAHI’LF. 71011

VW.
2. 121[+00
2.6UIC+WI
:1.5W+O0
3. 64EtO0
3. 74K+O0
a . 54EN)0
4.3W+W
4. Uwtw
iI.06E+O##
2.WIK+W
6. 57E+O0
6.lNJEtOO
6.@7E*O0
7. 40E+W
S.67E+01

I .07K+wt
I  12E+O:I
i .16K*ti:l
I .21K+U3
I .WDH*O:I
I .:IIF.+U3
I .:15K+03
I .4UK+U:I
1 .4W+O:I
I .44)K+03
I .mt~.+wl
0. ttw+w

NWX

UULK  Al”l  WAVITY  = W.*)

Vls NC NS
3. OIw-o I :s I
4.4kiH-oi :! t
5.+4U-IDI :1 I
6.7:{M-t)l :1 1
8.46K-01  3 I
1.07E+WI :1 I
I.:llwtw) :1 1
I.thlK+w :1 1
I . 7SE+W a 1
2. 4W*W :1 1
4.WK+W :) I
7.IW+W 3 I
1.:16Et@l :1 8
2.lllKttbl  :1 I
1.U1E*02 u @



Table 16.–-Output from Oil-Weathering Calculations (Continued): Prudhoe  Bay Crude Oil, Time versus
Calculated Results of Weathering in Pools on Top of Ice at 32°F.

S1’ttbtkt  kWll TtllS  CAIJXJIAIION

1.:t95K*kxl  fwkwlc

1 .(MIOF.+04 twmlluls

7.95ktk:itt4  B*%2

Ok’ Tllti hUtlK C$lUIMi  kVKMt ‘llIK CUTS  z 4

OF ‘rllti  Uul.tt CMUUK Fliwl ‘IIIE I: Ml*  -  i

Tit HASS  KVAWtlAtlXt:  V8S25t: -  :i.5tIE*d)I

I)K+OO ck:N’iisYkltkfktS  A T  i22 ktkZ F

IE*OO Ar T = :12.0 Ukx k’, StiA1.E  FACTUN  =  2.tkE-tkl

ANWIIAUE  = 9.4ttttt*kt:l, kliA(:r kJkL4TllkXlElJ  = 1.4KiM+ktl, VSLFAkl  = O .25k:*@:l 4X

kkUUSS%  t:Wk’WdNTSI  MJONEY= M.tJUK*W, M A X  112kt=-I  .00, WINI)**2=  kt.tmKt4t4k

‘ME. I N IT I Al. d:lhif’k  NM .FS I N ‘t’!lF. s1.14:K Altk: ;
2.74wP*c+5 :1.14NK*05 :1.%+7}:+05
:i.4t2Nto5 2.745H*k!5 :1.U4:K*U5



Table 16. -–Output from Oil-Weathering Calculations
Calculated Results at 32*F for Weathering in Pools

TIM.: = I  .tlt.+~~  1101111S.  HASS  F“IIA{:I’IuN 1)1.’ EA(:II  CUT U}Jl\lNINt;:
S.m-ol U.4F.-UI V.6E-L)I 9.VE-4)1 1 .UE+UU I .WF.*UU i .Ok+uu

(Continued): Prudhoe Bay Crude Oil, Time versus
on Top of Ice.

I .tiK+wl I .OK+OO 1 .UE+4DW 21 ,UE+U9 I .oF.+oe I .UE*UU 1 .OE+W
l’.vAl${lllA’l’Rll  = 1.(17:JE+C*7.  sum = i .3931!+n9

Iltll: = 3. It: +00 Uwlls  , MASS FIIACTIOB W EACII  MT IIIMAININC:
I.’)l:-ul 5.41K-t)l U.I)K-01 9.7E-01  9.W-01 I .Wtl)o I .Ou+tlo

4
1 .UK+UU

I .ttttuo
1 .01;+00 I .uK+(nl I . UL+UU I . Qmtotl 1. eE+w I .Okltw

HAS* NKHAINIIN; = I .:mmto’}. I!ASS DISI’ENSILU  = o.oi.mE+m.b.  miss  EVAI’ONATKU  = :1.7551:tl$7
&llAt:UION tlJ\StX) UN rmss)  llF3tAlNlNC  I N  IWE SLICK= v.7K-v8.  AIIFA=  7.vI+04 H*W.

SUH = , ,:],,fi~:+~q
‘IUICF.NIXJ=  I .VK+OM CN, MU1.K  WI=27:I,4

UFICNT FII.UXION  UA”I’FX  IN U1l. = @.@E*oo. Vlwoslly  = 1.7K+w wxrrisrtwvs, I)ISI’FJISI{IN  ‘111111 =  o.tOK+wt  u~mrr FllALTloN/1111
H.ASS/AllEA=  1.7E+@4 CHS.’N*H, SI’CII=  8.8E-01. TtUfA1- VOI.UHK= 9.7E+03  IJlil., lJIS1’FJiSIOW=  o.t)k:}tltp  CHS/H.WMlll,  EVAI’ liATll= 9.3K*01  CtkS/N*H/lllt

M .. . . ---
IIASS IIFNAINING  = 1 .:131E*LW). NASS  I)ISI”ENSEU = 0.00CIF.tOO,  HASS  KVAIW)IIA’I’KI)  = 4.447K+07
#liACrlUN tliASEl) ON NASS)  NV.NAINIHC  I N  IIIK  S1.lt:K=  9.7K-01.

suH , I . :19 GK*09
AIIHA= 7.9F.+04 H**2.  “1’lllCKN12S~=  I  .9EdM CH. HUI.K WT=276.O

MEICIII #’uACrtON  W,YIHI IN 011. = O.UE*OU. vlscost’ry  = I .IIK+41:1 4:KN’I’IS-IUKF-S. UISI”IIIS1ON Tv.lul  = 0.0K+041  utilt;m FNAcrloN/lul
KASS/.%lUiA=  1.7E*04  CHSZH=H.  SI’CII=  U.IMI-O1. mmt- VOI .urIK.  9. OH+O:I  mu., I)ISI’KIISIUN= O.UE*OO tiHS/HWt/llN. KVA1” lIATK=  ?.SE*Ml  CIW/NXH/IIH



Table 16.–-Output from Oil-Weathering Calculations
Calculated Results at 32°F for Weathering in Pools

Tlrnti = 8.4F+O0  UOUII*, tiASS  WIIAWION OF Hfid:w  cur NKMAININ(;:
9.7K-4KI 2.2L’:-L!I 7 .oli-@l 9. :tF. -o t v *#F. 01
I .’$ETOU

8 .tmitm t OK+(M)

(Continued): Prudhoe Bay Crude Oil, Time versus
on Top of Ice.

1 .OK+W 91 .@E+ou I .ottoo a .@E+@@ 1 .*K.+W I .OE+W 1 .@E*ea

NW’ S1’zll w 2.619K-01  IS klASEO d.)M CUT 2



Table 16. --Output from Oil-Weathering Calculations
Calculated Results at 32°F for Weathering in Pools

‘Ilmti = 1 .St.+el N(NIN* flhSS  FllAtVIUN  OF EA(:II  f:lrr NtiFIAININi;:
x,4ti-t}.i b.bl<-w 5.:li-ol u.7K-ul *) 71i-ol
I .@K+ea

I .tlk+vll I .OF.+(MJ

tlASS  ltkXIAINiNI;  = I .:)IUM*OV. tlAss  lllsl’1:llsl  :1) = 0.0001:+610.  MASS

(Continued): Prudhoe Bay Crude Oil, Time versus
on Top of Ice.

1.01:+4)0 I .t)K+oo I .ul:. +lm i .Ol,:+ue I .Ull+wl I .Uktwl I .Otitw

S-WI’ SIZE  or 2.545K-01  IS It.\SKl) ON (:1)’1’  2



Table 16 .--Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude Oil, Time
Calculated Results at 32°F for Weathering in Pools on Top of Ice.

MASS/AttEA=  1 .6K+444 d;tts~ltxlt.  SllX= u.oh-ol , ‘ltrl’AL  VOI.IIHI:=  V.2EtO:\  uUI.. l)lSV&’’(SloN=  o 0K*4444 (;lkS/H*FI/lUl.  EVAY  NATE= I

>-lkx’ S in ’  tit’ 2.&\44&:-01  I S  IIASEI) ON IW’I 2

ST4J’  s I “/.K 0}’ Z.522K-441 I s  UAsEtt  QM CUT *

S8WI’ s#”zF.  or 2.514H4~ I S  UASm m cur ~

s-t-m  SIeZH  or 2.5L$9K-441  I S  NASKW  ON 4X1’t’ :>

Itttti = 2.4K+@l  WOWS.  ttASS h’llA4XiW’4  ut’ EACII  W’r lttY’tAININC:
9.:IK-447 B . I K-*2 :1.4K-441 7.9K-01

24
v . 6F.-44t v . w-o I

! 44t+4444
I . 44 E+U44 t .ittl+oo I . 44ti*oo I . 44K+4444 I . tit+tMt I . 44K+044 i .OK+OU I . 44 E+044

ttASS  NKNAINIWC  = I .:1444F.t449. tlASS  illSl”tNIStili  = 0. U4)W F, + 4?4) . HA*S EVAI*4NMTMU = %.4476F.+4B7.  SUN =
FllAi:r144M  4BASKU O N  tlASSl IIKMAIHIM:  IN “I”IIK  t+l.14:K=  ‘~.:IK-4)1. AIIKA= 7.9E*W4  H**U.

I .:195K+449
“llll(:KNF-%S=  1.0H+4444 4:H.  N411.E Kr’UV:i.4

MEOt:llr  FNAClt4.4N WATFJ{  IN 4)!1. = LI.4)E*W4D. vlst:dxlTY  = 2. 5F. +44:t t:#X4Tl  s“t’OKtS  . t) 1.SI”}JIS  10N ‘rNJ#?t  =
MASS/AllFA= 1.6K*04  4;NS/M4fl, SI”GN=  U.9L-448. IWIAI.  Vol.uril;=  v . ZH*(4:I  Mol.  .

a. 44K+4144 WK t4;wr tmt:rt  4)N/MII
t)lSt’FdlSl(lN=  0.UK*L444 4;fw/N+Il.Ull, KVAt”  tlitl:=  l.SE*~l  CKS/Pt*M/UH

‘IIIK 4W’I’ NUHU1:IIINI;  NFA:INs WI’1”11 I IIASI U I~N ‘1’111: (NI 14; I N, II. t:U”l” NIIHIW.US



Table 16. --Output from Oil-Weathering Calculations (Continued): Characterization of Prudhoe Bay Crude Oil
After Weathering in Pools on Top of Ice.

SUHHAiiY  OF “i’lU’  CUrS {:lMllAt:rFlllZArlt)N  Fl)ll: lVIUUllt)ti  UAY. AIJWKA
A}”I’KU  :

ICE I’ooL WM’illlilllNI;  F(MI 2.4001.+01 UtiUllS

CUI)F VFJHION IS 4:UTICA  W’ MAY 04
I TKn *. sAnl”l.E 71011

1~
:1
4
5

;
ii
9

lb)
II
12
I :1
14
15

Uur v
1 .24E*01
I .2W+01
# .2iw**l
1.19E*OI
I.l*ti+til
1.19K+OI
1.19Etol
I .lubt*ol
I.luittiil
t.17Et(il
I.luK*ill
I.$UE*O1
1 .luit*ol
I .IUH*OI
I.l*E+iJl

Spt:ll
b.ulK-i)l
7.IIK-01
?.:i*t-tti
7.tAiK-ot
7.77K-til
7.U?N-01
4i.u4K-oi
ti.2w-oi
11.:i6K-tt@
U.aurl-ol
ti.66N-ol
u . 02u-el
Ii.94E-ol
9.iKiK-4ii
9.7:iE-oi

iXiiiiikJ.ATIUN  lNi)EN
1.16E+@i
i .66E+W0
2.12E*OI
‘J ‘i’*utel-..*
2.43W*OI
2.:r:E*tii
3.56ti*Ml
2. WE*OI
3.15K*OI
:i.7:iNtul
:i.6bE*i)l
4.~J~***
4.27W*OI
4.:i6K+Ol
7.31EtiJl

km.
1 .WIK-06
2.um-ii2
1. 2w+uo
3.t:iE*ii41
3.8w+o@
a.tiwtiitl
4. 72E+ULI
s,~l)~+~
5.l$i)&+iie
3. Oulttw
7. 15E+eo
7. 48E*09
6. WE+-
~. i 4E+t)0
3.99E+01

I .lJ7Ntixi
I . 12t+i4:l
I .lGKto:i
i .21K*iKi
i .2(.H*U:I
i .:ilH+o:i
1 .:iswtw.i
I .44iF.t*:i
i .+!JK*u:i
i .44K*ii:i
I .S:iw.+ul
e . ui)E*iMi

ilULK Ai’i t;ilAVi”rY  = 26.4

MU-=  noi.Et:ui.AH  ii~:icm
lx: =  t:lliTICAi.  ‘rNMPFJIA’riiilK. IIFA; iiANKINE
1“4:  = cii i ‘r i (:Ai. PllUSSUilK , A’1’Nu..l’UFJii24
UC = Cil i“ll  t!Ai.  VUi.UiiE , Ct:/ROl.K
A  ANU i i  Aiib:  i’AUAH}?tNiiS iN ‘Iilti  VAi”iNi l’ilFSSUliF.  ituUa’r18)N
‘rio IS ‘Iilti lF.HPKliATuilE  iN uix i i  wilEllK  ‘ril~ vA1’oli i’liissull~  I S  Ii! m IM;
VIS iS ‘i’liti KiNEPIA’l”lC  VISCOSi’lY I N  t:KN1’lS’lt)K~-$ Al’ i22 !)}1: F
UOP U. I S TUE U .0. i’ K t:ilAilA(:l  Kil I /.AT1  UN FAt:l’011
I:WIUII:I.AT14)N  INUEX  IS lJkl’lMEil I N  (l:Ui.i.MAN.  19711)
Nt: = +. IIII$NI C4111E . slittlli.i)  titi  its+ ‘i’ilAN 24)
fis = Milllt)u  t:ollk:  . Slll)ilLU  iiti VtiUAi.  ‘IU I
lt;Nuilb:  TUM Khlit)il t:Ol)HS  } Uli COHl”UNkXtl’  tilJfillKil  I S i i“ I’i’ i S A ilFS i DUUH

Vis MC ‘ m
:1.luic-al :i I
4.4UM-01 :1 1
5.44N–*1 :t i
6.7:iH-01 :i 1
u.4(0E-oi :i t
1. 07il+wi :1 I
i.:iwtw :1 I
i .tIIE*w  :i I
I .75Ktw :i t
2.4UE**0 :i i
4.@lE+@il :i I
?.luKt*(i  :1 I
i.:ibti*iil :i I
2.IiiE*oi  :i 1
1.illE+w2  il o

tlKAN  noi.r:t;ill.Ail  M*: It:itr Oti ‘1’111:  t:lillllti  - 2 V:17F. I Ul!
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Table 16 .--Output from Oil-Weathering Calculations (Continued): F’rudhoe Bay Crude Oil, Time versus
Calculated Results at 32°F for Broken Ice Field Weathering.

“IIMK = 1 .0N+W4  U(mlls M A S S  FIIACIION  W’ KACII  CUT llkMAININ(;:
6. SN-~ I tj.~t.-ot 9.7L-01 9.*K 4)1 9. 9F. -U I I .UK*W I . W+w 2
MASS liEHAlMlN4:  =

I .Ok+tto I .W*(W 1 .MK+4W 1 .oEtso I .W+SSt ,y)~~*~i}m HASS lllsl’1’YlsKll  = 6.121E+S6.  NASS  KVA1’UIIATKU  =
1 .oE*ew

2.650E+IJ6,  StJH =
I OE+OO

FUAC-rlON  itlASKD  UN HASS) 11F2!AININC I N  “I”UE  N1.lt:K=  ‘}.’)EUI, AllK,\= I.IH+W H**U.
1.:M)4E+W

TUIWNIXS=  I.:mtos  cl!,  rs)l.K  wr=294.ti
WEIUIT HIACflON  UAT211 IB OIL = 3.W-UI. Vlsci)sl”ry  = I.~KtW.I  cEfrrIb-roKM,  ulsPmsloN mm =
flASSZAU~= 1.2E+M CIIWH*M.  SPW=  M.VK-O1. ‘rWAL  VWI.UMN: 9. IK+O:J ml., 6.:lK-w.l  Wulclrr  FNACTIONZNS

I)ISI’FJISIUN= 7.:iE+ol  Ms/m4n/lllt. EVAP  HAIK= 2.5K+~t  WS/lt*M/UR

“II14K  = 2.ot+eo  WINS.  MASS mAimoN  OF Mm cur WIAININC:
a.ut-ol 7.711-@l 9.:IE-01 9.OE-01 9.VK-01 39. 9E-01 4) . 1,~-4) I 9.9K-01 V.9F. -O1 9.91:-04
MASS llHIAININC  = 1.204Ett)9.  NASS  lJlSl%ilk4E0 =

9.9K-#1 9. 9E-01 *.9&-el 9. 9E-@ I1 .4:17E+07. MASS EVAP(MIATEN  = 3.7:14K+W!.  sum =
FUAU71(IN (OASkYJ ON ~%) lItX4AlWlttC  Ill TUE SLitiK= 9.UE-01.  AUMA=  1.4K*Q5 H**3.

i .:IU4E+U*
‘llllCKFtF2+S= l.lE@o Ctl, R#4.E  W7=29i.ti

w}:tt:irr  l:llACrtON uxrut IN OIL = 4.*E-*1.  V I S C O S I T Y  = :1.2ti+03 CEMTIS”IOKF2$, l)lSl”FltSl(}N TFJIH =
ftA.SS/AUFA=  9.SE+fKl  UtS/Fl*N,  SPCR= 8.9K-01, TiYrAL  VOLUHK= 9.tik:+O:l  IWil.,

4.71J-0:1 wuuxrr  wuAcrioM/wII
DISPFJISION= 4.4E+@~  O!S/tl*H/lUi. EVAV RATE=  2.:)E*el  CHS/M*AVUR

TIMK = :Iil;;w:,uouils  . MASS FHALTION  OF 2A(M CUT UKFIAININC:
2?.*K-UI :, * . 4m-&l 9.7E-81  4.aE-*i 9.UE-01

4
9.W-01

flASS IWNAIMIW  =
V.41K-01 9.l!F.-ol 9.lw-tll 9.4wl-@l 9.UK-OB 9. u-e 1 9. OE-01,  ,~74~:~@9, ~~ r)lsp~s~ = 2.045E+07, HASS  MVAI’INIA’IHI)  = 9.t$t)5V.+tMD.  SUN =

HIAtXION  (OASEU  ON MASS) IIEMAINIM Ill TtlE SLlt:K= 9.UE-itl.  ANNA=  l.b~+o~  M*z2.
1 .:le4E*09

TUICKNFSS= 9.2K-01  Cfi,  MoLE WI’=297.O
bmmrr  k’liACTloN wm~m In olL = 6.tE-el, VISCOSITY = 11.tm+c4:i  cEirrisToKkx4. wistmksiom  Tuwt =
NASSZAIIM=  ti.2K+6Xl  CPUWM*M. SPOB= a.9E-@I, IMJTAL V4M.UflK=  9.@)E+oa  WI.,

:1.4W-S3 WKIGHI FMALTION/HN
I)ISPENS1OM=  2.lkEtt)l  tMS/N4N/lUl.  tWAP NATE=  2.IE+O1  tXIS/H*N/Hii

TSHE = 4.IK+WI Uoulls. HASS  FnAc71aM OF KACU  cur NfittAININi;:
9.tDr.-&! 5. 4E-fl$l Ii.6K-t91

5
9. SE-O 1 9.lm-*1 9.UE-01 9.m-t$t *.uK-t)l 9.WK-U1 9.UI.-UI 9.IJE-01

MASS UENAINiM  =
9.uK-el 9. Uc-ul 9.oE-@l, ,rb67~+*9, MMS Mlswxkmo  = 2.4UME*U7. MASS F:VA1’tMIAlbX} = 1.2:12E+07,  SUM =

klM4:r10N (MSKI) ON HAS*) UKHAIHIW  IM T U E  S1-l~:K= 9.7K-01. AllEA=  1.71-:*oG ft**2.
1.:m4KtWJ

‘IIIICKNFSS= s.2E-oi  CI1. rs)l.F. wr=29u.2
wmxrr kYIAfYllOfl  wmx IN UIL = 6.7E-01. vlscosl”ry  = I .7K+04 CIMTISTOKFX, UISI’ENS1ON TFJIM = u.bt-ti:t  whxtxrr viIAc7iort/uH
HA.SS/AitlLA=  7.3E*~.~  CMS-’H*M. SrCll= O.VE-@t.  ‘r~AL V~l-UHE= B-*K+~:~ IWU-. II!SWWS1OIA= 1.9E+01  OtS/H*Ndllt, EVAP  mm= t.9E+t)l  Ctls/rl*H/Hii



Table 16 .--Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude
Calculated Results at 32°F for Broken Ice Field Weathering.

wk: ! I:M’1’ bllA(:l  I Uti WAi’bll  I N 4)11. - 7.ul: Ill. Vlst:osl’ly -
MASS,’AIIEA= G.:Ck.+tb:i  CKS/bl*m.  SI,CN. v.01.: t}I.

4.2E*tb4  (:FNI’IN”II)FF..,  lIIs#,l~.KSlt)N “1’b’llM  : 2.:lK-tb:l
‘1’t#l’,\l.  Vtbl.UtU.  W.7E,4):I IUU..  I)ISIJFJISI{)N=  I .21;IoI  {;FIS/HI.fq/#111,

S“rbll”  S!w ok’ 1.bKllK-4b!  I S  NASbXb  ON 4:UT *

,l~n~ , 9.61:+00 IMNJIIS. fiASS FIIA4WIUN  0 1  FACU t:lb’1’ IIbXMININ4;,

Oil, Time versus

WKl(;llr  b’llAC’l! {bN/llN
KVAI’  NATE. I,2E,01  CMS/M*WMH



Table 16. --Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude Oil, Time versus
Calculated Results at 32°F for Broken Ice Field Weathering.

w~ii:ll’r 10lidvllON  M,YI”EII lfl 011. 7.oE-ol  . klst:tlsl”lv = fi.7N+04  c~nrl~-~o~~s. lllSl*~.llsll}N  “1’FJIH  :
HASS/Ailti=  4.WK*O:I  Ck$/li*H, S1’CII= 9.oE-01, ‘IWAL VOI.UF41.:=  U.SE+W MM1.,

2.6K-0:1  uhltxrr  FNA(XION/UN
l)lS1’FJISION= 1.IU+OI  iMSdl*rl/Ull, EvAr NAIE.  G.uk.tm  txwnswn

Srkx’ Slzi!  or 1.:t90E-ul  $s ~s~l) ~&i:u’1 Q

svrkr  si’z~ W 1.34W-L$I  I S  UASED OH C~ 2

TIHK = 1.7E+OI  owns , MASS FIIALTION W EACU CUT UIMAININC;
3. :1*:-W I .IF.-O2 :1.SE-WI 7.’ZE-8I  9.IE-LI1  9.4E-01 V.w-til 9.5E-UI V.5K-01
I’IASS UMAINIHG  =

9.5K-01 9.5E-01
1.19SE*M9.  NASS  DISPEMSED ❑  6.416Ett)7,  MASS EVAIDOllATKIJ  =

9. 3F.-OI

F’UAf:rltlN  {lMSEl)  O N  HASS) liENAIMINC  III TUE SLICK=  9.2E-01.  AllWA=  :{.2K+05  M*=2.
4.500K*07.  SUM ❑ 1.:I04E+09

TOICKNF.SS: 4.2E-01  CM. HOI.E  UI’=:{10.6
tfF:lClrr  PUACrlON  MTFJI IN OIL =  7.OE-01,  NISCUSITY  =  6.:{K+04  CKNTISrOP.H,  lliSIIIUISION “rFJIH .
MSS/AUEA=  :i.tlE+tK)  MS/H*fl, SFCR= 9.OE-01,  TUPAL  VOI.LMK= U.4Kt03  001..

3.7K-iXl  UEICUT FHALTIOM/UH
OISFUJISION= t.o~+ai  cm,,H#H/uu, EVAl>  nATE= S.9E+~  MS/H.XH/UfI

17
9. 5E-01 9. 5E-01

mw slim 0}’ 1.295E-ot  I s  UASEI) O N  cur 2

TIHti = I.tiK+Ol  I!OUUS,  HASS FIIAL71UN  OF LLWli  Cur UKHAININC,
6.*K-09 7.3E-W.{  :1.2K-*1 7.W-*1 9. Iw-ol 9.4E-01 9.5E-01 9.5K-01

Iu
9. W-4$1

HAss ntiHAINING  =
9.5K-til 9. S1l-tll $).mt-ol

I .IWW+WJ. NASS  lllSIWIStW  =
9. Slt-ul 9. W-O  1

6.74UK+07,  HASS KVAIOOOATKO  ❑ 4.WMiE+t17, SUH =
F’nAt:lltMl  ilLASMi  ON HASS) IIMMININC  IN “IIIE  S1.lt:K=  ‘J.IK-01.  AURA= :J.:IE+05 N**2.

t .:Mt4KtWJ
IIIICKNFSS= 4.IK-MI CH. HOLK WrZ:lll.:1

wuiwrr  mAcrlom w~rkx I N  011. = 7.w-01. vlscoslm = 6.6E+04  cKwr15-rNEs.  olslwistorn  “r~~n .
MASS/AllEA= 3.61t+@.l CMS/H*t4. SiUt=  9.tbE-01.

2.7E-W.1 WICUT  mAcrlm/nN
TW’AL  VOI.UHE=  0.3E*O:1 BBL. DISPEIISION= ~.llE*@M  CHS/M*?l/UN, EVAI”  NATK= S.sE+@O  CHS/il*H/liR

TIHt = t .9V*OI  Houlis,  M A S S  FllAmloN  OF UAcll  cur niwlAINIHo:
e.tm:ttnl 4. UF.  -W.{ 2. W-Ltl 7.4E-01 V.OE-01 9.4K-ol v.4&tbl

19
9.4K-01 9. 4K-UI 9.4K-01

NAW IWHAININC =
9. 4K-01

I .l&4Eto9,
9. 4K-01 9.4E-4bl

HASS  I)ISIDFJISED  =
9.4F.-L)1

7.WIL+U7,  H A S S  EWAPONATEO  = 4.lt72E+U7,  t$UH =
FNAIXION t8ASE0 ON HASS)  UFWAINIHG  IN ‘1’IW SI.ICK= lJ. IE-UI, ANNA=  :1.4K+05 H**2.  IIIICKNFSS= N.9L-01  CH. HOl.K  UT=:l12.@

1.304E+O*

ukxxrr k’nAClttiN  ti.wrkx  IN OIL = 7.61E-01, viscwi”rv =
NASWAIIEA=  3.SE+@:l  (X$s/?l*H,  sr~n=  9.oL’-oI,

6.°K+04 CM’rlW’OKES.  OISPEUSION  “rFJIH =
TOTAL VOI.IIHC=  U.3E+03  UOL.

2.7E-(KI WKICII’I’  FUAL”riON/Ult
UISPUNSIOII=  9.6EtW CNS/fl*pldll,  EVAP MATE= 5.2K*W (;HS/fi*P&MN

IIHE:  = 2.4Jt:+tll nouns. H A S S  FUMX)ON ok’ HAM cur NF.HAININ(:,
0.01:+00 :t. lh-t%t 2.6K-UI 7.2F.-@l 9. W-ul ~}.m-oj

W
9. 4F.-O I 9. 4F. -O I V.4E-L)I

HASS NKHAININC =
*.4F-01 9.4K-01

I  17VK+W}.
9. 41t-til Y.4F.-*I 9.4K-01

HAsS I)ISIIKIISW  = 7.414K+U7. MASS IWAIWUAI’KU  = 3.040H+07,  SUH =
F’UA4:I’ION  (UASEII ON tiASS#  llKflAINIHt:  I N  TIIK S1.lt:K= 9.UK-01. ANKA=  :1.4Kt05  H842.

i .:M4K+09
“IIIICKNF-SS= :1.UN-01  cm, Hol.K wr=:t12.7

w~mrr FliAcrloN  uArFJl IN 011. J 7.OE--6)I . vlst:osivw  s 7.2K+04  t:kWrlSWKF-%. I)ISIWM1ON  ‘rI!JiH .
MASSZAUKA=  3.4E+W.I (MS/HW, SWN= 9.oK-01, Tc)”rAL Vw.llrlk:  U.:iwtw.l  Ml..

2.7E-@:l  UKI(;III FUA(YllCIN/lUl
MIS1’FJISII.M=  9.4t:t@t$ uf#s/H*N/uu. KVA1* NAIK= +.WWU CH.$S/N*WUU



Table 16. --Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude Oil, Time versus
Calculated Results at 320?? for Broken Ice Field Weathering.

MASS.AIWA=  :1.:lE+44:i  cHs/li*H. Slwlt= ~).oti-d)l . ‘ltJIAL v4N.uf4K= w 2F. t44:l  tml. . 141S1’EdlSION= 9.0tt4ttt  I;Ns/M*fI/011, EVAI’  w~rti. 4.:IK*OU tx4s41*m/m

TIFW = 2.7ht@i M4J4JWSI,  HASS @’llA4:t’lt4N 4JF EA4X1 CUT N4YtAiNlN4:,
44. 44K+4444 1.6 E-e-a t g~-&$, 6.oE-&tt 1).3K-ttt

-7.>
$). IE-01 9.X-444 9. 2K-441 9. 2E-tJa

nASS  IIEMAINIM  = I  d4sEt4?9,
fJ.2E-ci4 * , ~&_@, 9.2h:-atl

FiASS t4tS1’FJISEl)  =
9.2ri-4ti 9. ~~-@ ,

9.7:S4E+447, t4ASS EVAtWttAT6MJ  = 6.18t4K+e47.  SUM =
WHAd~ltJM t&ASEIJ  ON J4ASS)  liF~At14!NG  I N  IWK t4t.E1:K= 4!.OE-01.  AttVA=  :i.9H+u5  t4*x2,

1 .:iLt4E+4i9

tdtllLMIT  b’llACt’10fl  WArFJi tN 0!!. = 7.64E-t)l , vls4:t)sl’t’Y  =
TlliCKNWSS=  :i.2E-ttI CH, NOI.E  wt’=:itti.%

f4ASS/AlikL%= 2.9E*03 (x4s/M?t4, SIIGN= $.oE-Wt,
9.9K+4j4  Cltwrtslwks. WISt’ENS14Xd  ‘t%lilt  =  2.uE-4Xi  WN14;WI  FllAL”ri44N/ilW

‘tX~~Ai. V4ti.UtJK=  U.OE+U:I MIMI.. tJtst’EilsloM=  M.ok:+w  txfs/NxwlMl, NVAI’  MATE= :i.:lK*t44t tMS/P4*Pt/WW

s“lEi’  S8’ZE 444’ 4.341hlt-4tl 1S MS4MI ON t:UT :i

TIHH = 2.9K*4JI MOWS, ttASS  i’llAiH’#4tN  04’ EA4:U t:lJT  l14YtAiNlNC:
e.w:*4t4n 6.34’:-*5 t . iK-L41 5. 4) V.-4)4 11.3E-L41 9. Ikl-t)t 9.2E-441

al

t4ASS llKtlAININC  =
Y.2K-441 9. 2E-4tl 9.2N-4}1

i.1-s4fLtLt9,
9.2K-441 9.2N-4tt 9.2K-4JI 9+*~-44,

MASS tiiSl”FJISHll  = t.04i9K*4Ml.  MASS klVAt’tMIAIJiU = 4J.252K+ti7.  SUH =
FiiAdWi44H  (BASEU  ON HASS)  li&Yi&lNiNC  I N  ‘rti& L$l.tt:K= 0.7N-4tl.  AIIKA=  4.0K+M5 M*a2,

t .:1444K+4.4*

MK!CIIT  FMAt:r14Jlt WATFAI  ttt Utt. = 7.&tti-114 .
‘1’lllt:KNFSS=  :1.2E-01  CN, tN)i.E  Wr=:l17.4

v tst:41si’lY  =
JIASS/AMA= 2.9K*4t:b  4;Ms/M*H, SI,4;M=  v.t)ti-ttt.

I  .44E+445  4:ErnrlsroK~s.  utsi”kmslurt TvJtn . 2.7K-44:1  WKlt;tli”  tVIAt:l!ON/ttll
‘rlrlA!.  VOI.4JML!= M.&tE+u:i  BMI.. t4isPt’Jls144it=  7.lIE+*  cw/ff*H/tlH. EVAP 41ATM= 3.4K+W cAs/rt*M/ttN

>“t’tx’  Slzli  W’ 4.2:\7k:-ol I s  l\ASEtJ oft 4:4rr :!



Table 16. --Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude Oil, Time versus
Calculated Results at 32°F for Broken Ice Field Weathering.

S“rkw  *1’ZE  Ot’ 4.045E-01 Is OASEU on cur :1

‘rOrtK =  3.2H+itt  Mulls.  HA.SS  VNAC710ft  OF kxcu cur NKMAININc;
it.ul:+uu  U.7K-U6 6.7K-ttZ 5.:IK-01  U.:lE-ttl ●).4)F.-QI V. IF. -WI

31
W.lit-itl v.  It-ol ~). IF.-4)I 9.lE-4tl

MASS UNMAINIWC = 1.124E+iB*,  HAss bisl’kluwii  =
9.IK-01 9.lU-01 9. Itl-ttl

1.125E*OU,  I$ASS  EVA1’OUA’rtX)  =
FVIA4XION  tti$SEU  O N  HASS) tlKHAlltlM  Ill TUE SLICK=  11.h~-ol.  AllMA=  4.2Ht05 flx*ti,

b.buvK+w7.  sun = I .:1U4K+WV

NKltW’1  l:llACrlitN WATEU  IN 011. = 7.eu-el,
‘llllt:KNNss= :1.QK-01  cm, ttuI.K wr=:li9.  i

viscosi’ry  =  I .XK*OS  cEwl’ls”lttLFAs,  I)ISI’KNSIWN ‘rFJIH =
tlASS.’AltEA=  2.7E+O:{  OtS/tl*tl,  SPCtt=  9.@E-01,  TWAL  Vitl.UHE=  7.9ti+o:i  ultl.,

2.7E-4X\  WEICIIT FlLW710N/HH
I)ISI%NSION=  7.:lK*lMt  iMIS/N*lt/lUi,  LXAI$  RATE=  2.6E4W 4W#S/H*N/UII

stxr sI.zE  OK ti.96t)E-itl  I s  oAsEli  on cur :)

‘1’I?IK = 3.+E**I IlitUliS,  HASS FnAcrtott  o~ Mix c u r  IIKHAININC:
il.Oti+Uti  4.51i-06  !3.ijE-iK~ s. lE-el ~.~~-$), ~.{)~-~,

*A
9. Iw.-til 9. lK-ol 4.lK-ctl 9. IE-01

NASS  UtYtAIMING  =
9.IE-01

1.12UE+tt9,  MASS ttlSPE2iSHt  = 1.16X*OU.  MASS FYAIWIAI’Ht  =
9.IK-01 9.lE-itl 9. lE-01

6.U17N+W7.  SUN =
FllAtXION tttASEtt  UN MASS)  tiKHAINlw  I N  lliE SLICK= 0.6E-01,  ANFA= 4.:IK+05  M**2.  TIIICKNVSS= 2.wK-01  CH. HOIJJ WT=:I19.7

1.:lo4K+09

Q-I
M

NEICIII  FltACrlON  WAV’KH  IN 011.  = 7.iw-ol. vlscosi”ry  = I .:IE+05 cF.trrlsroKk2s,  uIsrkmIoN T~Jlri ,
NASSZAIIEA= 2.6E+W CNS/M*i4.  S1’iX= 9.tMt-01. TfrrAL VO1.U!U:= 7. UK*WI  MU. .

2.7E-W1  ukxixrr  FUAC710N/Ull
ttlSPVJtSION=  7.IKtoo tXS/HXN/HU, EVAP  HAI’E=  2.5E*eLt iMS/H*N/HH

STEP  s I “u Ov 3.OUIK-01 1 s  UAskxi  O N  cur *

TINE = :s.sK+@I INWLS, H A S S  MALTION  OF KAtxi cur UKMAiNINGt
u . i)t+ilo 2.3E-(46 !l.eE-02 3.OE-01 ii. Iti-ol 4J.9E-01

:ta
9.OE-01 9. Uit-ol 9. IH-01 *. IE-01 9. lE-@l

ttAsS  IIKHAININ4;  =
9.lK-el

I I15E*4VJ.
9.lE-Ltl 9. lE-tll

HASI+ OISPFllSEti  = 1.i97K+ttU.  MASS EVAPWtlAIWtt  = 6.9:19K+07,  Sitti =
FtiACrlOM  (BASEU  tIN HASS) UKNAIHIN  I N  ‘IIIE S1.lt:K= U.5H-01. AIIKA= 4.-tK+O5  H**2,  ‘IIIICKNFSS=

1.:104E*O9

wttmrr  macrlitN wmx IN 011. = 7.4JE-WI. vtst:t)stry  =
2.uE-01  CM. NOLK wr=:iw.t

NASSZ”AUEA’  2.6E*fXl  Glk%/H*tt,  sjqw= q.oE-0~.
1.:iu+05  wrrls-rorw.  uistwiu+IoM  ‘r~mw .

TUrAL VOi.iittE=  7.UK+03  ltttt..
2.7E-tt:t  WKICWT FllAt:rlON/lUl

I4ISI’EJ4S1ON=  6.9E*iMt  iWS/H*ft/ttH. EVAI’ uATE= 2.4E+OW  Ctw/lg*N/Hi\

srkx sI.zE  or :1.UU1lE-01  1s UASkXi  ON cur :i

‘rlHK = :1;6}:+01 1101111s H A S S  FIIACJ’ION lit”  FACN Cit’r  UtYtAININC:
@ . @K+ect . 2k.-U6 4. :ti:-~: 4.UK-01 U.4)K-01 U.UE-01 v .UF.–UI

34
9.UF.-C)I V.uti-t)l 9.@E-wt

HASS  ilWtAINIW  = I Iloti+iv},
9. OK-O I 9.@K-ttl *.4X-01 9.QE-i41

HASS  I)ISPHNSEII = 1.3.12E*U0. HASS EVAI”WNA’IMN  = 7.W34K+07.  SUH =
FUAtXION iltASED  ON HASS) NittiAINIWC  IM Tliti S1 It:ti= U.3K-01. AUFA\= 4.4K*05  M=*2. ‘rUICKIIFSS=

I .:I04K+U9

WKld.U’1”  E“ltAC’llON  WA’rFJt IN 011. = 7.UK-UI. v 1s!:0s I ‘ry =
2.itB-&l CM, NOI.F.  WT=:12@.6

1.4K+Ofi t:KNTiSlUKt2S, UISPFJISIUN ,rFJIM  =
~;~~l~. 2.3N**3  G&/m*N. Sllx=  9.OE-01, TUrAL VU1.iJHE= 7.7ti*O:i  tilll.,

2.7K-u:i  Ittilt;lll  tllAtYrlON/UU
tilSt’KUSIOH= 6.UE+ee  tXSZfIZH/UU,  EVAP  IIATK= 2.:iE*WI  tXIS/t4*N/MR
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Table 16. --Output from Oil-Weathering Calculations (Continued): Characterization of Prudhoe Bay Crude Oil
After Weathering in Pools on Top of Ice and Weathering in a Broken Ice Field.

UULK A1’1 tXIAVITY = *I. u

Vls Itc w
6.7:IE-01 :1 1
u.46K-@l 3 1
1. 07K+O0 :1 1
I.:IUE+W  :1 1
l.ulE*ee 3 I
I .7SE*4S4 :1 I
2.U1E+80  :1
4.ooKt* :1 :
7.IHE+W :1 1
l.:lbKt@l :1 1
2.ulttel :1 1
1.B1E+W2 :1 I



Table 16.--Output from Oil-Weathering Calculations (Continued): Beginning of Calculated Results for
Open-Ocean Weathering at 40°F.

UFATMM I NC DATA FUW 011. UN ‘1’11#.  01’EN iM:l~AN
A*-IZN  :



aa
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Table 16 .--Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude Oil, Time versus
Calculated Results at 40°F for Open-Ocean Weathering.

S“rtw  s I ‘ZK OF :t.7M,6K-tJl  Is tu%sw  OH (XJT 2

s“rtw s I 2X W’ :1.4*:I11K-($1  IS t\AStll UN (:IJ’I’ 2
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Table 16 .--Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude Oil, Time versus
Calculated Results at 40”F for Open-Ocean Weathering.

S“I’KI’  s I “Z*: OH :1.:UIOK-01 !S WASk2)  ON (WI ~

.,.-. I

S’I’EI” s I /.K Ot” :i.176K-01  I S  NASEN O N  I:IJ’I’ U



Table 16, --Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude Oil, Time versus
Calculated Results at 40°F for Open-Ocean Weathering.

‘Ilttt  = :1.2F.*01  INNJIIS.  M A S S  FNA!X1ON  m’ FACII  cur IIEHAININC;
e.oE+4to 1.2E-U +. IN-*I ti.t!E-ol 9. IE-01 9 . 2F.-OI

2*
v . :IF, -01 9.:lt’-ol

MASS IIKHAININC  =
9.:  IK-01 9.:lK-ol 9.:\E-ol

U.414Ei(JU,  ftASt3 ttlSPNNStUl  = 6.701)K+07. !tASS  KVAI”{MIA’IEN  L
9.:IK-01

I . NWOE*U7
t’NAt:rlWN  lUASEtJ  ON HASS) llkYtAIMIItC  IN I’lIE S1.lt:K=  v.IK-01  .

SON = 9.X64K+OU
ANtL\=  11.91*w5  tl*xx.  ‘rlllt:MNl:S~=

UEIClll  FNAWION UATKN IN O i l .  =  7.OE-41i.  VISCOSITY =
I.Oh-t)l  tiH. HOI.H  W~=:i44.O

9. :IF. +u4 CF.NI  1.\”tl#KF-+  , Ill SI’F.NS I UN TFJIH =
HASS/ANFA=  9.(JK+02 CHS/Pt$H. St’Cti=  9.lK-tll,

2.2E-0:1  UMICIM FNALTION/lltt
‘ r U T A l .  VUI.IIHK=  6.IIK+o:I  tUU.. I)ISI}FJISION= 2.IE+oo (x4s/h*N/1111. EVAt”  NATE=  S.2E-01  CH../HxllHlH

“llHt  = :1.:h:toI  limits. mss  kvlAcr14tfl  w Mutt cur liEttAINIf4c:
41.4JK+O0 1 .4$X-4)2 :1.*K-01 7.9E-01 *.W-91 *). W-ol 9.2s-01 V.2F.-OI

:10
9.21:-01 9.2E-01

HASS  IIKHAININU  =
q,~fi-,,, 9 .2E-4tt

U.:UIOK+UU, HASS  DISIWNSEO = 6.V:ION+07, HASS  ~:VAl,t)llA’11:1)  = 1.N57H+LJ7.  Sutl  =
kllAt:rltMt  (ltASEtl O N  ttASS)  NEJIAININC  IN THE SLlt:K= 9. IH-01. ANNA= U.9N*WZ H**U.

9.264N+NU
Tlll(:KNF-+s= i.oK-01 CH, HU1.K Wr=:i44.2

MKIClrl FIIAWION NAt’tW IN OIL =  7.@-@l, VtSCUSITY  = V . 6K+t)4  CKN’11 s“rt)~ti-+ , 1) I SI’KNS I UN TFJIH = 3.2K-w:J WEICNT FtlALVION/lltt
HASS/AllliA=  9.4E*(M2 tXtS/ft*H, SPCtl=  9.1E-01.  TWPAI. VOLUHI:=  5.UN+LKI  tMJL,  IJISI’FJISION=  2.0E$4Mt CFM/H4H/Ull. EVAI’ NATE=  5.ttE-01  CHWHXH,HN

‘rifll:  = 3.7K+t#l INJUNS.  t$.4SS FNAtXtON  OF KA4;N CUT IIFMAJNINC,
O.ttk+oo  5.4E-W.I  3.4E-01 7.7H-01  U.w-ol

3:1
9.IK-01 %.*K-LJI .2M-01 w.2tt-Lti

HASS NEHAIMIW  = U.:IOIE+OIL,  HASS  lJIS1’KNsEIJ  = 7.4~7k:+07.  liASS hAt’MA’rK~  =

*.2K-MI ~.~E-~, *.2F:-01
Z.wxm+($?,  sun  =

FIIAWIUN IUAS1:II  ON HASS)  NF3tAlNlffl;  IN  TUK S1.14:}.: ‘J.W-W1.
9.264E*OU

ANNA=  9.IK+WS H$*2. TUICKNW-+S=  I.OE-01  CH.  twtl.~ wr=:i45.o
uEliXtT FtlACrlON  MIMI IN 011. =  7.6W-01, VISC~~St’1’Y  =
H3SS/AttEA= 9.lN+(t2  CR&tt=tt, sIJ{;H= g. IN-NI,

1.IK+05 mmrtsrutw, IJISIWXSION “rKJiH .  2.IE-WJ utxcwr  HiALTIONdUI
‘rWTAL VWI.MK=  5.7E+O:{  IWJI., ltlSPEUSION=  I.*H+@@  CfiS/M*H/tlH,  EVAP  HATE=  4.7H-@l CHS/HWMttt



Table 16 .--Output from Oil-Weathering Calculations (Continued): Frudhoe Bay Crude Oil, Time versus
Calculated Results at 40”F for Open-Ocean Weathering.



Table 16. -–Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude  oil, ‘1’i,me versus
Calculated Results at 40°F for Open-Ocean Weathering.

“IIME =  7.2H*01  Houus, M A S S  FUAt:rlON  OF EACU (:UT UKHAININC:
W.ur.+tte S.UE-06 11.~N-02 5.7F.-OI U.OK-M1 U.3E-01 11.611-#1

‘
u.tiN-ol

MASS 0F21AINING  =
u.bK-ol U.4,E-UI U.6E-01

7.KI*JE*OU. MASS DISI-FJISHII  =
U.6K-01

I.:MXIE+OU,  MASS tWAIWMIA’lKU  = :1.2b:tN.ti17  ‘
b’l\AtYI’10N ~UASEl~  ON HASSb HKNAININC IN ‘rIll! SI.ICK= U.2U-U1.  AUIL\= 1.IN+06  ?I*42.

*J.264F.tou

NEIuIIT kllAC1’10N  UATFJI i n  o i l .  =
‘rlllt:KNVS:=>#rnlli:-02  CM, tu)l.N  W1’=:\51. l

7.OM-01. VISCOSITY = 3.UK+U5  CNNTIS”I’OKFS,  UISI”KUSION TIUlti  =
!lASS/AUKA= 7.lE+w2 CRSZH*?I. SI’CU= 9.$E-uI. “lOl,\L  vtn.unti. 5.:IK*LKI Uul.,

1 .7 K-0:1 WKICII’1”  VUA{~rl  ONZUli
I)lSPEUSION= 1.2K*W  tMls/H’$H/un. KVA1’ liA’rE=  2.7K-L+I (;NS/fl*lI/lUl
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Table 16. --Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude Oil, Time versus
Calculated Results at 40”F for Open-Ocean Weathering.
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Table 16.-–Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude Oil, Time versus
Calculated Results at 40°F for Open-Ocean Weathering.

ttASS/dlUiA=  4.6k:*4b2  4;MS/H4tl.  SI’CII- 9.3K.UI. “1’UTAL  VOI.lJHK=  4. 4Hto:l  1!111. , I)ISI’RIIS1ON= 4.lK-tiI  ctk4/?l*M/lilI, KVAI’ IIATK=  I.oN-01 (XiS/fl*H/UN

‘1’lrlt  = i .At+w! mums.  tIASS MA4:IIoN  or kw:w cm’ IIF.HAININC:
e VI:*UO O. WK*IM I . IK-4M 1 .W-t)l fi.7E-ol 7.IN 01

99
7.4K-01

HASS llkYIAININC  =
7.41~. 01 7.4i’-ul 7.4K-{JI 7. 4K-MI 7 .4K-UI

6.:t74Etttll,  MASS I)IS1”FJISKII  = 2.:1:1 I 1:+(NJ  . fiASS  I.:VAI’UIIA’IKI)  =
FIIA(:  IION (~\StiD ON tlASS)  IWM.+INIW  I N  ‘IWE S1.lt:K= (,.VE-UI  ,

5.5911:*417,  sum = 9,~~4~*,,4J
ANNA= I .41:+06  H**U.

NNICII1 FltACrlON WATill IN 011. = ?.aE-ul.
“1’III(W.NFSS=  4.9E-w!  CH. HOI.K wr=:164.tJ

VISCOSITY = 2.7K+o0  {:I;NI”Is”ll)KklS,  IIISI’ENSION ‘rFJIH ,
rlAss/AllKA=  4.SE+W2 Ms/H*tl,  SVCN=  9.2E-@l  ,

11.6E-04  wElclrl  FltAc’rluN/llH
TW’AI.  Vol.urw=  4. 4tittXl  11111., I)ISI’FJISION= :1.IIK-01 CNs/M*ll/Ull, EVAI”  IiAl’E=  9.7E-L12  CN,S/ti*lt/Hli

S“lhl’ SI’ZE OF 5.-E-(I1 1S llASED  O N  CUT 4

“IIUL: = 2.0E*W2 Mulls H A S S  FHALTION  OF EMU CUT llWIAININCi
O.t)t+w (3.@E+O@ 5.6i:-05  1.3E-01 s 6E-UI 7 .Uc-ui 7.:lE-t)l 7.:lE-t)l 7.:IF.-OI 7.XK-01
MASS IIF.MAIHIM  =

7.:W-01 7.3E-01
6.:\07C+tMl,  HASS  DISPIWSKIJ  = 2.:lUSK*O1l.  ?IASS KVAl”tMIA’lk:l)  = S.72SF.+U7 sun  = 9.264E+UU

PIIA{X1ON (OASEI) ON MASS) UWMININC  I N  IME SI.ICK= 6.UWUI.  AIIEA=  I .4E*O0 H**U.  “lUICKNF-+i=  4.UK-02  (Xl,
WEICHT  FHACX1ON  thtw~  IN oi~. = 7.OE-til.  VISCOSITY =

NOI.E  W1’=:\64.tJ

HASS/AllllA=  4.4E+W2  (XIS/tl*tl, Swn= 9.zE.91,
:1.2K+06 CEWIISI-0KF24,  Ulsl”vnslon  ‘1’F41H  =

T U T A L  VULUHE=  4.:IE*W  lMiL.
ti.2H-tM  tmtcwr t’ltACrlONZllli

I)ISFEJIS14)N=  :\.hti-ol tXts/ll*tl/ull, EVAF IIAI’E=  9.0E-02 CNSZH*IVHII

b“lwl’ slut w’ 5.00I)E-01  1 s  IiAsEl) on (Xrr 4

6U

,llnt.  = 2.IF.+W2  UOUIM. M A S S  FliAt:rlON OF EAUII CUr IIH!AININI;:
O.OF.+W  O-ME+* 2.uK-@s .2E-01

61
3. 4K-ai 6.9E-01 7.2K-01 7.:lK-ul 7.:IK-01 7.:iK-o$ 7.:IE-61

t61SS llkXiAININC  =
7.:!K-01

6.~43K+(j~\:  nASS  DISI-EIISEI)  =
2.W16K+OU,  MASS KVAIV)IIATI’XJ = 5.1N32E**7, sun = 4.~64K+U~

FHA4:r10N  (rwmh ON fiAss) MKNAINIM IN ‘m sl.l~v= 6.7E-I~lo  AIINA= 1.m+416 n**s. TIIICKNFSS=  4.6E-w2 CM, NOI.K ur=:163.6
WE I{:li’r FNACI’IOM WA’rF31  I H 01 L = 7.ON-UI. vlst:ustw  = :1.6r+06  cwrrrls-rmw~. Olsi%lnslurl  .rmrn = 7.&m-04  wulcm kVIAt:i’li)N/UN
tMSS/AllEA=  4.3E+#A  UQ+’M*PI.  SI’M= 9.2E-~1. wrhii.  vuIJImti= 4.:w+o:I am., I)ISVKIISION= :t.:lti-ol  Grls/H*n/IIu. EVA1’  llA’rE= 0.5K-@2 GNS/N*H/HIi

‘Illh {XII’ NUtll$t  Jl I Nt: 1111; I NS w I “I’ll 1  llASll~  (1N “1’IIF  Ull Id; I NA1. {:lJ’1” NUHIIKNS
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Table 16.–-Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude Oil, End of Calculated
Result, Including Final Mass Balance.

7.lt7K-el
FItALTION (BASEI) 0 1 1  MASS) liF21AlNlNC  Ifd TUE SLIt:K=  6.ht:-01,
RAss Iiwlmtiw =

AIIKA=  1  .5H+U6 H*=2.  TII14:KNF.$S= 4.:iE-lx2  CM. NUI.E UT=:It)7.I
6.077E+UU,  ItAss  I)lSIJKMSF.1)  = 2.S69K+4JU,  HA S S  KVAIWUIATEU  = 6. IUIKM17, SUH = 9.~*4~,’~

s
**xx***** I.’INAL  WKUAL.L HASS  &NAIICE  NM PABL’NT 011.  ***Hx$****



-*.

explanatory but some care must be taken in order to identify the cuts at

each time step. There are cases where the first cuts can be so volatile that

they evaporate away immediately (less than 1 hour). In this case the cut(s)

will be deleted from the calculation and the remaining cuts renumbered.

Page 47 illustrates the output where a

it evaporates too fast to be considered in

renumbering occurs immediately before the time

always be noted on the output before the time -

cut has been deleted because

the calculation. The cut

integration begins and will

O print. The user must know

that a cut has been deleted or interpretation of the results will be shifted

by one (or more) cut. The deletion of a cut is also noted before the final

mass fractions are printed by telling the user the number of the first cut

printed. This is illustrated on page 55 where it is noted that the cut

numbering begins with 2.

After pool-weathering and broken-ice field weathering, open ocean

weathering at 40”C was chosen. Page 56 shows another intermediate

characterization of the oil. Note that in this characterization only twelve

cuts are shown. This is because the first three cuts have weathered away.

The remaining cuts are renumbered and characterized in the usual manner.

Thus , if a user desires to follow a particular cut through a scenario, care

must be taken to correctly identify the desired cut. This is most easily

accomplished by following the boiling point of the component (which does not

change) through the various output.

As with the two previous weathering llcompartments  ,11 the oil

characterization data are followed by the input constants and the results of

the weathering calculations (pages 57 through 67). Page 67 presents the end

of the weathering calculations and the final overall mass balance for the

parent oil. This mass balance serves as a means of checking that the sum of

the mass evaporated, mass dispersed, mass remaining, and mass deleted (Very

volatile cuts) is equal

An example of

output was generated at

to the original mass.

the 80-column output is presented in Table 17. This

the same time as the output in Table 16. Note that the
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Table 17--Illustration of 80-Column Output from Ocean-Ice Oil-Weathering
Code : Prudhoe Bay Crude Oil, Weathering of Oil in Pools on Top of Ice
at 32°F.

WEATHER6NC  OF OIL iN POOLS ON NW OF I C E

OIL: PlllUIHOE B,!y, ALASKA
TEMPERATURE= f12.@ DEG F, W[ND SPEED= 10.$3 KNOTS
sP[LL S[’.ZE= 1.@@@E+$34  BAR13ELs
pq4~~-T~,4ff~F~  ~~~gr~[~~~~ ~Q!f)~s ~

FOR THE OUIWJT THAT FOLLOWS3. MMXS-=CRAM HOLES
{Xf$5=CRAflS,  VP=VAPOR PRESSURE 1P! ATHOSPHEREY
RP=DOILINC  P O I N T  lN DEG F. AP[=CRAVITY
PIW=fWLECULAR  WEIGHT

CUT HOLES Cfw
I 2.?4E+t35 2.29E+e7
- 3. 13EH35 2.96E+m
3 ;l.’)lfI+@3 4. 14E+637
4 :1.157E+w3 4.37E+@7
3 3.wE+@3 @.ti@fz+@?’
6  2.92E+b3S 4.4iE+#37
7 3.:M3E+b3!? 3.33E+$37
8 3.4’IE+B3 6.31E+07
~> 3.:14C+W3 6.69E+@7

10 1  .7’4E+4M 3.84E+@7
11 3.5t3E+w3 9.01E+@17
12 3.4kE+6v3 9.f$9E+@7
13 2.?’ZE+63f3  8.!39E+Q7
14 3.tME+$33 i.@7E+oB
15 9..&M+blti  3.4’3E+@8

MOUSSE COFU33ANTS:  MOONEY=
DISPERSION CONST,MfTS:  KA=

BP
I.ml+m
1.9@E+b32
2.33E+@2
2. 6M3E+02
3.~3E+@2
3.7@E+@2
4.15E+w2
4.6@E+@2
3.QX3E+432
i7.mE+b32
6.$39E+$32
6.62E+%J2
7.12E+02
?.64E+f$2
8.S@E+@2

,1P [
7.~7~+@l
6.42E+Q1
5.67E+@I
3.16E+oI
4.76E+@I
4.32E+01
4.15E+01
3.7tlE+61
3.4~E+@t
3.@6E+@l
2.91E+@l
2.62E+631
2.4@E+@l
~.b~E+Ol
1.14E+c31

Mw
a?
93

105
119
133
1 S@
167
184

Z@@
p@
251
281
312
%!s 1
6(N

@.@@E+@@. HAX H2@I=-t.@t3, WINDWQ= @.@@E+@e
I.@&lE-et  , KB= 3.O@E+@l.  S-TENSION=  I.WE+O@

VIS COR~~A~: V1525C= 3.iK@E+@l, ANDRADE  =  9.@OE+@3, FRA~ =  1.05E+@I

FOR THR oUTPUT THAT FOLLOWS, T[iWE=HOURS
HBL=BARRELS. SPGR=SPECIFIC  GRAV[TY,  ARILA=FI*FI
THICKNIMS=CR,  W=PERCENT’ WATER  IN OIL ( f I O U S S E )
DISP=DISPI?RSiON  RATE IN CMS/PWF9/RR
lUIATE=EVAPORT!OM RATE IN (X9S/FWR/WR
M/A=PIASS P E R  fl*Fi OF (j[i” [~”fi~ ~L1–cK
[=FIRST CUT WITH  CREATER THAff 1% (MASS) REHAININC
J=FIRST ~;~ W I T H  GREATER TE!j.AN 5@% (~ASs) R~[Ni~~
DIsPERSION WAS TURNED oFT
SPREADING WAS TURNED OFF

T I M E  BBL
O 1.0E+@41
t  9.fJE+@3
2  9.7E+W
3 v.7E+$33
4  9.6E+W%
3 9.6E+W
6  9.3E+W3
7 9.’3E+@3
8 9.4E+@3
9  9.4EWM

10 9.4E+W
II 9.4EH33
12 9.4E+&3
in 9.OE+@R
14 9.3E+w3
15 9.3E+w3
!6 1#.~E+Wl
1? o.3E+@3
18 9.3E+$M
19 9.2E+w3
2$3 9.2E+c33
2 1  c9.2E+@3
2 2  9.2E+@3
23 9.2E+@3

sPm mm ‘mEcmws
@.tl%I 7’.9E+@4 2.@E+f3@
@.8a  7.9E.+434 2?.@E+@@
@.aa  7.9E+4%4 1.9E+w3
@.t?#3 7’.9E+@4 11.9E+@t$
@.w 7.9E+-$34 t.9fz+w
@.Si9 7’.9EwM 1.9E+w3
@.Ei9 7.9E+@4  1.9E+@@
@.89  7.9E+@4  1.9E+cN3
@.a9  7.9E+04 t.9E+w3
tl.&19 7.9E+4M 1.9E+tM31
i3.t39 7.9EMM4  i.9E+O@
@.t39 7.9E+@4  1.9E*6N3
0 . 8 9  7.9EH34 t.9E+tw3
t3.89 7.9E+434 1.9E+@@
@.139 7.9E+I04 t.9E+w3
@.89  7.9E++34 i.9E+@@
@.i39 7’.9E++34 i.9E+4w3
@.89  7’.9E+@4 1.9E+w3
@.89  ?’.9E+4V4 1.9E+6w3
($.89 7.9E+4$4  t.8E+@w3
@.t39 7.9E+@4  i.a?+w$
@.t19 7’.9E+4M  i.BE+@@
63.89 7.9E+@4  l.a~+oe
(3.89 ?’.9EwM i.i3!E+@c3

ERATE
(3.OE+OO
1 .?lc+w
1 .3E+02
9. 5E+01
7.3i?+ot
6. ~E+@l
5. ~E+@[
4. 312+01
4.oE+O1
3.6E++J1
:1.3E+6JI
3.@ll+ai
2. &3E+@ t
2.6E+ei
2.4E+OI
2.~~+@l
‘J IE+oI-.
2. OE+OI
1 .9E+01
[ .8E+01
t .?’s+01
[ . 6E+01
1. 6tl+@l
I .5E+OI

WA I
1.8E+04 1
1.7E+04 I
1.7E+04 I
1.7E+04 1
1.7E+04 1
1.7E+$34 I
1.7E+04 1
1.7E+04  I
1.7E+$34 2
1.7F.+04  2
1.7E+@4 2
1.7E+t34  2
1 .7E+04 2
I .7E+04 2
1.7E+@4 2
1.7E+i34  2
1.7E+94 2
1.7E+04 2
1.6E+04 2
1.6E+94 2
1.6E+04 2
1.6E+04 2
1.6E+94 2

J
1

;
~
:)
3
:1
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4

1.6E+04 2 4

69



Table 17 .--(Continued)

WIMT’FiER[NC OF O I L  IN A BROKEN I C E  FIELD
AFTER ICE POOL WEATHERING FOR 2.4$3@E+@i HOURS

OIL: PRUDHOE B:&AL&~
TEHPFXATIJRE= . WIND SPEED= 12.0 KN(YIYil
SPILL SIZE= 9.19W+WI k3hiELs
MASS-TflAIWFER C O E F F I C I E N T  CODE= 2

FOR THE OUTP~JT  THAT F O L L O W S .  PM3LESXCRAF! HOLES
(nls=crL\Pls, VP=VAPOIR PRESSURE !N ATiQQSPkNZF$ES
HP=BOILINC  POINT IN DEG F, APi=WIAVITY
Mh=MOLECULAR wEIGLiT

CUT MOLESE Clw
1 t .J37E-Ot 1.3?’E+O1 3.9&32 ~.g:+~~ ?.;;:+@l g
.> :1. llE+@:l  2.92E+Q5 2.06E-4M! 1.99E+432 6.42E+01 93
3 i .:llE+O~ 1.3~E+@7’ 3.42E--$X% 2.35E+@2  5.6?E+01 105
4 2.9@E+@S 3.46E+437 1.24E-$33 2.80E+@2  3.!6E+@$  1 1 9
5 :1.2i3E+03  4.39E+Q7 2.t$9E-@4  3.25E+W2  4.76E+@1  1:13

z,96E+@5 4.37E+07  4.(31E-05 3.7f?E+@2 4.32E+%1  i3@
: 3.:VJR+03  s.52K+@7 8.83E-06 4.13E+@2  4.15E+01 167
8 3.-$1E+O3 6.31E+’O’7 1.31E-fN$  4.6@E+@2  3.78E+ot  1 8 4
9 n.:\+ll+03 6.69E+@7 1.95E-@7 s.@5E+02  3.48E+91 me

lit 1.?4E+@5 ;.~84;~; 2.12E-$38 S.54E+@2  3.06E+01 22$3
11 3..58E+tl3  . !.17’E-$39  6.@9E+@2 2.91E+$31 251
12 3.41E+@3  9.S9E+@7  6.39E-11
13

6.62E+@2  2.62E+QI MI
2.73E+@3  0.S9E+($?  R.$XtE-12  7.12E+@2  2.49E+431 312

1 4  3.~ME+03 1.@7E+@~ 7.~7E-14 7.64E+432  2.23E+oI 3S!
15 ~.42E+(j!S  S,65E+!343 @.@@E+O@ 8.MJE+92 1.14E+$31 6$3’8

flOIJSSE C O N S T A N T S :  MJONEY=  6.2t3E-Oi, MAX Ki2@= 0.70, W1NDX*2~ 1.00E-432
K4=I  .6MM3E+@4

DISPF~SlON  CONSSANTS:  KA= I.WE-01. KB= 3.0&3E+@l. S-TENSION=  3.00E+Oi
Kc=l.@@@E+491

FRACTION OF ICE  COVER=6.6$30E-01
VIS CONSTANTS: VIS25C=  3.34$E+$31.  AP?DRADE  =  9.00E+@3,  FRACT =  1.05E+@l

FOR THE ~WTPUT THAT FOLLOWS, TIHE=IiOUREi
BBL=HARRIZLS, SPCR=SPECIFIC  GRAVITY, AREA=M*M
TIilCKNFAS=CM, W=PERCENT WATER IN OIL (flOUSSE)
I)1sP=D1SPERS1ON  RATE IN GMS/H*M/HR
llRATE=EVAPORT  ION
f’1/A=M,\SS PER M*II
I=FIRST CUT WITE
J=FIRST CUT WITE
CUT 1 GI)ESI .%WAY

TIME BBL SPCR
@ 9.2E+93 @.t39
t 9.1E+03 0.89
2 9.b3E+@3 @.&9
3  9.0E+63 @.69
4  8.9E+93 @.09
5 ~.9E+4J3 @.09
6 u.8E++M  @.89
7  8.8E+@3  0.89
8  8.7E+93 $3.90
9 8.7E+433  0.90

10 tl.6E+03 (3.9@
11 8.6E+03 0.9@
1 2  fi.3E+@3  @.9e
1 3  n.slz+m @.9e
1 4  U.5E+83 f3.9@
1 6  8.4E+93 f3.9@
1 7  tl.4ri+e3 @.9@

RATE IN GMS/M*R/HR
OF OIL I N  THE SLICK
GREATER THAN 1% (MASS) REMAINING
CFtEATltR TNAN %3% (RASS) REI%%SNING
IN HiNUTES.  THEREFORE IT wAS DEL~ED AND THE CUTS RENUMBERED
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Table 17--- (Continued)

18
19
29
21
22

23
24
2s
26
27
28
29
3t
32
33
34
35
37
38
39
4+3
41
42
43
44
43
46
47
4 8
49
se

8.3E+03 0.9(3 3.3E+05 4.IE-9!
8.3E+@3  @.9@ 3.4E+63S 3.9E-Q1
8.3E+@3  $3.9t3 3.4E+$35 :3.8E-@l
8.2E+e3 @.9@ 3.3E+135 3.7E-Oi
~.~E+e~ 9.943 ~.~E+o~ 3.bE-Qt
[!. IE+03 43.9$3  3.7E+05 3.5E-@i
tJ.1E+03  0.99 3.7E+05 :1.5E-08
h.IE+@3 @.9@ 3.0E+03 3.4E-01
0.0E+@3  @.9@ 3.9E+09 3.3E-Q1
8.fjE+fm e.9e 3.911+@s 3.2E-el
~.0C+@3  0.90 4.OE+WJ 3.2E-el
,.91Z+$33 0.90 4.IE+05 8.iE-el
7.9E+i33 @.9@ 4.lE+b33  3.$3E-01
7.9L+03  O.’_)@ 4.2E+6S 8.OE-@l
7.8E+@3  +j.9t)  4.3E+C95 2.9E-@i
7.t3E+e3  e.9Q 4.4E+@5  2.BE-C$I
7.7E+t13  @.961 4.4E+@5  2.8E-Ot
i’.7E+@3  $3,951  4.3E+@3  2.7E-i3i
7.7E+@3  0.90 4.3E+$33 2.7E-Q1
7.7E+@3  0.9(3  4.6E+$3!5  2.7E-@i
7.6E+$33  @.9@ 4.6E+9!S  2.6!E-@l
7.6E+@3  @.9@ 4.7E+(35  2.6E-@l
7.6EH33 @.9@ 4.7E+05 2.5E-@l
7.5E+03 t$.9@ 4.8E+O!S 2.SE-@l
i’.5Ei-93 a.m 4.aE+05 2.3&-.l3l
7.SE+@3  @.9@ 4.9E+@9  2.4E-el
7.5E+@3  t3.9@ 4.9E+@3  2.4E-@l
7.4E+@3  0.90 S.0E+635 2.4E-@l
7.4E+@3  ~.~e 5.OE+@S 2.3E-91
7.4E+03 0.90 5.lE+@S  2.3E-tll
7.4E+@3  0.94) 5. IE++39 2.3E-01
7.3E+@3  @.9@ 5.2E+@3  2.3E-@l
7.IE+@3 6.90 9.6E+@3  2.@E-t31
6.9E+@3  @.9@ S.9E+@5 1.8E-01
6.7E+@3  0.91 6.3E+@3  1.7E-@i
6.6E+@3  f3.9! 6.6E+@5  1.6E-@l



Table 17. --(Continued)

OPEN OCEMV WEATEERINC
AFTER :

ICE POOL tiEATRERINC  FOR 2.400E+01  HOURS
BROKEN ICE FIELD WEATHERING FOR 1.000E+02  HOURS

OIL: PRUDHOE  BAY, ALASKA
TEMPFMATIJRE= 40.0 DEC F, WIND SPEED= 26.0 KNOTS
SPILL SIZE= 6.42fJE+93  BAIlflELS
MASS-TRANSFER COEFFICIENT CODE= 2

FOR THE OUTPUT THAT FOLLOWS, MOLE!3=tXAM MOLES
cMS=CRAMS,  VP=VAPOR PRESSURE IN ATMtMPHEREY
HP=BOILINC  POINT [N DEC F, API=CRAVITY
MW=MOLECULAR WEIGHT

CUT MOLFJ3 Cr’ts
1 4.4$)E.@~  ~.~5E+0@ 1.7;2-03 2.WB:+4M  S.f!!+el 17Y

I .@4E+e4 1.4@E+06  3.84E-94 3.25E+@2  4.76E+01  133
:1 . z6E+@3 1.943E+07 7.4%E-05 3.70E+02 4.52E+f31  150
4 ~O:]~E+fjS 3.9@E+07 1.33E-05 4.lSE+02 4.i5E+@l 1 6 7
5 2.62E+@5  4.84E+@7 2.18E-@6 4.6@E+@2  3.78E+@l 1 8 4

2.6eE+@5 3.21E+07 3.40E-437 S.95E+@2  3.48E+@l C@@
$ 1.36E+435 3.@OE+@7  3.86E-98 5.34E+t32 3.e6E+el 220
8 2.79E+@!5 7.@3E+@7 ~.~9E+39 6.09E+02 2.91E+61  251
9 2.66E+@s  7.49E+e7 t .33E-10 6.62E+@2  2.62E+01  281

to 2.(4E+63 6.7@E+@7 6.76E-12 7.12E+02 2.40E+01  312
11 2.37E+43!3 8.34E+W 1.91E-13 7.64E+02 2.25E+01  351
12 7.33E+@5  4.41E+@8  i3.00E+@@  8.5@E+@2 1.14E+01  600

MOUSSE C O N S T A N T S :  MOONEY=  6.20E-@l, MAX H20= 0.70, W[ND**2=  1.00E-03
DISPF~SION  CONWANTS: KA= 1.08E-01, KB= S.O@E+@[, S-TENS1ON=  3.00E+91
VIS CONSTAN’H:  V[523C=  3.5+3E+61,  ANDRADE  =  9.00E+03, FRACT =  l.tjSE+OI

FOR THE OUTPUT THAT FOLLOWS, TIME=EOURS
UBL=RARRELS. SPCR=SPECIFIC  CRAVITY,  AREA=M*M
TH[CKNESS=CH, W=PERCENT WATER IN OIL (MOUSSE)
t)lsP=DISPERS[ON  RATE [N GMS/M*M/HR
ERATE=EVM’OR’l’10N  RATE IN CKWM*WHR
M/A=NASS PER M*H OF OIL [N THE SLICK
[=FIR.ST  CUT WIT8 CREATER THAN 1% (MASS) RFXAIPJINC
.J=FIRST  C U T  ~[T’8  CREATER T H A N  W% (MASS) REMAININC

TIME BBL SPCR AR EA T H I C K N E S S  W  DISP
0  6.4E+@3  (3.91 6.8E+05 I.SE-@l

ERATE M/A 1
70 3.5E+O$3 O,OE+OO 1.4E+@3 1

I 6.4E+03 0.91 6.9E+05 1.5E-Ot
2 6.4E+93 $ 3 . 9 1  7.0E+@5  1.5E-@l
3 6.4E+@3  0.91 7.lE+05 1.4E-01
4  6.3E+03 0 . 9 1  7.lE+OS 1.4E-01
5  6.3E+03 9 . 9 1  7.2E+05 1.4E-Ot
6  6.3E+93 (3.91
7  6.3E+03 0.91
8  6.2E+93 9.91
9  6,2E+@3  f$.91

II 6.2E+03 +3.91
12 b.~E+@3  9.91
13 6.lE+03 0.91
14 6.lE+e3 0.91
15 6.lE+@3 6.91
16 6.lE+03 0.91
1 7  6.lE+03 13.91
18 6.0E+03 0.91
1 9  6.0E+$33  $3.91
2 0  6.0E+93 e.9t
21 6.oE+03 0.9i
22 6.ofI+tKl 0.9(
23 6.0E+03 0 . 9 1

7.3E+@S
7.4E+@!3
7. 3E+eS
7. SE+OS
7. 6E+e5
7. 7E+95
7. 8E+e5
7. 9E+es
7. 4E+@S
8.eE+e5
8. 1E+635
8.1 E+c35
8. ~E+g5
8.3E+0!i
a.3E+es
6. 4E+65
8. 4E+@5

.4E-el

.4E-G1

.3E-91

. 3E-ei

. 3E-e  1

.3E-et

.3E-el

. 2E-e 1

. 2E-@ t

.2E-01

.zr.-e~

.2E-et

. 2E-e t

. 2E-e t
1 E-o 1

:lE-oi
.lE-+?I

7e 3.4E+oe I.otl+$x) 1.nE+e3 1
7e 3.4E+ee (,tm+ee i.3E+e3 I
7$3 3.3E+O0 9.BE-01 1.3E+93 1
7 0  3.2E+oe 9.5E-el 1.nE+e3 1
7e  3.2E+@9  9 .2E-01 1.3E+$XI  1
7e  3.lE+ee 8.9fz-oI
7e 3.(E+eo 8.6E-01
7e 3.ec+ee 8.4E-ei
7e 2.9E+ee 8.lE-oI
7e 2.9E+ee 7.9E-et
7f3 2.8E+W3  7.6E-01
70 2.8E+f30  7.4E-01
7e 2.7E+ee 7.3E-Ot
7% 2.?E+09 7.lE-Qt
70 2,6E+e@  6.9E-01
70 2.6E+W$  6.8E-01
7e 2.5E+ee 6.6E-el
7e 2.3E+O0 6.SE-01
7 0  2.5E+ee 6.3E-$.31
70 2.4E+CW3 6.2E-01
70 2.411+00  6.IE-01
70 2.3E+09 6,t)E-@!

.2E+@3 1

.2E+03 t

.z~+gn 2

.2E+e3 2

.2E+4J3 2

.2E+e3 2
lE+e3 2

:lE+e3 2
lE+e3 2

:lE+e3 2
lE+e3 2

:lE+e3 2
lE+e3 2

:1E+e3 2
.oE+e3  2
.oE+e3 2
.oE+e3  2
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Table 17--- (Continued)

25
26
27

3s
36
37
39
40
41
42
44
+3
46
47
49
3@
51
b2
72
82
9!2

5. 9E+WI
5. 9E+@3
5. 9E+03
5, 9E+tK3
5. oE+03
5. t3E+t$3
5. OE+$)3
5. UE+03
5. 13E+tKl
5. 7E+03
5. 7E+@3
5. 7E+03
5. 7E+6)3
3. 7E+@3
5. 6E+693
5. 6E+03
3. 6E+@3
5. 4!t+e3
5. 6E+@3
5. 6E+@3
5.5E+@3
5. 5E+@3
!3.4E+03
5. 3E+@3
~ . ~E+@3
3. IE+@3
.5.0E+03
4. 9E+4J3

$3.91 8.3E+@s
0.9! 8.6E+@5
@.9i 8.7EHx3
0.91 8.?E+@s
t3.91 8.8E+%3
t3.9t 8.9E+09
@.91 B.9E+@5
69.91 9.@E+@6
0.91 9.lE+@5
0.91 9.IE+05
8.91 9.2E+@5
$3.91 9.3E+$)5
Q.91  9.3E+@S
0 . 9 1  9.4E+@5
9.91 9.4E+OS
@.9t 9.3E+@9
0.91 9.6E+@5
0.91 9.6E+95
$3.91 9.71z+@5
$3.91 9.7E+$35
$3.9t  9..BE+@9
@.91 9.8E+W3
B.91 1.8E+@6
@.91 1.lE+@6
0.91 1.IE+86
@.91 1.iE+fJ6
63.91 1.2E+@6
6.98 1.2E+@6

i.lE-@t
i.lE-61t
1.IE-01
l.lE-fli
l.lE-Oi
1 .eE-ot
1 .OE-81
1 .t)E-t31
1 .eE-ol
1 .QE-01
9. 9E-@2
9. @E-@2
9. 7E-W2
9. 6E-@2
9. SE-%12
9. 4E-@2
9. 3E-@2
9. 2E-6$2
9. 2E-@2
9.1 iE-e2
9. 8E-62
a . 9E-@2
8. 3E-t$2
7. 8E-@2
7. 4E-@2
7. f3E-e2
6. 7’E-@2
6. f$E-@2

22 4.8E+@3  0.91 1  .2E+@6 6.2E-@2
32 4.7E+t33  0.91 1.3E4436  S.9E-@2
4 2  4.7E+633 @.91 1.3E+$Y6 3.7’E-@2
S2 4.6E+@3  @.91 1.3E+06 S.3E-@2
62 4.3E+@3  @.91 1.3E+@~ 5.4E-02
72 4.ZE+4X3 @.92  t.4E+@6  S.2E-@2
8 2  4.4E+93 @.92  1.4E+@6 3.@E-@2—192 4.4E+e3 (3.92 1.4E+(36  4.9L-@2

2t32 4.3E+03 @.92  1 .4E+@6 4.8E-02
212  4.3E+$33 $3.92 1..3E+@6 4.6E-@2

7@ 2.3E+W 3.8E-@t 1.0E+93 2
~~ ~.~&+@@  3.7E-$31  9.9K+@2  2
7@ 2.2E+@@ S.SE-@i 9.8E+4)2  2
7b3 2.2E+O0 3.4E-01 9.7E+e2 2
7@ 2.lE+-W 5.3E-01 9.6E+@2  2
7@ 2.lE+%@  3.2E-01 9.5E+@2  2
7’@ !2.@E*64j 3.C9E-01  9.4E+@2  2
7@ 2.@E+@@ 4.9E-Oi 9.3E+@2  3
7fJ 2.@E+O@ 4.8E-Q1 9.2E+92 3
70 1.9E+00 4.7E-@I 9.IE+92 3
7@ 1.9E+O$l 4.6E-@l 9.+3E+Q32  3
7$J 1.9E+4Y$3  4.SE-@I 8.9E+4)2  3
7C$ I,8E+$M3 4.4E-fi$t 8.8E+@2  3
7e 1.8E+6W3  4.3E-01 8.7’E+@2 3
7@ 1.8E4@@ 4.2E-@l 8.7E+@2  3
7@ 1.7E+Oe  4.lE-@l 8.6E+QJ2 3
7@ i.7E+@@ 4.lE-01 8.5E+t32  3
T@ 1.7E+W 4.$3E-@l 8.4E+@2  3
7@ t.6E+@@ 3.9E-431  8.:lE+@2  3
7@ 1.613+@@  3.8E-01 8.3E+632  3
7@ 1.6E+fM 3.7E-@l 8.2E+t32  3
7@ 1.6E+f3@ 3.7E-@l 8.1E+@2  3
7S 1.4E+@43  3.1E-01 7.6E+02 3
?0 i.2E+@t3 2.7E-@l 7.lE+@2 3
7@ l.lE+@O 2.4E-@l 6.flE+@2  3
76j 9.4E-b31  2.IE-01 6.4E+@2  3
7@ 8.4E-@t 1.9E-431 6.lE+@2 3
7e 7.6E-@i 1.7E-@l 3.9E+@2  3
T@ 6.9E-@l 1.6E-91 3.6E+@2  4
7@ 6.3E-@l 1.SE-$3k  S.4E+@2 4
7@ 5,7E-@i 1.4E-@t 5.2E+02 4
7@ S.3E-@i 1.3E-@! 3.IE+92 4
7e 4,8E-01 1.2E-@l 4.9E+02 4
70 4.3E-@l l.lE-$Jt 4.7E++32 4
70 4. IE-$31 I.OE-01 4.6iZ+02 4
7@ 3.13E-@i 9.7E-$32  4.5E+$32 4
7@ 3.6E-fll 9.OE-02 4.4E+02 4
7@ 3.3E-@l t3.5E-@2  4.3E+@2  4

CZ2 4.QE++33 @.92 i .&3E+@6 4.3E-02 70 3. lk-@l 7.9E-02  4.2E++32 4
232  4.2E+b33 $3.92 1.3E+@6 4.4E-@2 ?@ 2.9E-(31 7.5E-02 4 .  lE+@2 4

4
4
4
4
4
4
4
4
4
4
4
4
4
4

:
4

:
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
3
!5
5
3
5
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output in Table 17 is essentially a condensed, self-contained, version of the

calculated results in Table 16.

Table 18 presents the results of the calculations of the input

parameters for the Mackay evaporation equation

which is described in detail in Mackay (1982). The constraints required as

input to the Mackay model are calculated~ if requested> using the TBP data

which are input to the ocean-ice oil-weathering code.

Page 75 represents the beginning of the results of a one-plate batch

distillation of Prudhoe  Bay crude oil. The results of this distillation are

data for fraction distilled vs. temperature as presented on page 81. A linear

correlation of these data plus values for bulk oil density, bulk molar volume,

and mean Trouton’s Rule constant are all combined to give the final Mackay

evaporation model equation (all on page 81).

COMPUTER INSTALLATION/ACCESS

Currently the ocean-ice oil-weathering code resides on a VAX 8650

computer at SAIC in San Diego, CA and has been delivered to the NOAA OCSEAP

office in Anchorage. Due to frequent changes in operating commands and

software upgrades, it is not practical to set up open access to the model.

Interested parties can call SAIC to obtain username, password, and code

execution information.
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Table 18. --Illustration of Output From Ocean-Ice Oil-Weathering Code:
Mackay Parameter Calculations, Beginning of One-Plate Batch Distillation
Results Using TBP Data as Input.

*x*%8xsxxxrxxsxci?*  HACKAY PARAP?- CALCUMTIOMS  X==s%=axxx%x%ytwca

THE MACKAY EV.&KMlA~IO?4  f’401MtL IS D E S C R I B E D  IN
(MACKAY,19U )
THE FOLLOWING ARE THE RESULTS OF A CALCULATION OF THE
INPUT P,UIAflETERtt FOR THE MACKAY  IWM)EL W3R PRUDHOE  BAY, ALASKA
A T  :{.XWE+OI DEGREE23  F

SIMULATED ONE-PLATE BATCH DISTILIATIONi

[ MOLES [

2.74eE+@4
; 3.148E+@4
3 3.9@7E+@4
4  3.668E+@4
3 :1.4:13E+@4
6  2.923E+@4
7  3.3@4E+@4
8  3.414E+@4
9  3.34eE+@4

10 1 .7’$lE+@4
3.376E+@4

;; 3.412E+@4
13 2.74SE+@4
1 4  3.@42E+e4

V P ( I )

8. I07E+43%
4.W9E+W
2.378E+W
I .2@2E+@3
3.837E-b31
2.71t3E-@l
1 .189E-01
4.9i8E-@2
1.93%%-+32
6.1WE+X3
t.363E-t13
2.932E-B4
3.9$57g-b3s
9.128E-t%6

Y([)

4.12SIE-@!
2.6&3E-@l
1.727iE-@l
t3.197’E-@2
3.736E-@2
1.472E-@2
7.3e@E-@3
3.120E-@3
1.~@2E-@3
1.933E-@4
9.0s4E-fMl
1.8t19E-wJ
3.039E-@6
3.16@E-@7

TEFW(F) Y suFi
2.33~E-@2 3.%J-E+W2 1. tMwE+o@

I

4
3
4

:

:
9

10
11
12
13
14

MOLES 1

1.734E+@4
2.41W+6$4
3.39&%+e4
3.4k4E+@4
3.313$+W
2.874EH34
3. ~T~E+@4
3.4WE+4M
3.33SE+434
1.74@E+@4
3.wwzi+e4
3.412E+@4
2.745E+@4
3.Q42E+%4

V P ( I )

9.879E+e@
S.6anE+@63
3.@e2E++3@
1.3$21E+W
7.76aE-en
3.m4E-@n
1.6343E-@l
7.~@Ig-@~
2.94@E-@2
i.@i4E-@2
2.38tE-@3
9.414E-04
1.166E-$34
(.919E-e9

Y(l)

3.39eE-@l
2.6&71%-6$1
i.993E-631
i.w37E-+3i
S.WWE-W
2.m2E-e2
1.WEJE-@2
4.7931Z-W
1.91SE-W
3.449E-+34
1.663E-e4
3.614E-W3
6.264E-@6
k.142E-@6

F TEF4P ( F J Y SUM
4.734E-$32 3.29!%E+@2 !.@CKNZ+@f3

I ROLES 1 VP( I ) Y(I)

I 9.992E+@3 1.24@E+@l 2.339E-c31
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Table 18. --Mackay Parameter Calculations (Continued): One-Plate Batch
Distillation Results.

!a
3
4

:
7
8
9

1+)
II
12
13
14

1.7@OE+04
2.8@7E+04
3.087E+04
n.147E+94
2.8@3E+@4
3.241E+@4
3.NN5E+04
‘1 ‘1’u3E+04, ..’-
1.7:18E+94
3.575tt+a4
:1.412E+94
2.74sF.+e4
3.@b2E+@4

7.262E+09
3.9~tE+9@
2.080E+09
1.@71E*0@
5.287E-@l
2.490E-01
l. IItE-01
4.730E-@2
1.740E-02
4.511E-03
1.093E-e3
2.517E-eJ4
4.492E-f35

2.5S4E-91
2.~72E-el
1.:\2SE-el
6.956E-02
3.@6@E-02
1.666E-92
7.769E-93
~,~s@E-@~
6.24SE-@4
3.329E-(34
7.698C-@S
1.427E-@5
2.82:E-e6

1 MOLE8 I

1 s.oll~+m
~ I .0S8E+@4
3“ I:{9E+04
4 Z1662E+94
5 2.910E+04
6  2.694E+@4
7  3.179E+@4
8 3.3.iSE+@4
9  3.31SE+04

10 1 .7’36E+04
11 3.373E+@4
1 2  ‘3.411E+04
13 2.74SE+04
1 4  3.04ZE+@4

VP(I)

1.597E+t31
9.536E+09
5.272E+90
2.872E+@@
1.526E+60
7.81f~E-01
:.:83;-::

7:964E-@2
3.@89E-@2
9.123E-03
2.370E-Oil
S.87tlE-04
1.148E-@4

Y ( l )

1.75QE-91
2.206E-el
2.465E-el
1.672E-f3t
9.796E-92
4.6@3E-@2
2.663E-02
1.3(lE-@2
5.772E-03
l,172E-03
7.t27E-04
1.768E-94
3.528E-W5
7.632E-06

F TEMP(F) Y sum
9,848E-02 3.887E+02  1.000E+fM

1 MOLE8 I

2.442E+9a
5.S86E+93
1.439E+94
2.12SE+@4
2.573E+@4
2.324E+94
3.076E+@4
3.3t)2E+@4
0.29@E+@4
1.7:11E+@4
3.S79E+04
3.41@E+@4
2.745E+@4
3.042E+94

V P ( [ )

2.079E+@t
1.266E+91
7.173E+09
4.016E+M
2. 2oec+ee
1.169E+W
S.966E-01
2.911E-91
1.3S9E-01
S.573E-02
1.818E-e2
S.27SE-@3
1.412E-93
3.025E-04

Y(l)

1.179E-01
1.643E-91
2.398E-91
1.983E-t31
1.315E-el
6.8S6E-92
4.263E-92
2.233E-@2
1.039E-02
2.24eE-@3
1.S137E-93
4.179E-94
9.e95E-es
2.138E-OS

F TEMP(F} Y sun
1.261E-ei 4.117E+4J2 l.mwm+ee
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Table 18. --Mackay Parameter Calculations (Continued): One-plate Batch
Distillation Results.

13
14

fmms [ Y(I)

3.&48E-+M
1.126E-@l
2.e42E-el
2. 165E-e$
t.7i3E-et
l.OllE-01
6.879E-@2
3.8??E-e2
1.922ft-e2
4.429E-e9
3.231E-e3
1.e43E-e3
2.4463E-e4
6.394E-e9

F TE?4P ( F’ ) ‘t Stm
1.536E-@t 4.437E+4M?  t.@@@E+@@

VP(l)

3.6ME+491
2.34iE+el
1.396E+(31
~.~TIE+@@
4.32?E+Q@
2.764E+ee
l.~GaE+e@
8.162E-@l
4.197E-el
1.934E-01
7.364E-4J2
2.’68?E-632
9.139E-@3
2.392E-e3

Y(l)

6.7e6ee3
7.e3tE-e2
1.48?’E-el
2.e32E-@l
2.e24E-e~
i.4437E-ei
t.Q?’5E-el
6.621E-@2
3.!J27E-e2
t3.734E-e3
6.934E-e3
2.42?E-e3
6.669E-134
1.931E-e4

1 8.eo@E+e@
9 1.833E+@2
5 2.e@3E*@3
4  4.64EmMM
!3 9.969E+Wi

1 .432E+e4
; 2.261E*@4
8 2.799EH34
9 3.wee+e4

ie 1.663E++M
11 3.314E+@4
1 2  3.391E+#Ml
1 3  2.739EwB4
14 3.04@EuM

V P ( I )

4.794E+@e
3.112E+01
1.899E4t3t
1.155E+ei
6.931E+@@
4.e99E+ee
2.347E+W$
1.3@3E+@@
6.9&lE-@l
3.3aaE-@!
1.383E-(31
S.4A2E+32
2.e4iE-t32
6.1X3AZ-4)3

Y ( 1 )

e.eeaz+ee
i.64t3E-e2
1.e8i3E-oi
!.xlwz-et
t.973E-et
i.7e2E-el
1.9t7E-@l
1.@42E-@i
6.e29E-e2
k.6ieE-e2
1.389E-@2
5.245E-e3
a.59aE-@3
s.323E-e4

F lV2RP(F) Y SUM
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Table 18. --Mackay Parameter Calculations (Continued): One-Plate Batch
Distillation Results.

2.213E-el S.14SE+92 1.088E+08

I HOLE2 [

0.000E+09
; @.O@@E+@@
3 !j.399E+W2
4 2.W6E+93
5 S.m)?lz+wl
6  9.460E+@3
7  1.749E+94
8 2.416&+04
9 2.7a4E+@4

10 1.594jE+@4
11 3.433E+@4
12 0.366E+94
In 2.731E+e4
1 4  3.037E+@4

VP(I)

6.194E+01
4.tOOE+@l
2,560E+91
1.S95E+OI
9.&93E+00
5.995E+0e
3.S4SE+89
2.tX19E+@@
1.136E+88
3.778E-91
2.si8E-Oi
1 .OmE-et
4.26@E-@2
1.482E-02

Y(l)

0.009E+00
0.000E+M
4.Q~E-g2
1.089E-91
1.s86E-el
1.7s8E-el
1.92t3E-01
1.526E-Ot
9.791E-92
2.assE-e2
2.692E-92
i.e98E-e2
3.693E-93
1.394E-93

TEflP ( F ) Y 8UH
2.s7:E-el 5.S06E+fJ2  1.999E+98

I fiOLE9 I V P ( [ ) Y ( l )

o.owE+oe
0.@ti@E+88
o.oi3eE+ee
7.4@3E+fM
2.436E+M
S.972E+93
1.167E+04
1.a94E+e4
2.42tE+@4
I . 482E+94
3.330E+04
3.316E+W
2.714E+84
3. 8iieE+e4

7.91f3E+@l
S.340E+t31
3.4@7E+01
2.173E+131
1.f174E+01
8.622E+00
S.2S2E+W
3.t23E+ee
1.8elE+0e
9.S64E-91
4.4gaE+j
1.970E-el
8.S12E-02
3.2t32E-@2

o.oeeE+ee
o.eeeE+ee
e.eeeE+ee
S.433E-92
i,i31E-el
1.477E-Oi
2.070E-91
1.998E-@l
i.472E-@l
4.789E-e2
4.992E-92
2.2e7E-e2
7.8e2E-e3
3.277E-e3

F TEflP(F) Y Sutl
2.967E-91 S.878E+02  1.998E+90

I MOLE8 I V P ( [ ) Y(I)

4
s

$
a
9

te
11
12
13
14

e. eeewee
e.eeeE+ee
e.eoec+w
9.394c+ee
9.13eE+e2
2.3s9E+e3
6.341E+WJ
1.~76E+g4
I .9tec+e4
1 .3tilE+e4
0.l:14E+04
:\.22eE+e4
2.678E+e4
3.ei3E+e4

t.eetE+e2
6.873E+oi
4.476E+94
2.OQ@E+gl
i.a9tE+el
~.~i9E+@1
7.637E+08
4.681E+e8
2.786E+99
1.S39E+99
7,s32E-ei
3.s4’lE-e8
1.63@E-et
6.6elE-e2

e.t3eeE+ee
e. eeec+ea
e.aeeit+ee
t.e19E-e3
:.;:::-::

1:799E-Oi
2.2t9E-el
1.977E-el
7.443E-e2
8.779E-92
4.245E-e2
1.621E-e2
7.391E-e3
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Table 18.–-Mackay Parameter Calculations (Continued): One-plate Batch
Distillation Results.

TEHF’(F) Y sum
3.38ht 6.266E+$32  l.iN@E+W

Y(t)

9.@WVE+#
O.OWE+OO
(3. eeeE+e9
e.eeeE+ee
9.327E-93
6.492E-92
1.324E-el
1.973E-Oi
2.2!3eE-el
1.e39E-@t
1.443E-@l
7.816E-82
3.2mE-e2
i.618E-92

F TEHP ( F ) Y SUM
3.a39E-eI  6.67t3i34@2  1.et3eE+ee

MOLES 1

O.@e@E+@@
(b.wfaf?t+w
@.@$YaE+@e
fa.wefz+ee
@.@@@E+e’#
4.li3t4E+@l
I .i4eE+es
3.129E+Wi
6.7&?E4@~
6.9:alE+@3
2.g41E+@4
2.7’!4E+c34
2.4s81E+e4
2.9QME+@4

V P ( I )

k.S67E+e2
1.l13E+e2
7.?i4@E+@l
5.132E+el
3.48eE+et
2.36iE+@t
1.538E+el
i .@i@E*ei
6.3&9E+ee
3.776E+6Y3
2.e42E+ee
i.i366E+e#)
3.47eE-oi
2.338E-ei

Y([)

e.owi+ee
a.eew+ee
e$.ewE+ee
e.ee43c+ee
e.~etm+ee
9.278E-93
8.248iC-02
i.467E-01
2.Mi6E-01
i.21sE-el
2.i2sE-el
i.34m-el
6.244E-e2
3.417E-e2

F TEMP(F) Y SUM
4.328E-@l 7.e83E+@2  i.eeec+ee

VP(I)

t.933E+e2
i.395E+e2
g.s~q%+g~
6.6a6E+i3a
4.632E+el
3.2i9E+ei
2.i?6E+@U
i.44TE+f31
9.36?W+W
s.732E+et3
3.~4eE+@@
i.mwiz+w

Y ( I )

e.eafm+ee
@.@e@E+-
e.eeeE+et3
@.eo@E+ee
~.wec+ee
t3.eeeE+ec3
3.seiE-e3
8.868E-92
t.si9E-el
t.to@E-01
2.6@8E-@i
2.@38E-01
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Table 18 .--Mackay Parameter Calculations (Continued): End of One-plate
Batch Distillation, Heat of Vaporization and Trouton’s Rule Calculations.

13 2.192E+04 9.S41E-01 1.lIOE-91
14 2.742E+94 4.70SE-01 6.843d-@2

F TEMP~ F ) Y Sutl
4.85:IE-01 7.S24E+02 I,ooelz+oe

VP( I )

2.meE+02
1.74!5E+e2
1.227E+02
8.688E+$31
6.14?E+01
4.374E+91
3.029E+@I
2.066E+01
I .372E+01
8.634E+@@
s.lo7E+0e
2.913E+O0
1.646E+O0
8.6@4bOl

Y(l)’

0. 000E+69
0.099E+88
o.ooeE+ee
0.fw3E+W
0.0e@E+99
0.000E+O@
@.@wE+W
o.Oe@E+Oe
8.S94E-92
8.739E-@2
2.5e3E-01
2.6?2E-91
1.79@E-@i
1.3e2E-el

TE!lP ( F ) Y SUM
5.41&-el 8.QM2E+92  1.090E+M

1 MOLE8 I VP(I)

0.0$N3E+96  2.99SE+@2
k 0.0WE+96 2.23SE+92

.3 o.08eE+ee 1.6@3E+02
4 e.o@eE+oe 1.t61E+02
5  0.0WE+48 a.406E+Ol
6 O.OWE+W 6.14tlE+ei
7  0.0WE+4?6  4.36SE+Ot
8 0.0@OE+@6 3.062E+OI
9  0.080E+W 2.89tJl+Ol

10 4.561E+02 1.364E+01
3.467E+03  8.433E+O0

!! 7.013E+@3 3.m6E+ee
13 t.094E+04 2.99SE+W
14 1 .0&WE+@4 1.666E+O0

DELTAH DELTAWTB
1 1.203E+04 1.976E+01
2  1.3Z4E+04 2.@49E+01
3 1.44tiE+44 2.@86E+Ol
4 1.S64E+04 2.I17E+9!
5 1.6713E+04  2.141E+01

1.791E+04 2.160E+tlt
; 1.904E+04  2.179E+fJl
8 2.0t9E+04 2.197E+91
9  2.098E+04 2.176E+9t

Y ( l )

e.oeeiz+aa
e.ooes+ee
o.ooeE+e@
e.oOeE+ee
e.oeeE+ee
0.009E+0@
@.00@E+08
o.o@eE+ee
0.o@eE+eO
4.612E-92
2.168E-Ot
2.62@E-@t
2.429E-01
2.322E-01

WHERE  i
DELTAH I S  T H E  ENTHALPY OF VAPORIZATIOlf  IN tY1’WLBMOLE
DELTAHzTB [S TEE TROUTONS RULE CONSTANT [N BITJ/LBHOLE*DEC  R
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Table 18. --Mackay Parameter Calculations (Continued): Distillation Curve
Correlation, Bulk Oil Properties, Final Mackay Evaporation Equation.

LEASt’ SWARM OF B.P.  W. FRACTIOR EVAPORATED:

sLOPE : 9.690E+e2 DEC R/’FFWFr1Oll  EVAPORATED
IN IT IAL  B .P . : 2.912E+02 DEC F
CO[ulEL/lTIOIf  COEFFICIENT: 9.991E-91

BULK OIL DENSITY: 8.B2eE-et cRAHS/cc
BULK flOLAR VOLUNE  OF OIL; 2.940E*@2 CC/MOLE
PWAN TROUTONS RULE CON8TANT: 2.119E+OI BTWLBMOLE*OEC  R

AFTER SIMPL[F[CATION AND COHBININC TERM, THE
MACKAY EVAPORATION HODEL  BECOHFSI

DELTA-F = DELTA-TREt’A  x EXP( 6.460E+ee - 2.324E-02 ( 7.S02E+92  +  9.690E+@2(F))

OR

DELTA-F = DELTA-TREI’A  * EXP( -1.l@3E+91 -  2.251E+91(F))
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APPENDIX

CODE LISTING FOR OCEAN-ICE

OIL-WEATHERING MODEL
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