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OCEAN- | CE O L- WEATHERI NG COWPUTER PROGRAM USER' S WAL

Mbdel Overvi ew

The ocean-ice oil-weathering code is witten in FORTRAN as a series of
stand-al one subroutines that can be easily installed on nost any conputer. All
of the trial-and-error routines, integration routines, and other special
routines are witten in the code so that nothing nore than the normal system
functions such as EXP are required. The code is user-interactive and requests
i nput by pronpting questions with suggested input. Therefore, the user can
actually learn about the nature of crude oil and oil weathering by using this
code. A conplete code listing of the ocean-ice oil-weathering code is pre-
sented in Appendix A of this report.

The Ccean-1ce oil-weathering nodel considers the follow ng weathering

processes:
. evaporation
. di spersion (oil into water)
. mousse (water into oil)
. spr eadi ng

These processes are used to predict the mass bal ance and conposition
of oil remaining in the slick as a function of time and environmental param
eters. Di ssolution of oil into the water columm is not considered as part of
the main code because this weathering process is not significant with respect
to the over-all material balance of the oil slick. The conpanion docunent to
this User’s Manual (Final Report for RU 664; Payne et al 1987) contains
conput er code for stand-al one nodels which consider conponent-specific
dissolution from oil slicks and dispersed droplets, respectively.

An inportant assunption required in order to wite material balance

equations for evaporation is the state of mixedness of the oil in the slick.
The Ccean-lce Ol -Wathering Mdel is based on the assunption that the oil is
wel I m xed. This might not always be true but data have been taken and



interpreted as if the oil is well mxed. Thus, experinental results based on
this assunption nmust be used in the same way mathematically. There is grow ng
t hought based on physical and compositional observations that the oil is not
always well mxed, As the oil weathers its viscosity increases (neasured and
known to be true) resulting in a slab-like oil phase. Clearly, the mass trans-
fer within the oil will change drastically in going froma well-mxed to a

sl ab-1ike phase.

The other three processes noted above are not explicitly conponent
specific as is evaporation. However, the dispersion process is a function of
the oil viscosity; oil viscosity is a function of conposition. Thus the
di spersion process does depend on the evaporation process. Musse formation
also alters the oil viscosity but the present know edge of this process does
not point to any quantifiable conpositional dependence. The spreading of the

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

The conposition of the oil is described in terns of pseudoconponents
that are obtained by fractionating the oil in a true-boiling-point distillation
col um. This procedure yields cuts of the oil which are characterized by
boiling point and density. This information is then used to cal cul ate many
nore paraneters about the cut. The npbst inportant calculated paraneters
pertain to vapor pressure and nolecular weight. The evaporation process is
driven by vapor pressures, and system partial pressures are cal cul ated assum ng

Raoult's | aw.

Sanple runs of the nbdel are included in this User’'s Manual in the

following manner. Exanples of the various input options are presented on pages

9 through 32, Exanples of various cal cul ated results appear on pages 33
t hrough 74. Each output or run of the computer nodel 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 33 through 74
contain all the user entered paraneters. The illustrations of input are
intended to illustrate all the options available and a real conputer run would
(probably) not invoke all these options (i.e. , spreading versus no-spreading,

di spersion versus increased-dispersion, and many other on-off exanples).



Model Description

The pseudo-conponent characterization of crude oil for the open-ocean
oi | -weat hering nodel is described in detail (Payne et al., 1984a). The
specific detail presented in oil characterization can vary dependi ng upon
exactly which literature references are used. Those references used to wite
the current open-ocean oil-weathering nodel are all essentially contained in a
standard text (Hougen, Watson and Ragatz, 1965).

The pseudo- component evaporation nodel and the over-all nass-transfer
coefficient required for evaporation has also been described in detail (Payne,

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

weat hering is that by Liss and Slater (Liss and Slater, 1974).

The equation which describes slick spreading has al so 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
descri be oi | spreading due to gravity-viscosity-surface tension. The

phenomenological approach to oil spreading does not pertain to a rough ocean
surface, and the enpirical approach at least reflects reality.

The viscosity prediction used in early oil-weathering nodel calcula-
tions is based on a (nole fraction) .(cut viscosity) sumation (Reid, et al.,
1977) . Thi s 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
di spersion-free basis. The functional relationship is exp(KAF) where K,is an
oi | -dependent constant and F is the fraction evaporated. The viscosity is
scaled with respect to tenperature according to the Andrade equation (Gold and
Olge, 1969).



The prediction of water-in-oil enulsification is based on four param-
eters (Mackay, et al., 1980) appearing in the follow ng equation:

‘2.5“ -
(1 - KH) E)[(p m"exp (-KgKqt)

where Wis the weight fraction water in the oil-water mxture, Iiis a const ant
in a viscosity equation due to Money (Money, 1951), K,is a coalescing-
t endency constant, K3is a lunped water incorporation rate constant, and Ig 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:

-2.5W

u =g, €Xp
0 [ 1 1

where u° is the parent oil viscosity. K1 is usually around 0,62 to 0.65 and
apparently does not change nuch with respect to different types of oils. The
const ant ‘o above nmust satisfy the relation KW< 1 in order for the water
incorporation rate term (right-hand side) to be > 0. Thus, K,is the inverse
of the nmaximum weight fraction water in the nmixture. K, is the water incorpo-

3
ration rate constant and is a function of wind speed in knots.

The dispersion (oil into water) weathering process is described by two
equations (Mackay, et al., 1980), These equations are:

Fo= Ky K (U + 1)

0.5 -1
FB = (1+ Kbu 8 x)



where F is the fraction of sea surface subject to dispersions per second, U is
the wind speed in nisee, 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, Kb is a
constant, p is the viscosity in centipoise, X is the slick thickness in neters,
and 6§ is the surface tension in dynes/cm The mass fraction that |eaves the
slick as dispersed droplets is (F,). (F) and this fraction applies to each cut

of oil.

User | nput Description

The initial input required to performan oil-weathering calculation is
the distillation characterization of the crude oil. The desired input is
ternmed 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 Wnkle (1967), An
exanple of a TBP distillation 1is shown in Table 1. The petrol eum product
characterized in this table is a whole crude oil. The reason for choosing this
exanple is that it is a text-book exanple of a true-boiling-point

distillation. The introduction of the true-boiling-point distillation to
characterize crude oil and products for environnental predictions is a new
concept . Therefore, the objective in using this exanple is to illustrate that

the concept is comon in another branch of engineering. By providing this
exanple, the reader has access to a readily available reference that actually
used a TBP (i.e. , Van Wnkle, 1967).

TBP distillations of crude oils are not always readily available. The
more conmon inspection on crude oil is terned an ASTM (D-86) distillation. The
ASTM distillation (Perry, R H, and C. H Chilton, 1973) differs in that the
ASTM di stillation is essentially a flask distillation and thus has no nore than
a few theoretical plates. The TBP distillation (ASTM D- 2982, 1977) is per-
formed in a colum with greater than 15 theoretical plates and at high reflux
ratios . The high degree of fractionation in this distillation yields an
accurate conponent distribution for the crude oil (mxture). 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
-(from Van Winkle, 1967).

% Distilled I, *F APl Gravity
0 105 first drop
5 230 63.5

10 300 46.7
20 392 39.0
30 458 345
40 505 32.0
50 542 30.8
60 585 21.5
70 640 235
80 720 20.4
90 830 13.1

9 100 0 ==ee--



differs from both the ASTM and TBP distillation in that the vapor is allowed to
equilibrate wth 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 distill a-
tion (API, 1964). However, at the present the ASTM D-86 distillation results

can be used directly in the oil-weathering cal cul ati ons 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 “Eval uation of
Wrld s Inportant Crudest’  (0&J, 1973) where a trenmendous number of distil-
lations and other characterizations are reported. The distillations reported
are a nmix of ASTMS and TBPs. Another excellent source of distillation data is
“Anal yses of 800 Crude Ols from United States 0ilfields" (Col eman, 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 calcul a-
tions when the boiling points are all converted to one atnosphere total pres-
sure. The reason parts of the ASTMor TBP distillations are conducted at
sub- at nospheric pressure is that cracking begins to occur in the still pot at
temperatures around 700F. Thus, the data reported by Col eman are around at nos-
pheric pressure up to 527F, and for fractions boiling above this tenperature
the distillation is performed at 40 nmHg. In order for the entire distilla-
tion to be used as input to the oil-weathering cal culation, the cut data mnust
be converted to one atnosphere total pressure. The procedure for converting
sub-atmosphere boiling points to atnmospheric boiling points is described in
many places (Edmister and Okamoto, 1959; ASTM D 2892, 1977; API, 1964). An
exanpl e of the sub-atnospheric boiling-point conversion is shown in Table 2 for
Prudhoe Bay Crude Q. The reported distillation pressure for Prudhoe Bay
crude oil in (Table 2), which is near atnospheric but not exactly at one atnos-

phere, is not critical for the oil-weathering cal cul ations.



TABLE 2.

Distillation Data for Prudhoe Bay Crude 0il Showing

Conversion of Sub-Atmosphere Boiling Points to Atmos-

pheric Boiling Points (see text) (Coleman, et al,

Prudhos Bey fleld
Sodlerochit, Triamic Aml.hﬂq-
3.“'%““
GENERAL CHARACTENSTICS
Cravity, specifie. 0.893 G APt .. 270 .
Sullur, percent, 0.a e :'1“’ 1 P::' lvmli\ blni
Visrosity, Savhelt Univernal as ' wc; 100°F, 84s0c  Niwoges, peroens, 0.2%0
DISTILLATION, SUREAU OF MINES ROUTINE METHOD
Sream | ~=1Hatiil }‘i.':qdm'. M ™ 74t mm ue
S, Cut . . i 1 Redreenn e “ ] *
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. w35 82| m | 67 127 v une
s w . 3.6 ' 11,8 i TR e | 0 1430 | 47,0
s 347 3.7 15,5 .79 47.4 3 1.43922 49,6
: m | 35 | wo E | 482 | 2 |1ugsl 127
. ar - 4.3 ! 23 .818 4.5 ' 33 )458281 154.7
" ' e 4.8 28.1 .04 . 378 kI '1.46565! 157.0
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Nemrtmim 36,3 98. .990 n.4
Curbon reswten, Coneartens Recduum 11,8 poroens; srute 4.7 poreem. Neowtum:
APPROXIMATE SUMMARY  Sullur. percent.
Nitrogen, percent,
. o lrer . j Al‘l _V-!ﬁL‘
Lant asnione . 0'7% ’
Total nascisns and naphine . 19 0 i 57& 54, 2
Kernmne distiials i 41.3
G ou ) 13 4 ; L= N
Nons recous lubriesting dutiliate i o .687-. ’"2'-0'23 ».10
Slovtim tubmeating detilate I8 3 1 32‘2'- gz;:zl &%2' 108-208
ot il Abeve 30
i 3.3 990 | L4 ]
Dintollatusn o 1.1
H 4
Fraction Cut Temperature, ‘F
No. at 1 Atmosphere
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1978).



An exanple of the use of the distillation data as input for the oil-
weat hering calculation is shown in Table 3. This table is an actual conputer
display of what the user sees beginning with code execution. In this exanple
the user is wusing data that is programmed into data statements and wll not
have to enter the distillation characterization data. The TBP cuts echoed to
the user in Table 3 were obtained fromthe data of Col eman (Col enan, et al.,
1978) in Table 2, and illustrate the transfer of these data to the oil-
weat hering calcul ation. Notice that cut 1 (fraction 1) in Table 2 has been
deleted and the cuts renunmbered. The reason cut 1 was deleted is because it is
not the first cut with any neasurable 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 nodel
(Payne et al., 1984a). Reasons for these differences can be explained as
foll ows. The distillation data in Table 2 are presented as cumul ative-cut
temperatures and are to be interpreted as follows: Fraction #4 (for exanple)
has a cut tenperature of 257°F, which neans the distillate receiver was changed
at this tenperature and Fraction #5 began being collected. Thus, the Fraction
#4 tenmperature tabulated is the upper tenperature at which that fraction was
col | ect ed. The tenperature wused to characterize the entire fraction is the
average tenperature that is (rounded up to) 235°F.

A sinmlar exanple of the use of distillation data from Col enan
(Coleman, et al., 1978) is illustrated in Tables 4 and 5. Table 4 again is the
publ i shed data and Table 5 illustrates how these data appear as input to the
oi | -weathering cal culation

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 froma
disk file created from a previous execution of the nodel. An exanple of
keyboard input is illustrated in Table 7 using TBP data for a gasoline cut
(0&GJ, 1973, pg. 57) which is presented in Table 6.



TABLE 3.

Distillation Cut Data as Used in Q0il-Weathering Calculation
(data obtained from Table 2).

ENTER THE WUMBER OF TBF CUTS TO BE CHARACTERIZED ONI2
IF YOU HAVE NOINFUTDATA JUST ENTER 99

A 99 ENTRY WILL USE A LIBRARY EXAHMHFLE

?9

(HOOSE A CRUDE ACCORDING TO0¢

- FRUDHOE BAY» ALASKA

- COOK INLET» AlLASKA

- WILMINGTONs CALIFORNIA

- MURBANs. ABU DHABI

- LAKE CHICOTs LOUISIANA

- LIGHT DIESEL 'CUT

Ll A I SRS R

Y0U CHOSE: FRUDHOE BAY» ALASKA

CuT TB AFI VOL
1 130.0 2.7 2.1
2 190.0 44,2 2.6
3 23540 ' 5é.7 345
4 280.0 J1.6 3.6
3 325.0 47 .6 3.7
) 370.0 45.2 3.0
7 415.0 41.35 4.3
3 4460.0 37.8 4.8
? 305.0 34.8 5.0

10 994.0 30.6 2.8

i1 60%.0 29.1 =X

12 66240 26.2 6.8

13 712.0 24,0 6.0

14 764.0 22.5 74

15 830.0 11.4 36.3

DO YOU WANT TO CHANGE ANYT
i

10



TABLE 4.

Distillation Data

1978)

WhHmington fleld
Repatto, Lowsr Pliocene
ard Pusrte, Miocene

Gravity, specifie 0. 938
Sulfur, perceny, 1.
Visrneity, Sevhohi " niverale

for Wilmington Field Crude Oil (Coleman, et al,
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1/ Distillation discontinued ot R27° F,

11



TABLE 5.

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

ENTER THE RUMBER OF TEBF CUTS TO BE CHARACTERIZED ON 12
IF YOU HAVE NO INFUT DATA JUST ENTER 99

A 99 ENTRY WILL USE A LIBRARY EXAKPLE

77

ZHOOSE A CRUDE ACCORDING TO@

1. = FRUDHOE BAY» ALASKA

2 = COOK INLET» ALASKA

3 = WILMINGTONy CALIFORNIA

4 = MURBAN» ABU DHARI

% - LAKE CHICOT» LOUISIANA

5 =LIGHT UIESEL CUT

3

vYOU CHOSE: WILMINGTON» CALIFORNIA

cuT TEB AR 1 VoL

1 125.0 68.4 2.3

2 235.0 38.7 2.4

3 28G.0 33.0 2.4

4 325.0 48.1 2.0

] 370.0 43,2 2.8

é 415.0 38.8 3.6

7 4460.0 35.4 4.4

8 503.0 32.3 3.3

? 334.0 26.8 4*7

s o &0%.0 24.5 6.3

11 4662.0 22.3 4.1

12 712*0 20.3 5+9

13 850.0 0.9 33.3

0O YOU WANT TO CHANGE ARYT
i
U0 YOUWANT THE MACKAY CONSTANTS?

12



TABLE 6. True Boiling Distillation Data for a Gasoline Cut (0&GJ,
1973, pg- 57).

Cut cut Temp., O Vol % API Gravity
1 137 15 716
2 196 2.1 69.7
3 228 2.0 55.0
4 296 2.0 53.8
5 283 2.0 49.6

13




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

ENTER THE WNUMBER OF TBF CUTS TO BE CHARACTERIZED ONI2
IF YOU HAVE NO INFUT DATA JUST ENTER 99
A 99 ENTRY WILL USE ALIBRARY EXAMPLE

J
I8 THE CRUDEONA FILE ?

N
ZNTER THE NAME OF THE CRUDE

GA30LINE CUT
ENTERAN IDENTIFICATION NUMBERFOR THIS CRUDE GONIS
“1s.111

ENTER & SAMFLE NUMBER ON IS

L X Eon T an Ko
oo Al ASe ADe Al

ENTER THE BuLk AFI GRAVITY

wdade

TYOUMUSTENTERTHE TRUE BOILING FOINT CUT DATA STARTING
WITH THE #0O8T VOLATILE CUT ANDGOING TO THE BOTTOMOF THE BARREL

ENTER THE BOILING FOINTAT 1 ATHMINDEG FFOR CUT 1

%5;%R 4FIGRAVITY FOR CUT 1

ENTER VOLUME PER CENT FOR CUT 1

EuTER THE BOILING POINT AT 1 ATM INDEG F FOR CUT 2
e

éﬁ?gn APT GRAVITY FOR CUT 2

v s/

ENTER VOLUME FER CENT FOR CUT 2
2.0
FNTER THE BOTLING POINT AT 1 ATM IN DEG F FOR CUT 3

”~
228 -
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TABLE 7 continued). [llustration..af.User Input of Data for a Gasoline
- Cut (See Table 6 for published data).

ENTER 4FI GRAVITY FOR CUT 3

55,
ENTER VOLUME FER CENT FOR CUT 3
<
ENTER THE BOILING FOINTAT 1 ATMINDEG F FOR CUT 4
256
ENTER AFI GRAVITY FOR CUT 4
53.8
ENTER VOLUME PER CENT FOR CUT 4
240
ENTER THE BOILING POINTAT 1 ATMINDEG F FOR CUT 3
283.
ENTER WPI GRAVITY FOR GUT!S
9.4 ,
ENTER VOLUME PER CENT FOR GUT S
cuT 7B AF | voL .
1 137.0 * 71.6 1.5
.2 19640 CGFaT 2l
3 228.0 550 2.0
a 25640 53.8 2.0
5 283.0 49.6 2.0
L0 (OU WANT. TO CHANGE ANYT ,
o T TO CHi _

THIS CRUDE WILIL NOW BE WRITTEN TO AFILE.WHAT WOULD YOU LIKETO CAlLL TT
LFRSNAN OFEN unit 38 DSK{FOR38.DAT al HAIN}+526‘(PC 1442151 .
CFRSEFS Enter cvurvect Tile srecs] '

AGASCUT.OIL .

00 vOU WANT THE MACKAY CONSTANTS?

i

R AR AT S PR AT S e SN i
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Each tinme an input is required the user is pronpted with an appro-
priate question. Since it is nearly inpossible to enter many nunbers into the
oi | -weat hering cal culation 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 tenperature) for cut 3 where 22.8 was entered instead of 228. The
user is pronpted 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

woul d be entered in response to the very |last question in Table 8.

Fol I owi ng keyboard data entry, the user will be pronpted for a nane
to be assigned to a disk file which will contain the TBP data for the oil of
interest. The format for this nane is one to six characters followed by an
optional period and one to three letter extension. In the exanple (Table 7),
the file was named GASCUT.OIL.

An exanmple of disk file input is illustrated in Table 9. In this
exanple, the disk file «created in the previous exanple (Table 7) is used as

input for the nodel.

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 nodel (Mackay, 1982). The cal cul ati on of these
constants are an "add-on" calculation and do not affect the “weathering”

portion of the nodel.
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TABLE 8. I1llustration of Input-Error Recovery (Note error for cut
3 boiling Temperature).

ENTER THE BOILING POINT AT 1 ATM IN DEG F FOR CUTSS
283.

ENTER AFPI GRAVITY FOR CUT 5

49. 6

TNTER VOLUME FERCENT FOR CUT 5

ouT TB AFPIT VoL
i 137.90 71.6 1.5
2 196.0 59*7 2*1
3 2.8 935.0 2.0
4 236.0 33.8 2.0
3 283.0 19.46 2.0

FIO YOU WANT TO CHANGE ANYT

v

ZNTER THE CUT NUMBER TO BE CHANGED ONIZ2

3

ENTER1 TO CHANGE TBry2 FOR AFIs 3 FORVOLX
|

ENTER THE CH&NGED DATA

228,

cuT TB AF I VOL
1 137.0 71.6 1.5
2 196.0 59.7 2.1
3 228.0 55.0 2,0
4 256.0 53.8 2.0
] 283.0 49.0 2.0

DO YOU WANT T O CHANGE ANYT

N

17



TABLE 9. Illustration of Disk-file Input of TBP Distillation Data.

ENTER THE NUMBER OF TBEP CUTS TO BE CHARACTERIZED ONIZ2
IFYOU HAVE NOINFUT DATA JUST ENTER 99
A 99 ENTRY WILL USE A LIBRARY EXAMFLE

[}
IS THE CRUDEGNAFILE ?

Y
WHAT I3 THE FILE NAME?T
LFRSNAM OFENunit 3 6 LGSKIFOR38.OAT sl HAIN.+156 (FC 14031573

CFRSEFS Enter correcl file srecs]
AGASCUT.OIL

cuT TB AFI VoL
1 137.0 71*6 15.6
= 176.0 5%9.7 21.9
3 228.0 9530 20.8
4 256.0 n3.8 20.8
o 283.0 49.6 .20 .8

IO 70U WANT T O CHANGE ANYT

N

U0 YOU WANT THE MACKAY CONSTANTS?
N

18



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

cal cul at ed. However, in order to "weather {he crude" ,h the user types “YES' 'n

response to DO YOU WANT TO WEATHER THI S CRUDE?

The user input required for an oil-weathering cal culation begins with
a YES in response to the question DO YOU WANT TO WEATHER THI S CRUDE? The user

is then pronpted 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 compartnents are:

1. O | weathering in pools on top of ice.
2. G| weathering on the ocean surface in a broken-ice field,
3. Open ocean oil weathering.

The wuser is allowed to “mx and match” conbinations of these three
environnmental configurations in order to design a scenario that will best match

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

desired. I ndi vi dual conpartnents can be skipped and environnental paraneters
such as tenperature, wnd speed, etc. can be changed from conpartnent to com
partnent. An exanmple of user input for a scenario that involves all three
conpartments using a library crude oil is illustrated in Table 10. Follow ng

the spill size specification the user is asked WLL THE WEATHERI NG SCENARI O
I NCLUDE SEA ICE? |f the user responds with “N', the first two conpartnents are
not wused and open ocean weathering follows. If the user enters 'Y, as in the

exanpl e, all three weathering conpartnents are offered.

For weathering of oil on top of ice the required input data are: the
nub e r  of hours for oil weathering, the tenperature, 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 Qil-Weathering Calculation with
a Library-Specified Crude.

ENTER THE RUMBER OF TBF CUTS TOBE CHARACTERIZED ONIZ2

IF YOU HAVE NG INPUT DATA JUST ENTER 99
A 99 ENTRY WILL USE A LIBRARY EXAMFLE

9%
CHOOSE ACRUDE ACCORDING TO?
= PRUDHOE BAY» ALASKA

- COOK INLET»sALASKA
=WILMINGTONs CALIFORNIA
MURBANy» ABU DHABI

ILAKE CHICOTs LOUISIANA
LIGHT DIESEL CUT

e R AR AN
]

“0uU CHOSE:? FRUDHOE BAYs AILASKA

cuT TR AFI voL
1 150.0 72.7 2.1
2z 19G.0 64*2 2.6
3 235.0 G96.7 3.3
4 280.0 J1.6 3.4
0 25.0 47. & 3.7
4 370.0 45.2 3.3
7 413.0 41.3 4.3
8 460*0 37.8 4.8
7 3039.0 34.8 J.0
10 334.0 30.6 2.8
i1 60%.0 29*1 6.5
i2 662.0 26.2 4.8
13 712.0 24.0 6.0
14 744.0 22.5 7.4
i3 850.0 11.4 36.3

U0 YOU WANT TO CHANGE AWYT
N
00 YOU WANT THE MACKAY CONSTANTS?

Y
AT WHAT TEMPFERATURE DEG F ?

et
[ POy |

FLEASE WAIT
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TABLE 10 (continued). [Illustration of User Input for 0il-Weathering
Calculation with a Library-Specified Crude.

00 YOU WANT To WEATHER THISOIL?

Y -
WHATIS THE SPILL SIZE IN BARRELS?

\}V()II(_)I(_)‘,THE WEATHERI NG 3CENARIG INCLUDE SgA | CE?
lﬁHEN THE GIL REACHES THE O L SURFACE»

\YNILL ITWEATHERIN FOOLSONTOF OF THE ICE?
t:-:T WHAT TEMPERATURE, DEG F?

I;gl:« HOW MANY HOURS?

ggl:JDEEPUILLTHE POOLS BE IN CW TRY 2

ENTER THE HASS~TRANSFER COEFFICIENT CODE: 1 2» OR 3 WHERE:
1=USER SFECIFIED OVER-ALL HASS-TRANSFER COEFFICIENT
2=CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGU
3-INDIVIDUAL-FHASE IMASS-TRANSFER COEFFICIENTS

-

ENTER “THE WIND SPEED IN KNOTS
10
U0 YOU WANT TO ENTERNEW VISCOSITY CONSTANTS?

N

FILLEASE WAIT

WILLL THE o1L NOWUWEATHERIN THE BROKEN ICE FIELD?
\ll

FOR HDOW MANY HOURS?

1G0.

AT WHAT TEMFERATURE s BIE(GG F?

32

ENTER T HE FRACTIONOQF ICE COVERy 1*E* 947

. BA

LHOYOUWANT TO ENTERNEWMOUSSE FORMATION CONSTANTS?

N

[0 YOU WANT TO ENTER A NEW OIL-WATER SURFACE TENSION (DYNES/CM)7T
N

ENTER THE MASS-TRANSFER COEFFICIENT CODE:1r2» OR 3 WHERE:
[-USER SPECIFIED QVER-ALL MASS-TRANSFER COEFFICIENT
2-CORRELATION HMASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGU
3-INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS

ENTER “THE WIND SPEED INKNOTS

15,

L0 YQU WANT THE SLICK TO SPREAD?

v

0O0YOU WANT To ENTER NEWVYISCOSITY CONSTANTS?

N
U0 YOU WANT THE WEATHERING To QCCURWITH DISPERSION?

¥
[0 YOU WANT TO ENTER NEW DISPERSION CONSTANTS?
i

FLEASE WAIT 21



TABLE 10 (continued). [Illustration of User Input for Oil-Weathering
Calculation with a Library-Specified Crude

WILL OFEN OCEAN WEATHERING NOW OCCUR?
EOR HOW MANY HOURS?

AT WHAT TENPERATURE» DEG FT

BOYOU WANT T O ENTER NEW HOUSSE FORMATION CONSTANTS?

:omu WANTTOENTERA NEW OIL-MATER SURFACE TENSION (BYNES/CM)?

N

ENTER THE MASS-TRANSFER COEFFICIENT CODE?! 1r 2y0R 3 WHERE:
1-USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2-CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY 2 MATSUGU
3-INDIVIDUAL-PHASE MASS—-TRANSFERCOEFFICIENTS

hed

ENTER THE WIND SFEED IN KNQTS

20-
TI0 YOU WANT THE SLICK TO SPREAD?

Y

U0 YOU WANT TOENTERNEW VISCOSITY CONSTANTS?
N

\ITiO YOU WANT THE WEATHERING TOOQCCURWITH DI SPERSI ON?
f

N0 YOU WANT TGO ENTER NEW ‘ DI SPERSI ON CONSTANTS?
i

FLLEASE WAIT .
DFU tinme 19.73 Elarsed time 2:34.35
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The mass-transfer coefficient is for the evaporation weathering
process, not dissolution. There are three possible mass-transfer coefficient
i nput specifications, and the one recommended is 2 as illustrated in Table 10.

The wi nd 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 val ue
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 nanual.

After all of the required data have been entered, the user is asked to
wait while the numerical integration routine s executed. Following this
pause, the user is asked if broken ice field weathering will take place. In
the exanple (Table 10), the answer is “YES' so the input paraneters for broken-
ice field weathering are’ now requested. For library oils the required data are

the sane for broken-ice and open-ocean weathering (w th one minor exception
noted below) so the follow ng discussion applies to both of these conpartnents
of the nodel.

The required data at this point are: the nunmber of hours for weather-
ing to occur, the tenperature, new nousse formation constants (if desired), new
oil-water surface tension (if desired), the mass-transfer coefficient code, the
wi nd 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
exanpl e and no new constants have been specified to replace the library val ues.

The same guidelines for mass-transfer coefficient code and w nd
speed outlined above apply for the last two conpartments 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, there is not a mechanistic nodel (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
spreadi ng can be changed quite readily in the oil-weathering codes in the event
a useable algorithm is published. The search for a nore realistic and

nmechani stic spreading nodel 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 progranmed information can be changed are presented in the follow ng dis-
cussi on. Altering the programed information allows other crudes or petrol eum
cuts to be entered into the calculation, or actual spills and experinments can
be analyzed to find the best physical properties or rate constants which pre-
di ct observed data. Such alteration can be used in each of the three conpart-
ments of the nodel so the follow ng discussion applies to each of those

conpartnents.

The first input information that can be changed by the user is the
mousse-formation constants as illustrated in Table 11. The nousse 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 - KZH) exp [—-I—Z-R-i-gn]: exp (-K3K5t)

where W is the weight fraction water is nousse. K1 is a constant in the
viscosity equation, K2 is a coal escing-tendency constant, 1<3 is a lunped water
incorporation rate constant, and K5is the factor included in the equation to
increase the nousse formation rate in the broken-ice field. K1 appears in a
stand-al one equation for the apparent viscosity of the enulsion as (Money,

1951)
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TABLE 11. [Illustration of User-Specified Mousse-Formation Constants

[0 YOU WANT TO ENTER NEWMOUSSE FORMATION CONSTANTS?
Y

1. ENTER THE MAXIMUM WEIGHT FRACTION WATERINOIL

é?gNTER THE MOUSSE-VISCOSITY CONSTANT» TRY 0.45

SS?EEQTER THE WATER INCORPORATION RATE CONSTANT» TRY 0.001
;YZ;TERTHEBROI\'EN ICE FIELD MULTIPLIER FOR MOUSSE FORMATION
56 YOU WANT TO ENTER ANEW OIL-WATER SURFACE TENSION (DYNES/CM)7
Y

TRY 30,
30,

25



where p” is the parent oil viscosity, K1 is usually around 0.62 to 0.65 and
apparent|ly does not change nmuch with respect to different types of oils.

The constant K,nust satisfy the relation KW< 1 in order for the
water incorporation rate to be >0. Thus, Kis the inverse of the maxi num
weight fraction water in nousse. K3 is the water incorporation rate constant

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

cal cul at es Pg from
K3 = 0.001 (WND SPEED)°’

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

Thus , referring to Table 11, the first nousse formati on constant
entered is the maxinum weight fraction water in the nousse. The reciprocal of
this nunber is used for Kl“ The second constant entered is the viscosity con-

stant in Money’'s equation and this nurmber should be 0.62 to 0.65 unless exper-
imental evidence suggests otherwise. The third constant entered is the nulti-
plier of the (wind speed)” which then yields K. This nunber is around 0.001
as indicated. There is limted data available for K5 but some evi dence 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 nost of the

pronpting for input also prints suggested values for each constant.

The next input paraneter 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 devel oped 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$1+2»0R 3 WHERE:
1=USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2-CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGU
3~INDIVIDUAL-FHASE MASS-TRANSFER COEFFICIENTS

1
ENTER THE WIND SFEED IN KNOTS

10.

DO YOU WANT THE SLICK T SPREAD?

Y

ENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT? CM/HRs TRY 10
1.0.

GO Y0OU WANT TOENTERNEW VISCOSITY CONSTANTS?

ENTER THE M4aSS-TRANSFER COEFFICIENT CODE: 1» 2» OR 3 WHERE?
I-USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2=CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGU
I-INDIVIDUAL-FHASE MASS-TRANSFER COEFFICIENTS

ENTER THE WIND SPEED IN KNOTS
10,

0O YOU WANT THE SILICK TO SPREAD?
K

=NTER THE MASS~TRANSFER COEFFICIENT CODE: 1y 2y0R “3 WHERE:
1=USERSFECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2-CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGU
3-INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS

3
ENTER THE WIND SPEED INKNOTS
10.

[0 vOU WANT THE SLICKTO SPREAD?
v
ENTER THE OIL-PHASE MASS-TRANSFER COEFFICIENT INCM/HRs TRY 10
13

ENTER “THE AIR-PHASE i{ASS~TRANSFER COEFFICIENT IN CM/HR» TRY 1000

13G0.

Eg;ER THE MOLECULAR WEIGHT OF THE CONPOUND FOR K-AIR ABGVEr» TRY 20¢
IZ-IO‘I'OU WANT TO ENTER NEWUISCOSITY CONSTANTS?

N
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options for the evaporation mass transfer coefficient. The first input option
shown in Table 12 allows the user to input the nass-transfer coefficient
directly in contrast to the second input option where the coefficient is calcu-
lated as a function of wnd speed and slick diameter. In the third input
option the user can enter individual-phase mass transfer coefficients. In this
| ast option the entered coefficient is scaled according to the square root of
the nol ecul ar weight of each cut to yield a coefficient specific to each cut
(Liss and Slater, 1974) . The coefficient in this last option is also scal ed

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 pronpt. In this particular illustration the
user has specified that the slick does not spread. This option is useful for
i nvestigating evaporation fromspills on solid surfaces such as ice or |and.
When the no-spreading “ option is selected the user is pronpted for a starting
t hi ckness, unless previous weathering has occurred in which case the renaining
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 bul k weathered oi

is inportant when dispersion of oil into water occurs since viscosity appears
in the rate equation for dispersion. The current method of viscosity predic-
tion 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 nust not be
interpreted as that viscosity when an water-in-oil emulsion is present. The
further change in viscosity due to water-in-oil enulsification (nousse

formati on) was described on page 4.

The viscosity at 25°Cis scaled to other tenperatures by the Andrade
equation (CGold and Olge, 1969) which is
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TABLE 13.1llustration of the “No-Spreading” Option and Starting Thickness
Specification

ENTER THE HMASS-TRANSFER COEFFICIENT CODE: 1» 2+ OR 3 WHERE:
1-USERSFECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2=CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGU
3-INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS

-

ENTER THE WINDSFEED IN KNOTS

1i)

DO YOU WANT THE SLICK TO SFREAD?
i

SINCE THESLICK DOES NOTSFREAD»ENTERA STARTING THICKNESS INCH

“ e
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and the tenperature-scaling constant is B. This viscosity of the weathered oil
is calculated according to exp( K4 F) 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 pronpt illustrated in Table 14. In this illustration suggested input
viscosity constants are printed along with the pronpt.

The constants which appear in the dispersion process can also be
specified by the user. The dispersion of oil into the water colum is

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

F= KK (U+ 1)

and

0.5 -1
Fg = (1 + Kyu 8x)

where F is the fraction of sea surface subject to dispersions per second, Uis
the wind speed in msee, and Kis a constant, typically 0.1 hr'l. F,is the
fraction of droplets of oil belowa critical size which do not return to the
slick, Kb is a constant, around 50, g is the viscosity in centipoise, x is the
slick thickness in nmeters, wis the surface tension in dynes/cm and Kc is the
constant which determnes the increase in dispersion for broken-ice fields.
Little experinental data is available for KC’ however sonme limted data sug-
gests a value of 10, which is the default value. |n open-ocean weathering, Kc

is by definition 1.0, so input for this wvariable is not required in the
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TABLE 14. I1llustration of Viscosity-Constant Input Options

U0 YOU WANT TO ENTER NEW VISCOSITY CONSTANTS?
{. ENTER THE BULK CRUDE VISCOSITY AT23DEGCs CENTIPOISES TRY33.
gr.ENTER THE VISCOSITY TEMPERATURE SCALING CONSTANT (ANDRADE)» TRY
z?O%NTER THE VISCOSITY-FRACTION-OIL-WEATHERED CONSTANTs TRY 10.3

10.3
00 vOuU WANT THE WEATHERING T3 OCCUR WITH DISPERSION?

;0 YOU WANT TO ENTER NEWBISFERSION CONSTANTS?
éNTER THE WIND SFEED CONSTANT» “TRY 0.1

é;TER THE CRITICAL DROPLET size CONSTANT» TRY 30
EK%ER THE BROKEN ICE FTELD DISPERSION MULTIPLIER
8.

U0 YOU WANT THE WEATHERING “TO OCCUR WITH DISPERSION?

31
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open-ocean portion of the nmodel. The mass fraction that |eaves the slick as
di spersed droplets if (Fb). (F) and this fraction applies to each cut of oil.
Table 15 illustrates the user input of the constants Ka’ Kb and Kc.

Qut put Descri pti on.

The output generated by the ocean-ice oil-weathering code is witten
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 colums wide and intended to be printed on an appropriate high speed
printer. The OILICE.TYP file is an abbreviated versi on of OILICE.OUT. The
OILICE.PLT is a nunbers-only raw data file and intended to be read by a
plotting routine or other data processing routines which nust be supplied by
the user. The MACKAY.DAT file contains the input parameters for the MACKAY

evaporation nmodel.

An exanple of the OILICE.OUT file (130 colum) is presented in Table
16 where the calculated results for an oil-weathering calculation for Prudhoe
Bay crude is presented. The first page of this output is crude characteriza-
tion information for fresh Prudhoe Bay Crude QG| as calculated according to
previous descriptions (Payne et al., 1983, 1984a). Page 34 presents the
mass-transfer coefficients, the input paraneters and constants, and the

begi nning of the results of the calculations for weathering in pools on top of

i ce. Pages 35 through 38 are the renmninder of these calculations. Page 39
presents the characterization of the oil after “pool-weathering” . The
internediate characterization is used automatically as input for further
weat hering as directed by the user. (Note that the volune percents and bul k

APl gravity have changed,)

For the scenario presented in Table 16, weathering in the broken-ice
field at 32F was chosen next. Page 40 presents the input constants and the

begi nning of the results for this weathering.

One inportant aspect of the code output to notice is the deletion of
very volatile cuts . The information presented for various tines is self
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TABLE 15. Illustration of Dispersion Constants Input

DOYQUWANT THE WEATHERING TO GCCUR WITH DISPERSION?
Y

00 YOU WANT TO ENTER NEWDISFERSION CONSTANTS?

‘f
ENTER THE WIND SFEED CONSTANTs TRY 0.1

-
ENTER THE CRITICAL pDRrRoOPLET S3IZE CONSTANTs TrY 30
50.

ENTER THE BROKEN ICEFIELLD DISPERSION MULTIPLIER

39.

PLEASE WAIT
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TABLE 16 (continued). Output From Oil-Weathering Calculations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 320F for Weathering in Pools on Top of Ice.

T HIE L | ‘Ot'.*‘(M) houns . MASS FRACTION OF FACH CUT REMAVENING: 2

? . 2:'-3‘1’ U.4FE-01 9.6E-01 92.9E-01 1.0E+00 1.0E+00 | . OE+00 | .0E+00 1.0L100 1 .0E+00 1.0FE+00 1 .0F+00 | . 8E+00 | .0E+@9
LBt ) .

MASS HEMAINING = ( UT9E409. MASS DISPERSED = 0.000E+00, MASS EVAPORATED = 1. 67I0F+07 SUM = 1. 396K+09

I"ll‘l\l‘l’l"llUN‘ ( ll-\‘h'ﬁl) UN’ I‘!ASSI REHALNING IN THE SLICE= 9 . 9E-06, ANEA: 7. 9E+04 Mxx2, THICKNESS: 2 0E+00 .(:H.. .MUI.I'Z Wr=265.4

WELGHT FRACPION WATER IN 011 = 0.0E+w0, VISCOSETY = 1. 48108 CENTISTOEES, DISPERSION TERM = o, OE+OD WELCIE FRACTION/HR

HASSAANEA= 1. TE+O4 GNS/HFN, SPCH= B.8E-01, TOTAL VOLUML:E 9 BE+03 B, DISPERSION: 0.0F 00 GMS/MEN/IR, EVAPR BATE: 1 .7E+02 CHS/M*N/HR

TIME = 2 1k+00 HOURS, MASS FRACTION OF EACH CUT UEMAINING: H)
J.UE-01 T.0E-01 9.2E-01 92.0E-01 1.0E+00 | .OE100 | .OE+00 1.6Kt00 L .OFE+00 | . 0K 00 | .OF+00

LR I BEv00 | UE+O0 | OE100
T (1Y)

MASS HEMAINING = L. BO7E+09, HASS DISPERSED = O . QOOE+00 . NASS FVAPORATED = 2.064K+07, SUN = ). 39LF.+09

FHACTION (BASED U N MASS) HENMAINING IN TUHE S1ICES 9. 8E-01, ANEA= 7.9E+04 M&k2, THICENESSN= § 9K+00 CH. NOLE WT:270.0

WEICHT FRACTLON WATER [N O3l = @.9E+08, VISUCOSITY = | OEY08 CENTINTORES, B | SUERS 10N TERM = 9. 81+00 UK | GUT FRACT 1ON-/1HL

MASS/ANEA= |.7E+04 CMS/N4M, SIPGR= 8.8E-01, TOTAL VOLUME: 9.7E+08 B, DISPERSION: 0.0Ev00 GHS-MAh ML, EVAP BATE= §.3E+02 CMS/MEN-HR

TINE o 3. 1E+00 WOURS, HA SS FUACTION OF EACH CUT REMAINING :

1-98-01 S.48K-01 B.8E-01 9.7E-01 9.9E-6| [.OE+00 | . OE+600 1.00+00 1 .0K+00 1.0L+00 | OL+00 1 OE+00 | .OE+00 |.0L+00
| ab+00

NASS BEMAINING = 1. OGUE+6), MASS DISPERSEDR = 0.000F+00, MASS EVAPOUATED =  3.7058+07, SUM = | .OD3E+09

FRACTION (BASED U N MASS) BENAINING IK IME SLICK= 9. 7E-01 , AREA= 7 _0R+04 MEE2, TRICENISS: | 9FE+00 CN, NOLE wi=273.4

WEIGHT FRACTION WATER IN Ol = 0.0E+80. VISCONITY = 1.7E+00 CENTISTOEES, DISPERSION TERM = 0.9E+00 WELCHT ACTION/HR

MASS/AREA= 1.7E+04 CNS/H+M, SPCR= B8.8E-¢1, TUTAL VOLUNE= 9. TE+00 BBL. . DISPEASION= 0.0E 100 CHMS/HAN/NR, EVAP RATE: 9.3E+01 CHS/MxN/HR

TIME = 4.20+00 HOUNS, HASS FRACTION OF EAGCH cur REMAINING:

$.0E-01 4 .HE-O1 [t-4E-01 9.0E-@1 9.9E-61 |.0E+00 | .OE+00 | .6E+00 1.0K+00 | .0E+00 | .0E+08 | OE+00 1 OE+08 | .0F+6e
U

HASS BEMAINING = 1 _3G1E+89, HASS DISPENSED = 0.000E+00, MASS EVAPORATED = 4.447E+07, SUN = 1. 49GE+09

FHACTION (BASED ON MASS) REHAINING | N THE SIICES 9.7E-01, AREAZ 7. 9E+04 Mxs2, TIICKNESS: 1. 9E+00 CH. MOLE WI:276.0

WEICHT FRACIION WATER IN ol = 0.0E+00, VISCOSETY o jk+oll CENTINSTOKES, DiSPERSION ‘TERN = 0.0E+00 WEICHT FRACT10K/ IR

MASS/AREA= | . 7E+04 CHS/MEM, SPCH= 8.0E-01, TOTAL VUL UNE=-9. 6E+083 mu., DISPERSIUON= 0. 0E+00 CMS/M&N-HR, EVAP RATE= 7. 35E+01 GHS/M*M/UR

TIME = 5.2E+00 HOURS, MASS FHACTION OF EACH CUT HEMAINING:
3.0E-02 $.6E-01 1.OE-81 9.3E-61 9.9E-01 1.0E+00 [.0E+00 1.0E+00 1.0E+00 1.0E100 |.0E+90 |.0L+00 1.0E+00 ) .0E+w0
1.0E+00
MASS REMAINING = | 345E+0%, HASS DISPERSED = 0.000E+00, MASS EVAPOUATED = 5.005E+07, SUM = 1.395E+09
FRACTION (BASED OF MASS) REMAINING I8 THE SLICES 9.6K-01. AREA: 7.9F+04 N&%2, THICKNESS: §.9E+00 M. NOLE WI'=276.2
WEIGHT FRACTION WATER IN 011 ¢ 0.0Ft00, VISCOSITY = 1. 0E+08 CENTISTOEES, BISPERSION TEIN = 0.0E+00 WEIGHT FRACTION/II
MASSAREA= 1 . TE+04 GHS HeM, SPGH= 8.95-01, TOTAL VOLUNE: 9. 0E+0id BUL, DISPEISION: ©.0E+00 CHS H&M/HIE, FVAP BATE: 6.2F+00 CHS MM/l
TIHE = 6.3E100 HOUKS. MASS FHACTION OF EACH CUT BEMAINING:
B.2F-02 B.8E-91 Z.7E-01 9.4E-01 9.9E-01 1.0E+00 |.0E+00 |.0E+08 |.0E+080 | . OL+t00 | OE+00 | .0E+08 1.0E+00 1.0E+00
| . 6L+ 00
MASS HENAINING = 1 . 3418+09, HASS DISPERSED © 0.000E+00, MASS EVAFORATED = 5.471E+07 . SUN = | 395E+09
FHACTION (BASED ON MASS) BEMAINING | N THE SLICK: 9 6F-00 . AREA: 7. 9E+04 Hexz, THICKNESS: (. 9K+00 CM, MOLE wI:2io.0

: CFRACTION WATER | N 0L : 0.0E+0on, VISCOSETY = | . 9K+03 CENTISTOKES ., DISPERSION TFIN = 0. 8F+00 WE 1CHT FRACTION 1

AMEA= | .7E+04 CHS-MtM, SPCI= 8.9 -01, TOTAL VOLURE: 9.5E+0d BBL, DISPERSION: 0.0E+00 CHMS/HAM/MR, EVAEP HATE=S5.2Ee00 tXS/H*H/tilt

TiME = T.3E+00 HOURS, HASS FRACTION OF EACH CUOT HEMAINING: M
-0 2. 7K-01 7.3E-0) 9.4k~ 01 U T ¥ 1.9 +00 1 .Uk tU0 1.0L+00 I .0k +00 1. 0E+00 1 .0E+00 1.64+00 1.0L100 1. OE+00
1.0t t00
MASS REMAINING - 1L BU7ZE09, MARN BISPERSED = Q. 00000, MASS EVAPORATED = 5.U7F+07, SUM - 195K 00
FHACTION (BASED ON MASS) HEHAINING IN TIHE SEICES 9. 0E-01 ., AIRCA: 798004 M52, THICKNESS 1.98+00 M, MOLE WE=2H1.05
WEIGCHT FHACTION WATER 1IN O3, - O.0EOU, VISCORITY = 2.0FE400 CENTVISTOEES, DISPFRASION TERM = O .0F+90 WEICHT FRACTION/HR

MASS AREA= . 7Es04 GHS MM, SPCRE 89K 00, TOTAL VOLUME 9. 5103 BBL, DISPENRSTON: 0.0E+00 GHs- HAM/ I, EVAP BATE: 4.3E+01 CHS/M¥M/HR
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TABLE 16 (continued). Output From Oil-Weathering Calculations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 32°F for Weathering in Pools on Top of Ice.

TINE = 8.4E+00 HOUNS, MASS FRACTION OF FACH CUT NEMAINING:
?::—x;: 2.2E-01 T.0E-@1 9.UE-01 9.9E-01 1.0E+00  1.0E+00 1.0E+00 1.0E+00 | .0E+00 1.0E+00 | .0E+0@ | .0K+00 1 .OE+00
- v
MANS REMAINING = 1 Q08E+09, MASS DISFENSED = 0.000E+80, MASS EVAFORATED = 6.219E+07, SUM = 1.395K+09
FHACTION (BASED ON MASS) NEMAINING IN THE SLICK: 9 0E-00, AREA= 7.98+04 Mr+2, TIBCKNESS= |1, 9E+00 CN. MOLE WT=202 .1
WEACIT FRACPION WATER IR Ol = -0.0E+00, VISCOUSETY = 2 gE+08 CENTISTOEES, DISFERSION TERN = 6.0E+00 WEIGIT FUACTION/IIR
MASS/AREA= 1. TE+04 GCHS/NsM, SIGH: 0.9E-01, TUTAL VOLUME: 9. 4E+03 BUL., DISPENSION= 0.0E+00 CHNS/H&M/II, EVAP RATE: 4.0E+01 CHS/M&H-HR
. )

TINE = 9.4L+00 HOURS, MASS FHRACTION OF EACH CUT NEMAINING: 10
5 .2::-:::! 1.UE-601 6.7E-01 9.2E-01 9.HE-61 1.0E+O0 (. .0E+00 1.0E+00 1.0E+00 1.0E+00 | . OE+06 1.0E+00 1.0E+00 1.0L+00
1.00r00 .

MASS REMAINING = | . SHOE+09 . MASS DISPERSED =  O0.000F+00, MASS EVAPORATED = 6.303E4+07, SUN = | . 395E+09
FHACTION (BASED O N NASS) REMAINING IN THE SI1.1CK= 9 GE-04, AEA= 2. 9E+04 Me2, THICKNESS: §.9E+w00 CH. NOLE WI:=284.0
WEICHT  FRACTION WATER IN 011 = @.0E+00, VISCOSITY = 2 1F+04 CENTISTOKES., DISUPERSION TERM = 6.0E+00 WEICIHT FRACTION-HR

MANSAREAZ | . 7E+04 CHMS- M*M, SPGR= 8.9E-81, Puyal VoL UNE:= 9. 4 +03 BIN., INISPERSION= 6.0E+«00 CHS/N<M-/II, EVAP BATE= 3.0E+@) CHS/N*N/HR

TIME . 1 .0E+01 HOURS, NASS FRACTION OF EACH CUT BEMAINING : ]
2.8E-03 1. 3E-01 6 4E-@1 9.(E-0) 9.8E-01 1.6E+00 | .OE+00 1.0E+08 1 0F+00 1.0KEt60 1 OE+60 | .0E+00 1 OL+00 | GE+80
1.0L.+00

MASS HEMAINING = 1. 327E+09, MASS DISPERSED = 0.000E+00, NASS EVAPORATED = 6. B19E+07, SUM = | . 495L+09
FUACTION (BASED ON HASS) REMAINING | N THE S81L1CK= 9. GE-01, ARFA= 7_9E+04 M¥x2, TUICKNESS: (. 9E+00 M, MOLE wr=24
WEICHT FRHACTION WA'TER IN 011 = @.0E+08, VISCOSITY = 2. 1E+03 CENTINSTOKES, DISPERSION TERN = 6.0E+00 WEICHT I‘IlAC'I‘ION/Il.Il

MANS/AREA= | . 7E+04 CHS/M+:M, SPGR= 8.9E-91, TUTAL VOLUME:= 9.4E+03 BBL, DISPENSION: 0.6E+00 CHS/HsM-HR, EVAP BATE: 3.3E+01 CMS-M+M-HR

STEP SIZE OF 2.619E-01 |S BASED ON LUT 2

TINE = 1.2E+01 HOURS, MASS FRACTION OF EACH CUT REMAINING:

.30-00 1.2E-91 6. 1E-91 9.0E-01 9. BE-01 1. .0E+00 | OET00 | OF+00 1 . OE+00 1 0E100 1 OEWO | .OE+00 1. @E+06 1.0E+00
1.0E+00

MASE REMAINING = 1. .324E+09, MASS DISPERSED =  O.000E+00, NASS EVAPOUATED = 7.876FK+07, sun = 1,.395K+09

FRACTION (BASED ON MASE) REMAINING | N TUE 8L N'l( 9.5E-01, AREA= 7.9E+04 M*x2, THICKNESS= | .9E+060 CH. MOLE WT:=206.0

WEICHT FRACTION WATEHR IN GIL. - @.0E+0®, VISCOS = o Eeed CENT ISTOKES, DISPERSION TERN = ¢.6E+00 WEIGHT FRACTIONZMR

MASE/ANEA=z | . TE+04 CHS.-MxM, SPFCH: 8.9E-01, TUI‘AI. V(bl um. 9.4E+00 BB, DISPERSION= @ .6E+08 CMS-MsM/HR, EVAP BATE= §.9E+01 CMS/M*M/HR

STEF SIZE OF 2.6062-01 IS BASED ON CUT 2

TIME © 1.3+ OUNS, MASS FHACTION oF I-J\Lll «<uT IIH‘MINII«. 3
8.28-04 9.9E-02 3. BE-1 0.9E-01 9.8E-0 1.0E+ COEY00 1. GFE+00 | .OF+00 1 .OE100 | .OE+00 | . VEt88 | .OF+00 | .BEe0

1 .0E+00

NASS NEMAINING = 1 322E+09, NASS DISPERSED = 0.000E+00, MASS EVAPRATED = 7. 310E+07, SUM = 1.395K+09

FRACTION (BASED ON MASS) REMAINING | N THE SLICK= 9.5E-01, AREA= 7 . 9E+04 M*%2, THICKNESS= | . 9E+00 CH. MOLE WT=2416.9

WEICHT FRACTION WATER IN 011. = O.0F+00, VISCOSITY = 2.2E+00 CENTISTOKES, DISPERSION TFRN = 0.60E+00 WEIGHT FRACTION/lIR

NASE/AREA= | . TE+04 CMS/N+M, SPeH=. 8.98-01, TOVAL VOLUNE= 9 4E+00 BBL, DISPERSION= @ .0E+00 CHS/M+N/HR, EVAP RATE= 2.80E+01 CHS/N*N-HR

STEP SIZE OF  2.594F-01 IS BASER ON CUT 2

TIME = | .4E+01 HOURS , MASS FRACTION OF FACH CUT NEMAINENG: 14
4.40-04 U102 G.0E-8) H.BE-0) 9. .0E-0| L OE+00 | .OF+00 1. 0E+00 | . 0F+00 | .OE+00 ) . 0E+00 1.0E+00 1. .0F+00 1 OEt+ee

1 ob+on

MAS: IEMAINING = | a2ubE+09, MASS DISPERSED = 0. 000E+00, MASS EVAPORATED = 7.3250+07, SUM = | [ 495E+09

FRACTION (BASED ON MASH) HEMAINING | N CFHE BIICK= 9 GE-01, AMIEA= 7. 9E+04 Hes2, THICKNESS: 1.9 0o CM, NOLE WI=207.7
WE LG FRACT | UN WATEI | N 0112 0. 0Fro0, VISCOSETY = 0 apsoll CENTISTOKES, DISPENSION TERN = o.ok+00 WEICHT FRACTLONZHR
MASS AREA= §.7E+04 CHS /MMM, SPGR: 8.95-01, FOTAL VL UNE: 9. GE+03 B, , DISPERSION: 0.0E«00 GMs/MEM HIL, EVAP BATE: 2.0E+61 GHS/MEN/ R

NTEE SEZE OF  2.5020 01 )15 BASED ON CUT 2
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TABLE 16 (continued). Output From Oil-Weathering Calculations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 32°F for Weathering in Pools on Top of Ice.

HASS-AREA= §.6E+04 CHS /MM, SPCR= U.9E-01, TUTAL VOLUME: 9.2E+03 BB, DISPERSION: O . 0E+00 CHS/M*M/HR, EVAP RATE: | .0K+01 GRS/NEN-/HR

STEP SIZF OF  2.300E-08) IS BASED ON CUT 2

TINE = 2.15E+01 HOULS, MASS FHACTION OF EACH CUT BEMAINING: ‘o3
?z:::::: Z2.0E-02  B.9E-01  D.2E-01  9.0E-01 9.9E-01  1.0Et40 | .0E+00 1 .OE00 | .0R+00 1.0E+t00 | OF400 1 .OF+00 | .OE+08 -

HASS REMAINING = 1 S00E+09, MASS DISPERSED = 0.000L+00, MASS EVAFORATED = §.690K+07, SUN = 1. APSE+09

FRACTION (BASED ON HASS) HEMAINING IN THE S1LICK= 9. 4E-01, AREAT 7.9K+04 M*£2, THICKENESS: ). 8E+00 CM MOLE WT=292.0

WEICHT FRACUVION WATER IN GIL = 9.0E+00, VISCOSITY = 2 4E+04 CENTISTOFES, DISPERSION TERM = 0.0!-20;)0 WEICHT FRACTION/NIR

HASS ARKA= | .6E+04 GHMS/M:N. SICHR3 8.9E-01, TUTAL VOLUME:= 9.2E+03 i, DISPERSION= O .0 00 GCHS/7HEM/UR, EVAP HATES 1.7E+01 CHS/MsM/NR

STEF S1Z2E oF  2.322E-0) 1S BASED ON CUT 2

TIME = 2.20+01 HOUNS, MASS FHACTION OF EACH CUT REMAINING: Jrers

.:i.;:—_::‘(; L.6b-62 4. 8E-91 O.1E-01 9.0E-01 9.9E-01 LLOE+00 | . OE+00 1 .0E+00 | . OFE+00 1 .0E+00 | . OE+00 1.0E+00 | .0E+00 -
TR

MASS BEMAINING = 1. 8307F+09, HASS DISPERSED =  0.000E+00, MASS EVAFORATED =  8.026E+07, SUN = | .393E+09

FRACTION (BASED ON M A S S ) NREMAINING IN THE BLICK= 9. 4E-01, AREA= 2. .9E+04 Mx%2, THICKNESS: | . UE+00 CH, MOLE WI'=292.5

WELCGHT IUIACI’1ON WATER IN OIL = 0.0E+00, VISCUSITY 0 2.4FE+68 CENTISTOEES, DISPERSION TFEAM = o.0k+00 WEIGHT FUHACTION/MR

MASS/ANEA= | .6E+04 CHS/N*N, SPCR: 8.9E-01, TUTAL VUOIUNE= 9.2E+03 B, DISPERSION: 0.0FEv600 CMS/M:N/NR, EVAP RATE: [.6E+01 CHS/Mxm-un

STEP S1ZE OF 2.516E-01 1S BASED ON CUT 2

TINE = 2.3E+01 HOUNRs, BASS FUACTION OF FACH C U T NEMAINING: 24
1.7E-06 | . 3E-¢2 J.6E-¢1 B.0E-0F 9.6E-01 9. 9E-01 1 OE+60 |.0F+00 | GE+00 1. 0E+00 1 . OE+08 | OET00 1. .0L+00 1.0E+80

I .8k +00

MNASS HENAINING o 1 .3006E+99, MASS DISUERSED =  0.000E+00, BASS EVAPOUATED = 8.954k+07, SUN = | . R9GE+09

FRACTION ¢(BASED O N MASS) REMAINING |N THE SLICK= 9.4E-01, AREA= 7 . 9E+04 Mx+2, THICKNESS= | _BE+99 CH, MOLEWT=294.0

WEIGCHT FRACTION WATER IN O)). = 0.0E+00, VISCOSITY = 2.0E+08 CENTISTOKES, DISPERSION THEIM o 6.8E+00 WEICHT FRACTION/HIN

MASH/AREA= § . 6E+@4 CHS/NsM, SPCH= 8.9E-01, Tural, VOLUNE= 9 2E+00 BUL, DISPERSION: 8. 0E+00 CHAS-N*N/HIR, E V A P RATE= { 6E+0) CHS/M*N/HR

STEP SIZE OF  2.309E-61 IS5 BASED ON CUT 2

TINE = 2.4E+8) HOUNS, HASS FRAUCTION OF FAGH GUT RFEMAINERG: o4
9. :::_::470 1.EE-602 (. 4E-01 7.9E-01 9.0E-01 9. 9E-01 1.0E+00 | . OE+00 1. .0E+60 | .0E+00 1§ .0E+00 |.0E+00 |.0E+00 | .0F+00
[ 1A

MASS REMAINING = 1 304E+09, HASS BISPERSED = 0. 000E+00, MASS EVAPOUATED = 9 076K+07, SUNM = | .395E+09
FRACTION (BASED ON HASS) NEHAINING BN CTHE BLICES 9 0E-01, AREA= 7_9E+04 %2, THICKNESS= | . QE+00 CH, MILE Wr=294.4
WEICHT FRAGCTION WATER IN 011 = 0.OE+00, VISCOSITY = 2 .5E+00 CENTISTOKES, DISPERSION THIM =  0.0E+00 WEICIT FRACTIONUR

MASS/AREAZ 1.6E+04 GHAS/H&M, SPCR: B.9E-01, TOTAL VOLUME:= 9 2E+03 BBL., DISPERSION= 0.0KE+00 CMS/H+M- 1L, EVAEP RATE: 1.5E+01 CMS/MEN/UR

STEF S1ZE OF  2.308k-010 IS BASED ON Cur 2

THE CUT NUMBERING BECINS WETHE 1 BASE D ON THE ORIGE KA 1 CUT NUMBERS

THE PINAL MASS FRACTIONS Foit e SETCK & 2481010 HOURS ARE: 23
O B2 07 2 U900 B 044 v T.906E 91 9 049501 9 9Z2HE-01 9. 9N7E-01 9. 994 -1 1. O00014+00  1.000E+00 | . 000K+06
[T IO L 1. 000K 00 1. 000100 1. 000 U
FRACTION (BASED ON HASS) BEHAINING IR PIE SELCE= 9. 0F 0L, AREA: 7.9E+04 Mxx2, THICENESS: 1. 8Evw0 CH. HOLE Wi=294.4
MASS BEHAITNING = 3 A0dE sy, MARS DISPERSEDR - 0,0008c00, HASS FVAFOIRATED = 9. )4b6b+07 , SUM s 1.58951+09

R RN R R Ny N S I NEEE Ny



[RTER PRI RO R TN MR I AN TR IR L B IR IINE R S AR

HANQISAN VST L1 d1 S WAUHON LNANOJHOD 004 SHa0D JOWEE AL ANOND)

T 0L CIVADE 4 rinons 3900 oMkl - SN

68 NVILL SSED 40 amons " 3000 wednd - ON

260 "NVHIFION) NT ANT ARG ST XIONT NOTLV TINHOD

HOLDIVA NOLLVZINALIVHVIED 3 "0 00 AL <1 A 40N

A DA ETY LV SIS LN N ALISODSEA DLLVHANTR A0 ST SIA

MUKW ) ST ANNSSAHG HOAVA AILL AW 0 G N ANNLVEAANAEL ANt ST el
NOLLVAUE AHNSSING HOAVA JIL N1 SWALINVHY.] AUy § NV v

LlL P CARNIOA CIVDILLIND = DA

SAWANASORILY " INSSANS IVOLEIND = O
ANTANVIE (G " ONRLVIERINAL VDL = DL
AN UV INDAION = NN

AAAHD TVINL 40 INAD H3Id AW TOA TOA

ALIAVHD 14V = 14V
A DA CHUALVHAINAL NI IVHION = WL

¥$°97 = ALIAVHD 4V NINY

1843982 10431, €1
10+398° % 104401 - &8
194323 ¢ 1044001 - €1
18+4C0° ¢ 10+3080-; Q1
104499 ° ¢ 104401 1)
(L 2 11 A H 104921 @1
19+3C1° ¢ 19+4ANY -, &
1044065 104000y 8§
19+49C ¢ 10460 ¢ 2

10s361° ; 9

10+61° 1 €

1943611 &
104371 ° T 10+300° 1 ¢
10+¢399 1 104+3ATE 1 T
1943911 10+ 1 |

XAAGNT NOLLVI HWMO A q0N

®
2

ZHLJIN' . ANLINNTN ODIINN D BRIINN D BNIINN 0 BOLI00T0 ONLANN O TA+HNE D 10+T66°C 18-AN2°
m 10431I8°C TOHANDI 6 10-AR1°C O0+9SE°C  EO+ALE 1 104IST' T LO+d8e ) CH+RIC L 903918 Te-dte
- JOLHOE" T SO+I61°6  10-490°E 0044006 EO+I2ZT° 1 104496°F  £0+36%° 1 TO+ALI'E 60434979 10-3%6" 10+30%°C To+dct -
: 30«33-”b mabﬁzh.= 10-H66°C ON49E2°F  BO+ACE ] 104428°8  £0+TCE 1 ZO4HIN'S @0+30¥° 2 19-1TH° 10+43T9°C  TH+HATH
: 00+300° & H%«Eéﬂ.a 10-456°T  O0+164 & BOHICO"1  104HUC°T  CMH0F 1 ZO04ATS ' 00+ACI 2 19-799° 1 10+416°T  TOHGO"
: OO«HQO”N CO+ALL 2 1O-HE0°C ON4ES ¢ SO0+l TOLAPL T COLISE T THAIT'E 90+AUO'E  10-40C°' 0 10+490° 1 So4Mps”
- 33¢HHN.- COHINE L TO-UEL'S 0D & OIS T02460°T  LOLAIE 1 ZO4400°T 00+308°C  10-H9E°1 104406 SO+HCH
i 9°~%_= ] m3¢z=$.c TO-H29°8 G486 T0vazs TO41I6°T COVIIE T COHHCSH' L 00+3UT 0 10-4TT°W 104302 T000
O 004IAETT S04H09°9  10-068°T  G0AMICE D040 EOAR0 L COLHIT 1 SO4F29°1 00+ATL S 10-400°0  10+3C1°F  TO4ACT -
H 5$¢WNGH- maowﬂﬂ.w TO-405°8  00+d20°v  To+dan” FOSHOT 6 COKI1 T SMHAIL T 00+AT0°E  10-920°2 104478 F  To+10L°
: -Olﬂév.s H3¢3a=.n 10-F6L'T  OR4HTS 6 TOHICH 'S 1044SE L LOLHTI 1 TO+deL 1 @0+A6B € I0-H22°L 10+449L° ¢ GTOVACT
: _Olﬁﬂh.o H%«W".e -3|Whﬂ.ﬂ ON+Ie e Tesize” TO+3UE "1 00442071 TO+H6GT' T @0+ABI'C  10-389°2 18:491°C  To+of”
? -Olk@#.n 99¢1=-”n 10-ACH'T ONAIN 8 TOHIPS # 104480 1 COLATH 1T TO+HO0 ) ON+AGT T 19-46L°2 T0+329°C TO+HLE”
d -slﬂ=?.ﬂ m3¢%=h.' 10-JE6°'E O0+483 "1 TO4UI0°E  10+4462°1 TOLAL 6 1047616 TO-ALNZ 10-411°2 J0+HTH 9 TO+IU06
E 10-3IM°L TO+ALP Y 10-306° 1 Oﬂ#ﬂ%-.ﬁ TR0 1OHAG6E  TOLUFI 6 104ASE'H 90-4IS° 1 10-F1N°9  10+327°2 70+HNC" 1

N ,ION N1A oLL Q9 OA O O MN ‘1A s 14V L

18435171 TO+T0C°
1044CT°T  TO+ED

TSI
SI*
=

=N EEEL S Sl

]
=N2TLPBQHLI2S=NTen

) - - " - - - -

: 11012 FUINVS ‘6 WAL
5&5...-.-5-.—.:3%_z:-.r.:.,.—>..—._.-3

SUNOR 1041006 ° T HOJ INTUANLVIM 1004 AT

WALAV
VASVIV “AVH 3OHOMEE 04 NOLIVZITALIVIVIED SIND Jd40, 30 AUVNHNS

*951 40 doj uo S|004 Ut BurLadyjesq 431}y | -0 dpn4) Aeg aoypnad Jo
Uo .1ezZ14910RJRY] fuotie(ndie) Butasyjeam- 10 woud 1ndinQ JO uUOLIBAISh [  PINULIU0)) ‘91 =19yl

40



TABLE 16 (Continued) Output From Oil-Weathering Calculations: . Beginning of Calculated Results
for Broken Ice Field Weathering at 32°F. (Note deletion of cut 1 and

renumbering of cuts).

WEATHERING DATA FOR 011, IN A BIOKEN 1CE FIELD
AFTER ICE Poul. WEATHERING FOR 2. 400K 00 HOUNS

OVER-ALL HASS-TRANSKER COEFFICIENTS BY INPUT CODE 2

OVER-ALL MASS-THANSFER COEFFICIENT FOlIR CUNENE = 1.937E+01 M/ R
Ccwr M/ CH-MOLES (U LATH) (M*%2)
I 2.012E+01 9. 435802
2 2.002E+01 ‘Y. 299K +02
a 2.034E4+01 9. 1746402
4 2.029E+01 9.66IE+O2
5 2.007E+00 B.963L+02
3 1 .97 v 0. 876k 102
4 1.971E+01 0. 809K +02
u 1.93TE+01 8.740E+02
9 1.947E+0) 8.697TE+02
0 1,945k 8.646E¢02
[¥] 1.9 8.3584L+02
12 1. 8.847E+02
(K] | . 992K+01 8.497E+02
14 1.893E+0) 8.407E+02

FOR TS SPILL OF 9. 195E+03 BARRELS, THE MASS IS 1.304E+063% METHIC TONNES

VOLUNE FROM sUANENG TUE CUTS = 1. .SE+88 Mxxd, OU 9. 1495E+0% BARRELS
WIND SPEED = 1 .200E+@1 KNOTS, o 1 2.224E+04 M/URK

INITIAL SLICK DIAMETEN = 3. 182E+02 M, Ol AREA = 7. .930E+04 Mxx2
KINEMATIC VISCOSITY OF THE BUIK CHUDE FROM THE CUTS =  6.4K+00 CENTISTOKES A T 122 DEC F
KINEMATIC VISCOSITY OF THE BULK CHUDE FROM THE CUTS =  1.28+e1 AT T . 43,0 DEC F, SCALE FACTOR = . BE+@@
VISCUSITY ACCORDING TO MASS EVAPORATED: VIS2SC = 3.50KE+01, ANDRADE = 9.00E+0i, FHACT WEATHERED = 1.05E+01, VSLEAD = 35.50E+@2 CP
NOUSSE CONSTANTS : BOONEY: 6.20E-01 . HA X H20= 0.70, WINDF$2= | goE-o2
THE FIACTIONAL SLICK AREA SUBJECT TO DISPERSION | S 5.5E+01 PER NGUR
couNT ‘THE curs 1IN THE FOLLOWI NG QUTEPUT FROM LEFT TO RICIY
THE INITIAL GRAM MOLES IN THE SLICK AlE:
.OT5E-00 S LEEr0 1. U0TES 2. 9008405 1, 2T7HE+05 2. H99E«05  3.299E+05 3.413K+05 3.339E+05 1.741E+05  3.576E+05
3.412K+03 2. 748E105  H.042E+05 9. .420L 035
THE INITIAL NASSES (GRAHS) IN THE SLICK ARE:
1 .500bk 401 2.920E+00 1. 304E«07  B.458E+07 4 0U9E07 4, UT72E4+07  5.5203E4+07  6.307E+07  6.6U9E+0T 3 .043EOT 9 .005E+07

9 .5394E+407 H.303E+07 (| . 069100 5. 632ETON
THE TOTAL MASS FRON THESE CUTS IS 1. G04E+09 GHANS

CUT 1 CUES AWAY IN MINUTES, THEREFORE 11 WAS DELETED AND THE CUTS RENUMUERED

STEP S1ZE OF 1 .457E-01 I35 BASED ON LUT [}

TIME = 0.06L+00 HOURS, MASS FRACTION oF FACH CUT BEMATNING :

PLOETOO 1 OO0 ) OFTO8 ) DEI08 1. 0FE00 1L OEY00 L OR+00 . OF+00 L. OEYO0 1 OE+00 ) _OE+00 | . 0ir00 | . BEI00 | . OE100
MASS WEHAINING = 1. 304E109, HASS DISPERSEDR = 0. 0001 cgp, MASS EVAPORATED = 0.000E+00, SUN = | G045 109

FRACTION (BASED ON MASS) BEMAITNING IN VHE SEICE S L OF00, ANEA: 7. 9E+04 M¥E2, THLCKNESS: 000 CH, MOLE WI=294.7

WEICIT FRACTION WATTERG TN Q1L - 690G, VISCosSIETY - f. a0 CENTINTOEKES, DISPERSION TERM = 4, ob-03 WEICIHE FRACTIONZUR

HASS - ANEA: |, 0Et04 GHS/MIN, SPCR= 1.9 9], TOFAL VOLUNE- 9.28+00 B, DISPERSTONG 7. 06100 GHS. HeM- I, EVAE BATE: 00«00 CHS/MEm-BR
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TABLE 16 (Continued) Output From Oil-Weathering Ca]cfglations; Prudhoe Bay Crude Qil, Time
Versus Calculated Results at '3Z°F"f6r Biroken Ice Field Weathering.

TIME = 1 -0E100 HOUNS, MASS FIACTION OF EAGH CUT NEMALNING: 2
6. BE-61 B.5E-QF 9,70 ey A agal 9 9K-01 1.0E+60 | OE+00 | .GE«wW0 | OET60 1 OE+00 1.0E+60 1.0E+00 1 OE+00 4
MASS REMAINING = = 295E¢09. 7 qASS p1SPERSED = 6. 121E+06, MASS EVAPOIATED = 2. 650E+06, SUN = 1.304E+09 1. 0E+0d
FRACTION (BASED ON MASS) BENAINING | N THE SLICK= 9.9E-01, AREA= | 1 E+05 N6X2, THICENISS: §.0E+00 CH, HOLE WT=294.6

WEICHT FHACTION WATER IN OIL =  3.6E-0i, VISCOSITY = 1.2E+en CENTISTOKES, DISPERSION TENM = 6.3E-03 WEICHT FUACTI ON/Hi

MANS/AREA= 1. 2E+@4 CMu/MEM, SPCH= 0.9E-01, TUTAL VOLUME: 9.1E+03 BHEL, DISPERSION= 7. 3E+01 GRS/ M&N IR, EVAP BATES 5!-*ﬁl GCHS/HSN/HR

TINE =  2.0LE+00 JOURS, MASS FRACTION oF FACH CUT REMAINING: :
.88~ Z,20-0) 9. UE-01 9.UE-61 9 .9E-01 Y.9E-01 9. 9E-01 9.9E-01 9. 9E-01 9.95-01 9 9E-91

9 9E-411 9. 9E-61 9. 9E-8|
MASS HEMAINING = 1.204E+09, NASS DISPERSED = §.437E+07., MASS EVAFONATED = 5.744F+06, SUN =  {.304E+09 .

FRACTION (BASED ON HASS) REMAINING IN THE BLICK= 9.BE-01, AREAS | 4E+05 M*+2_ TIICKNESS= §. (E+00 CM. NOLE WI=293.8

WEICHT FRACTIONWATER (N OIL = 4.9E-81, VISCOSITY = #.2E+on CENTINTOEES, LiSpepsioN THUM = 4.7E-63 WEICIE FHACTION/HR

MASS-ARKA: 9.3JE+00 CMS/M*N, SPCR= 8.9E-91, TOTAL VOLUNE: 9.0E+03 BUL., DISPENSION= 4. 4E+01 CHS/M3M/ /I, EVAP RATE= 2.3E+61 CMS/NsN-HR

TINE = 3. 18400 HOUNS, MASS FRACTION OF EACH CUT REMAINING:
2. e£-01 6.5E-0) O 0(“. o1 9.7E-01 9.8E-€1 9 BE-01 9.0E-61 9.8E-01 9.8E-01 9.0E-01 9.0E-61 9.{E-01 9.8E-01 9.8E-0|

MASS RFMAINING = 1.274E+09, MASS DISPERSED = 2. 045E+07, MASS EVAPOHATED = 9 saasn.au, oUp = 1.304E+09

FRAUCTION (BASED ON MASS) HENMAINING IN THE SLI1CK= ‘l.l.ll-l—(ll . AREA= 1 . 6E+OT MEFL, THICKNESS: 9.2E-01 CH, MOLE WT=297.0

WEICHT FRACTION WATER IN OIL = &.1E-81, VISCOSITY = #.0E+0i4 CENTISTOKES, DISPFERSION TEHN | 3 4E-00 WEICHI FRACTION-HR

HASS-AREA= 8.2E+01 GMs- /N N, SPCR=z 8.9E-@), TOTAL VOLUME= 9 6E+0l BBL, DISPEUSION: 2. 0E+01 CMS/M&M-0. EVAP RATE= 2.1E+91 CNS/M*M-HR
TINK. = 4.15+00 HOURS, MASS MIACTION OF EACN CUT REMAINING: 9

9. 6F-H> SoAK-0) B.6E-01 9.3E-01 9.8E-01 9. 8E-d1 9.0k-e] 9.0E-01 9. BE-01 9. 8E-01 9 gE-61 9.0F8-01 9.8E-01 9.8E-01

MASE RENMAINING = 1.267E+09, HASS DISPERSED = 2. 480E+07 ., MASS EVAPORATED = 1.282K+07 , SUN = 1.04E+09

FHACTION (BASED ON MASS) REMAINING IN T O E SLICK= 9. 7E-01 ., AREA= | . 7E+05 Mx32, THICKNESS: 8.2E-01 CH, NOLE WI=298.2

WEICHT FRACTION WATER I8 ©f. = 6.7E-01, VISCOSETY = § . 7F+804 CENTISTOKES, BISPERSION TERM = 2 ok-03 WEICHT FRACTION/HR

MANN/AREA= 7.3E+08 CHS-/M*M, SPCR= g 9p-9y, TUTAL VOLUNE= 8.9E+03 BBL, DISPERSION: | . 9E+01 CHS/MsM/Hil, EVAP RATE= 1.9E+01 CHS/M+M/HR

TIME S . it+ @@ HOUNS, NASS FRACTION OF EAGH CUT REMAINING:

[
4.85-02 4. 3E-01 B.IE-01 9 .4E-61 9. TE-01 9.UE-01 9. DE-01 9.8F-01 9.8E-01 9.0E-61 0 BE-01 9o 8E-01 9. 8E-0| 0O UE-0I

MASS REMAINING = 1 .2GOEt09, HASS DISPERSED - 2 429E+07, MASS EVAFOBATED =  1.359E+07, SUN =  1.304E+09
FRACTION (BASED O N MASS) REMAINING IN THE SLICK= 9 7¢-0), AREA= 1.9E+03 Ns+2, THICKNESS= 7.4E-01 CH. MOLE WI=200.5
WEICHT FRACVION WATER IN OIL = ©.9E-61, VISCOSITY = 2.7E+04 CENTISTOKES, DISPERSION TERM =  2.3E-04 WELCHT FRACTION/UR

MASS/AREA= 6. TE+O3 CMsS/N:M, SIPGR= 8.9E-01, TUTAL VOLUME: 6.9£+03 BAlL, DISPENSION= [ .5E+61 CNS/N:iH /HR, EVAP HATE= 1 .7E+0t GHS/N*N-HA

TIME = 6. 1E+00 NOUNS. MASS FRACTION OF EACH CUT REMAINING:

1.88-02  3.5E-01 T7.7E-01 9. 0E-01 9.7E-01 9.7E-01 Y. UF-01 9.0E-01 9.8E-01 9.8E-01 9 gE-061 9.0E-0) 9.HE-O1 9.8BE-@|

MASE REMAINING = | . 2G4k+09, HANS DISPERSED ~ . 121E+07, MASS EVAPOHATED = 1 . 876LE+07, SUN =  1.304E+09

FRACTION (BASED O N MASS) REMAINING IN TIHE SLICK: 9.0E-01. AllEA= 2.0E+05 Mz, THICKNESS= 6.9E-01 CM, MOLE wWI=300.7

WEICHT FRACVION WATER IN OIL = 7.0E-01, VISCOSITY =  §.5K+04 CENTISTOKES, DISPERSION TERM = 2 2E-0i WEICHT ACTION/ MR

HASS/AUEAS 6. (E+61 GHS /&M, SPCR= B.9E-0L, TOTAL VOLUNE:= B.8E+00 BBL, DISPENSION= 1 . 3E+01 CAS/H+*M/HH, EVAP WATE= §.3E+01 CMS-N=N R

STEP SIZE OF 2.630E-0) I8 BASED ON CUT 2

Lo 7.9E+00 HOURS, MASS FHACTION OF FACH CUT REMAINING:
SE-00 2. 6E-01 7.2K-01 9 .2E-01 9.6E-01I 9.7E-01 9.7E-61 9.7¥-01 9.7E-01 9.7E-0t 9.7E-01 9.7E-61 9.7E-01 9.7E-@1

s HEMAINING = 1. 247E+09, HASS DISPERSED = 3.442E+07, HASS EVAPORATED = 2.214E+07, SUN = §.004E+w09
FRACTION (DASED ON HASS) RENAINING IR THE 'ﬁl Il K= 9. 6E-01, AllEA= 2 2E+003 M%42, THICKNESS: 60.4E-01 CM, MOLE WI=301.9

WEICIHT FRACTION WATER I8 011 = 7.0E-01, VISCOSITY = 4. 95+04 CENTISTOKES, Illbl'l'ﬂblliﬂ TERM = 2. 2E-04 WEIGHT FRACTION/UR
MASS/AREA= S.7E+03 CMS/M+M, SECHR: B.9E-01, TOTAL VOLUNE: 8.0E+08 B, DISPENSION= §.UGE«61 CHMS/MNsN/HR, EVAP BATE= 1 .3E+01 CHS/-M:N-/HRA

STEF s | ZEOF 1 . 90bk-01 | S BASED ON CUT 2

TIME = . 40400 HOBNHS, MASS FHACTION OF FACH CUT REMAINING: 9
Lob-00 1.95-01 671 65 9.06-61 2.6FE-01 9.7E 01 9. 7E-01 9.2F-81 9. 7FE-6¢1 9. 7F-@1 o 7y_ai o 78-ar 6 TH-4L O TW-an
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TABLE 16 (Continued) Output From Oil-Weathering Calculations; Prudhoe Bay Crude 0il, Time
Versus Calculated REsults at 32 F for Broken lIce Field Weathering.

WEICHT l-:l(’\C’l'lOl! WATER IN O0f1. 0 7.0E-01. VISCOSITY = G, 7E+04 CENT)I STOEES, ) SPENS 108 TERN . o 6k-03 WEICHT FRACTION/MR
MASS/AHEA= 4.0E+04 GNS/NsM, SPCR= 9.0E-01, TUTAL VOLUME= B.3E+63 HUL, DISPERSIONS 1. 1E+01 CHS/N+N-HH, EVAP RATE: o.0E+00 GCHS/MSN/HR

STEF SIZE OF  1.390KE-0118 BASED ON Cur 2

'I‘IH:: ‘-’7 ! '65':0: .ll()l:H:b;‘:‘ MASS FRACTION OF FACH CUT REMAINING: 16
1.6k~ SOF-92  BLHE-01 7.9E-0t 9.2E-01 9.3E-01 9.5E-01 9.5K-01 9.6E-01 9.5£-01 9.3E-0 9.5k~ ok~ £~

HASS _IIl-‘.HAIN“!(E = 1. Q00E+0Y, NASS DISPENSED = 6.070E+07, MASS EVAFPORATED =  4.295E+07, SUNM =. IS:IOQE::;')‘" ?-8E01L 9.5E-01.

l"ll‘l\(fl ‘I.QIH. (l!:\_.\hlb 0N‘ ‘P!ASS } DEHAINING IN THE SLICK= 9. 2E-01, AHEA= 3. 1E+05 M2, THICKNESS= 4.3E-01 CHM. NOLE WF=309.8

Nl-.l‘b:lll I"IlALI I0l! \IA“"JI ‘IN OIL = 7.0E-01, VISCOSITY = 6.0F+04 CENTINTOEES, DISPERSION TERM = 2.76-03 WEICIHT FRACTION-MR

MASS/ANEA= 3. 9E+@ CHS/H=N, SPCR: 9.0E-01, TUTAL VOLUME:= §.4E+08 BB, DISPENSION= 1. 0E+01 CMS. WEN/ IR » EVAER RATE= 6.3E+00 GMS/M#M-HR

STEP SIZE OF  1.348E-061 |5 BASED ON CYT 2

TIBE = 1L.7E+@1 HOUNS, HA S S FRACTION OF EACH CUT REMAINING :
J.UE-00 1.1E-02 U.0E-6] 7.7E-01L 9.1E-01 9.4E-01 9.5E-01 9.5K-01 9.5E-01 9.5E-0) 9.511-01 9. GE-01 9.3E-01 9.3E-01|
MASS HEMAINING = 1. 195E+09 ,MAS8 DISPENSED = 6.416E+07, HASS EVAFURATED = 4. 500E+07  SUM = 1. .804E+0%

FUACTION (BASED ON MASS) REMAINING IN THE BLICK= 9.2E-01, AREA= 3. 21+05 Mex2, THICKNESS: 4.2E-01 €N, MOLE WT=310.6
WEICHT IWACI’10H WATER IN OIL = 7.9E-01, VISCOSITY = 6.4E+64 CENTISTOEES, RISPIWS10N TENM = . 7K-0i WEICHT FRACTION/HR
AASS/ANEA= 3.8E+03 CMS/N#N, SPCR= 9.0E-01, TOTAL VOLUME: 8.4E+04 BB, DISPERSION= §.0E+01 CNS/NAH/ I, EVAP RATE: 5.9E+68 CMS/MxN/HR

STEP SIZE OF  1.293E-01 IS BASED ON CUT 2

TINE = 1 .8E+01 HOURS, MASS FHACTION OF EACL CU T REMAINING: 1]
6. 9E-09 7.3E-93 D.2E-61 7. 5E-0) 9.1F-01 9.4E-01 9.5E-01 9.5E-01 9.5E-01 9.5K-01 9.3E-01 9.5£-01 9. 3E-01 9.3E-01
MASS BENMAINING = | . (90E+09, HASS DISPERSED °~  6.748E+07, HASS EVAPORATED =  4.0690F+07, SUN =  §.104E+09

FRACIION (BASED ON MASS) HENAINING | N THE SLICK= 9.1E-06, AREA= 3. 48+00 Hxx2, THICKNESS: 4 1E-08 CH. NOLE WI=i11 .3

WEICHT HIACI’1ON WATERINO1). = 7.0E-01, VISCOSITY = 6.6E+04 CENTISTOKES, DISPERSION TERM = 2. 7E-03 WEICHT FRACTION/LR
MASB/AREA: 3.6E+0:4 CMS/MxN, SPCH: 9.0E-01. TOTAL VOLUME= §.3E+03 BBL, DISPERSION: 9.08E+00 GMS/NsN-UMi, EVAP RATE= §5.3E+00 CHS/MxM KR
TINE = 1.9E+@1 HOURS, MASS FIIACTION OF EACH CUT NFHAINING :

0.0L+00 4.HE-03 2.9F-0, 7.4E-01 9. 0F-01 9 .3F-01 9.4E~-01 9 . 3E-01 9.4F-0] 9.4FK-01 9. 4E-¢1 9.4F-61 9. 4E-60| 9.4F-01
NASE REMAINING = 1.184E+09, MASS DISPERSED =  7.08B1E+07, MASS EVAPUHATED = 4.872E+67, SUN = 1.304E+69

FRACTION (BASED ON MASS) REMAINING IN TUHE SLICK= 9. k- m ANEA: 3.4E+05 M*32, THICKNESS: 3.9E-01 CH. MOLE WP=12

WEICHT FHACFION WATER IN O I L = 7.0E-01. VISCUSITY = 6.9K+04 CENTISTOKES, OISPENSION TERM = 2. 7E-03 WEICHT uu\cnmmm

MASS/AREA= 3.3E+03 CHS/M*M, SPCR- 9.0&:—0‘ TUTAL VOLUNE: 8.3E+03 BD)., DISPERSION= 9 _oE+00 LIIS/H*H/uII. EVAP HATE= §.2E+00 CHS/ MM HR

TIHE = 2.0E+81N0URS, MA SS FRACTION OF FACH CUT REMAINING :
0.00+00 B 1E-03 2.6E-01 T.26-01 9.0E-01 9.3E-0) 9.4F-01 9.4E-01 9.4E-01 9.4F-01 9. .3F-@1 9.4E-61 9.4E-01 9 4E-0y
MASS HEMAINING = | 179E+09, MASS DISPENSED = 7.414E+07, MASS EVAFPORATED = 5.048E+07, sum =  1.304E+09

FRACTION (BASED ON MASS) BEMAINING IN THE SLICKS 9.0E-01, AIEAS A 405 MEs NECKNESS= 0. 0E-00 CN, MOLE WI=112.7
WEICIET FRACTION WATER IN 011, =  7.0E-0t, VISCOSITY . 7.3E+04 FISTOKES, ""”““-““"' TERN - 2.7E-03 WELGIHT FIACTION IR

HASS/AREA: J.4FK+03 CHS /MM, SPCR= 9. 0E-0), TOTAL VOLUME: u. BE+03 BBL. |, DISPENSION: 9 . 4E+80 GHMS/M*N/INR, EVAP BATE: 4.9FK+00 CHS/Mxm Uit

TIME = 2.00+01 HOURS, MASS FHACTION oF FACH CUT BEMAINING: @3
G.0L+00 2 .00 -0 2 UgE-8) 7.0F-01 .9 -0} 9. 3K o 9. 4k-01 9. 4E-01 9.4kK-01 9.4K-01 9. 41 -01 9.4 -0t 9.4K-01 9 . JE-01
MASS BEHATNING = 1 1748009, NASS DISPERSED = 2.T747E+07, MANS EVAIFORATED = §5.2178+07, sSuM = 1.304F+09

FRACTLON (BASED ON MASS) HEMAINIRNG IN THE SELICK= 9 08-01, AREA: 3.5K+00 Mex2, THICKNESS: 0.7E-01 CH. HOLE WI-d18.4

WELGAEE FRACTION WATER IN @l = Z.0E-01, VISCOSETY = 7 . 6KE+04 CENTISTOEES, DISPERSION TENM = 2 7E-04 WEIGIET FRACTION/ IR

MASS/AlCA=: B.BEO GHS /MM, SPCH: 9. 0E-01 ., TUTAL VOLUNE: §.2K+03 BBL., DISPERSION= 9. 2E+00 CMS-M4M IR, EVAP RATE: 4.0E+00 CHS/MxM/HR

TIME = 2200001 HOUNRS, MASS FHACTION ol EACH CUT REMAINING:
¢ o+ 00 (I 1 e ' H B § S 1] (OO AT Y ] .a9k-0) 9 'IF. ©i 9.4FK-01 9.49E-01 9.4K-01  9.4E-01 9.4k -01 9.41-01  9.9K-0) 9.4F-0)
ﬂ\\" HE NA INING - 1 1GHEIO9 . NASK DESPEUSED B.OoBOEY07 . HASS . VAFORATED = 5. !ilMDl‘i"f? . NUpM 1. 403K +09
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TABLE 16 (Contined) Output From Oil-Weathering Ca]cg]atlonS' Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 32" F for Broken lce Field Weathering.

MASS FAREA= . 3E+004 CHS/MEN, SEPCR: 9.0E-01, TUTAL VOLUME= & . 2E+03 BB, DISPERSION: 9. 0E+00 CMS/HEM/LR., EVAP RATE: 4. 0E+00 CES/NEN/MR

TIME = 2.3E+81 HOURS, MASS FHACTION OF EACH CUT HEMAINING:
0. 0v00  B.61-04 1 .9F-81 O.TE-01 H.0UE-0) 9 .2E-08 2. 3E-01  9.3K-01 9 . 4FE-01 LHE-08 9 K-S0 9.0E-01 9. 0E-01 9.UE-4)
MASS REMAINING = 1. 0064E+09, HASS DISPENSED = 8.4120¢07, MASS EVAPOIATED = O "'l7l +07, SUM = 1. 04E+09

FRACTION (BASED ON MASS) HEMAINING IN TUHE SLICK: B.9E-0t, AREA= 3.7E+005 Mxs2, llll( I(Nl-.bb- A.5E-01 CH. MOLE WT=314.0 '
WELGHT FHACTION WATER IN 011 = 7.0E-01, VISCOSITY = D.0E+04 CENTISTOEES, DISPERSION TERM = 2,.8E-83 WEICIHT FHACTION/HIt
HASS/AREA: U.2E+@ GHS/M¥N, SPCR= 9.8E-01, VUTAL VOLUME: 8. 1E+04 GBI, DISPENSION: 8. .0E 00 CHS/NEN/UR, EVAP BATE= 4.1E+00 CMS-MsM/HR

TIAE = 2.4E+01 NOVRS, MASS FRACTION OF FACH CUT HEMAINING: 24
9.0E+00 5.61k-04 1.7E-0) 6. 6E-@1 H.7E-01 9 2E-0. 9.3E-81 9. .4F-01 9. _BE-0) 9. UE-01 9. .RE-01 9.3FE-01 9 JE-#1 9 3k-e1
MHASS REMAINING = 1.160E+0%, MASS DISPERSED = 8.743E+07, MASS EVAPORATED = 3. 6lMIE+07 , SUN = | . 304E+09

FRACTION (LASED ON HASS) UEMAINING IN THE S1L.1CK= 8.9E-01, ANEA= 3.7E+00 Nxx2, THICKNESS= i1.3E-61 CH. MOLE WI=315.2

WEICHT FRACTION WATER IN OIL = 7.0E-60, VISCOSITY = {).7E+04 CENTISTUKES, DISPERSION TERM = 2 gE-03 WEICHT FRACTION/HR

MASS/AREA: 3. 1E+03 GCHS/NeN, SPCHs 9.0Kk-01, TUTAL VULUME:= B.1E+03 B, DISPENSIONS §.6E+00 LHS/H*H/IIIC EVAF RATE= 3.9E+88 CHS- NN LR

TIME = 2.55+01 HOURS, MASS FRACTION OF EACH c ur REMAINING: 25
0.0E+00 G.1K-04 | JE-01 6 4E-01 8.7E-@1 9.2E-61 9. UE-01 9.3FE-01 9.3FE-0t 9.:11:-01 9. 4E-6) 9. .3E-01 9.3E-61 9.3E-@1
MASN REMALINING ° 1 ISGE+09, MASS DISPEASED - 9.074E+07, BHASS EVAPORATED = 5.004E+07, SUN = ¢ .004E+09

FRACTIUON (BASED ON M A SS) REMAINING IN THE SLICK= 8.9E-01, AILEA= 3.8E+03 N**2 | THICKNESS= $.4E-01 CH, MOLY. WF=315.8

WEICHT FHACTION WATER IN Ol = 7.0E-01, VISCUSILTY 9. 1E+04 CENTISTOKES, DISPERSION TERM . 2. 8E-0% WEICHT FHACTION-IIH

MHASN/AREA= 4.9E+03 CMS/M¥N, SPCR= 9.0E-@1, TUTAL VUOLUME: §.1E+04 B8L., DISPERSIONS @ . 4E+600 GHNS/MEM/HR, EVAE RATE= 3.7E+wW09 CHS-/M:N- MR

TINE = 2.6E+01 HOURS , NASS FRACTION OF EACH C U T HEMAINING: 26
Q. elt00 | 9E-94 1. 4K-81 b ZE-61 B.6K-81 9. 1E-01) 9 .2E-01) 9.9E-01 9.8F-01 9_4F-01 9.3&:-0! 9.3K-01 9. 3E-01 9.3E-01
NASS RENAINING = | . I150E+09, MASS DISPERSED ~  9.400L+07, MASS EVAPORATED = J3.974K+07, sun = .ltMI'.ﬂW

FRACTION ¢(BASED oN MABS) IIMIAIIIIM. IN THE BILI1CK= B.8E-01 ARFA= 3. 9E+003 M2 'llllll(m-bs- G.9E-0) €N, MOLE WI=

WEICHT FRACTION WATER IN Ol1. = 7.9E-01, VISCOSITY = 9.3K+04 CENTINTOKES, OISPFERSTON TERM = “ LHE- HHLHI nm:'nou/lm

MABE/AREA: J3.0E+0 CMS/MN*M, SPCH= 9.0E- 0l ., TOTAL VUOLUME= 8.0L+600 8B)., DISPFASION: 8. "t.*“ CHS/MXNU0, EVAP RATE: 3.3E+08 CMS-MsMN-/HR

TINE = 2. 7E401HOURS, MASS FHACTION oF EACH CUT HEMAINING

9. wh+vuo 16-04 - Z2E-0 6. IE-0M I Fom1 9. LE-1 9. "I'-0I 9.20-01  9.2E-01 9.2p-61 9 2!-1-0! 9.28-01 9.26-01 9 28-0)
NASS IIEHAINING = 1. 146E+69, HASS DISPENSED = 9. 701F407, MASS EVAPORATED = 6. 110K+67 , SUN = L104E+0Y9

FRACTION (BASED OR MASS) REMAINING IN THE SLICK= B.0E-08. AREA= 3. 98+03 Mxx2, TUWICKNESS= 3.28- 0I CH, NOLE WIs -9

WEICHT FRACTION WATER IN 01l = 7.0E-01, VISCOSITY = 9.9FE+04 CENTISTOKES, DISPERSION THRN = 2 gk- o WEICHT l‘lll\C‘l‘lON/llll

MASS/AREA= 2.9E+08 CHS/H#N, SPCIR= 9.0E-01, TOTAL VOLUME= U. OE+0# BUL, DISPERSION: B.OE+600 CMS/HsH/HR, EVAP RATE= O.39Ev80 CHS/MsH/HR

STEP SUZE OF  4.440E-01 IS VASED ON Ut N

TINE = 2.9K+01 HOULS, MASS FHACTION oF EACH CUT REMAINING: 28
0.0L+00 6.UE-63 (. .IE-01 G.9E-0F W.3E-01 9.1E-01 9,2E-01 9.2+-01 9.2E-01 9.2E-01 9.2E-01 9.2E-01 9.2E-61 9. .2k-01
MASS RFEMAINING = 1 131E+09 . HASS BISPERSED = 1. 009E+08, MASS EVAFORATED = 6.20520407, SUM = 1.304E+09

FRACTION (BASED ON MASS) REMAINING IN THE S1LICK= 8.7E-01, ARFA: $.0E+00 Mxx2, THNICKNESS: $.2E-01 CM, MOLE WT=117 .4

WEICHT FRAGTION WATER IN 010, = Z7.0E-01, VISCOSITY =  |.0E+08 CENTINSTORKES, DISPERSION TERH = 2.7E-08 WEIGCHT FRACTION/HIR

MASE/AREA= 2.9E+00 CHS/H*M, SI'UH:= 9.0E-01, TUTAL VUOLUNE: 8.0E+04 BBI., BISPERSION: 7. 0E+00 CHS- MM/ /UM, EVAF HATE= 3.1E+60 CHMS-M*M/HR

STEF SI1ZE OF  4.207K-0) IS BASED ON €UT K]

TIME = 8.0E+01 HOURS, MASS FRACTION OF FACH CUT REMAJNING: 29
6. ob+00 B .UE-03 9. IE-02 5.7E-01 U.4E-01 Q. O0E-01 9 2E-01 9.20-01 9.2E-01 9.2E-01 9. 2E-61 9.2K-01 9.2E-61 9.2K-01
MASS REMAINING = 1 196 «09, NHASS DISPENSED = 1. 0490 +00, MASS EVAPORATED = 6. 407E+07, SUN = (. 404E+09

FHACTION (BASED ON MASS) REMAINING IN PNE S1LICK: 078 o1, AREA= 4. 1E+05 M¥£2, THICKNESS= d.aE-91 CH, BOLE Wi=thith. @

WEICHT FHACIION WATER IN Q1L = 7.0K-01, VISCOSEUEY = 1 F+05 CENTISTOKES, DISPERSION TERH = 2. 7p-0id WEICHT FRACTION/HR

MASS-AREA: 2. 8F+0 CHS MMM, SPCH= 9.01-01, FTOTAL VOLUNE: 7.9E+08 BBL., DISPENSION= 7.0E+00 GMS/ MM/, EVAP BATES 2.98+00 GHN/M2N/HH
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TaBLE 16 (Continued) Output From Oil-Weathering Calcglations; Prudhoe Bay Crude 0il, Time
Versus Calculated Results at 3Z°F for Broken Ice Field Weathering.

STEY SIZE OF 4. 1072E-01 IS BASED ON CUT a4

TINE = 3.1E+01 HOURS, MASS FUACTION OFF FACH CUT NEMAINIRG:

©.0L+00 1. 7HE-03 7.0E-02 5.5E-01 0.3E-01 9.0E-61 9. 1E-01 9.(E-01 9.15-01 9.1F-01 9.1E-01 9.1E-01 9. 1E- o @
HASE REMAINING = 130E+09, BASS DISFENSED = | OB8E+08, MASS EVAPORATED = 6.558E+07, SUN = 1.304£+09 RO 9. e

l"llM)'l‘IUN_ lll-\‘SED 0N' ‘I!ABS) REMAINING IN THE SLICK: B.7E-01, AREA= 4. 1E+«05 H&52, THICKNESS: 3.0E-01 CH. MOLE WT=218.6
h‘l".lll‘ll'l‘ I-‘llAC"I lﬂl! NAH:.I{ INOIL = Z.0E-01, VISCOSITY = 1. 2E+05 CENTISTOKES, DISPERSION 1ERM = 2.7E-0: WEICHT FRACTION-MHR '
MASH/AIEA= 2.TE+03 CHS/H*M, SPCR= 9.0E-01., TUTAL VOLUME: 7.9E+03 BOL. DISPERSIONS 7.4E100 CMS W& MR, EVAP RATE= 2.8E+60 CMS/M*N/HR

STEI SIZE oF 4.043E-01 |s BASED ON CUT K
TIME = 3.2E+01 HOURS, MASS FRACTION OF FACH CUT REMAINING:

O.01+00 B.TE-06 6.76-02 G.4E-01 DB.OE-01 D.0E-01 9. IE-01 9.1E-01 9.1E-01 9.1E-01 9_1E-01 9.1F-01 9. IE-81 9. 1E~01 i
HASS NENAINING = 5. 124E+09, MHASS DISPERSED = 1. 125E+08, MASS EVAPORATED = . 60H9E 07, SUN = - A04E+09 o
FRACTION (BASED ON MAYS) REMAINING IN THE S1ICK= 8. 0E-01, ANFEAz 4.2E+00 M%+2, TICKNESS: 3.0E-01 CH. MLE WEP=119.1

SEICIHT FRACTION WATER IN Ol = 7 .QE-0(, VISCUOSITY = (. .2E+05 CENTISTOEES, IMSPERSION TERM = 2. 7E-0% WEICHT FRACTION/HR

MASY, AREA= 2. 7E+0} CMS-M#H, SPCR= 9.9E-01, TUFAL VOLUNE: 7.9E+08 8BL, DISPENSION= 7.3E+00 GMS- MM/, EVAP RATE: 2.6E+04 CHS/M*M/HR

STEP SIZE OF 3.960E-01 |s BASED ON CUT R
TINE = 3.4E+01 HOURS, HA SS FRACTION OF EACH CUT REMAINING:

az
O.0E+00 4.5K~-06 J.8F-02 O05.1E-01 8.2E-01 0.9E-01 9.4K-01 9.1E-01 9.1E-01 9.1F-01 9. IF-0! 9.1F-01 0.111-01 9.1E-€}
MASY REMAINING = 1. 120E+609, MASS DISPENSED = 1. 162EA0l, MASS EVAFORATED = 6.01I7F+07,. SUM =  1.304E+09
FHACTION (BASED UN MASS) HEMAINING IN THE SLICK= U.0E-01, AIFA= 4. 3E+05 M*2, THICKNESS= 2 . 9E-01 CM, MOLE WT=319.7
WEICHT FRACTION WATER IN 011. = T.60E-01, VISCOSUTY = 1. .8E+05 CENTISTOKES, DISPERSION TERN = 2.7E-03 WEICHT FRACTION-HR

MASS/AREA= 2.6E+600 GMS/M*M, SPCR= 9.0E-01, TOTAL VOLUNE: 7.0E+03 BHL, DISPERSION= 7 45+00 CMS/N3M-/HI, EVAER RATE: 2. 5E+00 CMS/MsN-HR

STEF SIZE OF 3.881E-01 IS BASED ON CUtr 3

TIMNE = #.35+81 HOUNS, MASS FUACTION OF FACH CUT REMAINING: 48
0,0E+00  2.4E-06 3.0E-02 3.6E-01 u. IE-6f §.9E-0f 9.0E-01 9.0E-01 4. 1E-01 9.3F~-61 9. 1E-81 9. 1E-8) 9.1E-01 0. 1E-0]

MASS REMAINIRG = 1. 115E+00, NASS DISPERSED = 1. 197E+08, MASS EVAPORATED =  6.909E+07, SUN =  1.404Ew09

FHACFION (BASED O N MASS) REMAINING | N THE SLICK= 8.5E-00, AHEA® 4.4E+05 N5%2, THICKNESS: 2. BE-01 CH. MOLE WF=420.)

WEICHT FRACTION WATER |N DIk = 7.0E-01, VISCOSITY = 1.3E+05 CENTISTOLES, DISPERSION TERM = 2. 7E-03 WE 1GIFT FRACTL ON/III

MASS AREA= 2.6E+03 CMS N M, Spcii= 9.oE-01, TOVAL VOLUME: 7.8E+03 BBL., DISPERSION= 6.9E+60 CHS/MSN/HH, EVAP RATE: 2.4E+00 CHS/MsN-HR

STEF SI1ZE OF 3.U00HE-0) |s BASED ON CUT K]

TIME = 3.6054+01 RS, MASS FRACTION oF FACH CUT HEMAINING: 34
0.0L+00 1. .2k-06 4 .0E-62 4. UBE-O01 B.0F-01 D.BE-01 9. 0F-01 9.6L-01 9.0L-01 9.0E-81 9.0E-01 9.0k-01 9.0E-01 9. .6E-01
MASS REMAINIRNG = (. 00E«09, MASS DISPEASED = 1. 202E+000, MASS EVAPGRATED = 7 .054F+07, SUR = | .304E+09

FRAUCTION (BASED ON MASS) QREMAINING IN THE B551CK= B.3E-00, AREA= $.4E+00 M*x2, THICKNESS: 2 8E-01 CM, NMOLE WT=l20.6

WELCNT FRACEION WATER IN O = Z.0E-01, VISUOSITY = 1.9E+05 CENPISTOKES, DISPEASION TEMM = 2. 7F-03 WELCHT FRACTION-HR

MASE-AREA= 2.3E+01 CHS/B:M, SICH= 9.0K-01, TUPAL VOLUNE= 7.7E+00 BB, DISPERSION= 6 .UE+09® CHS/HEN/NI, EVAP WATE: 2.0E+60 CMS/NsN HR

STEF SI1ZE OF  3.739E-01 IS BASED ON CUT N

TIME = 3.7E+01 HOURS ., MASS FRACTION OF EACH CUT HEMAINING:
0. obtod 0. 2E-07 H.7F-02 4. ob-01 B 0FK- 01 B UE-01 9. 0E-01 9.0E-0) 9.0E-0) 9.6E-01 9. 0E-01 9.0F-81 9.0E-01 9.0E-0)
MASS HFEHAINING = 1. 106FE 99, MANS DISPERSED - L2658 00, MASS FEVAFPORATED = 7. 164E+07, SUN = 1304109

FHAUCTYION (DBASED ON MASS) HEMAINING N THE SLICK: 8.38-01. ANFA: 4.5E05 M3x2, THICKNES
WELCHT FRACPION WA'TER 1IN O11. = 7 .0b-01, VISCOSETY = 1.5E+05 CENTISTOKES . BISPFuUsian

BMAS . ARsttA - R AL Gl avmans
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TABLE 16 (Continued) Output From Oil-Weathering Calcylations; Prudhoe Bay Crude Qﬂ: Time
Versus Calculated Results at' 32°F for Broken Ice Field Weathering.

STEP S1LE OF  U.673E-04 I3 BASED ON CUT a4

TINE = .00 ROURS, HASS FHACTION OF FACH CUT REMAINING: a6
O.0bvbo B .UE-07 B, 1E-02 4.0E-00 7 gp-¢; B.UE-01 B.9F-01 9.6E-G1 9.0F-01 9.0E-01 9.0F-01 9.0E-0} 9.6L-01 9. 6E-01

BASS REMAINING = L. 1018+09, BASS DISPERSED = | 290K+, MASS EVAPOBATED = 2.267E+07, SUM © 1 .304E¢6
FHACTION (BASED ON MASS) HEMAINING | N TUE SLICK: §.4F-03. AWFA= 4.5E+05 H&x2, TIHCKNESS: 2 7E-01 CM, hou‘ wWr=!
WEICIHT FRACYION WATER (v 011 = 7. 0F-01, VISCOSITY . |  5E+65 CENTINTOKES, DISPERSION TERN 0 2.7E-03 WEIGHT nmcnonnm

MASS/AREA= 2 JE+81 CHS/MsM, SICR= 9. 0E-01, TOTAL VOLUME: 7. 7E+04% BIN.. pIsSPERSION: 6. 5E:00 CMS/MEM/UI, EVAF HATE: 2.1E+00 (Jlb/llt'ﬂ/ﬂn

STEF S1ZE OF 3.614E~01 |s BASED on CUT 3

PIHE = 8. 9E+@1 (IQURS , MASS FRACTION OF EACR c ur KEMAINING:

001400 ). TE-07 2. 7FE-62 4.9E-01 7.0E-01 ($.7E-01 #.9F-01 B.9E-01 §.9K-01 0.9F-04 0.91‘:—01 0.9E-0F  6.9E-01 8.9E-6|
MASS HEMAININCG = 1.097E+09, NASS DISPERSED = ¢ EI0E+0I), MASS EVAFURATED - 7.367E+07, SUM = . 304E+09

FRACTION (BASED U N MASS) RENAINING IN.-THE S1.1CK= 8. 4501, AllEA: 4. 0F+05 Mz, THICKNESS: 2 78 m CM. NOLE WT=320.8

WELCHT FRACTION WATER (v OIL = 7.QE-01, VISCOSITY = | .6E+05 CENTISTOEES, DISPERSION TERN = 2.6E-0i3 WEICHT FRACTION HA

MASS/AREA: 2. 4E+80 CHS/NsM. SPCR= 9.0E-91, TUTAL VOLUME: 7.7E+04 BB, DISPERSION: 6 3100 CHS/NEN-UR, EVAEP RATE:= 2.0E+86 CHS/M*N-HR

STEE SUZE 4)4 3.557K-03 |s BASED ON &CUT 3

TIME - 4.6k10] HOURS , MASS l-‘llAl.'l‘lﬂN OF EACH cur REMAINING: a3
¢. o+l §.50-08 2. 3E-02 L2E-01) T HE-01 0. 7!. 01 H.9E-01 B.9E-01 H.9FE-01 B.9F-01 U.9€-01 B.9¢-01 $.9E-01 8.9E-@1
MASS IEMAINING - 1 .09:“2*0‘) MASSE DISPERSED = LBOIEYOU, MASS EVAIFORATER = 7.462F+07, SUM = 1. HO4E+OY

FRACTION (HASED ON MASS) RENAINING | N THE 8I ll‘K- .4k~ 0| . AIEA= 4.6E+08 M&x2, TUICKNESS: 2.6E-01 CM, MOLE WI:=322.2

WEICHT FRACVION WATER (N @) = 7.60FK-0), VISCOSITY = .TE+05 CENTISTOKES, DISPERSION TERH 2,6E-03 WEICHT FRACTION/IN

MASS/ABEA: Z.4E+03 CHS/M*M, SPCR: 9.0&‘.’0!. TOTAL voumt:= 7.0E+00 bl m»runawn- 6.2E+00 CMS/N*M-HI, EVAP HATE: 1.9E+00 GHS/NM:N/HA

STEEP SIZE 04°  J.303E-01 1s BASED ON CUT H

TIME = 4. 164@1 00011S, MASS FHACTION OF EACH CUT REMAINING: 49
0.0E+00 4.4K-0U 2.0E-02 4 JE-01 2.7F-01 B.7E-01 B.9E-01 U.9F-01 B.9F-61 8.9F-01 0D.9E-01 §(.9F-01 $.9E-01 0.9E-0}
MASS HEMAINING = § . OHOE+09, NASS DISPERSED = 1. 392E+08, MASS EVAFGIATED = 7 .334E+07, SUM o 1.904E+09

FRACTION (BASED O N MASS) HEMAINEING | N THE 81 1CK= B.4F-00, AREA= 4 . 7E+05 N*52, THICKNESS: 2 6E-01 CH, NOLE WT=i022.6

WEICHT FRACPION WATER IN Q1L = 7.0FK-01, VISCOSITY = 1.7E+05 CENTISTOKES, DISPEASION TEUN = 2. 6E-00 WEIGHT FHACTION/HR

NASS.CAREA: Z.UE+O8 CMS/NH+N, SPuli= 9. 0E- o1, TUTAL VOLUNE= 7.6E+03 BB, DISPERSION: 6. 1E+00 CHMS/NsN/HB, EVAP HATE= 1.8Er00 CHS/N3N/HR

STEP SUZE OF  3.451E-01 15 BASED ON QT @

TINE = 4.20+4010 HOURS, MASS FRACTION oF FACH CUT REMAINING: 44)
O .0+ 2. UE-OR 1. .7E-02 Q. .9F-01. T . 6FE~01 B.6E~01 D.UE-0) B.9FK-01 #.9E-01 0.9E-01 o L9E-g1 B.9E-01  I.9E-01 4. 9k-81
MASS REMAINING = 1. OUSE+09, HANS DISPFENSED = 1. 421E+00, MASS EVAPORATED = 7 .6415+07, SUN  |.304K+09

FUACTION (HASED ON MASS) REMAINING IN VUE SLICK: 0.3E-01 . AREA: 4.7E+05 M#+2, THICKNESS: 2. 5E-61 CM. NOLE WE=ias2. 9
WEIGCHT FHACYTE ON WATER | N L. 7.0E-01 V ISEUEY = | LOE+05 CENTISTOKES, DISPERSION TERN |, 2, ob-0% WEIGHT FRACTION-IN
MASS-AREA= 2. BE+03 CNS/MEM, SPCIH= 9. 0E-81 | TOTAL VOLUME: 7.0E+04 HUL, BISPERSION= 6.0E+00 CMS-MH¥N/HR, EVAF HATES 1.UE+O0 CHNS-MsN-HA

SEEP SUZE OF  3.402E-01 18 BASED ON CUT H)

THRE = 4. 00080 BOUNS, MASS FUACTION OF FEACH CUT BEMAINING:

@.obv0 12060 L LSE-02 BLBE-01 7.0 00 Bo6E-01 B BE-0r H.BE-O1I BL.HE-61 B 0E-01 B 8E-01 4. .uF-01 G.4F-01 W iE-e)
MANS REMAINIRG = 4 QAZE+09, MASS DISPERSER - . AG0Fr0I, MANS EVAPURATED = 7.726E+07, SUN = |, 04E+09

FHACTION (DASED ON MASS) HEMAINING IR THE SLICK: B.8E-01, AREA: 3. 0E+08 M2, THICKNESS: 2 5K-0) CH. MOLE =2

WELCHT VRACTION WATER 1N 081 2 2 . 0E-00, VISCOSETY = 1 . 9bk+05 CENTISTOKES, DISPEASION TERM = 2 eb-woid NEICH ACTLON- UR

MASS ANKA: 2. 8E+00 GMS-HEM, SPCRE 9. 0E-ot, TOrAL VOLUnE: 7.5Fwwi ibl., DISPERSION= 5. UE100 CHS/M+#M-00I. EVAE RATES |.7Er00 CHS/NaN-UR
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TABLE 16 (Continued) Output From Qil-Weathering Ca%]ations; Prudhoe Bay Crude 0il, Time
Versus Calculated Results at F for “Broken lIce Field Weathering.

STEP SIZE OF  4.436E-01 IS BASED ON Cut )

TIME = 4.90+01 NOURS, MASS FRACTION OF EACH CUT MEMAINING:

O.0L100 6. 1E-09 1. UE-02 Q.7E-01 7. .5E-01 B.6F-0t  .0E-00 B.OE-01 8.0E-08 H.8F-01 §.08-01 u ul-‘ 0| H.4r-01 8.0E-01
HASS REMAININM = I .OTHE+89, MANS DISPENSED = L. 47N+l . HASS EVAPGRATED = T.007E 107 SUH = | .04

FRACTION (BASED ON NASS) RENAINING | N THE SLICK= 3. 8E-01, ABEA= 4. 8E+05 Mxe2, THHCENESS: » 5.. -01 CH. uun W= ¢

NEICIT FRACTION WATERR IN Gl). = 7. .0E-01, VISCOSETY 2. 0E+00 CENTINSTOEES, l»lslHlsum TERM = 2 ek~04 WELCHT |u.\mum/|m
MASS/ABEA= 2.2E+00 CHS/MsN, SPCR= 9.0E-01, TOTAL VOLUME=: 7. SE+03 BIN. .

DISPEGSION: §.TEv00 CHS/HEM/UR, EVAP BATE: (.7E¢00 GCHS/N:N-HR

TINE 3 58400 HOURS. M A SS FRACTION OF FACH CUT REMAINING :
8 BL100 6 . VK00 1 IE-02 3 GE-01 7.4E-01  B.6E-01 I UE-01 0. 0E-01 S.BE-01 8. HE-01 B 8E-01  #.0E-01 H.0E-81 B.OE-04

MASS HEMAINING = 1. 074E+0%, HASS DISPERSED = | .506E+00, MASS EVAPORATED = 7.00iTE+07, SUN = 1. .304k+09
FRACTION (BASED 0N MASS) REMAIRING IN THE SLICY:= 8.2E-01, AEA= 3 91 v05 M#2, THICKENESS: 2 3k-01 N, MOLE WIP=323.9
WELGHT FRACTION WATER IN OIL = 7 6E-01, VISCOSITY = 2 0E+00 CENTISTOEES, DISPEHSION TERN = 2 oF-03 WEICHT FRACTION/IIR

MASS. AHEA= 2 .2E+03 GHS/H+M, SPGR= 9.60E-01, TuTAL VOLUNE: 7. SE408 M .. BISPERSION: 5. 6Et00 CHS/ MM UR, EVAP BATE: 1.0E+60 CMS-NsM/LR

TINE = 4.6E+011H0URS, MASS FUACTION OF EACH CUT RENAINING:

O.0U+00 V. VKO0 9 .4E-00 4. SE-@1 7. .4E-01 U.5E-01 $.7E-01 H.8E-01 H.0F-01 #.0E-01 8.688-¢91 B.0E-0t §.8E-61 §H.8E-01
HASS HEMAINING = 1 OTIE+09, NASS DISPERSED = 1. S34+0l | MASS I:‘.VAI‘UIIA’I‘]-'.” = T.904K207 SUM = 1. 09E+09

FRACTION (BASED ON MASS) HEMAINING | N THE SLICK= 8.2k~ 0! AREA= 4. 9E+00 Mx*x2, THICKNESS=: 2. 4F-01 CH, MOLE WI=i24.2

WELGIHT FRACTION WATER t N 01 1. = 7.0E~-01, VISCOSITY = Il‘ﬂ)-) [ I~N’l INTOEES, DISPERSTON TEHM = 2 S4i-aa Wl | GIHY FRACT 100-UR
HASS/AREA= 2 2804 GHS-MEM, SPCR= 9.0E-61, TUTAL vun UHI-. 7.3K+00 B, lel'i]lSIUN 9.0E+00 CMS/MFM/IN, EVAP RATE= | .0E+60 GHS/ MM HR

TIME = 4. 7E+01 HOUNS, MASS FUACTION OF FACH CUT REMAINING: 45
0.0L+00 O .0KE+08 W .OE-84 J3.0E-61 7.0E-01 U.3E-01 B.7E-01 B.7E-01 B.0E-01 8.0E-01 H.0E-01 8.0L-01 8.8E-01 §.UE-01
NASE HREMAINING © 1 . 067E+09, MASS DISPERSED = | . G01E+06, MASS EVAFORATED =  (8.041E+07, sUH = 1. U4+

FRACTION (BASED ON HANS) BEMAINING | N THE SLICK= §.2E-00, AREA= 3. 0FE+05 Mxx2, THICKNESS: 2 _3E-01 CN. MOLE WI=i24.0

WELCIHT FRACTION YATER IN 01t = 7.6E-01, VISCOSITY = 2. 204005 CENTISTOEES, DISPERSION TEEN = 2 5K-03 WEICHT FRACTION/ IR

MASN/AREA= 2. 1E+00 CMS/M%H, SPCR= 9 . 0E-01, TUOTAL VOLUME: 7.4E+03 BBOL.., DISPERSIONE §.4E 00 CMS/M&M/UHIL, EVAR RATE:= 1.5E100 CNS/NxN-HR

TINE = 4.8E+@1 HOURS, HASS FHACTION OF EACH CUT RENAINING:
Q. 0E+00 44 0EY0 o0 . BE-63 . .2FE-01 7.4E-01 u 3E-01 H.7E-01 B.7F-01 #.7E-01 B.7E-01 O8.TE-61 4.7F-0) O.7E-0) §.7E-61

HASS REMAININC: 1. .064E+09, MASS DISPENSED = 1 . GHE+0H, MASS EVAPOUATED = B.1I5E+07, SUN = 1. 304L+09

FRACEION (BASED O N HASS) HEMAINING IN THE SLICK= 8.2E-01, AREA= 3. 0E105 N&32, 'IIHLKNI-.S‘)' 2.35-00 €N, MOLE WT=024.9

WEICHT FRACUION WATER IN 011, = T7.0E-01, VISCOSITY = 2. .3E+05 CENTISTOKES, DISPERSION TEIM = 2 58-08 WEICHT FRACTION NI

MASS/AREA= 2.1E+08 CHS/MxM, SPCR= 9.01:-01, TOTAL VOLUME: 7.4E+08 BUI., DISPERSION= 3. .3E+00 CMS/H+N-UIK, EVAP BATE= |1.3E+00 CHS-MM/HR

TIME = 4.9E+81 HOUNS, MASS FRACTION OF FEACH CUT HEMAINING:

B.0FT00 44 0K+00 G .8FE-81 0. k-0l 7 .2K-00 u k-0 B.7E-61 8.7F-v B.7E-0 B.TER-0) Il.?l‘!-ul B.7E-01 B.7E-01 B.7E-01

MASS NEMAINING = | .OOUE+8Y9, NASS DISPERSED = . 6158 +08, MASS EVAPURATER = 8. Nl‘)} 07, Sllfl = .30 +09

FRACTION (BASED O N MASS) HEMAINING N THE SEich= 8. 1E-00, AUEA: 5. 16100 H#32, THICKNESS= 2048 Ol CM. BOLE WE=125.2

WERCHT FRACTION WATER IN Gl = 7. 0E-OL. VISCUSLTY =  2.4k+w05 C Hll INTOKES, |N§I‘U‘SION TENM = . SE~08 WEI1CHT FHAGC i 10N/

MASS/AREA= 2.1E+00 GHS/M+M, SI'CH= 9.0E-04, TOTAL V“I.UHI".‘ 7.4E+03 BUL., DISPERSION: §.2E+00 bﬂb/ﬂ*ﬂ/llll . EVAR RATE= | . 3K+00 GCHS/MsM- IR

TINE = 5.00+01 HOURS., MASS FUACTION OF EACH CUT REMAINING: 4 ]
V.0E+00 0.0+ 4. 9L-00 H.0E-0) 7. 1E-01 D HE-01 B.oE-01 B.7F-01 B.7E-01 8.7FE-01 8.7E-0f 8.7E-01 4.7E-01 4.TE-Ot f‘,éé
HASE REMAINING = 1 @575 +09, MASES DISEPERSED = L. e42Ec008, MASS EVAPOIATED =  8.261H«07, SUN . | .04 +09

FRACTION (BASED U N HASS) HEHAINING 18 FUE SEICK: B 1E-00 0 AEA= S 1E+00 Hx:2, THICENESS: 2.0E-01 €M, HOLE WI-i25.4

WEIGCHT FRACTIORN WATER IN Oil. =  Z.0E-01. VISCOSITY = 2.4E+00 CENTISTOKES, DISUERSION THRM = 2. SE-0U8 WEIGHT FRACTION-IR

MASS/AREA= 2. 10l CAS/HME, SPCR= 9. 0K -0, TOTAL VOLUNE: 7. 45+00 BB1. . DISPERSION: 5. 1E+00 CHS MM UR, EVAP BATE: 1. $E+00 CHS /MM HR

rine = S+ HOURS, HASS FRACTION OF FACH CUT NEMAINING:

O.0ET00 0. 6F160 4. 2F-0i 2. 9E-0t 7.1E-00 . 4E-01 B.6F-01 8.7E-0) H.7E-0 H.TH-014 §.7F-01 $.7H-08 H.7E-0F B.7F-0)
MASS WEMAINING = 1. 054K +09, MASS DISPEISED = .0 1048, MASS EVAPORATED = G.001E+07, sSUuM = 1 .3048 109

FHACTION (BASED ON MASS S HEMAITNIRG IN CUE SLICE: 3 ak-00. AREA: 3.28+00 Mx32, THICKNESS: 2 -0 M. MNE WI-3425.7

wWEICHT l-ll\c.lllm NMH! IN ull S TLOE 0, VISCOSETY = 2 G005 CENVISTOKES, BISPERSTON TFRM - 9 ar-ait WV TCHY PRACTION -0l
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TABLE 16 (Continued) Output From Oil-Weathering Ca]cgllations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at' 32°F for Broken Ice Field Weathering.

TIME ~ 6.2LE+01 HOURS, MANS FRACTION OF FACH cur REMAINING:

9.0E+00 ©.0K+00 7 HF-04 2.0E-01 6.5E-04 u.u:—m 0.4k §h.5E-01 8.5E-01 §.3E-01 #.5E~-01 §.5E-61 .5E~
HASH HENAINING = O23E+00 , MASS DISPERSED = LH2BE 0l wis ol 8. 9726407, SUN = 1.304E40Y 0.sk-at
FRACTION (BASED uN MASS ) uumuum. N THE 85 N‘K 7.0E-01, AREA: §.0E+05 N¥%2. THICKNESS:= 2.6E-0f CM. HOLE WI=i4240.4

WEICHT FRACTION WATER IN 011. = 7.0F-0f.VISCOSITY =  3.7E+05 CENTISTOEES, DISPERSTON TERM . 2. 3E-03 WEI CIIF FRACT LON/ I

NASS/AREA= 1 .BE+OI CHS/N*N, SICR= 9.0E-01, TUTAL VOLUME: 7. (E+08 BBL., DISPERSION=: 4.2E+00 CHS/N*M/HR, FVAIPP HATE= 1. 1E+080 CHS/M+M/HR

STES s | ZE OF 5.000E-01 IS BASED ON CUT 4

TIME = 7.2E+61 NOUNS, MASS FRACTION OF FACH CUT REMAINING: 51
V. 0ET00 O, . 0L+00 | ok-0 SUE-O01 5 9K-01 7. .HE-01 B.2E-01  §.2F-01 “.ﬂH-UI $.0E-01 8.3E-¢01 B.E-01 8.3E-01 8.3E-01
MASS REMAINING = ”‘bh'OH MANS DISPERSED 2. 101LET0I, MASS EVAPORATED = .’"°reo7 SUM = duekre9

FRACTION (BASED ON MASS) HREMAINING 1IN THE BLICK= 7.6E-01, AREAN: 5.95+05 H&x2, THICKNESS= | . OF 0. CH. MULE wWi=314e.7

WELCKHT FHACTION WATER IN 011. = 7.6E-81, VISCOSITY = $.2K+05 CENTISTOEES, nlslrualnu THAM = LHE-08 WELCHT FHACTION/IR

NASS/ZANEA= §.7E160 GHS/M+N, SIGR= 9.0E-01, TUTAL VILUME: 6.9E+03% Bl lel'l‘ HN1ON= 4. GE+00 GNS/NJH/HII. EVAI® HATE= 8.4E-81 CHS/N¥M/HR

STEF SIZE OF  5.000k-001S5 BASED ON CUT 4

TINE = 8.2E+01 IIUUIIb MASS FRAUCTION Ul" EACH CUT NEMAININCG:

0. .00400  O.0F 80 GIE-03 8.2E-02 gi-01 7.5E-01 B 0E-01 B.1E-01 G.1E-01 $.1E-01 G.1E-6f 0B.1E-91 8.1E-01 8.|E-8i
HASS REMAINING = ‘D 674 +0i). MASS I.ll'il'l'.llﬂl'.l’ = Z2.0B67E+0H. MASS EVAFORATED = 9.979F407 ., SUN_ = L. A03E+H9

FUACTLON (BASED ON MASS) REMAINING IN TUE 8I.0 7.4K-01, AREA= 6. 3E+00 N*x2, THICKNESS: 1.7E-00 CN, HOLE WF=432.7

WEICHT FRACVION WA'TER IN 011. = Z.60E-0t, VISCUSUTY =  7.1E+85 CENUISTOKES, DISPERSION THFRN = 2 oE-63 WEIGIHHT FRACTION/HR

MANS/AREA= §.3E+@3 CHS/M*N, SPCR= 9.1E-61, TOTAL VOLUNE: 6. 7E+03 BBl. , DISPERSION= 3.0L+00 GMS/M*M/UR, EVAP RATE= 6.0E-81 CHMS/M*N/IIR

STEP SIZE OF §.000E-01 IS BASED ON CUT 4

TIME = 9.20+01 HOUNS, MANS FRACTION oF EACH CUT HEMAINING: 93
O.0E+00 O.0E+00 | GE-06 5.0E-02 4.0E-01 T 0E-0)0 7. 8BE-01 7 9E-01 7.9E-01 7. .9E-01 7. .9F-01 ?7.9E-01 7.9¢-061 7.9k-01
NMASS BREMAINING = 9 440E+01, HASS DISPERSED = 2.3540+08, MASS EVAPORATED = 1 . QU7Er08, SUM = 1 .ivel+09

FRAUCTION (BASED ON MASS) REMAINING IN THE SLICK=: 7.2E-01, AREA: 6.068+00 Mxx2, THICKNESS=: ). oE-01 CHN. NOLE WI=3i4.4

WEICHT FRACUION WATER IN OKL. = 7.0E-00, VISCOSETY = 9. 3E+65 CENVISTOKES, DISPERSION TEMM = 1. 8E-03 WEICHT FHACTION/I

MASS-ARKA= §.4E+03 CHS/MxM, SPCH: 2. 1E-01, TOTAL VOLUME: 6.6E+03 BBL., DISPERSION: 2. GE+00 CHS/MsM/HIL, EVAP RATE= §.6E-01 GHS/M*M/HA

STEF SIZE OF  5.000E-64 IS5 MSEDN ON CUT 4

THE CUT NUMBERING BECINS WEEN 2 BASED ON THE ORICINAL CUT NUMBERS

THE FINAL MASS FRACPIONS FOR CTHESHL CKAT 1 OF £02 HOURS A RE 54
G DUOETHE 0. 000ET00 1. 5171 07 . UBIE-02 4 GE-01 7 . 054E-01  7.6H2E-01  7.THGE-01 7 . H02FE-01  7.003E-01  7.808E-01

7. 000E-u1 T.80UE-01 7. ok -0

FHACTION (BASED ON MASS) BEMAINING IN FIE SLICK: 70100, AREA: 6 8Ev05 HEx2, THICENESS: | 5E-01 CH. MOLE WI=3#4.4

HASS HEMAINING = 9. 204E+01, MASS DISPENSED - 2. 706E«08, HASS EVAPURATED = 1. 008L+08, SUR = 1.104K+0%
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TJABLE 16 (Continued) Output From Oil-Weathering Ca]cg]ations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 20°F “for"Open-Ocean Weathering.

I"llAC'l‘lOl! (lil\‘ﬁl".li ON MASS) REMAININC IN THE SLICKS 1.0E+00, AREA: 6. 9E+05 MEE2, THICKNESS= | . 5E-01 CM, MOLE WI=346.1
HEl‘CIlT D‘_lllﬂ.l l?)l! WATEIL AN 011 - 7. 0FE-01, VISCOSEEY = 3.4E+04 CENTISTOKES, BDISPERSION TERM = 2 6E-03 WEIGHT FRACTION-UR
MASS/AREA= 1. SE+QU GMS/NEM, SPGR= 9.1E 01, TUTAL VOLUME: 6.4F+03 BBL., DISPEESION= 3.4E+00 GHS/M*MAHlE, EVAP RATES 3. 0E+00 CNS/NERHR

TINE = 2000000 JODHS, MASS FRACTION OF EACH CUT REMAINING: a
B.AE-01 T.HE-@1 9. 3E-01  9.9E-0F 9.9E-01 - 9. 9E-01  92.9E-01 9. .9F-01 9.9E-01 9 .9F-01 9 _.9E-01 9. 9F-91
MASY HEMATNIRG = 9. 100F+04, MASS DISPREISED = S.049E+«06. HASS EVAPORATED = 1 .502K+06, SUM =  9.264E+048 '

FRACTION (BASED ON MASS) REMAINING IN THE SLICK= 9 98-01, AREA= 7 .0E+05 M*%2, THICKNESS: 1.5E-01 CM, MOLE WT=:16.5
LATH LY r‘mcrlorg WATER IN OIL = 7.0E-61, VISCOSLTY = 4.3FE+04 CENTISTOEES, DISPERSION TEGM = 2.3E-04 WEICHY FRACTION/IR
MASS/ARFA= (. 3E+60 GHS-NxM, SIPGR= 9.4E-01, TOTAL VOLUME: 6.4E+08 B, DISPERSION= 3.4E+00 CHS/MEM/ U, EVAP RATE: |.0E+00 GHS/ MM UR

TIME = 3.2E+00 NOURS, MASN FRACTION OF EACH CUT UEMALINING:

1.0E-01 6.95-01 9. 3E-0F 9.0E-01 9.9E-01 9.9E-01 Y YE-01 9. .9E-01  9.9E-01 9 . 9E-01 9. .9E-81  9.9F-01

MASS REMAINING 3 9. 1070+00, MASS DBISPERSED = 7.504E+06, HASS EVAFORATED = 2.272K+06, SUM = 9, 264E+01

FRACTION (BASED ON HASS) REMAINING IN THE S1LICK= 9. 9E-01, AlREA= 7. 1E+05 H%322, THICKNESS: ) .3F-01 CH, MULE WI=3436.8
WELICHT FRACITION WATER IN O1L = 7.0E-01, VISCOSITY = 3. 7E+04 CENTISTOEES, SEERSION THEIM = 2.5E-0i WEIGIT FRACTION-HR
MASS-AREA= § . BE+0R CRS/M5M, SIPCHR= 9.1E-61, TUTAL VOLUME: 6.4E+03 BhL., DISPERSION= 3.4E100 CHS/MEN/UR, EVAP RATE= 9 .HE-601 CMNS/M+M/HR

4

TIME = 4.30400 HOURS, Hass FRACTION OF EACH cur HEMAINING: 5
LUt-0] 6.1K-01 9. 0E-6) 9. TE-@ 9. 9E-@1 9.9E-01 Y. 9E-01 S . 9E-01 2.9FE-01 9. 9E-01 9.98-01  9.9¢-01

MASS BEMAIRING = 9.10GE+08, NASS DISPERSED - 9.974E+006, MASS EVAFORATED = 2. 997E+06 . SUN = 9 264K +00

FRACTION (BASNED ON MASS) REMAINING IN THE SLICK= 9. 9E-01, ANEA= 2 _1E+05 M*%2, THICKNESS: L. 4E-u1 €M, MOLE WI=0U47.1

WEICHT FRACFION WATER IN OLL = 7. .0E-0), VISCOSITY =  JQ.0FE4+04 CENTISTOEES, INSPERSION TEUN = 2 SE-08 WEICHT FRACTION/HR

MASS/AREA: | AE+00 CNsS/HEM, SPGIR: 9 gE-01, TUTAL VOLUME:= 6. 3E+03 BUL, BISPERSION= 3. 2Fr00 CHNS/NEM/U, EVAP RATE:= 9 .SE-01 GMS/MsM/IR

TINE = §.3E+00 HOUls, MASS FRACTION OF EACH CUT BEMAINING: '
S5.6E-02 S.0E-601 8.08FE-0t 9.TE-01 9. HE-01 9.9E-0) 9. 9FK-011 92.9E-01 9.9E-01 9.9E-01 9.9£-91 9.9E-01

MASS UEMAIRING = 9. 100E+00, NASS DISPERSED = 1.242E~07, HASS EVAPMATED = 3.706Ev0b, SUN = 9. .263E+08

FRACPION (BASED ON MASS) NEMAINING | N THE SLICK= 9. 8E-01, AREA= 7.2E+00 M¥32, THICKNESS: | .4E-01 CH, MULE WI=U87.9

WEICHT FRACVION WATER IN O1L = 7.0E-01, VISCOSITY =  4.9E+04 CENTISTOKES, DISPERSION TEHM = 2. SE-03 WE | GHT FRACT | ON/HR

MASS AREA= § . BE+00 CMs/MxM, SICH= 9. 1E-01, TOTAL VOLUME= 6.3E+00 BBL. DISPERSION= 3. 26+00 CHsS/MsM/i1, EVAR NATE= 9.2E-¢1 CAS/MsH/HR

TINE = 6. 4E+00 HOUNS, MASS FRACFIUN OF EACIH CUT REMAINING : 7
G IE-02 4.7k-01 B.3K-64 9. 0E-01 9.UE-01 9.8E-01 9. 8E-01 9.0FE-81 9.0E-0) 9.0E-01 9.8E-01 9.80F-01

MASS REMAINING = 9.O72E+08. MASS BISPERSED = 1. 406F+07, HASS EVAPMIATED = 4.4015E+06, S4444 = 9, 209Ev0l

FRACTION (BASEDR N HASS) REMATNING IN THE SLICK: 2.8E-01, AREA= 7 . 4E+05 Nxx2, THICKNESS= 1 .4E-01 CH, MOLE WI=447.8

WEIGHT FRACTION WATER |N O = 7.0E-01, VISCOSITY = 4. 1E404 CENTISTOKES, DISPEASION TERN = 2 _SE-03 WEICHT FRACTION-HR

MASE/AREAS 1. 2E+03 CHS /N3N, SPCIE 9. 1E-08, TUTAL VOLUNE: 6 .3E+03 4)441., DISPERSION= 3. 1E+00 CHS/MEM I, EVAP BRATE: 8.98-601 CHS/MxN Nit

TINE = 7.4L+608 HOVRS, MASS FIACTION OF FAGH CUT HEMAINING: a
1.70-02 4.1E-00 B.3E-8) 9. 0GE-01 9. 8E-01 9. 8E-01 9. UE-Ot 9. 8F-01 9.UE-61 9. 0E-0F 9 .0E-01 9. .8E-01

MASS REMAINING = 9. 041E+08), HASS PISPERSED = 1.722E+07, NMASS EVAPORATED = G.082EK+06, SUN = 9.2064E+04

FRACUION (BASED ON MASS) HEMAINING IN THE SLICK: 9 8E-01, AREA: 7.3E+05 M*x2, THICKNESS: §.9E-61 CN, MOLE WF=4340.1

WEICHT FRACUION WATER IN 01l = 7.0E-01, VISCOSITY = 4. .28+04 CENTISTOEES, DISPEARSION TEHRM = 2.5E-08 NEICHT FRAUCTIONZHR

MASN/AREA= . 2E+00 CAS/MsN, SICH= 9 1E-01, TUTAL VOLUME= . UE+O0 BB, DISPERSION= 3. 1E+00 CHs/NAN/NI., EVAP BATE: 8.6E-01 CHS-/N=N-UR

STER SEZE OF 3. 929E-01 IS BASER ON CUT 2

TIME = 6.8E+00 JOURS, MASS FHACTION OF EACH CUT REMAINING o

T b0 .N80 B.OE-01 9. 4E-01 9. TE-BL 9. 8E-01  9.8E-01 9 UE-01  9.8E-00 9.8E-01 9 _GE-0t  9.4E-01

MASS BEMATNING = 9 002Esoil. AASS DISPEUSED = 2 0846597, MASS EVAPORATED = 5.9485F+06, SUM = 9,264k +00

FRACPION (BANED ON MASS) NBEMATNING IN VHE SELICE= 9.7E 06, AHEA: 7. 5E+05 Me£2, THICKNESS:= | _4E-01 €8, MOLE W= 4

WELCIT FRACTION WATER I8 O3, = 7.95 01, VISCOSEIY ¢ 4. 48+04 CENTISTOKES, BISPFERSION TERM = 2. GE-0d WEICIT FRACTIONIR
MASS/AKEAS 1. 2E+0i0 GHS MAM, SPCRE 908 01, TOFAL VOLUNME: 6. 2E+0% B, DISPERSTON: 3. OFEr0o0 CHS/MEN- B, EVAEP BATE: 8.34E-01 CNS/Man |l
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TABLE 16 (Continued) Output From Oil-Weathering Ca1cglations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 20" F “for "Open-Ocean Weathering.

TIME = 1,00+ HOUNS, MASS FRACTION OF FACH CUT HEMAINING: 19
:i,m:—o:! .0k -0 200010 9. 4E-0) 9. TE-01L 9. 7E-01 9. 8E-01 9.8E-01 9 8E-01  9.0E-01  9.8E-01 9 _HF-01
HASS HEMAINING = 8. 96HE+OI, HASS DISUERSED = 2 3950407, MANS EVAFPORATED = 0. 658KE+106, SUM = 9. 264E+01

l"lll\lfl‘I‘(M (u.\_sm» ON HASS) REMAINING IN PRE SLICK= 9. 7E-01, AREA: 7.0E+05 M*%2, THICENE: LU~ OM, MOLE Wi=R38. 4
WEICHT FRACY |0N. WATER 1IN Q1L = Z.0F-01, VISCOSITY = 4.0F+04 CENTISTOKES, BNt FIM = 2. 5K-00 WEIGHT FUACTION/NR
HASSZARKFA= 126080 CHS/N3N, SPCH> 9. 0E-01, TOTAL VOLUME: 6.2E+00 BI6.. DISPERSION= 2. 9500 CHS/BEM-HI, EVAP HATE= 6. 1E-01 CHsS/ e HR

STEE S 1 2E0F  3.K0k-01 IS [tASElI) ON CUT 2

TINE = LAEA0L IOURS, Ha s s FRACTION OF EACH CUT NEMAINING : 11t
P 90 2el-00 7 0F-01 9 UE-@1 9.7E-91 9. TE-01 9.7F-01 9. 7E-01 9. TE-O1  9.TE-01 9.7F-01 9.7F-0}
MASN BEMAINING = U.%00E+08, HA sS DISPERSED = 2. .G50H+07, MASS EVAPORATED = 7 .849K+00, SUN 0 9 264F+008

FRACTION (BASED ON HASS) REMAINING IN THE SLICK= 9 _6b-01 . ANEA: 7.6E+05 M¥$2 ., THICKNES! I L AE-08 CH, MK WI=339.
Wi | CUT FHACTIONWATER 1N O) L = 7. OE-4), VISCUSITY =  4.0K+04 CENTISTOKES, DISPERSTON rpum 2.GF-08 WELGHT HH\C'I 1OR/HR
MASS/AREAE 1. 2E+00 GHS/BEN, SPCR= 9. 1E-81. ToTAL VULUME: 6.2E+03 B, DISPERSION: 2. 9E+00 Lﬂh/ﬂ*’l/llll . EVAP BATE= 7.9E-01 CMS - M*N-HUR

ST SVAE OF  3.7810E-01 IS HASED ON CUT 2

TIME = 1.2E4001HOUNS , MASS FHACTION OF EACH CUT REMAINING : 12
9.30-04 2.2K-601 T.UE-861 9 .2F-01 9.6E-01 9 .TE-01 9.7FK-01 9. 7E-0f 9.7E-01 9.7E-01 9.7¢~-01 9.7¢-01

MASS REMAINIRG = 0. 904E«68 MASS DISPENSED = 2 HOOE+07, MASS EVAFORATED = §.028E106, SUN = 9 264E+00)

FRACTION (BASED O H MASS) HEMAINING IN THE SLICK= 9 6E-01, AREA® 7.7E+05 M¥%2, THICKENESS:= | .GE-01 CH, MOLE WT=339 .4

WEAICIHE FRACT IONWATER | N 0l = 2. 60F-80, VISCOSITY o G.0E+04 CENTISTOEES, DISPERSION TERM . 2 41— WE 1CIEE FRIACTE ON/UR

HASS/AREA= 1. 2E+00 GHS/MEN, SPGR= 9. 1E-01, TOTAL VOLUME: 6.2E+04 BBL, DISPERSION= 2 0E00 CHS/HENAR, EVAL RATE: 7.6K-01 GHS/M*N R

STEP SIZE OF  3.702E-01 |S BASED ON CUT 2

TINE = 195401 JOUNS, MASS FRACTION OF FACH CUT REMAITNING: (]
4.7E-04 5 .9FK-01 T 1E-01 9,.1E-01 9. 0E-0F 9. TE-01 9. TE-01 49.7E-01 9. 7F-01 9.TI-03 9. 7E-01 9.7E~0}
HASS IIEMAINING = 8.073E00), MASS DISPENSED = 3. 045E+07, HANS EVAPORATER = B.677FE+00, SUN = 9. 264E+t00

=9, bl' 00, AREA= 7.88+05 M+«2, THICKNESS= § _UE-01 CH. NOLE WI=U09.7
E+84 CENTISTOKES, DISPERSION TERM o 2 4E-04 WEICHT HMI"I HON-UR
6. LE+03 Bl DISPERSION: 2. 08K 00 (aﬂs/n*ll/ll“ EVAP RATE: 7.4E-81 CHMS/HEN/UR

FRACTION (BASED ON HASS) REMAINING l N THE SIICE
WELCHT FRACYVION WATER IN @il = Z.0E-01, VISCOSITY = 5.2
NASN/AREA= §.1E+03 CHS/M*M, SICR: 9 fE-01, TUTAL VOLUNE:

STES S1ZE OF  3.084E~-01 1S BASED ON CUT 2

TIME = 1 .5E+@1 HOURS, MASS FHRACTION OF EACH CUT REMAINING: 14
2.45L~04% 1.6E-01 6. 9FE-01 9 1E-0) 9. .5E-01 2.6E-01 2. 6E-01 9.6E-01 9.6L-01 9.6F-01 9.6E-01 9.6F-01

MASS REMAINING = B 040E+08, HASS DISPENSED = 4 .204E+07, MASS EVAPORATED = 9. 311E+06, SUM = 9. 2648+00

FRACTION (BASED ON MASS) REMAINING IN TIE SLICK= 9 GE-01, AREA= 7.9E+05 N¥%2, ‘FHICKNESS= | 2E-01 CH, MOLE WI=U40.0

WEICHT FRACVION WATER IN @il = 7Z.0F-01, VINSCOSITY = 5. 4E+04 CENPISTOKES, DISUERSION TERN = 2. 4K-00 WEICHT FRACTION IR

NASS/ANEA= 3. IE+O0 GHS/ MR, SPCH= 9.1E-01, TOTM. VOLURE: 6. 1E+03% B, DISPERSTION: 2. TEo0b b!lb/'l-&H/llll. EVAF RATE= 7.3E-01 CNS/MN/NR

STEP SVZE OF 3. 6HUE-01 IS BASED ON CUT 2

TINE = 1.00+01 HOURS, MASS FHACEION oF EACH CUT BEMATNING: 5
1.2E-04  1.4K~01 . 20-0) 9.08-01 92.5E-01 9. 0F-01 % bE-01 9. 0F-01 %.6E-01 9.0FE-01 9.0k-01 9.6E-01

MASS WEMAINING = B0 UE+08, MASS DISPERSED = 3.517K+07, MASS EVAPORATED = 9. 927E+00, SUM = 9 264K+00

FUACTION (BASED ON HASS) HEMAINING IN THE SLICK: 9 .58 -01, AREA: 7 . 9K+05 H*+2, THICKNESS:= o 2E-01 CH, MOLE Wi={40.2

WEICIET FRACFIOR WATEIR IN 011 = 7.0E-01, VISCOSITY = S.0F+04 CENTISTOKES, DISPERSHIN TERM = 2. 45-03 WEICHT FRACTIONANN
HASS/AIEA= 1. K00 GHS-MEN, SPCR: 908 00, TOTAL VOLUME: 6. 1E+0i BBL., DISPERSION= 2. 7K+00 GHS- MM, EVAP KATE: 7. 1E-01 GHS/M*M /R

SVEY SEAE OF .09 -0 IS BASED ON CUY 2
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TABLE 16 (Continued) Output From Oil-Weathering Calculations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 40 F for Open-Ocean Weathering.

TINE = 1. 7E+01 HOURS, MASS FHACTION OF EACHH CUT HEMAINING:

$.9E-65 1.2K-91 6.5E-01 B.9E-01 9 .GE-01 9.6E-01 9 0E-01 9%.6F-01 9. 6KE-01 9.6E-01
HASS RENAINING = 0. 704E+08, MANS DISPEESED = 3.7406E+07, MASS EVAFORATED = | S5 s0Z
FRACTION (BASED ON MASS) BEMAINING | N TUE SLICK= 9.5F 01, AREA= . 0E+05 B¥x£2 . TIICKNES I 2E- UI CH, MOLE WF=li40.3

WEACHT FRACUVION WATER 1IN 081, = 7. 0E-01, VISCOSITY = G.UE+04 CENTISTOEES, DISPERSION TERM = 2. 46-03% WEIGHT FRACTION-MR

HASS ARFA= |, 1E+O3 CHS /MM, SPGR= 9. 11-01, TOTAL VOLUME: o. IE+00 BBl DISPEISION= 2 L0090 GHS/MHEN/HIR, EVAP RATE= 6.9E-01 CHS-M*M/HR

16
9. ok 0 W Y. 6E-01
NUN = .264E+00

STEP S1UZE OF  3.35326-01 IS BASED ON CuT 2

TINE = 1. 80401 HOURS, HASS FRACTION OF FACH CUT REMAINING: 17
2.91-05  1.0E-91 6.3E-00 H.9E-01 9.5E-01 9.6E-01 9.6~ 9.6E-0O1I 9.6E-01 9.6U-01 9.6F-0t 9_6E-O1
MASS REMALNING = U.7G6E+G1, MASS DASPEHSED = 3.920E+07, MASS EVAPORATED = (. 111E+07, SUM = 9 264£+08

FRACTION (BASED ON MASS) REMAINING IN TUE SLICK= 9.5E-05, AREA= 8. 1F+05 M*x&2, 'I‘llld)lf:NI-‘.\'v'F L.206-04 CH, MOLE wWi=i40.8
WEIGUHT FRACTION WATER IR OLL = T.0E-@1, VISCOSITY = 6.0E+04 CENTISTOKES, DISPERSION TEAM =  2.34E~-03 WEIGHT FRACTION/HR
HASS AlEA= 1. 1E+603 CHS/N M, SICR= 9.1E-01, TUTAL VOLUME:= 6.1E+03 BiSl., NISPERSION: 2. 6E+00 Gﬂb/ﬂﬂllllll EVAP HATES b.8E-01 CHNS/M:M-HR

STEP SIZE OF 3.3511E-¢4 |s BASED Oon CUT 2

TINL - 1 9E+01 HIOLKS, MASS FRACTION OF EACH GUT REMAINING: "W
| .5E-03 8.9E-¢2 b. 1E-81 0. HE-@1 9.4E-61 9.3E-01 9.5E-61 9.3E-01 9.5E-01 9.5E-01 9. SE-01 Y.5K-61

MASS REMAINING =  8.729E+¢01. MASS DISPENSED = 4. 190E+07 . HASS EVAPORATEN = | u.m U7, SUM = 9. 264E+)

FRACTION (BASED ON MASS) NEMAINING | N THE SLICK= 9.4K-01 | AUEA= 8. 1E+05 H&&2 . T CKNESS - 8 (2E-01 CH, HOLE WF=441.0

WEICHT FRACFION WATER IN OIL. = 7.8E-01, VISCOSITY =  6.2E+04 CENTISTOKES, DISE PASY Ok

2.49E~03 WEIGHT FRACTION/UR
MASS/AREA= |, 1E+80 CHS/NEN, SPCR: 9. 1E-0). TUTAL VOLUNME= 6.8E+03 BOL., DISPENSION: 2 GE+00 CNS/MsM IR, EVAP RATE= 6.6E-61 CMS/MxM-HR

STEF S12E OF  3.472E-01 IS BASED ON CUT 2

TINE = 2.0K+01 HOURS, MASS FRACTION OF FACH CUT NFEMAINING:

T.0-006 T .06F-02 G .9E-04 B.7E-01 9. 4E-01 9. .3FE-01 9.5E-01 9.5F-01 9.3E-61 9 .9F-0) 9.3E-01 9.5F-01

MASS BEMAINING = B_702E+00. MASS DISPERSED = 4.4005E+07, MASS EVAFMATED = 1.228E+07, SUM = 9,2064E+00}

FRACTION (BASED ON HASS) NEMAINING IN THE SLICKS 9. 4E-01, AREA= 1. 2E+05 M2, THICKNESS= ).2E-00 CN, MOLE WIi=441.0
WEICHT FRACTION WATER IN 0L = 7.0K-01, VISCOSITY = 6.4E+04 CENVINTOKES, DISPERSION TERM = 2, 3E-03 WEICHT FRACTION/HR
NASS/AREA= . 1E+00 CAS/M3M, SIPCHE 9.1E-01, TUTAL VOLUME: 6.8E+03 BBL, DISPERSION= 2 . GEc00 CHS/H&H-/UIL, EVAP RATE= 6.3FK-U1 CHS/M*M/HR

19

STEP S1ZE OF  3.480K-01 Is  BASED ON €Ut 2

TIHE = 2084010 DOURS . MASS FHACTION OF FACH CUT REMAINING:

20
3.7E-06 6. 6F-02 G .7F-61 B.7E-05 9. 4E-01 9. 03F-01 9.06E-01 9.5E-01 9.6FKE-01 9.5E-01 9.3E-61 9.5K-0)
MASS REMAINING =  8.673E+0l, MASS pisrrRsty 4.0006FE07, HANS EVAPONATED = 2 227284607 sun = 9.264K+008
FHACTION (BASED ON HASS) BEMAINING | N TOE SLICK= 9.4E-01, ARBEA: §.4E+03 M*32, THICKNESS= 1 2E-01 €M, HOLE wWi=i44 .0
WEACHT FRACTION WATTER IN 011. = 7.0E-0t, VISUUSETY = 0.6F+04 CENTISTOEES, DISPERSION TFHM = 2. 8E-03 WEICHT FRACTT g0

MASS/AREA= 1. 1E+0 CHS/M3M. SPCH: 9.1E-01, TOFAL VOLUNE: 6. 0E+03 BBL, DISPERSION= 2 5E+00 CMS-H#N/HIL, EVAP KATE: 6.0E-01 GHS/HeM/ Ui

STEP S1ZE OF  3.494K-01 15 BASED ON CUT 2

TIME = 2.20+00 HOURS, MASS FUHACTION oF EACH CUT SREMAINING:

1. BE-06 S5 .6l-82 45 . 8E-01 ekt 9 GE-e1 9 .058-01 9. 0F-01 2 .5F-01 9.5K-00 9.6FE-01 9. .5E-¢1 9.5k-01)

MASS REHAINING = 3. 049FE 1018, HASS DISPERSED = 4 . 020E+07, MASS EVAFOUATED = 1.3000+¢07, SUN = 9. 204E+0U

FHACTION (BASED ON MANS) HEMAITNING I8 THE SEICK: 9 0K 03, ANEA: 3. 8E+05 M%+2, THICENESS: 1. 18-01 €A, MOLE WT=340 .0
WEICHT FHACTION WATER IN o3} 70001, VISCOSETY = 6. UE+04 CENTISTOVES, BISPERSION TERM = 2. 34E-00 WEICHTE FRACTEON IR
MASS/AEAZ 1 OE+08 GHNCHAM, SPCRE 91608, TOVAL VOLUNE: 6. 0FE+008 Bk, DISPERSION= 2.3E¢00 CHS- M0, EVAP BATES 6.2E-01 CHS-M*M- 1K
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TABLE 16 (Continued) Output From Oil-Weathering Calculations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 40 F for Open-Ocean Weathering.

TIME = 2.0F+81 HOURS, MASS FRACTION oF FACH CUT REMAINING : 22

D ME-0T . 9K-02 B0 B.GE-0L 99U 9.3E-01 9 .5E-0F 9 GE-01 9 .3E-01 9.58-01 9.S5K-01 9.5E-0§

MASS HEMALNING = 3. 624E+08, MASS DISPERSED = 5.0205+07, MASS FVAPORATED -~ 1. 302607, SUM = 9, 20645+00)

FRACTION (BASED ON MASS) WEMAINING IN THE SLICE: 9 3E-01, AREA: 8. 4E+05 M&x2, THICKRESS: | 1E-01 CM. NOLE WI=342.0

WELCHT FRACTION WATER IN 04, = 7.0E-01, VISCOSITY = 7.1E+0% CENFISTOEES, DISPFRSION TERM = 2 _3E-03 WEICHE FRACTL ON/UR

HASSZAREA= 1. 0E ¢80 CHS/MEN, SEPCR= 9. 1E-0L, TOTAL VOLUME: 6. 0E+00 BIL, DISPEUSTON= 2.4E+00 CHS/MENAIIL, EVAP BATE: 6.1 E-0F GHS/ NN/ HR

STEP SIZE OF  3.339E-01 IS BASED ON QU 2

TIHE = 2.4K401 HOURS, MASS FUACTION OF FACH CUT RBEMAINING: 20
4.00-07 4.26-92 5. 26-01 @.5F-01 9.0E-61 9. 4E-01) 9. 3E-01 9.3E-01 9.4E-01 9.4E-01 9.4E-01 9.4F-¢)

MASS REMAINING = 8.0399E+00, MASS DISPERSED =  3.225E+07, MASS EVAPORATED = (. 43426+07, SUN = 9, 263E+00

FHACTIUN (BASED ON MASS) REMAINING IN THE SLICK= 9.08FK-01, ARBEA= ). 3E+05 H%+2, THICKNESS: |, 1E-01 CH, MOLE WF=142.2

WELCHT FRACTION WATER IN 011, = 7.0E-¢1, VISCOSITY = 7. {E+04 CENTINSTOEES. DISPERSION TERM = 2 3E-03 WEICIHT FRACTION-HR

MASE/AREAS 1. 0Ev00 CHS/NsN, SPCR= 9.1E-01, TUTAL VOLUME: 6.0E+00 BBI., DISPEGSION= 2 0K r00 GMS/MEM-Il. EVAP NATE: 6.0E-91 CHS/MeM/HR

STEY SIZE OF  4.297E-01 IS DASED ON CUT 2

TIME = 2.0E+401 HOURS, MASS FRACTION OF EACH CUT REMAINING: 24
V.BE-07  3.4E-02 3. 0E-01 H.4E-@1 9.2F-01 Y9 .4E-01 9.4E-01 9 4E~01 9.4F-01 9. 4E-91 9.4E-01 9 .4F-014

MASN REMAIRING = 8.300E+0l, MASS DBISFERSED = 5.48051:07, MASS EVAFORATED = 1 .490E+07, SUN = 9 _264E+01

FHACTIOR (BASED ON HASS) REMAINING IN THE SLICK= 9.25-01. ABEA: §.5E+05 M2, THICKNESS=: 1. 1E-01 CH, MOLE Wi:li42.6

WELCHT FRACTION WATER IN O1f. = 7.0E-01, VISCOSITY = 7.0E+04 CENTINTOKES, BISPERSION TERM = 2.3E-903 WEICIHT FRACTION-HR

HASS-AREA= 1 .OE+00 CMS/MsN, SPCH= 9.1E-01, TUTAL VOLUME: 5.9E+08 BB, DISPERSION= 2.4E+00 CHS/M«N/UR, EVAP BATE: 5.8E-01 GMS-MsM-HR

STEP s 1ZE OF  4.265E-01 IS BASED O Cur 2

1>
&

TIME = 2 7E+801 HOUNRS, HASS FHAUTIUN OF FACH CUT HEMAINING:
T.1E-80  2.0KE-02 4. 0E-60) O.0E-01 9. .2E-01 9. 3E-01 9.4E-01 9 .41:-01 9.4F-01 9.4FK-01 9.4E-61 9.4F-01

HASS NEMAINING =  B.34E+08, HASS DISPENSED = 3. 709E+07, HANS EVAPORATED = 1 .362F4+07, SUH = 9.264E+004
FRACTION (BASED ON NASS) REMAINING | N THE SLICK: 9. 2FK-01, AREAS 0. 6E+05 N¥x2, THICKNESS= 1 1E-08 CH. HOLE Wi=l42.8
WEICHT FRACETION WATER IN Ol = 7.0E-01, VISCOSEEY o 7.9E+04 CENTINSTOKES, [JISPMIS1I0ON TEMM = 2 3E-04 WEICHT FRACFION/UR

MASS/AREA= 9 .9E+02 CHS/M+M, SPCHRE 9.1E-01, TOTAL VIBLUNE: G.9E+04 BB, DISPERSION= 2.2E+00 CHS-HeM-HR, EVAP BATE: §.7E-01 CNS/MEM-UR

STEPF BIZE OF  .213K-0) IS BASED ON CUT 2

TIME = 2.8E+00 BOUNS, NASS FRACTION oF FEACH CUT BEMAINING: 26
200 2.UE-02 4.6K-01 8.2E-01 9.2FE-010 20K 010 9. 8E-01 9.0E-01 9.0E-01 9.0E-0t 9. UE-01  9.3E-0}
MASS REMAINING = B .300E+00, HARS DISPENSED = J.907F+07, PASS EVAPORATED = 1.624K+07, SUN =  9.204E+00

FRACTION (HBASED ON MASS) RENAININCG I8 THE SLICK: 9. 2K-0), AREA: 8.7FE+05 Mxx2, THICKNESS=: §.1E-01 CH, HOLE WI=343.1
WESCHT FHACTION WATER 1IN 01l = 7.6E-01, VISCOSETY = 31.20+04 CENTINTOKES, DISPERSION TERM = 2. 2E-04 WEIGHT FRACTION-HR
MASS/AREA= 4. 0E+02 CNS/M*M, SICHR= 9. 1E-01, TOTAL VOLUME= 5.9E+03 BBL., DISPERSION= 2. 28+00 CMS/M&M/UIL, EVAER RATE= 3.5K-01 CHS/MsM/HR

STEE SIZE OF  U.176E-01 15 BASED ON CUT 2

TIME = 2.9048) HOURS, MASS FHACTION OF FACH CUC REMATNING: 227
1000 .9 -02 4. 4K-0F 8.25-00 9 101 2. 04FE-01F 9. UE-01 20K~ 9 0E-01 2. 0F-01 9 . QF-d1 9. .38-08

MASS REMAINING = 0. 4T:UF i, HANS BISUERSED = 6. 2001107, MASS EVAFOHATED = 1. 684507, =SUM = 9, 264F+001

FHACTION (BASED OR NASH) HEMAINING IN THE SEICK: 9 0FE-01, AREN: 8.7E+00 M&42, THICKNESS: | sE-01 CM. MOLE WI=8438.4

wWEALCHT PHACTLION WATER 1IN 98 - 7. 0801, VISCUSITY = 8. 6404 CERTISTOEES, DISPERSION TERM = 2 23 -0 WELCIHT FRAMITTON/ IR

MASS/ARFA- 9. 7E+02 CHS. MeM, SPCK: 92000 08, TOFAL VOLUME - 595 «00 B, DISPERSION= 2 CE+00 GHS/M4M I, FVAE RATE: S.4E-00 GHS/MxM- 4t

STEE SIZF OF 4. 14001-4a) 15 BASED ON CUT 2
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TABLE 16 (Continued) Output From Oil-Weathering Calcuylations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 40“F for ®©pen-Ocean Weathering.

TIAE = 3.0E+01 UOURS, MASS FRACTION OF FACH CUT REMAINING: 28
4.4E-09  1.0K-02 4. 2K-01 @ 1E-01 9.0E-00 2. 3E-01 9. 0E-01 9.3E-01 9. 3E-01 9.3F-01 9. dE-04 9. .4E-01

HASY REMAINING = 3. 4400000, HANS DISPERSED = 0.40GE07, MASS EVAFORATED - 1.74%K¢07 , BUM = 9 264E+01

I-'llAl:'l'“IN‘ (HASED ON MASS) REMAINING I8 THE SLICE: 9 1E-00. AREA: B.05+05 M*2, THICKNESS: o . tE-01 CM. MOLE WI=041.7

WEICHT FHACTION WATER IN 011, 2 7.0E-00, VISCOSETY = B.9K+04 CENTISTOKES, DISPEHSION TEIN = 2L.2E-00 WEICHT FRACTION-UR

MASS/AREA= 9.6E+02 CHS/NEM, SPCR: 9.1E-01, TOFAL VOLUME: 5. 0E+04 BBE, DISPERSION: 2. 1Kr00 CHS/MFN/NR, EVAP BATE: 5.3E-01 CHS/MxN-HR

s

TIHE = 3.2E+01 NOURS. MASS FRACTION OF EACH CUT BEMAINING:

3 v ] 3 3 2.‘
6. 0E+00  1.2E-02 4. 1E-81 D.0E-01 9. 0E-01 9. .2E-01 9. 8E-01 9. .3E-01 9.3K-01 9.4K-01 9.3E-01 9.3K-901
MASE IEHAINING = B.414E+00. MASE DISPERSED = 6.700K+07, MASS EVAPORATED = | . BO0E+07, SUM = 9. .264E+048
FHACTION (BASED ON HASS) NEMAINING IN THE SLICK: 9 1E-01, AREA= §.91+05° Mex2, THICKENESS: 1.0KE-61 CM, MOLE WI=144.0

WELGHT FRACTION WATER 1IN 011 = 2.0E-04. VISCOSITY = 9. 4E+04 CENTISTOEES, DISPFERSION TERM = 2.2E-03 WEICHT FRACTION/ LR
MASS/AREA: 9.3E+02 GHS/M+N, SPCR= 9. 1E-01, TUTAL VOLUME: 5.0E+00 BB, DISPERSION= 2. )E+00 CHS/MEN/HR, FVAF BATE= 5.2E-91 CHMS/N*M-UR

TIME = 3.4c+01 HOBRS , MASS FRACTION OF EMU CUT HEMAINING:

I
O.0E+00 | 0F-02 4.9FE-61 7. .9E-@1 9.0E-01 9 . 2E-01 9.2E-01 9.25-01 9.28-01 9.28-01 9.2E-01 9.28-01
HASS UEMAINING = 0. 006E+08, MASS DISPERSED =  6.900F+07 , MASS EVAPORATER = 1.USZE+07, SUN = 9 2648+08
FUACTIOR (BASED ON MASS) REMAINING IN THE SLICK= 9. 1E-01, AREA: B8.9E+0% H*x2, TUICKNFSS: 1.0F-01 CH. MOLE WI=i444.2
WELCHT FRACKION WATER IN OLL = 7. @E-01, VISCUSITY = 9.6E+04 CENTISTOEES , DISPERS ION TEMN = 2. 2P-03 WEICHT FRACTION-BR
MASS/AHEA= 9. 4E+02 CMS/N*M, SPCR= 9. 1E-01, TUTAL VOLUME: 5.8E+00 DDL, DISPERSION= 2. 000 GNS/MEN/UI, EVAP BATE= 3.0E-01 CMS-MsM-HR
TIME = Q.4E+01 NOUKS, MASS FRACTION OF EACH CUT REMAINING: HYY
O.0R+0  B.UE-63 B 8E-61 7.9E-01 92.0E-01 9. 2E-01 9 . 2E-0L 9.2F-01 9.2FE-01 9.2E-01 9.2E-01 9.2E-0}
HANS REMAINING = 8. 0G7E+00, MASS DISPEUSER = 7.100K+07, MASS EVAPORATED = 1. 2485+07, SUN = 9.264K+08
FHACTION (BASED ON MASS) REMAINING IN THE SIICK= 9 . 0E-01. AlEA= 9. 0E+00 Mx:2, ‘TIHICKNES: 1. OE-01 N, MOLE WI=144.5
WELCHT FRACTION WATEN IN 01 = 2.60E-01, VISCOSLTY = § . OF+605 CENTISTOKES, DISFENSION PFRM = 2 _2p-03 WEICHT FRACTION-HR

MASE, AREA= 9. BE+82 CHAS/M*M, SPCR= 9.1E-04, TUTAL VOLUME= 5.8FE+00 BHL, DISPERSTON: 2 . 0E+00 CHS/NEM/-BR, EVAP HATES 4.9E-01 CMS/M*N-HR

TIME = J3.3E+@) HOURS, MASS FUACTION OF FACH CUT HEMAINENG:
@ . O+08  6.TH-04 B.6E-01 T.0E-01 B.9E-01 9.2E-01 9. .2F-081 49.2E-01 9.2E-01 9. 2E-01 9.2E-61 9.2F-01)

d2

MASS REMAIRING = 0. 329E+0i, MASS BISFERSED = 7. 084E+07, MANS EVAPORATED = 1. 960F+07, SUN = 9,.264E+08
FRACTION (BASED ON HASS) REMAINING IN THE S11CE= 9 0FE-01. ARFA= 9 3E+05 M3, THICKNESS= 1. OE-01 CM, MOLE WI=144.0
KELOUT FRACTION WATER IR OIL = 7.0E~-0t. VISCOSITY = 1 . OFE+03 CENTISTOKES, DISPERSION TERM = 2. 1E-08 WEICHT FRACTION/IR

MASS/AREA= 9.2E+02 CHS/M*H, S1ICH= 9.1E-01, TUFAL VOLUME: 3.8E+03 81, MISPEUSION= 2. 6E+00 CHMS/NXN/HR, EVAP HATES 4.8E-91 CHS-HsN-HA

TIME = R.7E+81 HOURS, MASS FHACTION OF EACH CUT NEMAINING:

@.0E+00 3.4K-04 U .4F-01) T.7E-0t U.9E-01 9. 1E-01 9 . 2E-01 9.2E-01 9.2FE-01 9.2E-01 9.2E-01 9.2E-01

KASS REMAINING = 8.301E+08, MASS DISPERSED = 7. 0607E+07, MASS EVAPORATED = 2 . 022E+02, SUN = 9,.264E+08

FRACTION (UASED ON MASS) REMAINIRG 1N PUE SLICE: 9 0F-01, AREA= 9. 1E+03 N#32, THICKNESNS: (. 0E-01 €M, MOLE WI=345.0
WEICHT FRACTION WATER IN OLL = 7.6E-01, VISCOSETY = 1. IE+05 CENTISTOKES, DISPERSION TERM = 2, 1E-04 WEIGHT FRACTILON/UR
MASS/AREA= 9. 1E+82 CHR/M*N, SPCR= 9.1FE-01, TOTAL VOLUME: §.7E+00 BHL., DISPERSION= § . 9E+00 CHS/M3M-/HH, EVAP HATE= 4.7FE-01 CMS-MsM-HR

N3

TIME = 3.00+01 HOUNS, HASS FHACTION OF FACH CUT REMAINING: REY
O.0r00 $.4E-03 G .UE-01 T.0F-00 B.9E-08 9.0FE-01 2 E-01 9 4F-00 92 4E-01 9 1E-01 9 1E-01 9. 1E-08

MASS BENAINING = 8. .274E+08, MASS DISPERSED = 7.027E+67, MASS EVAPOHATED = 2.076E+67, SUN = 9, 264E+08

FRACTION (BASED ON MASS) BEMAINING IN TUE SEICK: B.98-03, AREA: 9 2E¢05 M52, TRICKNESS: 9 9F-02 €M, MOLE WI=045.3

WEICHT FRACTION MATER IN sl = 2.0E-01, VISUOSITY = 1. 1E+65 CENVINTOEES, BISPERSION TERM = 2 (E-03 WEICHT FRACTION R

MASS-AREA= 9.08+02 CHS/N4N, SPGR= 9. 0E-01, TOTAL VOLUME: S.2E+00 BUL, DISPERSION: 1. 9E+00 CMS MM 8, EVAP BATES 4. 6E-0) CHS-Mxpn |

PIME = Q.91 HOURS, MASS FHACTION OF EACH CUT HEMVINING: 45
0. 0k+00 3 .0FE-00 I.2FE 81 7. .GE-01 U0 2 0FK-0r 9 k-0 YR 0L 9. kE-01 9Kl 9 k-8 9.0l

MASS BEMAINING = 8. 297E008, MANS DISPERSED = 8.0450¢07 | MASS EVAFORATER = 2, 1200007, SUM = 9, 204kt

FRACTION (BASED ON MNASS) REMAINING N THE SEICE- 0. 9F-01, ANEA: 9 0E+00 Mx+2, THICANESS: 9 apF-02 €M, MOLE WI-445.5

WELLHT FHACEION WATTER IN O = 7 . 0E-0) . ViIsCosily - 120400 CENTISTOKES, IISPENSION THEIIM = 2 (f -0 WELCHT PRACTION/SIR

MASS ARFAZ 3. 9E+02 CHSBeM, SPCI: 90808, TOVAL vorunl - 5.7E:00 BHL., DISPEISTON: | 91080 CMS-MeM- . EVAEP HATE: 4.3E-01 CMS/MaM-un
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TABLE 16 (Continued) Output From Oil-Weathering Ca]cg]ations; Prudhoe Bay Crude 0il, Time
Versus Calculated Results at 40°F Tor Upen-Ocean Weathering.

0.9F+60 2 . HFE-010 H4.0F-01 T.G5E-01 O 0E-01 9. 1E-61 9. 1E-41 9. 1E~¢1 9 1E-01 9. 1E~081 9 _{E-01 9.1¥E-01

HASS HEMAINING = 8.220E+08, HASS DISPERSED = - §.201F+07, MASS EVAPORATED = 2. 100K107, SUN = 9 264E+08
FRACTION (BASED 0“_ _NASS) NEMAINING N THE SLICK: B.95-00. ARFA= 9 . 3E+05 M*#2, THICKNESS: 9.75-02 CH, MOLE WI=445.4
WELCHT FRACUVLON WATER I8 011, = 2.0E-01, VISCOSITY = 1.2E+05 CENTINTUEES, BISPERSION TERM = 2.1E-080 WEICHT FRACTION/HR

MASS/AREA: B.HE+02 GUS/MEN, SPCIE 9. 0E-01, TUTAL VOLUME: 5.2F+00 BBL. DISPERSION= | UE 00 CHS/HAM/UIE, EVAF HATE: 4.4 -0} CHS/H=M/HR

TIME = 4.20+«+01H0URS, MASS anrrwu OF EACH CUT HEMAINING : a7

0 .VL+U0 2 Uk-0d 2. 9E-01 7.4F-0 B.BE-01 2. 0E-01 2. 1F-01 9.1E-01 9.4F-01 9.1E-01 9.1F-0) 9.1F-$1

MANS UEMAIRING = U, 194E+08, HASB DISPERSED = B.473L+07, MASS EVAPORATED = 2.201Kw07, SUN = 9.264E+08

FRACTION (BASED ON M A S S) REMAINING IK TNE SLICK= 3.8E-00, AREA: 9 . 4E+05 M¥%2 | THICKNESS: 9 _oF-02 CH, MOLE WT=446.0

WELGHT FRHACTION wATER IN OLL. = 7. 6E-b1, VISCOsHLY | L2R405 CENTISTOREES , DINPVERSITON TERN = 2 ob-034 WEIGHT FRACTIONAUR

HASS-AMIEAS 8. TE+O2 CAS/H N, SI'CR= 9.1E-01, TUTAL VOILUME:= 5.7E+03 (ull.. pISPERSION= | .BErO0 CNS/NEM/HR, EVAP BATE: 4.3E-61 GHS/N*N/UR

TIME . 4. SE+0 | HOURS | MASS FRACTION OF EACH CUT HEMA 1 N | NG Hil}

O OE+u0 1. BFE-83 2 0FK-01 T.OE-01 B.7E-01 2. 0E-0t 9. 0E-01 9. 0F-01 9. 1E-08 9.1FE-01 9.1E-01 9. 1E-0)

MASS HENAINING = . 16UE oL, MASS DISPERSED = B.0lE+07, MASS EVAFORATED = 2. 281KE+07, SUN = 9 ,264E+08

FRACTLION (BASED O N MASS) REMAIRING [N THE SULICK= B .GE-01, AREA: 9 K200 N332, FIICENESS: 2.5E-02 CH, MIE WI:=346._3

WETGCHT FHACTION WATER 1N 01l = 7.0E-01, VISCOSITY = 1. 3E+65 CENTISTOKES, DISPERSION TEIM = 2 oF-03 WEICHT FRACTION/HR

HASS/ANEA=: 8.7E+02 CHUS/HEN, SPCR= 9.1E-01, TUTAL VOLUNE: §6.0E+03 BHL., DISPEUSION= (. 8E+00 GNS/MsN I, EVAP RATE: 4.2E-0) CHS-MxN/IR

TIME = 4.45+@1 HOUUS ., MASS FRACTION OF EACH CUT HEMAINING: a49

0. OE+o0 | .AF-01 2. 6F-81 T.JE-@1 B.TE-01 9.0E-01 9.0E-01 9.0E-01 9.0F-01 9. 0E-01 9.0F-01 9.0F-01

MASS REMAINING 8. 092800, H A S S DISPERSED = 8. .U92E+07, qaASS EVALORATEDR = 2 JUIE+07, SUN = 9, 204E+00

FRACTION (BASED ON MASS) HERAINING IN THE SLICK= 8. 0E-01., AREA= 9.5E+00 M¥x2, THICKNESS: 9.4E-62 CH, MOLE WT:=146.5

REJCHT FRACYVION WATER |IN Ol = 7.0E-88, VISCOSITY = 1.3E+605 CENTISTOKES, DISPERSION TERM |, 2.0E-04 WEICUHT FRACTION/HR

HASE/AREA= (.6E+02 CMs Map, SPCR= 9. 1E-01, TUTAL VULUME: 5.6E+00 BBL, DISPENSION= | .7TE+00 GMS/K+<N/UIR, EVAP RATE: 4.1E-61 CHS/M*M/HR

TINE = 4.5E+@1 NOUNS. MASS FRACTION OF FACH cur REMAINING: 40
Q.0E+w0 | .2E-03F 2.3E-01 7.28-01 H.7E-d1 9.0E-01 9.0E-0i 9.0E-01 9.0K-01 9.0L-61 9.0&—0; 9. 0¥-01

MASS REMAINING = g gp7E+08, MASS DISPERSED = 2.090E+07, HASS EVAPORATED = 2. 80K+07, SUN = 9. 264E+00

FRACTION (BASED O N MASS) REMAINING | N THE BLICK= 0. 8E-08, AlFA= 9. 6E+05 ME*2, THICKNESS: 9.3E-02 CH. NOLE WI=i146

WEICIT FRACTI1ON WATER IN OLL. = 7. ut. Ol. VISCOSITY = 1 .3E+65 CENTISTOKES, DISFERSION TERN . 2. .dk-04 WEICHT HIM:'IIUN/IIH
NASH/AREA= §.38+02 CHS/ MM, SICl= 9. 1E-01. TOTAL VOLUME: §.6E+03 BUY., DISPERSION= 1 .7E+00 CHS/NSM/HR, EVAP HATE= 4.1E-61 CMS/MsM/HR

TINE = 4. TE+O1LUHOURAS, HA SS FHACTION OUF EACH CUT REMAINING: 41

@ VL0 9. .2E-04 2. 4F-01 T.IE-01 U.0F-4! B.9E-01 9 0E-0] 9.0FK-V1 9.0E-0I 9.0E-61 9 .0E-61 9.0F-0I

NASS REMAINING = 8.091E+00, MASS IISEPERSED - 9. 001E+07 , MASS EVAPORATED =  2.420K+07 , SUR = 9 264L+08

FRACTION (BASED ON MASS) REMAINING IN THE SLICK= 8.7E-01, AEA: 9. 6E+05 M¥%2, THICKNESS: 9, 28-02 CH, NOLE. WT=047.0

WEICHT FRACTION WATER IN O1). =  7.6E-01, VISCOSITY 1.4K+03 CENTISTUKES, DISPERSION I'EHN = 2. 6E-03 WEICHT FRACTION/HR

MASS/AREA= B.4E+02 CHN.- MsM, SPCR: 9 1E-01, TUrAL VILUME= 5.6E+03 BBI., DISPENSION: | .TE+00 CNS-MsB-HH, EVAP RATE= 4.0FE-01 CNS/NsM/HR

TIHNE = 4. 8E+01HOURS, NASS FHACTION OF FACH CUT REMAINIRG: 42
Q.BE+00 7. .4F-94 2 E-01 T7.0E~-04 H.6E-91 . .9E-01 9.0E-0t 9.0F-01 9.0FE-01 9.9E-61 9.0E-61 Y.UK-al

MASS REMAINING =  8.067E+00. MASS DISPENSED =  9.502E+07, MASS EVAPORATED = 2.475E+07, SUM = 9.264K+08

FRACTUION (BARED ON HANS) REMAINING in THE 51 1K= B.2E-08, AREA= 9 . 7E+05 Mxx2, THICKNESS= 9 2E-02 €M, MOLE WI=147.2

WEICIHT FRACTION WATER IN O3l = Z.0E-04. VISCOUSITY = | .5E+65 CENTISTOKES, DISPFERSTON TERN = 2. 0F-03 WELCHT FRACTION-HR
MASS/AREA= 8.3E+02 CMS/M*M, SPCR= 9.415-01 | TOTAL VOJ UME: 5 6E+0R BIN. | DBISPERSION: 1. 6E+00 CHMS-NEN/MB, EVAP BATE: 3.9E-01 CHS/M*N-HR

TIME = 4.9Ft@1 HOUKRS ., MASS FHACTION OF FACH CUT REMAINING: aQ
0.0k 5. 0KE-04 2. 20-01 T.0F-01 U.ob01 B9~ UB.9E-01  §.9FE-01 B.9E~-61 B.9E-01 3.9E-01 8.9F-01

MASS HEMAINING = 8. 042100, MARS BISPERSED = 9 . TOIE+07, MASN EVAFORATED = 2.522E+07, SUN = 9,208K+0B

FRACTION (BASED ON MASS) REMAININC IN THE SLICK: 3.7E-01, AHEA: 9. 7E+05 N¥32, THICKNESS: 9 31£-02 CH, MOLE WI=H47 .4

WEIGHT FHRACTION WATER IN 011 = 7.0E-0). VISCOSITY = 1 . 5E+05 CENTISTOKES, DISPERSION TEKM = 1. 9E-03 NELGHT FRACTLON- MR

MASS, ARFA= §.3E+62 CAS/MM, SPCNH: 9. 1K-01, TOVAL VOLUME: 5.0K+03 BBL., DISPERSION= §.06EwW0 CMsS /MM /I, EVAP RATE= Q.HE-01 CNS/HsN- 4l

TIME = 5.0 81 HOUNS, HASS FHACTION OF EACIH COU REMAINING 44
0. 0kwe 4.6l 04 2 AR -0 6. oo B SE Gl JOE-01 B 9k 01 H.9E-01 BL.9E-01 B.9E-01 G.o4E-at @ 9F-0y
HASS REMAIHING = B 010K Y00, DASS DISPENSED - 2. 0901 107, MASS EVAFORATED = Z2.000E+07, SUN = 9. 2edbtol
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TABLE 16 (Continued) Output From Oil-Weathering Calcylations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at'40"F for Open-Ocean Weathering.

FHACTION (BASED O N MASS) REMAINING IN THE S1LICE= 3. 7E~-01 ., AREA= 9 _QE+05 M*%2 ., THICKNESN: 9 _0E-02 CM, MOLE WI=347.7
WEICHT FRACFION WATER IN Ol = 7. 08-01, VISCOSITY = | .GE+05 CENTISTOEES, BISPERSION TERM = | | 9p-g3 WEICKF FRACTION NIt
NASS/AREAS U.2E402 GMS N3N, SPCH= 9. 1E-01, TOTAL VOLUME= G . SE1OU BBL. , DISPERSION: | _6E+00 CHS/M&M HR, EVAF BATE: 3.7¢-01 CHS/NsN HR

TIME = 3.21+81 OURS, MASS FUACTLON OF EACH CUT HEMAINING: 4s
O .0r00 J.061-04 2 OE-01 6. UE-01 B.5E-01 G.0E-01 U YE-01 B.9FE-01 B.9E-01 $.9E-01 8.9E-01 §.9E-01

HASS REMAINING = 7 904K+00, HARS BISPERSED = 1.009E+), MASS EVAPORATER = 2 _613EY07, sum = 9 _264E+00

FRACTION (BASED 0N MASS) HEMAINING IN THE SLICK: B.6E-01 , AREA= 9. BE+00 M#+2 . P leKaEss: §.98-02 (N, HOLE WI=1347.9

WE | CHEFRACTIONWATER | K01 1. = 7. 4E-0L, VISCOSETY = 1 7F+05 CENTINSTOEES, DISPERSTON TR = | 9E-04 WELCHT FRACTION/HR ¢
MASS-AREA= 8. 1E+02 CHS/HEN, SPCR= 9. LE-0), TUFAL VOLUME: §.GE+00 BN, DISPERSION: | _GEr00 CHS/N+#N/UHIL, EVAP HATE< 3.7E-61 GHS/MsM HR

NTEP S | 28 0F  3.000E-01 |s BASED ON cuT 4

TINE = 6.20+01 WOULRS, MASS FRACTION QF EACH CUT REMAINING: 26
O.01+00 4. 7E~03 1. .3E-01 6.2E-01 8.3E-01 U.6E-01 H.7F-01 B.7E-01 4.7E-0) B.7E-01 8.7E-01 8.7F-01t

MASS RENAINING = 7 804E+01, MASS DISPERSED = 1.105E+00, MASS EVAFORATED = 2. 960E+07, SUN = 9 2¢4E+04

FRACTION (BASED U N MASS) REMAINING IN THE SLICK= 8.4E-01, ARFA= | 0E+006 M¥%2, THICKNESS: 9. 8E-02 CH, MOLE WT=i49.6

WELCHT FRACTION WATER IN OIL = T OB-01, VISCOSITY = Z2.2E+00 CENTISTOEES, IMSPERSION TERM =  {.8F-04 WEICHT FRACTION/NR

HASS/AREA: 7.6E+02 CHS-/N¥M, SPCR= 9.1E-01, TUCAL VOLUME: 5.4E+08 BB, IMSPERSION= (. 4E+00 CHS/NsH/UH, EVAP HATE: 3.1E£-01 CHS/ MM HR

STEP SIZE w  5.600E-01 IS BASED Oft CUT 3

TINE - T.20+01 HOUNRS, MASS Hun TION OF MLII cur mmuun«' 47
6.0E+00 5.UE-06 8.9E-02 5.7¢-01 U.0F-01 §$.5E-01 U.6E-61 B.6FE-01 §.6FE-01 8.6F-01 §B.6E-01 #.6F-014
MASS UEMAINING = 7.o:u.r:mu HASS msn-uuaw = 0. .w 13 HMS MASS EVAPORATED = 3.263E+¢07, sun = 9.264E+00

FHACTION (BASED ON MASS) IIEHAINING I'N THE SLICK= 8.2E-01, AREA= 1. 1E+06 H¥x2, THICKAESS= 7.8E-02 CN, MOLE WT=451.1
WEIGHT FRACTION WATER I8N 031 = Z.0E-01, VISCUSITY = 2. 0E+00 CENTISTOKES, DISPERSION TFRR = ¢ . 7¢-040 WEICHT FRACTION/HR
MASS/AREA= 7.1E+02 CHS/M#M, SICGR= 9.1E-01, TOTAL VOLUNE: 5.0E+00 BB, DISPERSION= 1.2E+00 GHS/M*N/UR, EVAP RATE: 2.7K-01 CHS/H*M-HR

STEY SIZE OF 5.000E-01 | S BASED ON CUT 3

TIME = 8.2F+0)1 MOURS, MASS FHRACTION OF EACH CUT REMAINING: 48
O.0LE+00 6.20-47 0. .7E-02 $5.2K-01 7 .W-01 B.OE-0r B.4E-01 B.4F-01 B.4E-01  $.4E-01 H.4E-91 U .4E-0U1

MASS HEMAINING = 7 48026+00). MASS DISPERSER - 1 . 429E+08, BASS EVAPORATED ~  3.506E+07, SUN = 9.26e4E+00

FHACTION (BASED ON MASS) BEMAINING | N THE SLICK= 0. (E-01, AREA= 3. 1FK+06 Hxs2, THICKNESS: 7.4E-02 CH, MOLE WT=452.

WEICHT FRACTION WATER | N O = 7.0E-01, VISCOSITY = 3.6E+00 CENTINTOKES, DISPERSION TERM . 1. 6E-03 WEIGCHT HIACII(DN/IIIl

MASS-AREA: 6. .BE+02 CMS MM, SPCH: 9 tE-01, TUTAL VOLUME= §.2E+0: BB1., DISPEIUSION: § . 1E+00 GCHMS/M:M/HR, VAP RATE: 2.3E-01 CNS/MsN-HH

STEY s 1 ZE OF  3.000E-01 1s BASED ON CUY B

TIME = 9.2E+01 HUUIS, M A SS FRACTION OF EACH CUT REMAINING 49
Q.0E+00  5.8E-08 :.0E-02 4.7E-01 C.GE-01 $.2FE-01 B.3E-01 $.3E-01 B.3E-01 H.3E-01 §.3K-01  8.0E-0)

MASS HEMAINING =  7.041E00, MASS BISFERSED = 1. 0350 +00, MASS EVAPOIATED =  3.7U7E+07, SUR = 4 Zedb+ol

FUACTION (BASED O MASS) BEMAINING | N THE SLICK: 7 .96-08, AREA= | JE+06 H3%2, THICKNESS: 7.0E-02 CH, MOLE WT=i5%.

WEICHT FHACTION WATER IN Oil. = 7.6E-01, VISCOSITY =  4.5E+03 CENTINTUKES, DISPERSION TENM = 1.5E-03 WEIGCHT FRAC 'ummm
MASS.'AREA: 6. 4E+82 GMS/H3M, SPCH= 9. 1E-01. TUTAL VOLUME: 5.1E+03 BBL, DISPERSION: 9.4E-01 CMS/MsM/lt, EVAY HATE= 2.1E-61 CHS/N*M/HR

STEP S1ZE OF 35.4008E-9t IS BASEY ON CUT B}

TIME = 1.81+92 HOUHS, MASS FHACTION OF FACH CUT NEMAINING: 30
Q. OE+00 3. .9F-09 2 2K 02 3K OF 7. .4K-01 G.0FK 01 B.2E-61 8.2E-01 8.2FE-0t b.2F- 28-08  1.2E-0)

MASS HEMAINING 5 7 2008001, MASS BIESEERSED L OSIE e, MASS FVAPORATED = 4. 019K 07, 9. 264k 100

FRACTION (BASED ON MASS) HEMAINING IH THE SLICK= 7 .4E-08, AWEA=: L2Ev06 M2, TRICKNESS: 6.7E-02 CH, BOLE Wi=i53.1

W ICIE FHACTION WATER 1IN O, - 2.0t -0), vi: SUTY 2 G.0F+05 CENVINTOKES ., BISPFUNLION ‘Toea - PO ST A

MASS AREA: G AFade? MO MM e -
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TABLE 16 (Continued) Output From Oil-Weathering Ca]cg]ations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 40" F “or "Open-Ocean Weathering.

TIME = 1. 0E402 HOURS, MASS FRACTION OF FACH CUT REMAINING: 61
O.0E+08 0. 0E100 1 . GE-02 R.9F-0) T.2HE-01 7. 9E-01 B.OF-8) d.1E-9) 0B.,F-01 B8.F-01 8.0FE-01 §.1E-01
MASS REMAINING = 7.091E400, MASS DISPEISED = 1 700K +08, HASS EVAFORATED :  4.2858+07, SUM = 9 _264E+00

FRAUTION (BASED ON HASS) HEMATNING I8 VHE SLICK= 2 7E-00, AREAT 1.2E+006 B%2, THICKNESS: 6.4E-02 CH. MOLE WI=i356.2
WEICHT FRACTION WATER IN Ol = 2.6E-01, VISCUSITY = 7 .0E+05 CENTISTOKES, DISPERSION TERM = 1. 3E-03 WEICHT FRACTION/HR
HASS AREA= 5.9E+82 GHS/H*#N, SIPCH= 9. 1E-0t, TUTAL VOLUNE: 4.9E+03 BBL.. DISPERSION= 7.0F-01 CMS/M3M/UR, EVAP RATE= 1.7E-01 GHS/N*M-HR

TIME © | .2E+02 HOURS . MASS FRACTION oF EACH CUT REMAINING: 32

O OLH00  G.01+080 T 9F-08 U.3E-01 T 0E-01 7.0E-01 7 .9E-01 .0E-01 0B.0E-01 UB.00-01 8.0E-01 §.0E-0)

MASS UEMAINING = 0. 900FK+0l, MASS DISPENSED = 1. 831E+08, MASS EVAPORATED = 4. 23HE+07 , SUN = 9 264E+00)

FHACTION (BASED O N MASS) REMAINING IN TUE SLICK: 7.5k-01, AREA= 1.2Ev006 H%32, THICKNINS: ¢ 2E-02 GN, HoOLE WI=337.4

WENMIHE FHA4 WI1ION WATERINOIL = T.QE-01 , VISCUSITY =  #.51K+00 CENTISTOKES, DISPFASION TERK = | . 2E-03 WEICHT FRACTION/HR

MASH/AIFA: §.6E+02 CHS-M*N, sSpCR= 9. lE‘UI » TOTAL VOLUME: 4.0E+03 B, DISPERSION: 0. 9E-0) GHS/MEN/IB. EVAP BATE= 1.6E-91 CMS-MxM-HR

TIME = | . 8E+82 HOOHS. MANS FRACTION OF EACH CUT REMAINING : 53
0. 0L400 O . 01+ $.6F-04 B.IE-0) 6.0BE-01 T.7TE-0} 7.8E-0i T.9K-0) 7.9F-01 7. 9F-01 7. ‘Dl' 0! L OE -0}

MASS REMAINING =  6.876E+08, MASS DISPFERSED =  1.926E+01, NASS EVAFORATED =  4.629F+07, SUH = 2086760

FRACTION (BASED O N MASS) HEMAINING 1IN TUE S1ICK= 7.4F- m ANEA: 1 .8E+06 H¥32 | THICKNESS: 5§, -n.—oz CN., MOLE WT=1450.4

WEICHT FHACTION WATER (N 0L = 7 .QE-01, viscosITy . OE+86 CENTINSTOEES, DiISP Hlbl“ﬂ TERM = 1 . 2E-08 WEICHT FRACTION IR
HASS/AREA= 5.4E+02 GMS /MM, SPCR= 9.1E-01, TUTAL Vol UNI'- 4.7E+a BBL.. DISPERSION= 6. .4E-61 CHNS/H&N/HE, EVAP HATE: {.3E-61 CHS/MxM/HR

TIME = 1 . 4E+@2 HOURS, HASS FHRACTION OF EAGCH CUT REMAINING: e
0.0E+0Y 0. UE+H0 2 6F-U3 2 gE-0) 6 6E-91 T.6E-01 T .7E-01 7 .0E-01 7.8E-0) 7.8E-01 7.UE-01 7._8FE-01

HASS HEMAINING = o.770E+600, MASS DISPERSED = 2.00SE+/01, HASS EVAPORATED = 4 . 811Es07, SUR = 9.264E+00

FRACTION (BABED O N MASS) RENAINING | N TUE 51 1K= 2.3~ 0! AREA: 1 HE+06 M¥32, THICKNESS= §.7E-02 CH, MOLE WF=159.4

WEICHT FHACTION WATER (N OIL = 7.0!. o). VISCUSITY = LEA006 CENTISTUOKES ., DISPERSION TERN = 1. 1E-084 WEIGHT FRACTION/LR

MASS/AREA=: §5.2E+02 CNS/N*N, Sl'(i“='9.ll::—0l . TOTAL VUI.UNE= 4.7E+08 BUL, PISPERSION: §.70-01 CHS/HEN/H, EVAP RATE= (.4E-01 CMS/NsM/HR

TINE = | .OE+02 HOURS, HAss FRACITON OF EACH CUT REMAINING: 53
Q. 0KV 0. .BE+WY | . 4E-03 2.5F-01 o6.4K-81 T.3E-01 7. 7E-01 7.7F-01 7.7TE-01 T.7E-01 7.7E- ol 7E-01

MASS REMAINING = 6. 6UTE+OL, HASS DISPENRSED = 2. 079E+08, MASS EVAPURATED = 4. 9H38K+07, SUN = ‘Mhﬂm

FRACTION (BASED O N MASS) REMAINING IN THE 81 JCK: 7.2E-01, AREA: | K206 H¥%2, THICKNESS = 5,5g—u2 CH, MOLE WI=:le0.4

WEIGCHT FRACTION WATER IN 011. = 7.0E-0f., VISCOSITY = 1 ,5E+06 CENTISTOKES, DISPERSTON TFHN =  1.0F-08 WEICHT FHACTION-NI

MASS/AREA: 3. 1E+02 CMS/M3N, SPCIR= 9 1E-01, TUTAL VOLUNE: 4.0E+03 UHL., DISPERSION= §.3E-601 CMS/N*M-HR, EVAP RATE:= 1.3E-01 CHNS/MxA-lR

TIME = 1.6E402 NOURS . MASS FRACTION oF EACH CUT REMALNING: i TN
0.0E+00 V.0F00 7 NBE-04 2.25-01 6.2E-01 7.3E-01 7.6E-61 7.6K-01 7.6E-0) 7.6E-0) 7.6E-01 7.6E-41

MASYS NEMAINING = 6.602E+04, MASS. INSPERSED = 2. 140FE+010, MASS EVAPORATED = 3. 147E+07, SUM = 9, 204E+00

FHACTION (BASED ON MASS) REMAINING IN THE SLICK= 7 0E-01, AREA= | UE+06 Hx«2, THICKNESS= §.4E-02 CH, MOLE Wi=i6l .4

WEICHT FHACTION WATER IN OLL = 7.0E-01, VISCUSITY = 1. 7K+06 CENTISTOKES, DISPERSION TENM = 9.9E-04 WEICHT FRACTION/ IR

MASS/ZAREAS 4.9E+02 CHS/H+M, SPCH= 91801, TUTAL VOLUNE: 4 . 5E+08 BBL., DISPERSION= 4 . BE-01 CHS/M&M/lR, EVAP RATE= 1.2E-01 CHS/MsM/HR

TIME = 178402 MRS, MASS FRACTION OF FACH CUT HEMAINING: 57
0. OE+00 B .6EWW8 4. .2E-04 2. 0E-01 o.1E-01 7.0KE-01 7.5K-01 7.5FK-0t 7.5E-01 7.5F-0) 7.3E-61 7.58-01

MASHS REMAINING = 6 .322K+040, HBASS DISPENSED = 2. 20208+088, MASS EVAFORATED = 3.003E+07, SUM = 9. 203E+08

FRACTION (BANED ON HASS) UEMAINING IN THE SLICK: 7 .0E-08, ARFA= 1 40 +06 BRE2, THICENESS: §.268-02 CH, MOLE WI=862 .30

WEIGCHT FRACTION WATER IN @1} - 7.0k-01, VISCOSETY = 2 0F+06 CENTINTOEES, DISPENSION TERM = 9 4E-04 WEICHT FRACTION/UR

MASS/AHEA: 4.7E402 CHS- M+M, SPCHE 92101, TOFAL VOLUME: 4 . 5H+08 BBL., DISPERSION: 4.GF-01 CHs MM/, EVAP BATE: ). 1E-0) GHS-MEM- N

STEEY SUZE OF  G.600k-0) IS BASED OR ot 4

VIMLD - §oHEH82 HOURS . MASS FHACTION ol EACH GOV REMATNING: oh
PRI TTURE I TR 1T R it ST & S Bd O 1] | J.9E - 7 2K 0 7.4F-00 7.58-01 7.5K-91 7.05E-04 7.5K-01 ?7.5F-03

MASS HEHAINING = o 40t tdb. TIASS DISPERSED 227000, MASS I-VAI'UIIAII-ID = 8.45%1F 07, SUM = DRIy RL )

FUALCTLON (BASED O MASS ) IIEMVIENENG IN CPBE SEICE S 7 .00 04 Al GE 06 WEED, THICKNESS: G.0K-02 CH. MIE W06, 2

WEICHT FRACKION WATER 1N ) - 70000, VISCOSTTY - 2. 4)+00 lIlNll‘oIOI\h. o ISPERSION TERK 2 9. 0k-04 WELCIHTT FRACTION/IR
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TABLE 16 (Continued) Output From Oil-Weathering Calcylations; Prudhoe Bay Crude Oil, tine
Versus Calculated Results at 40 F for Open-Ocean Weathering.

HASS/AREA= 4.6E+02 CMS/MsM, SPCR= 9. 2E-01, TOTAL VOLUME: 4.4E+08 BB, DISPERSION= 4. 1E-61 CMS/M=M ML, EVAP RATE: 1.0E-05 CMS/M:N/HR

STEP SEZE OF  3.000E-01 IS BASED ON CUT 4

TIRE = 1.9K+02 HOUKRS. MASS FRACTION of EACH CUT REMAINING: 39
6 OO B.0K+00 1. IE-04 1.0E-01 5.7K-01 7.1E-01 7.4E-01 7.41-01 7.4E-01 7.4FE-01 7.  4E-01 7. 4k-01

MASS REMAINING = 6.074E+60, MASS DISFERSED = 2 43IE+0H, MASS EVAFORATED = 5.391E+07, SUN = 9, 264E+00

FRACTION (BASED ON MASS) REHAINING | N THE SLICK= 6.9E-01, AREA= | . 4E+06 M¥%2, THICKENESS= 4.9E-02 CH, MOLE WI=164.0

WEICHT FRACTIONWATER IN O1). = 7.6E-08, VISCOSITY = 2,.7Fk+06 CENTINTOKES, BISPERSION FERM = §.6E-049 WEICHT FEACTION/HR

HASS/AREA= 4.3E+02 CHS/H3M, SPCR= 9.2E-01, TOFAL VOLUME:= 4.4E+03 BB, DISPERSION: 3. 0E-01 CMS/MsN/HR, EVAP BATES 9.7E-62 CMS/M*M-HR

STEF SIZE OF 3.000E-01 |S BASED O N CUT 4

TINE = 2.0E+02 IOUIS, H A S S FHACTION OF EACH CUT RFEMAINING: 60
0. 0E+00 @.0F+00 G.6E-63 | QE-01 J.6E-91 7.0E-01 7.3E-01 T7.4E-01 7. 3F-01 7 _4E-01 7.3E-01 7.3E-01

MASS NEMAENING =  6.307E+0U, MASS DISPERSED = 2.3USE+08, MASS EVAFORATED = §.725KE+07, SUM = 9.263E+08

FRACTION (BASED O N HMASS) REMAINING IN THE SLICK= 6.8E-01, AREA= | .4E+06 W&x2, THICKNESS= 4.0E-02 CH, MLE WI-364.8

WEICHT FRACUION WATER (v 00l = 7.0E-01, VISCOSITY = §.2E+86 CENTISTUOKES, [1ISI"KNS10N TENM = 8.2E~04 WEIGIHT FRACTION/IIR

HASS/AREA= 4.4E+02 GCHS-N*M, SPCGR= 9, AE'OI. TUTAL VOLUNE:= 4.3E+03 88, DISPEUSION= 3.06E-01 CHS/MsH/ MR, EVAP BATE= 9.6E-62 CHS-MxM-HR

STEP SIZE OF 5.000E-01 18 BASED O N CUT 4

TIME = 205402 HOUNS, v A s s FHACTION OF EACH CUT REMAINING: 61
0.0L+00 O6.0E+W0 2. 0F-03 . .2E-01 J§.4F-01 6. 9E-01 T.2kE-01 7.4FE-01 7.3K-01 7. .3E-01 7.3E-61 7.38E-01

MASS HEMAINING = 6.244E+00), MASS DISPERSED = 2.4046E+08, MASS EVAFORATED =  3.052¢+07, SUM =  9.204k+08

FRACTION (BASED O N MASS) REMAINING [N THE SLICK= 6.7E-08, AREA= § .5E+06 N*%2, THICKNENSS:= 4.6E-02 CH, MMLE WT=163.6

WEICHT FRACTION WATER IN 011 . = 7.0E-01, VISCUSITY = H.6FK+06 CENTISTOKES, DISPEASION THRM = 7 .8E-04 WEICHT FRACTION/MR

MASE/AREA= 4.3E+02 CHS/M¥N, SPCR= 0.2E-01, TUTAL VOLUME:= 4.3E+03 BHL., DISPERSION= 3.3E-01 CHS/N&N-HR, EVAP RATE= 8.5kE-02 CMS/M=M-HR

STEP SIZE OF 35.000E-61 |S HASED ON CUT 14

TIME = 2.2E+02 {OURS, MASS FIRACTION OF FACH CUT REMAINING: 62
0.05100 ©.05100 1.45-03 1. OF-01 §.3F-01 6.9E-01 7. 2E-61 7.2E-01 7. 2E-01 7.2E-01 7. 26-g1, 7 2

MASS REMAINING = €. qopeon, HASS mwuhv - 2. MNSE+0l, MASS EVAPORATED =  5.973K+07, SUM = aedivon

FIHACTION (BASED ON MASS) REMAINING | N THE SLICK: 6.7E-01, AIEA: | .5E+06 M¥x2. THICKNESS: 4. 5€- u.e CH, MOLE WI=306.4

WEICHT FUACTION WATER IN 1L = 7. m—m VISCOSITY = 4...hm. CENTISTOKES, mwuusum TERM = 7.5E-04 NEICHT FHACTION-IR

HASS ANEA= 4.2E+02 CHS/M&H, SPCH= 9.2E-01. TUTAL VOLUME: 4.2E+0% 8Bl., DISPERSION= 3. 1E-01 CMS/MM/HI, EVAP WATE:= 7.9E-02 CNS/MsM/IR
STEF S12E w  5.000E-01 1S BASED ON CUT 4

TIME = 2.3E+02 HOURS, MASS FRACTION OF FACH CUT REMAINING: 61
0.0F+00 0 OF+80 ©.3KE-66 9.0F 62 5. 1E-61 O.8E-01 7.1E-61 7.2E-01 7.2E-61 7.2F-08 7.2E-01 7.20-01

MASE HEMAINING = 6. 124K+015. MASS DISPERSED = 2.501E¢0ll, MASS EVAFORATED =  6.0H08E107, SUM = 9.263E+08

FHACTION (BASED ON MASS) BEMAINING N THE SLICK: 0. 6E-01, ARFA- | .5K+06 M52, THICKNESS: 4.9E-02 CN. MOLE WI=H6T.1

WEIGHT FHACTION WATER IN 011, = 7.0E-01. VISCOSIETY = 4.ZE+06 CENTINSTOKES, INSPERSION TERM = 7.20-04 WEIGIHT FRACTION-HR

BASS/AREA: 4. 1EfB2 CHS/MrM, sSPCRk= 9.28-01, TOTAL VOLUME: 4. 2E+00 B, DISPENSION: 2 . 9E-01 CMS-NEM/BIL, EVAP RATE: 7.0K-02 CHNS/NsH-0R

STEP SIZE OF  5.6001-01 IS BASED ON CUT 9

FUE CUT NUMBER | NC BEGINS wo1en 1 BASED ONTHE OlLIG 1 NAL CUT NUMBERS

FIHE FINAL MASS FRACTIONS POl THE SEICE AT 2404002 Houls Al 0

O 00BE 0 B OO IOY 3. 419). 0L T .975K-02 3. N7E-0) O.7U5E-01 T . O72E-01 7. 114k-0l T.o1l6k-81 7.0ITE-00 7. HI7E-O1L
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TABLE 16 (Continued) Output From Oil-Weathering Calculations; Prudhoe Bay Crude 0il,
End of Calculated Result, Including Final Mass Balance.

7.0117E-06)

FRACTION (BASED O N MASS) REMAINING IN TUE SLICK= 6. 6601, ARKA= | .SFE+06 M%x2, THICKNESS= 4.3E-02 CH, MOLE WT=367.1
MASS REMAINING = O.O77E+08, MASS DISPERSED = 2. 569E+08, MASS EVAFORATED = 6. 181E+07, SUN =  9.204E+6H

REFREEXFREEEREEEEEER R R B EEE LR R SRR R EEERE R R RN KRG FF R R KRR K KT R ERERRER KT RS

*x¥RTFEEE FINAL OVERALL MASS BALANCE FOR PARENT O | L s%¥xktxkkksx

FiINAL MASS FRACTIONS OF CUTS: :
0.0 rd8 0. QOVE+0UV  §.000E4600 0. 000E+00 0. 0UBE+O0 1 . 471E-06 5.619E-62 J.800E-01  §.243E-61 5.510E-03 5.351E-0

$.959F-91  5.303FK-01  0.330F-01 8. 534L-0)

FRACFPION (BASED ON MASS) HEMAINING=  4.336E-0) ) )
MASS UEMAINING= 6 077E+088 M A S S DISPERSED= §.273E+08 MASS EVAPORATED= 2.600E+08 HASS BELETED= 1.566R+01 TOTAL® 1.090E+09

GRIGINAL NASS= 1.393E+09



expl anatory but some care nust 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 imediately (<1 hour). In this case the cut(s) will be deleted

from the calculation and the remaining cuts renunbered

Page 40illustrates the output where a cut has been del eted because it
evaporates too fast to be considered in the calculation. The cut renunbering
occurs immediately before the time integration begins and will always be noted
on the output before the time = Oprint. The user nust know that a cut has
been deleted or interpretation of the results will be shifted by one (or nore)
cut . The deletion of a cut is also noted before the final mass fractions are
printed by telling the user the nunber of the first cut printed. This is
illustrated on Page 48 where it is noted that the cut nunbering begins with 2

After pool-weathering and broken-ice field weathering, open ocean
weat hering at 40"C was chosen. Page 49 shows another internediate
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 renunbered and characterized in the usual nmanner. Thus, if
a user desires to follow a particular cut through a scenario, care nust be
taken to correctly identify the desired cut. This is nost easily acconplished

by follow ng the boiling point of the conponent (which does not change) through

the various output.

As with the two previous weathering “conpartnent s* , the oi
characterization data is followed by the input constants and the results of the
weat hering calculations (pages 50 through 60). Page 60 presents the end of the
weat hering calculations and the final overall mass bal ance for the parent oil
This mmss bal ance serves as a nmeans of checking that the sum of the nass
evaporated, mass di spersed, mass remaining, and mass deleted (very volatile

cuts) is equal to the original nass

An exanple of the 80-colum output is presented in Table 17. This
output was generated at the sane tine as the output in Table 16. Note that the

62



TABLE 17. Illustration of 80-Column Output from Ocean-lce Oil-
Weathering Code; Prudhoe Bay Cruge Oil; Weathering of
Oil in Pools on Top of lce at 32°F.

WEATHERING OF OIL INPOOLS ON TOP OF ICE

OIL: PRUDHOE BAY, ALASKA

TEMPERATURE= 32.0DEG F. WIND SPEED= 16.0 KNOTS
SPILL SfZE= | .000E+04 BARRELS

MASS-TRANSFER COEFFICIENT CODE= 2

FOR THE. OUTPUT THAT FOLLOWS. MOLES3GRAM MOLES
CMS=CRAMS ,VP=VAPOR PRESSURE IN ATMOSPHERES
BP=BOILING POINT IN DEG F, API=GRAVITY
MW=MULECULAR WEIGHT

CUT  MOLES GMS VP BP API MW

2.74E+63 2.29E+07 4.09E-02 1.30E+02 7.27E+81 83
3.13E+03 2.96E+07 1.35E-02 1.99E+02 6.42E+01 93
R.91E+85 4.14E+07 B.25E-03 2.35E+02 3.67E+081 105
1.67E+605 4.37E+07 7.03E-04 2 QOE+02 5.16E+0L 119
1.33E+03 4.60E+07 |.40E-04 3 . 23E+02 4.76E+8| 133
2.92E+03 4.41E+87 2.44E-03 3.70E+02 4.32E+01 150
1.10E+03 3.33E+07 3.98E-06 4.13E+02 4.13E+01 167
3.41E+03 6.31E+07 5.86E-07 4.60E+02 3.78E+61 184
3.94E+03 6.69E+07 B.22E-08 5.05E+92 231.48E+01 200
10 1.74E+03 3.84E+07 8.24E-09 3.54E+02 3.06E+01 220
11 3.38E+93 9.0(1E+07 4.12E-10 6.09E+02 2.91E+81 251
12 3.4(E+#3 9.39E+07 2.02E-11 6.62E+02 2.62E+01 28t
13 2.73E+63 8.359E+07 8.60E-13 7.(2E+02 -4QE+81 312
14 3.94E+93 1.07E+08 1.96E-t4 7.64E+02 2.23E+0L 33
15 9.42E+93 3.63E+08 ©.00E+00 B8.350E+92 1.14E+061 600

=20 N- = I R ]

[E TR

-0 e0

MOUSSE CONSTANTS: MOONEY=0.06E+00, MAX H2082-1 00, WIND*xx2= 0.00E+00
DISPERSION CONSTANTS: KA= 1 .08E~01, KB= 3.00E+0!,S~-TENS[ON=1.00E+00
VIS CONSTANTS: VIS23C= 3.50E+01L, ANDRADE = 9.90E+03, FRACT = 1.05E+0!

FOR THF.OUTPUT THAT FOLLOWS, TIME=HOURS
BBL=BARRELS ,SPCR=SPECIFIC GRAVI TY, AREA=MxM
THICKNESS=CM, W=PERCENT WATER IN OIL (MOUSSE)
DISP=DISPERSION RATE INGMS/M*M/HR
ERATE=EVAPORTION RATE [N GMS/M*M HR

M-A=MASS PER M*M OF OIL IN THE SLICK

[=FIRST CUT WITH GREATER THAN 1% (MASS) REMAINING
J=FIRST CUT WITH GREATER THAN 350% (MASS) REMAINING
DISPEM1ON WAS TURNED OFF

SPREADING WAS TURNED OFF

TIME BBL SPGR AREA THICKNESS W DISP ERATE M/A 1 J
0O t.0E+04 .88 7.9E+04 2.0E+00 Q9 0.0E+00 0 .0E+00 1.8E+04 1 1
| 9.8E+03 .88 7.9E+04 2.0E+00 O 0.0E+00 | .TE+02 | .PE+04 1 1|
2 9.7E+03 ¢0.88 7.9E+04 | .9E+00 e O0.9E+00 | .3E+02 | .TE+04 | 2
3 Y.7E+6370.88 7.9E+04 | .9E+00 O 0.0E+90 9.3E+01 1 .TE+04 1 2
4 9.6E+03 .88 7.9E+04 1| .9E+00 O 0.0E+00 7.3L+0t | .7E+04 1| 3
3 9.6E+83 9.89 7.9E+084 | .9E+00 8 0.9E+00 6.2E+01 1 .TE+04 1 3§
6 9.5E+03 0.89 7.9E+94 1 .9E+00 e 0.9E+00 3 .2E+0( (.7E+84 1 4
7 9.3E+03 0.89 7.9E+04 | .9E+00 0 0.0£+00 4 .5C+01 | .TE+04 | 3
8 9.4E+03 0.89 7.9E+04 { .9E+00 0 0.0E+00 4.0E+01 (| .7E+04 2 3
9 9.4E+983 0.89 7.9E+04 | .9E+00 0 O.0E+90 3.6E+9| 1.7FE+04 2 1

16 9.4E+03 0.89 7 .9E+84 |.9E+00 e 0.0E+00 3.3E+061 | .TE+04 2 3
119.4E+03 0.89 7.9E+04 1.9E+00 e 0.0E+00 3.9+01 |.7TE+94 2 3
129.4E+93 0.89 7.9E+04 | .9E+00 e 0.6E+00 2,.8E+0t {.TE+04 2 3
13 9.3E+63 .89 7.9E+904 1 .9E+00 ® 0.0E+00 2.6E+0t 1.7E+04 2 3
t4 9.3E+93 0.89 7.9E+04 | .9E+00 e 0.9E+00 2 .4E+0( | .TE+84 2 3
13 9.3E+03 6.89 7.9E+04 | .9E+00 e 0.0E+900 2.2£+081 | .7E+04 2 3
16 ».JE+03 .89 7.9E+04 1.9E+00 e 9.0E+00 2, 1E+06] |.7E+04 2 4
17 9.3E+03 0.89 7.9E+04 1.9E+68 e ©0.0E+00 2.0E+061 1.7E+04 2 4
18 9.3E+03 .89 7.9E+04 1 .9E+00 ® 0.0E+00 1 .9E+0} 1 .6E+04 2 4
19 9.2E+93 0.89 7.9E+04 t . BE+00 O 0.0E+00 L .BE+V0L | .6E+04 2 4
20 9.2E+83 0 .89 7.9E+04 | .8E+00 e 0.9E+00 1 . 7E+01 |.6E+04 2 4
21 9.2E+63 0.89 7.9E+04 1 .0E+00 € O.0E+00 | .6E+01 1.6£+04 2 <
22 9.,2E+63 9.89 7.9E+904 1 .BE+00 ® 0.0E+00 | .6E+0t | .6E+04 2 4
23 9.2E+93 0.89 7.9E+04 1.8E+00 O 90.9E+00 1 .J3E+01 1| .6E+904 2 4
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TABLE 17 (Continued).

WEATHERINC OF OIL IN A BROKEN ICE FI| ELD
AFTER [CE POOL WEATHERING FOR 2.400E+@1 HOURS

OIL: PRUDHOE BAY, “ALASKA

TEMPERATURE= 32.0DEG F, WIND SPEED= 2.6 KNOTS
SPILL SI1ZE= 9.193FE+03 BARHELS

MASS-TRANSFER COEFFICIENT CODE=2

FOR THHE OUTPUT THAT FOLLOWS, MOLES=GCRAM MOLES
GMS=CRAMS, VP=VAPOR PRESSURE IN ATMOSPHERES

BP=BOILING POINT IN DEG F, API[=GRAVITY
MW=MOLECULAR WEIGHT

cuT MOLES CMS vp BP API MW

t 1.87E-9( 1.37E+0t1 $5.99E-902 1.36E+02 7.27E+61 83
2 3.11E+03 2.92E+05 2.06E-02 1.99E+82 6.42E+91 93
3 1.31E+63 |.38E+07 5.42E-83 2.35E+62 5.67E+01 105
4 2.90E+03 3.46E+07 1.24E-03 2.80E+02 5.16E+01 119
5 $.28E+03 4 39£+07 2.39E-04 3.25E+02 4.76E+61 133
6 2.90E+03 4.37E+07 4.81E-85 3.70E+92 4.32E+01 (30
7 3.30FE+03 3.52E+07 B8.13E-06 4.13E+02 4.15E+01 167
8 3.41E+65 6.31E+07 1.31E-06 4.60E+02 3.78E+0! 184
9 3.34E+63 6.69E+07 1.95E-07 S5.03E+02 13.48E+01 200
10 1.74E+05 3.84E+07 2.(2E-08 5.34E+02 3.06E+01 220
11 3.38E+93 O0.01E+07 1.17E-09 6.09E+02 2.91E+01 231
12 3.41E+63 9.359E+07 6.39E-11 6.62E+02 2.62E+01 281
13 2.73E+63 B8.59E+07 3.03E-12 7.12E+02 2.406E+91 312
14 3.04E+03 {.07E+08 7.87E~14 7.64E+02 2.23E+01 351
153 Y.42E+63 3.63E+08 ©.00E+00 3.30E+02 1.(4E+81 600

MOUSSE CONSTANTS: P:%OI:E\&;gé2gE-Ol s MAXH20= 0.70, WIND®x2= ) .06E-02
431 .000E+01
DISPERSION CONSTANTS: KA=1.0U8BE-01, K B = 35.00E+0!, S-TENSION= 3.00E+91
KC=1.000E+01
FRACTION OF ICE COVER=6.680E~-01
VIS CONSTANTS: VIS23C= 3.30E+01, ANDRADE = 9.00E+83. FRACT = 1 .03E+01

FOR THE OUTPUT THAT FOLLOWS. TIME=HOURS

BBL=BARRELS, SPCR=SPECIFIC GRAVITY, AREA=M*xM

THICKNESS=CM, W=PERCENT WATER IN OIL (MOUSSE)

DISP=DISPERSION RATE IN GMS/Mx*M/HR

ERATE=EVAPORTION RATE [N GMS-/M+M-HR

M-A=MASS PER H*M OF OIL IN THE SLICK

I=FIRST CUT WITH GREATER THAN 1% (MASS) REMAINING

J=FIRST CUT WITH GREATFR THAN 38X (MASS) REMAINING

CUT (GOES AWAYINMINUTES, THEREFOREIT WAS DELETED AND TRE CUTS RENUMBERED

TIME BBL SPGR AREA THICKNESS W DBISP ERATE M-A 1 J
O 9.2E+063 6.89 7.9E+04 | .8E+00 O 7.6E+010.0E+900 1.6E+04 1 |
1 9.1E+83 0.89 1.1E+051.3E+00 290 ?7.3E+01 2.5E+011.2E+84 1
29.0E+03 0.89 1.4E+031.1E+00 48 4.4E+01 2.3E+01 9.3E+03 1 2
3 9.6E+03 0.89 | .6E+03 9.2E-01 60 2.8E+0( 2.1E+01 8.2E+03 1 2
4 8.9E+03 6.89 | .TE+03 8.2E-0%f 66 1.9E+01 |.9E+0] 7.3E+03 | 2
58.9E+03 0.89 1.9E+68 7.4E-0t 69 1.3E+91 1.7E+@1 6.7E+03 1 3
6 0.8E+87 6.89 2.0E+03 6.9E-01 70 1.3E+6t 1.35+01 6.1E+03 | 3
7 8.8E+83 0.89 2.2E+05 6.4E-01 70 1.3E+01 |.3E+01 3.7E+83 2 3
8 8.7E+93 .90 2.3E+083 5.9E-0t 70 1.2E+01 !.2E+015.3E+03 2 g
9 8.7E+93 0.90 2.3E+03 3.6E-01 70 1.2E+01 !.1E+01 3.0E+03 2 3

10 86.6E+063 .90 2.6E+68 3.3E-01 70 1.2E+01 9.6E+00 4.8E+03 2 3
it 8.6E+63 0.90 2.7E+03 5.1E-0( 70 1.1E+01 8.7E+¥0 4.5E+63 2 4
12 8.5E+83 0.90 2.8E+03 4.8E-81 70 1 .|E+81 7.9E+00 4.3E+03 2 4
13 8.3E+063 ©.90 2.9E+03 4.6E-01 70 1.1E+01 7.3E+00 4.2E+03 2 4
14 §.3E+83 6.990 3.0E+03 4.35E-01 70 1.1E+91 6.8E+00 4.0E+03 2 4
16 8.4E+03 6.90 3.1E+03 4.3E-01 70 t.0E+0| 6.3E+00 3.9E+03 2 4
17 8.4E+03 ©.90 3.2E+03 4.2E-01 70 1.0E+01 3.9E+00 3.8E+63 2 4
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TABLE 17 (Continued).

18 8.3E+03 4.90 3.3E+05
19 8.3E+83 0.99 3.4E+03
20 8.3E+83 0.90 3.4E+03
2t 8.2E+03 ¢.9@ 3 . 3E+eS
22 8.2E+03 0.90 3.6E+03
23 §.1E+83 0.90 3 .7E+05
24 8.1E+03 ©.90 3, 7E+03
23 &L.1E+83 9.90 3 gE+03
26 3.0E+03 ©0.90 3 .9E+03
27 8.0E+03 0.96 3.9E+03
28 §.0C+03 0.90 4.0E+03
29 T.9E+903 9.90 4.iE+03
31 T.9E+83 0.90 4.tE+03
32 T.9E+03 0.990 4.2E+9053
33 7.8E+03 ©.99 4 .3E+0%

¢

[
34 T.BE+63 0.90 4.4E+03
33 7.7F+63 €.90 4 _4E+08
37 7.TE+03 0.90 4, 3E+03
38 7.7E+03 0.9 4.3E+05
39 7.7E+63 0.90 4.6E+03

49 T.6E+03 ©.90 4. 6E+03
41 T.6E+63 ©.90 4. .7E+05
7.6E+93 90.990 4.7E+03
7T.5E+93 0.990 4 .8E+03
T.3E+03 0.90 4.8E+0S
.53E+03 0.90 4.9E+0%
.S5E+83 9.99 4 . YE+93
.4E+03 ¢.90 3 .0E+03
.4E+03 0.90 3. 0E+05
.4E+03 0.90 J.1E+03
7.4E+03 0.90 5. |E+053
T.3E+03 0.90 3 . 2E+09%
T.1E+83 6.96 3, 6E+03
6.9E+963 0.90 5.9E+08
6.7E+63 0.91 6. 1E+08
6.6E+03 0.91 6.6E+83

CONOUNADBEDADDSD
rrrr~Ponuons Py
[ ENES KRS |

4.1E-01
3.9E-01
3.8E-01
3.7E-01
3.6E-01
3.5E-01
4.3E-01
3.4E-01
3.3E-01
3.2E-01
3.2E-01
3.1E-01
3.0E-01
3.0E-01
2.9E-01
2. BE-01
2. 8E-01
2.7E-01
2.7E-901
2.7E-01
2. 6E-01
2.6E-01
2. 3E-01
2.3E-01
2.3E-01
2.4E-01
2. 4E-01
2 4E-91
2. 3E-01t
2.3E-01
2.3E-01
2.3E-01t
2.0E-01
t .8E-0t
1. 7E-01
1. 6E-01
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70
70
70
70
70
706

9.BE+80 5.3E+00 3.6E+03
9.6E+00 5.2E+00 3,.3E+03

9.4E+00 4.9E+00 1.4E+03

9 .2E+00 4.6E+00 3.3E+03
9.0E+060 4.3E+00 3.3E+@3
8.8E+00 4.1E+00 3.2E+03
76 B.6L+90 3.9E+80 3.1E+03
70 8.4E+00 3.7E+00 3.0E+03
70 8.2E+00 3.3E+00 3.0E+03
76 B8.0E+00 3.3E+00 2.9E+03
79 7.8E+00 3.1E+00 2.9E+03

70 7.6E+060 2.9E+00 2.8E+03
70 7.4E+00 2.8E+00 2.7E+03
70 7.3E+00 2.6E+00 2.7E+03
70 7.1E+00 2.3E+00 2.6E+03

70 6.9E+00 2.4E+00 2.6E+03
70 6.8E+06 2.3E+v0 2.35E+83

70 6.6E+00 2.2E+00 2.3E+03

70 6.3E+00 1.1E+060 2.4E+03

70 6.3E+00 2.0E+00 2.4E+u3
70 6.2E+00 1.9E+00 2.4E+03
70 6.1E+00 1 .8E+00 2.3E+08
70 6.60E+00 1| .BE+900 2.3E+63
70 5.8E+00 | . 7E+00 2.3E+03

70 3.7E+09 ( .7E+906 2. 2E+03
790 5.6E+00 | .6E+06 Z.2E+03

70 5.35E+00 | .6E+00 2.2E+03

70 3.4E+00 1 .3E+00 2.1E+0]

70 3.3E+00 | .5E+00 2.

70 5.2E+00 { .4E+00 2.1E+03
70 5.1C+00 1 .4E+00 2.1E+00
70 53.0E+00 | .4E+00 2.0E+03
70 4.2E+00(.1E+06 1.8E+03
70 3.3E+00 8.4E-061 1 .7E+03
70 31.0E+00 6.8E-01.1.3E+03
70 2.6E+08 35.6E-01 1 .4E+03
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TABLE 17 (Continued).

OPEN oCEAN WEATHERING
ICE POOL WEATHERINC FOR 2.480E+@1 HOURS

AFTER :

BROKEN ICE FIELD WEATHERING FOR | .000E+82 HOURS

OIL: PRUDHOE BAY, ALASKA

TEMPERATURE= 40.6 DEG F, WIND SPEED=
SPILL SIZE= 6.428E+83 BARRELS
MASS-TRANSFER COEFFICIENTT CODE= 2

20.0 KNOTS .

FOR THE OUTPUT THAT FOLLOWS. MOLES=GRAM MOLES

GMS=GRAMS, VP=VAPOR PRESSURE IN ATMOSPHERES

BPzBOILING POINT

MW=MOLECULAR WEIGHT

MOLES
4.40E-02
| . 94E+04
1.26E+05
2.33E+03
2.62E+03
2.60E+03
1 .36E+05
2.79E+63
2.66E+05
2.14E+03
2.37E+053
7 .33E+85

O
C
3

[l oo RN N WHNELY L

CMS
5.23E+00
1.40E+06
1.90E+07
3.90E+07
4.84E+07
3.2{E+07
3.00E+07
7 .03E+07
7.49E+07
6.70E+07
8.34E+07
4.41E+08

VP
1.77E-03

IN DEGC F, API=GRAVITY

BP
2.80E+02

AP T
5. 16E+01L

3.84E-04 3.23E+02 4.76E+01 1

7.40E-053

3.70E+02

4.32E+01

1.33E-03 4.15E+02 4. 135E+0t 1
2.18E-06 4.60E+02 3.78E+01 1

3.40E-07
3.86E-08
2.29E-09
1.33E-10
6.76E-12
Fo O 000
0.00E+00

3.03E+02
5.34E+02
6.09E+02
6.62E+02
7.12E+02
™ ARSI,
8.30E+02

3.48E+01
3.06E+01
2.91E+01
2.62E+01
2.40E+01
2.23E+01
1.14E+01

M
{

wx

1
3
13
6
8

ANOW

206
220
251
281
3t2
a3t
600

MOUSSE CONSTANTS: MOONEY= 6.20E-061, MA X H20= 0.70, WIND**2=1.00E-03
DiSPERS[ON CONSTANTS: KA= {.08E-01, KB= 3.00E+01l., S-TENSIQONz 3.00E+01
VIS CONSTANTS: VIS25C=3.30E+01, ANDRADE = 9.00E+93,FRACT =1.05E+01

FOR THE OUTPUT THAT FOLLOWS, TIME=HOURS
BBL=BARRELS, SPGR=SPECIFIC GRAVITY, AREA=M*xM
THICKNESS=CM,W=PERCENT WATER [N OIL (MOUSSE)
DISP=DISPERSION RATE IN GMS-/M*M- HR
ERATE=EVAPORT{ON RATE IN GMS-MxM/HR

M-A=MASS PER M*Il OF OIL IN THE SLICK

[=FIRST CUT WITH GREATER THAN1%Z (MASS) REMAINING
J=FIRST CUT WITH GREATER THAN 30% (MASS)REMAINING

TIME BBL SPGR AREA THICKNESS W DISP ERATE MA 1 J
0 6.4E+63 0.9 1 6.8E+63 t.35E-01 70 3.3E+00 6.0L+00 1 .4E+03 1 |
1 6.4E+03 0.91 6.9E+95 | .5E-0t1 70 3.4E+00 1.0E+00 1 .3E+03 1 1
2 6.4E+03 9.91 7.9E+03 1. 3E-01 79 3.4E+00 | .0E+00 1.3E+03 1 2
36.4E+03 0.91 7.1E+08 1 4E-01 70 3.3E+00 9.8E-01 1.3E+03 1 2
4 6.3E+03 #.91 7.1E+03 1 4E-01 790 3.2E+00 9 .3E-0L 1.3E+03 | 2
53 6.3E+03 0.91 7.2E+05 | .4E-91 70 3.2E+90 9 .2E-01 1.3E+03 1 2
6 6.3E+03 0.917.3E+03 1.4E-01 70 3.1E+00 B8.9E-0t 1.2E+063 | 3
7 6.3E+03 0.91 7.4E+05 1.4E-01 70 3.1E+00 8.6E-01 (.2E+03 1 3
8 6.2E+03 0.91 7.3E+65 | .3E-01 70 3.0E+00 B.4E-01 |.2E+63 2 3
9 6.2E+03 6.91 7.3E+03 1.3E-01 70 2.9E+00 8.1E-0t 1.2E+63 2 3
11 6.2E+03 0.91 7.6E+03 1.3E-01 70 2.9E+00 7.9E-981 |1.2E+03 2 3
12 6.3E+03 0.91 7.7E+03 1 .3E-01 70 2.8E+00 7.6E-01 1.2E+03 2 3
13 6.1E+03 0.9t 7.8E+05 | .3E-91 70 2.8E+00 7.4E-01 L.IE+03 2 3
14 6.1E+83 0.917.9E+088 | .2E-0Ll 79 2 7E+00 7.3E-01 1.LE+08 2 2
13 6.1E+03 6.91 7.9E+83 1 2E-01 70 2.7E+00 7.|E-01 1.1E+68 2 31
16 6.1E+03 8.918.0E+03 1.2E-01 70 2.6E+00 6.9E-01 |,1E+03 2 3

17 6.1E+063 9.91 B8.1E+03 1.2F-01 70 2.6E+00 6.8E-01 1.1E+03 2 3
18 6.0E+83 0.91 8.1E+63 1 2E-01 76 2.3E+00 6.6E-01 1.1E+068 2 3
19 6.0E+93 0.91 8.2E+83 1 2E-01 70 2.3E+00 6.5E-0t 1.1E+83 2 J
20 6.0E+63 96.91 8.3E+83 1.2E-0| 790 2.35E+90 6.3E-01 1.1E+68 2 3
216.0E+063 0.91 8.3E+03 1.1E-0t 790 2.4E+00 6.2E-01 1.0E+03 2 3
226.0E+03 0.91 8.4E+03 1.111-01 70 2.4E+00 6.1E-01 1 .0E+63 2 3
23 6.0E+03 0.91 8.4E+05 1.1E-61 70 2.3E+00 6.0E-01 1.0E+03 2 Q3
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TABLE 17 (Continued).

25 5.9E+63 ©.91 8.3E+05 {.{E-81 7O
26 35.9E+863 9.91 8.6E+03 1.1E-01 70
27 5.9E+03 6.91 8.7E+053 {.(E~-01 7@

2
2 +90 3. 7E-91 9.9E+02
2.
29 5.9E+03 0.91 8.7E+03 |.lE-01 70 2.
2
2
2

+00 3.35E-81 2.8E+02
E+00 5.4E-01 9.7E+02
E+00 3.3E-01 9.6E+082
1 E+99 3.2E-01 9.5E+02

E+ 9 5.8E-01 L .O0E+03
E

30 3.8E+03 @.91 8.8E+05 1.tE-61 70
313.8E+93 0.91 8.9E+05 | .0E-01 70

8E+93 0.91 8.9E+05 | .6E-01 70 2.0E+00 3.0E-01 9.4E+02

S.
34 3.0E+93 6.91 9.0E+05 | .6E-01 70 2. OE+00 4.9E-01 9.3E+02
33 3.8E+03 0.91 9, |E+985 1.0E-0! 79 2 OE+00 4.8E-01 9.2E+02
36 3.7E+863 ©.91 9.1E+05 1.0E-91 70 | 9E+00 4.7E-019.1E+92
37 5 7TE+03 6.91 9.2E+03 9. 9E-02 7@ | 9E+00 4.6E-01 9.0E+02

39 5.7E+93 6.91 9 3E+98 O B8E-02 70 1.9E+00 4.3E-01 B.9E+02
49 5.7E+03 6.91 9.3E+063 9. TE-02 70 1.8E+00 4.4E-01 8.8E+02

13.7E+03 0.91 9.4E+08 9. 6E-02 76 |.8E+00 4.3E-018.7E+02
42 3.6E+03 8.91 9 .4E+05 9. 3E-02 70 1 8BE+00 4.2E-0| 8.TE+02
44 $5.6E+03 0.919.3E+05 9.4E-62 70 1.7E+00 4.1E-01 8.6E+02
43 3.6E+03 06.919.6E+03 9 .3E-02 70 1 7E+00 4.1E-01 8.3E+02
46 5.6L+03 0.91 9.6E+03 9: 2E-62 70 |.7E+00 4.0E-01 8.4E+02
47 5.6E+63 0.91 9.7E+03 9. 2E-82 70 1. 6E+00 3.9E-01 8.]E+82
49 5.6E+03 0.910.7E+68 9.1 E-02 76 1 6E+80 1.8E-01 8.3E+02
50 5.3E+03 0.91 9.8F+0635 0. 0E-02 70 1 6E+908 3.7E-01 B.2E+62
51 3.3E+83 0.91 9.8E+03 8.9E-62 706 1 6E+00 3.7E-01 8.1E+02

62 5.4E+03 0.91 | .0E+06 3. 3E-82 7c 1.4E+00 3.1E-01 7.6E+02
72 5.3E+63 0.911.1E+06 7. BE-82 70 1 2E+60 2.7E-91 7.|E+82
82 5.2E+03 0.91 1.1E+06 7. 4E~02 70 1.1E+00 2.4E-01 6.8E+02
92 5.1E+63 06.911.IE+86 7. 8E-02 70 0. 4E-0t 2.1E-01 6.4E+02
102 5.0E+063 9.91 1.2E+06 6. TE-02 70 8.4E-91 !.9E-01 6.1E+82
112 4.9E+083 ©.91 | .2E+06 6. 4E-02 70 7. 6E-91 {.7E-01 5.9E+02
122 4.8E+03 9.9t 1.2E+06 6. 2E-62 76 6.9E-01 1.6E-01 5.6E+02
132 4.7E+83 0.91 1.3E+86 5 9E-82 70 6.3E-01 {.35E-01 3.4E+62
142 4.7TE+034.911.3E+06 5.7E-02 70 5.7E-91 |.4E-0l 3.2E+02
152 4.6E+@3 9.91 1 .3E+06 3.3E-62 70 5.3E-01 1.3E-01 3.1E+62
162 4.5E+03 .91 1.3E+06 5 4E-02 78 4 8E-$31 1.2E-0l 4.9E+82
172 4.5E+03 0.92 1.4E+06 5-2E-02 70 4. 3E-01 |.l1E-01 4.7E+02
15,24, 4E:03.0.9 1.4E+06 3.0E-92 70 4.1E-01 |.0E-01 4.6E+02
192 4.4E+83 8.92 { 4E+06 4. 95-02 76 3.80E-01 9.7E-02 4.3E+82
202 3.1E+03 0.92 | .4E+06 4 8E-02 70 3.6E-01 9.0E-02 4.4E+02
212 4.3E+03 6. 92 1.3E+06 4. 6E-02 70 3.1E-01 8.3E-02 4.3E+02
222 4.2E+03 0.92 | 3E+06 4. SE-92 70 3.1E-01 7.9E-02 4.2E+02
232 4.2E+03 0 .92 1.3E+06 4 4E-02 70 2.9E-81 7.3E-02 4.1E+02
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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

paraneters for the Mackay evaporati on equation.

which is described in detail in Mackay (1982). The constraints required as
input to the Mackay nodel are calculated, if requested, using the TBP data
which are input to the ocean-ice oil-weathering code.

Page 68represents 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 tenperature as presented on Page 74. A linear
correlating of these data plus values for bulk oil density, bulk molar vol une,
and nean Trouton's Rule constant are all conbined wgivethe final Mackay
evapor ation nmodel equation (all on Page 74).

Conputer Install ation/ Access

Currently, the Ccean-lce G Il-Wathering 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 conmmands and
software wupgrades, it is not practical to set up open access to the nodel.
Interested parties can call SAIC to obtain username, password, and code

execution infornmation.
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TABLE 18.

Illustration of Output From Ocean-lce Oil-Weathering Code;
Mackay Parameter Calculations;
Batch Distillation Results Using TBP Data as Input.

Beginning of One-Plate

xxxxaxexrrkxxxxt MACKAY PARAMETER CALCULATIONS XEX®RXXEXERRKXXEKER

THE MACKAY EVAPORATION MODEL IS DESCRIBEDIN
(MACKAY, 1982)
THE FOLLOWING ARE THE RESULTS OF A CALCULATION OF THE

INPUT PARAMETERS FOR THE MACKAY MODEL FOR PRUDHOE BAY. ALASKA
AT 3.20¥E+@1 DECREES F

SIMULATED ONE-PLATE BATCH DISTILLATION;

F

TEMP (F)

0.000E+00 2.918E+02

@ OO~ MDD LN -

s s - —
.
N -h‘al\)

O RN WY~

to

4.

1

1

MOLES |

.T40E+04
. 148E+04
.99 TE+94
.6H8E+904
.433E+04
. 923E+04
.J94E+04
.4 (4E+04
.340E+64
.T41E+64
.376E+0¢
.4{2E+04
. T43E+04
.042E+04

LWL

LBINRVW-LVRR

F

MOLES 1

.T34E+04
.41 8E+04
.398E+04
.414E+04
.313E+94
874E+04
279E+04
493E+04
333E+04
.TH0E+04
.S73E+04
.412E+04
.T43E+04
.042E+04

ORNQRmWWWNWWWN -

=
734E-02

MOLES |
9.992F+03

VP(I)

8.107E+00
4.389E+00
2.378E+00
1 .202E+00
5.837E-01
2.710E-01
1.189E-01
4.918E-02
1.937E-02
6.130E-03
1.363E-03
2.932E-04
3.957E-908
9.128BE-96

TEMP(F)
.334E-02 3.088E+02

VP(1)

9.879E+00
3.681E+00
3.002E+00
1.332E+00
7.762E-01
3.704E-01
1.680E-81
7.201E-02
2.940E-02
1.014E-02
2.381E-03
3.414E-04¢
1.166E-04
{.919E-03

TEMP (FJ
3.293E+02 1.

VP(I)

1.240E+01

1

y SUun

. 900E+00

Y (1)

. 12BE-81
.685E-01
.727E-01
.197E-02
.736E-02
-472E-02
.300E-83
- 120£-03
.202£-63
. 983E-04
.034E-03
.839E-83
.039E-06
. l6OE-97

AR O = QN=QLP~N&

Y SUM

. 000E+00

Y(i)
3.390E-01

Y- JALNA T WOl VYJ R
~
o4
[~
m
]
[ ]
[ 2]

. 142E-06

Yysum
Q000E+00

Y (1)
2.3539E-01
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TABLE 18 (Continued). Mackay Parameter Calculations; One-Plate
Batch Distillation Results.

a 1.793E+04 7.262E+00 2.334E-01
3 2.807E+04 3.921E+00 2.272E-01
4 3.087E+04 2.080E+90 |.325E-01
3 9.147E+904 |.OTIE+00 6.936E-02
6 2.893E+04 35.28TE-01 3.060E-02
7 3.241E+84 2.490E-01 1.666E-02
8 QR.303E+04 1.111E-01 7.769E-03
9 J3.328E+04 4 .730E-02 3.2350E-03
16 1.718E+04 1.740E-02 6.245E-04
It 3.373E+04 4.311E-03 3.329E-904
(2 3.412E+04 1.093E-83 7.698E-03
13 2.743E+04 2.517E-04 1.427E-03
14 3.042E+64 4.492E-035 2.821E-06

F TEMP ( F) Y sum

7.226E-02 3.338E+02 {.000E+30

{ MOLES { VP(I) Y(1)
1 S5.011E+03 1.397E+81 1.730E-01
2 1.038E+04 9.336E+00 2.206E-901
‘3 2.139E+04 3.272E+00 2.463E-0f
4 2.662E+04 2.872E+90 1.672E-081
5 2.910E+04 1.526E+60 9.706E-02
6 2.694E+04 7.816E-01 4.603E-92
7 3.179E+64 3.831E-01 2.663E-92
8 3.3335E+64 1.7AT7E-01 1.311E-02
9 3.313E+04 7.964E-02 S5.772E-03
16 1.736E+04 3.089E-02 1.172E-03
1t 3.373E+04 2.123E-63 7 127E-04
12 3.411E+04 2.370E-03 1.768E-04
13 2.743E+04 3.878E-04 3.328E-03
14 3.042E+04 1.148E-04 7.632E-06

TEMP(F) v SUM

9.8485—02 3.807E+02 1 .000E+00

1 MOLES | VP(I) YD)
1 2.442E+03 2.079E+01 1.179E-01
2 3.386E+03 1.266E+61 1.643E-01
3 1.439E+04 7.173E+00 2.398E-9I
4 2.123E+04 4.016E+00 |.983E-01
S 2.573E+04 2. 200E+88 1.31SE-0t
6 2.324E+04 1.169E+00 6.836E~02
7 3.076E+04 S5.966E-61 4.263E-02
8 3.302E+064 2.911E-01 2.233E-02
9 3.290E+64 1.339E-01 1.039E-02
10 1.731E+04 3.573E-02 2 240E-03
11 3.3570E+04 1.8t8E-62 |.3507E-03
12 3.410E+04 3.273E-03 4.179E-04
13 2.745E+@4 1.412E-03 9.003F-03
14 3.042E+94 3.025E-04 2.(38E-053

F TEMP(F) y SUM

1.261E-01 4.117E+02 1.000E+00
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JABLE 18 (Continued).

Mackay Parameter Calculations;
Batch Distillation Results.

Lo
LW~ DOONIAPIIV-

[EnY
N

OO NRAD L —

©CO~NRAD LI~

.336E-01

8.334E+02
. 646E+63
.239E+63
. 320E+04
. 127E+64
.273E+04
.910E+904
.21 1E+e4
.296E+04
.7T20E+04
.362E+04
. 498E+04
.744E+04
.042E+04

(A SRR R R RAY MR LR X &)

F

MOLES 1

.863E+01
.13tE+03
.014E+03
.233E+03
.379E+04
.9{7E+04
.630E+04
.036E+04
. 165E+94
.TO1E+04
.347E+04
.493E+04
T43E+04
.041E+04

TINTIT L ETY UV iy §

F
.874E-01 4

MOLES |

.00OE+00
.833E+02
.993E+03
. 648E+03
.969E+03
.432E+04
.261Er04
.799E+04
.020E+04
. 663E+04
.314E+04
.37 E+84
.739E+04
. 940E+04

WONQWR=WION~CdlI~S

F

71

VPC(D)

2.739E+01
1.718E+81
9.980E+00
3.748E+00
3.232E+00
{.79SE+00
9.340E-01
4.873E-01
2.389E-01
1.039E-01
3.660E-02
1.233E-02
3.3588E-03
8.484E-04

TEMP (F)
4.457E+02

VeI

3.680E+01
2.341E+01
§:321E:8
4.827E+00
2.764E+90
t.328E+00
8.162E-01
4.197E-01
1.934E-01
7.364E-02
2.687E-02
9.139E-03
2.392E-03

TEMP(F)
. TI4E+02

VP ([)

4.794E+01
3.112E+81
1.899E+01
1.133E+91
6.931E+09
4.099E+00
2.347E+00
1.303E+00
6.983E-81
3.388E-01
1.3838-01
53.412E-02

CRELNR £

TEMP(F)

Y (1)

3.848E-02
.126E-01
.042E-01
- 165E-01
.713E-01
.011E-01
.879E-02
.8¢7E-02
. 922E-02
.429E-03
.23tE-03
.043E-03
2.440E-04
6.394E-03

Y QUL gy Ty v .

Yy Sun

.300E+00

Yo

6.796E~-03
7.031E-02
1.487TE-01
2.932E-01
2.024E-01
1 .407E-01
1.073E-01
6.621E-02
3.527E-02
8.734E-03
6.934E-83
2.427E-03
6.669E-04
1.931E-04

Y SUM

.000E+00

Y(I)

.000E+80
. 648E-02
.088E-01
. 334E-01
.973E-91
.7O2E-01
.S17E~91
.042E-01
.029£-02
.610E-02
.J89E-02
. 243E-83
.598E-03
.323E-04

ysun

One-Plate



TABLE 18 (Continued). Mackay Parameter Calculations; One-Plate
Batch Distillation Results.

2.213E-01 3.143E+02 (.000E+00

| MOLES 1 VP(I) Y ([)
1 0.000E+00 6.194E+01 ©O.000E+00
2 0.000E+909 4.|00E+8t 0O.000E+00
3 g.ggzg+32 ?.gggg+on 4.280E-62
4 2.206E+0] . +01 1.089E-91
5 35.207E+03 9 ga3E+00 | .386E-01
6 9.468E+83 3.993E+0@ 1.7SBE-61
7 1.749E+64 3.543E+00 1.920E-01
8 2.416E+04 2.039E+00 1.326E-01
9 2.784R+04 1.136E+060 9.791E-02
10 1.396E+04 $5.778E-01 2.A33E-92
11 3.433E+64 2.318E-01 2.692E-02
{2 3.366E+04 1.933E-01 {.098E-02
13 2.771E+04 4.260E-02 3.603E-03
14 3.037E+04 1.482E-02 1.394E-03

F TEMP (F) Y SUM
2.377E-01 3.306E+92 1.000E+09

I MOLES 1 VP () Y(D
1 ©0.0V0E+690 7.918E+01 0.000E+00
2 0.9000E+00 3.340E+01 ©.000E+00
3 0.000E+09 3.40TE+01 ©,.000E+00
4 7.403E+02 2.173E+01 5.433E-02
5 2.436E+93 1.374E+01 {.131E-01
6 5.072E+03 8.622E+00 |.477E-01
7 1.167E+04 $.232E+00 2.070E-01
8 1.894E+04 3.123E+00 1.998E-01
9 2.421E+84 | .801E+00 1 .472E-01
1t0 1, 482E+64 9.564E-01 4.789E-02
1t 3.338E+904 4.428E-01 4.992E-92
12 3.316E+04 1.970E-01 2.207E-82
13 2.714E+64 8.512E-02 7.802E-03
14 3.030E+94 3.202E-02 3.277E-03

F TEMP(F) Y sSUM

2.967E-901 3.878E+02 1.000E+00

\ MOLES 1| VP(1) Y
1 ©.000E+00 |.001E+02 0.000E+00
2 ©0.960E+60 6.973E+0t c. 0QOE+00
3 0.000E+U8 4.476E+81 ©.000L+00
4 9.394E+00 2.920E+0f 1.619E-03
5 9.130E+02 1.891E+01 6.429E-02
6 2.339E+03 1.219E+01 1.069E-9¢
7 6.341E+83 7T.637E+00 1.799E-981
8 1.276E+904 4.681E+00 2.219E-81
9 1.910E+64 2. 786E+8® 1 .977E-01
198 1 .301E+04 1.339E+@@ 7.443E-02
11 3.134E+64 7.332E-01 8.770E-02
12 3.220E+04 3.347E-01 4.243E-02
13 2.67BE+04 1.630E-01 1.621E-62
14 3.913E+04 ©6.601E-02 7.391E-03
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JABLE 18 (Continued).

Mackay Parameter Calculations;
Batch Distillation Results

——

(I
N

~QORNOU AN

F
3.386E-901

-
e

- s e g

[Eny
N

SN PORNIAL DN~

e @OONOUTR NN~

&>

MOLES |

.0V0E+90
.OVOE+69
.090E+00
.OVOE+0V
N4E+O1
L.216E+02
.921E+03
.99 1E+83
.204E+94
.O33E+04
.T87E+04
.939E+04
. 6Y4E+04
.9TTE+04

WRHON~=2RLQA0COO

F

.839E-~01

MOLES 1

.O00E+90
. DVOE+00
.O90E+00
.090E+00
.O00E+09
.814E+01
. +

;1198223
.733E+03
.931E+03
.291E+04
.TI14E+04
.438E+04
. 990E+04

NN s IORQ

F
.328E~01

MOLES 1

.000E +00
.OUBE+00
.O90LE+90
.000E+00
.000E+89
.OVOLE+00
.OJ2E+@1
.{33E+63
.O36E+03
.61L7E+03
.SI17E+04
. 192E+04

N-WDPI=ROQIPOS

73

TEMP(F)
6.266E+02

VP(1)

1.237E+02

8. TA2E+@ 1
5.836E+61
3.890E+01
2.379E+01
1.707E+01
1 .998E+91

6.923E+09
4.246E+00
2.433E+00
1.234E+00

6.230E-01
3.031E-01
L.317E-01

TEMP (F|
6.670E+82

VP(1)

1.567E+02
1.113E+02

7 .340E+01
3.132E+01
3.480E+01
2.361E+01
1.538E+01
1.010E+01

6.369E+00
3.776E+00
2.042E+00
1 .066E+00

3.470E-01
2.538E-01

TEMP (F)
7 .983E+02

A= R D=

-5

VP (1)

.933E+02
.395E+02
{620E+91
.686E+01
.632E+01
.219E+81
. 176E+81
.447Ev01
.367E+00
.722E+00
.240E+00
.770E+69

1

1

1

Y

0.
9.
0.
9.

One-Plate

SUM

.900E+09

Y(D)

000E+00
00OE+00
000E+00
Q0OE+00

3.327E-43

6.
1.
t.
2.
1.
i.

492E-062
324E-01
973E-01
238E-01
839E-01
443E-01

7.816E-92

3.
1.

238E-02
618E-02

Y Sun

WO N=N~NADDS DS

.O00E+00

Y (1)

.000E+00
. 000FE +00
.00OE+00
.000E+00
.000E+00
.278E-03
.248E-02
.467E-01
.O06E-01
.215E~-01
. 125E-01

3438°81
.41 7E-02

Y SUM

.000E+00

Y (1)

c. 00OE+80
0 .000E+00
9.000E+00
9.000F.+80
9.000L+00
0.000E+00
3.501E-03
8.868E-02
1.319E-01
t.1900E-01
2.608E-901
2.038E-91



TABLE 18 (Continued).

Mackay Parameter Calculations; End of One-Plate

Distillation; Heat of Vaporization and Trouton’s

Rule Calculations.

13 2.192E+04 9.341E-01 L.110E-01
1 4 2.792E+94 4.703E-01 6.843:-02
TEMP(F) y SUM
4 .033E-0t 7.3524E+02 1 .000E+00
| MOLES | VP( L) Y (1)
{ 0.000E+00 2.380E+02 0.000E+00
2 0.000E+60 1.743E+02 0.000E+00
3 0.900E+09 | .227E+62 0.000E+00
4 O0.0v0E+h#9®» 8.68BE+81 ©.000E+00
3 O0.U90E+09 6.14TE+01 0 .000E+00
6 0.vHOE+0® 4.374E+01 0.000E+00
T 0.000E+00 J3.929E+01 ©.000E+00
8 0.000F+090 2.066E+0]! ©.000E+00
9 1.013E+063 |.372E+01 8.394E-02
10 1.631E+63 8.634E+00 B8.730E-02
tt 7.922E+03 3.107E+00 2.%03E-01
(2 1.483E+04 2.9i3E+006 2.672E-01
134 1.7758E+04 1.646E+00 1.790E-01
14 2.446E+04 8.604E-01 t.302E-01
F TEMP(F) Y SUn
5.4135-901 8.932E+02 1.000E+00
[ MOLES | VP(I) Y (1)
1 O0.0V8E+090 2.9935E+92 0.000E+00
2 0.000E+00 2.233E+902 0.000E+00
.3 ©O.000E+900 1 .603E+92 0.000E+00
4 €. OUVOE+090 |.16IE+O2 0.000E+00
5 O0.000E+00 8.406E+01 0.000E+00
6 0.000E+60 6.140E+01 0 .000E+00
7 O.000E+990 4.363E+01 0.000E+00
8 ©0.990E+00 J3.062E+~08t 0.000E£+00
9 O0.000E+00 2.091E+901 0.000E+00
10 4.36LE+92 1| .364E+81 4.612E-02
11 3.467E+03 8.433E+00 2.168E-01
12 7.913E+03 3S.038E+00 2.620E-01
13 1.9094E+94 2.993E+00 2.429E-01
14 1.080E+94 | .666E+00 2.322E-01
DELTAH DELTAHR-/TB
1 1.203E+94 1.976E+01
2 1.324E+04 2.040E+01
3 1.448E+04 2.086E+01
4 1.564E+04 2.117E+01
S 1(.670E+04 2.141E+01t
6 |L.791E+04 2.160E+01
7 1.904E+04 2.179E+01
8 2.019E+94 2.197E+01
9 2.098E+904 2.176E+01
WHERE 3

DELTAH (S THE ENTHALPYOF VAPOR1ZATIOR INBTU/LBMOLE
DELTAH/TB IS TBE TROUTONS RULE CONSTANT [N BTU/LBMOLE*DEC R
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TABLE 18 (Continued). Mackay Parameter Calculations; Distillation
Curve Correlation; Bulk Oil Properties; Final

Mackay Evaporation Equation.

LEASI’ SQUARES OF B.P.VS. FRACTION EVAPORATED:

SLOPE: 9.690E+82 DEGC R/FRACTION EVAPORATED
INITIAL B.P.: 2.912E+02DEC F
CORRELATION COEFFICIENT: 9.991E-01

BUK O L DENSITY. 8.820E-61 GRAMS-CC

BULK MOLARVOLUME OF OIL: 2.948E+82 CC-/MOLE
MEANTROUTONS RULE CONSTANT: 2.119E+01 BTU/LBMOLE*DEC R

AFTERSIMPLIFICATION AND COMBINING TERMS, THE
MACKAY EVAPORATI ON MODEL BECOMES:

DELTA-F = DELTA-THETA * EXP( 6.400E+80 - 2.324E-02 ( 7.302E+982 + 9.696E+82(F))

OR
DELTA~F = DELTA-THETA % EXP( -1.103E+81 - 2.231E+01(F))
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APPENDI X A

CODE LI STING FOR OCEAN-| CE
O L- WEATHERI NG MODEL



100
200

Joe

400
509
6008
709
800
900
1 000
1100
| 200
1309
1400
1500
1600
1 700
18e@
1900
2000
2109
22ee
2300
2400
25ee
2600
27ee
2800
2900
Jooe
3100
32ee
33ee
3400
3500
3600
3700
3800
Jgee
49000
4190
4200
43e0
4429
45ee
4600
47ee
48ee
49ee
5000
5100
5209
5300
54ee
5500
5600
5700
58009
5900
6000

DAV 0OO000 O

QOO0

sseas OILICE.FOR sss2»
INCLUDE 'VARI.FOR’

THIS I§ THE OPEN-OCEAN OIL-WEATHERING CODE AND
THEOIL PHASE IS CONSIDERED WELL-STIRRED ALL THE
TIME.

THIS CODE ALSO ALLOWS FOR WEATHERING IN THE PRESENCE OF
SEA ICE.

ANOTHER OPTION AVAILABLE IN THIS CODE IS THE CALCULATION
OF THE INPUT PARAMETERS FOR THE MACKAY EVAPORATION
MODEL.

AUGUST, 1986

GET YOUR OUTPUT FROM OILICE.QUT/FILE:FORTRAN
THE PLOT FILE IS OILICE.PLT

THE TYPE FILE IS OILICE.TYP/FILE:FORTRAN

THE MACKAY CONSTANTS GO INTO MACKAY.DAT

DIMENSION FMF(3@)
DA TA, (ANAMEL(1,J,J=1,5)/'PRUDH" ,"OE BA’, Y, AL’, 'ASKA’

DATA(ANAMEL(z J),Jdm1,5)/°CO0K o " INLET’,”, ALA"', 'SKA.
1,

DATA(ANAMEL(3 J),J=1,5)/"WILMI’, 'NGTON’, ', CAL', 'IFORN’
1,
DATA (ANAMEL(4 J),Jd=1,5)/'MURBA" ,'N, AB’,'U DHA’,'BI °*

DATA (Aﬁ;MEL(S ,J),J=1,5)/"LAKE ’','CHICO’, 'T, LO', 'UISIA’
1,*NA !
0ATA (ANAMEL(6,J),d=1,5)/"LIGHTe ' DIES', 'EL CU','T",
1. .’

DATA APIBL/27.,35.4,19.4,40.5,54. 7,38.9/
DATA [TEML/S,7,94,99999,221,1/

DATA ISAMPL/71011,72025,71052,99999 ,54862,2/
DATA NCTS/15,16,13,16,16,11/

FOR CRUDE OIL THE RESIDUUM CUT IS ASSIGNED A NORMAL
BOILING POINT OF .

DATA(TBL(1,J),Jm1,30)/150.,190@. ,235. ,280. ,325. ,370.
1,415.,460.,505.,554.,609.,662.,712. ,764.,850. .15-0 /
DATA (TBL(z J), J=1 2a)/11o 145 . 190. 235 ,280. 325,
1,370@.,415.,460.,505.,554.,609. ,662.,712.,764.,85(3.

2,4%0./

DaTa (TBL(3,J),J=1,20)/195.,235.,280.,325.,3790.,415.
1,460.,505.,554.,609.,662.,712.,850.,7+0./

OaTa (TBL(4,d),Jm=1,20)/110.,145.,19@. 235 ,280. ,325.
1,378. ,415. ,460.,505. ,554. ,609.,662,.,712,,764.,850 .
2,440,

DATA {;BL(5,J),J-1.20)/11B.,145..190.,235..289.,325.
1,370.,415.,460.,505.,554.,609. ,662.,712.,764.,850.
2,420,/

DATA (TBL(6,4),J=1,11)/313.,342 . ,366.,395.,415.,438.,461
1,479.,581.,518.,538./

DATA (APIL(1,J),J=1,30)/72.7,64.2 ,56.7,51 .6,47.6,45.2
1,41.5,37.8,34.8,30.6,29. 1,26.2,24.,22.5,11.4,15*0 ./

DATA (APIL(2,J),J=1,20)/89.2,77. 265. ,59.5,55.4,50.8



O0O0O0O0O00O0

OO0 00O0

se

1 ,46.5,43.,39.6,37.,32.8,37 328726625 ,11.6,4+0./
DATA (APIL(3,J),J=1,20)/68.6,58. 7,53. ,4S.1 ,43.2,38.8
1,35.4,32.3,26.8,24.5,22 .3,20.3,8.9,7«0./

DATA (APIL(#4,J),J=1,20)/96.7,86. 2,7¢.6,62.3,55.7 ,51.6
1,48.5,45. 6,43. ,40. ,35.8,34. ,30.,28.4,26.6,16.7,4+0./
DATA (APIL(5,J),J=1,20)/92.4,81 . 68.9,62.1,57.2,52.5
1,48.8,45.2,41 .7,38.2,34.4,33. 2,30.6, 28.9,26 .1,18.1,4+08 ./
DATA (APIL(6,J),J=1,11)/49.6,47 .3,46. ,44.,38.6,38.8,37.2
1,35.4,33.9,33.1,32.2/

DATA (vOLL(1,J),J=1,30)/2.1,2.
1,5. ,2.8,6.5,6.8, 6.9, 7 4,36. 3,15-

5

5, 3.6,3.7,3.5,4.3,4.8

DATA (VOLL(2,4), J=1 ze)/242.
1,5.1,5.2,5.,3.3,5.2,7. 2,4.2

, 1,5.1,5.2.4.9
2 /

DATA (VOLL(3,J),J=t, 20)/2 3.2.4
.9

,2. 5,2.8,3.6,4.4
1534763415553 37*0/

DATA (VOLL(4,J),Jmt 20)/1 7, ,4.9,6. /6.8,6.5,5.7

1,5.6,6.,4.9,5.7,5.6,6.5, 6. 5.6.19.3.4-0.

DATA (VOLL(S J) Jmi, 29)/7 $,8.2,9 .7, 11.,9.1,8.3,7.2
1,7.2.7.4,6.9,3.5,3. 16 1.4.1.9,2. .4:9

DATA(VOLL(G J4). J-1 11)/4 78,9.57,9.89,9.57,9.57,9 ,57

1957957957957957/

C1L, C2L, AND C4L ARE THE MOUSSE FORMATION CONSTANTS.
CIL IS THE VISCOSITY CONSTANT.

C2L IS THE INVERSE OF THE MAXIMUM WATER IN OIL WEIGHT
FRACTION. C4L IS THE WATER INCORPORATION RATE.

DATA C1L/08.62,8.62,0.63,0.64,02.65,9.65/
DATA C2L/1.42,3.33,1.43,5.,-1.,-1/
oaTA C4L/0.001,0.001,0.01,9.001,0.,0./

FOR THE DISPERSION PROCESS, KA IS THE CONSTANT IN THE
SEA SURFACE DISPERSION EQUATION, KB IS THE CONSTANT IN
THE DROPLET FRACTION EQUATION. STENL(6) IS THE LIBRARY
OIL-WATER SURFACE TENSION IN DYNES/CM.

DATA KA,KB,STENL/@.108,50.,30.,30¢.,30.,30.,30.,30./
DATA VISZL/35.,35.,195.,15.,13.5, 11.5/

paTA MK3L/9000.,9000.,9000.,9000.,9000.,3000./
DATA MK4L/10.5,7.4,15.3,10.5,2. 2/
OPEN(UNIT=32,file=m'OILICE.QUT' ,status=’"new’)

OPE UNIT-34.file-’OlLICE.PLT'.stutus-’new';
OPEN{ UNIT=35,fi le="OILICE.TYP’,status='new’
I0U-32

| PU=34

ITY=35

FILL IN SOME LIBRARY IDENTIFICATIONS.

TYPE 2@

FORMAT(1X, *ENTER THE NUMBER OF TBP CUTS TO BE CHARACTERIZED

1 ON 12')

TYPE 3@

FORMAT(1X,'IF YOU HAVE NO INPUT DATA JUST ENTER 99')
TYPE 40

FORMAT(lX,'A 99 ENTRY WILL USE A LIBRARY EXAMPLE’)
ICODE=1

ACCEPT 58, ncuTs

FORMAT(12)



12100 LSWTCH=NCUTS

12200 c

12300 c LSWTCH=99 IS USED TO INDICATE THAT A LIBRARY CRUDE WAS
12400 c CHOSEN .

125ee Cc

126ee IF(NCUTS.NE.99) GO TO 120

127ee o

128ee c USING A LIBRARY CRUDE.

12900 c

13eee | FLE=2

13100 TYPE 6@

13200 68 FORMAT(IX, *CHOOSE A CRUDE ACCORDING T0:"')
1 3300 DO 80 I=%,8

134ee TYPE 70, I,(ANAMEL(I,J;.J-I.S)

135ee 70 FORMAT(1X,11,* = *,5A5

13600 8o CONTINUE

137ee ACCEPT 88,IC

138ee 99 FORMAT(I1)

13900 APIB-APIBLE[C

l4eee ITEM=ITEML(IC

14100 ISAMP=ISAMPL(IC)

142ee NCUTS=NCTS({IC)

1 43ee ICODE=2

1 44ee po 100 J=1,5

145ee ANAME (J )=ANAMEL(IC,J)

146ee 190 CONTINUE

147ee TYPE 110, (ANAME(J) ,d=1 ,5)

1 4800 119 FORMAT(/,1X,'YOU CHOSE: ',5A5)
149ee GO TO 250

15000 o]

15180 C USER IS ENTERING THE CRUDE DATA OR READING HIS OWN FILE
15200 C

15300 120 TYPE 13@
154ee 130 FORMAT(1X,* 1S THE CRUDE ON A FILE ?%)

155ee IFLE=1

1 5609 ACCEPT 140, ans

157ee 140 FORMAT(A1L)

15800 IF(ANS.EQ. 'N’) GO TO 17@

159ee TYPE 158

16008 150 FORMAT(IX,WHAT IS THE FILE NAME?’)
16050 ACCEPT 151, FNAME

16e75 151 FORMAT(A10)

16100 OPEN(UNIT=36, file=FNAME,STATUS='0OLD"’)
162ee [FLE=2

16300 REA €36,550 (ANAME(J) ,J=1,5)
164ee READ(386580) ITEM, [SAMP ,NCUTS

| 6500 READ(38,57®) APIB

166ee Do 160 J=1 NCUTS

16709 READ (36,580) TB(J).API(J),vOL(J)
16aee 16e CONTINUE

169ee GO TO 33@

170ee C

17100 179 TYPE 188
172ee 180 FORMAT(1X, '"ENTER THE NAME OF THE CRUDE’)

173ee ACCEPT 190, (ANAME(1),I=1,5)

174ee | 9@ FORMAT ( 10AS)

17500 TYPE 200

176ee 200 FORMAT(IX, "ENTER AN IDENTIFICATION NUMBER FOR
177ee 1 THIS CRUDE ON I5')

1 7800 ACCEPT 210, ITem *

A-4



17900
18000
18100
18200
18300
18400
18500
18600
18700
1880@
18900
19000
19100
19200
19300
19400
1 9500
196ee
19700
1980e
19900
20000
201090
20209
20300
20400
20500
20600
20700
20800
209090
21000
21109
21200
21300
21400
21500
21600
21700
218080
21990
22008
22120
22200
22300
22400
22500
22600
22708
22800
22900
23000
23100
23200
23300
23400
23500
23600
23700
23800

21@

22e

23e

24e

25e

0O 000

26e

27e

28e

29e

300

c
310

32e

330
34e

358
36e

37e
38e
39e

FORMAT(15)

TYPE 220 “

FORMAT(IX,ENTER A SAMPLE NUMBER ON I5°)

ACCEPT 210,15AMP

TYPE 238

FORMAT(IX,’ENTER THE BULK API GRAVITY’)

ACCEPT 280,APIB

TYPE 249

FORMAT(/,1X,’YOU MUST ENTER THE TRUE BOILING POINT
1 CUT DATA STARTING®,/,1X,’WITH THE MOST VOLATILE CUT
2 AND GOING TO THE BOTTOM OF THE BARREL'/)

CALCULATE THE BULK DENSITY OF THE CRUDE AT 68/689.

DCRUDE=141.5/(APIB+131.5)
DCRUDE=®.983»DCRUDE

TRANSFER CRUDE INPUT DATA TO THE VARIABLES USED IN
THE CALCULATIONS.

DO 320 I=1 ,NCUTS
Go To (26@,31@), icope
TYPE 270, |1

ENTER THE CRUDE CUT DATA.

FORMAT(1X, ‘ENTER THE BOILING POINT AT 1 ATM IN DEG F
1 FOR CUT',13)

ACCEPT 280, TB(I)

FORMAT(F10.9)

TYPE 290, |

FORMAT(IX,ENTER API GRAVITY FOR CUT" ,13)
ACCEPT 280,API(I)

TYPE 300,I

FORMAT(IX,JENTER VOLUME PER CENT FOR CUT’ ,13)
ACCEPT 280, VOL(I)

GO To 32e

TRANSFER CRUDE CUT INPUT DATA FROM THE LIBRARY.

TB([)=TBL(IC,I)
API§I;-AP]L§IC.I§
VOL(I)=vOLL(IC,I
CONTINUE

DISPLAY THE CUTS BACK TO THE USER

TYPE 3490

FORMAT(/,1X,"CUT* ,5X,*TB* ,IOX,’API ',8X, 'VOL')
DO 36@I=1,NCUTS

Type 35e, [,TB(1).API(1),vOL(1)
FORMAT(1X,12,5X,F5.1,7X,F4,1,6%X,F5.1)
CONTINUE

TYPE 370

FORMAT(1X, *DO YOU WANT TO CHANGE ANY? ‘)
ACCEPT 390, ANS

FORMAT(AI)

IF(ANS.EQ. 'N*) GO TO 47e

ALLOW THE INPUT TO BE CHANGED



23900 c

24000 TYPE 4090

24188 400 FORMAT(IX,’ENTER THE CUT NUMBER TO BE CHANGED ON 12"
24200 ACCEPT 5@, N

24300 TYPE 410

24400 41®@  FORMAT(1X,'ENTER 1 TO CHANGE TB, 2 FOR AP1, 3 FOR VOL%')
24500 ACCEPT 420, IC

24600 42e  FORMAT(I1)

24700 TYPE 43e

24800 430 FORMAT 1X, 'ENTER THE CHANGED DATA’)
24900 GO T 449,458 ,460), IC

25000 440 ACCEPT 28@, TB(N)

25100 GO TO 330

25200 450  ACCEPT 280, API(N)

25308 GO TO 33e

25400 46e  ACCEPT 28e, VOL(N)

255090 GO TO 330

25600 470 D o 480 I=2,NCUTS

25700 [MI-1-1

25880 IF(TB(I).LT.TB(IM1)) GO TO 490
25998 48e  CONTINUE

26000 GO TO 51@

261 8¢ 49e TYPE 580,I,IM1
26208 500  FORMAT(/,1X,'THE BOILING POINT OF CUT *,I2

26300 “ IS LESS THAN CUT *,12,/,1X,"AND THIS ORDER IS NOT
26400 I"Acceptable, so START OVER’,/)

26500 GO TOo-1@

26600 c

26700 c ALWAYs RENORMALIZE THe INPUT VOLUMES To 10@%.
2688 C

269600 510 VTOTAL=®.

270020 00 52e I=1,NCUTS

271@0 VTOTAL=VTOTAL+VOL( 1)

27200 52e  CONTINUE

27300 00 530 =1 ,NCUTS

27400 VOL(I)=100.«VOL(I)/VTOTAL

27500 530  CONTINUE

27608 c

27790 IF YOU READ IT IN, DO NOT RESAVE IT
2780@

27900 IF(IFLE.EQ.2) GO TO 598

28000 TYPE 540

28100 549  FORMAT(1X, *'THIS CRUDE WILL NOW BE WRITTEN TO A FILE. WHAT
28200 1 WOULD YOU LIKE TO CALL IT?")

28250 ACCEPT 541, FNAME

28275 541 FORMAT(A10)

28300 OPEN(UNIT=38,fi1e=FNAME,STATUS="NEW")
28400 WRITE(38,550) (ANAME{J),J=1,5)
28580  55e FORMAT{ 5A5)

28600 WRITE(38,5680) ITEM, ISAMP,NCUTS
28700 560 FORMAT 315)

28809 WRITE( 38,570) APIB

28900 57e FORMAT(1X,F8.1)

29000 DO 590 J=1,NCUTS

29100 WRIT% 38,580) 1B(J).API(J),vOL(V)
292080 580 FORMAT 3(1X,1PE1@.3)

2930@ 598  CONTINUE

29400 c

295e@¢ C NOW CHARACTERIZE THE PARENT OIL
29500 C



29700
29800
29%00
30000
30100
30200
30300
30400
39500
30600
30700
3e800
30900
31000
31100
31200
31300
3l4ee
31500
31600
31700
31800
31900
32000
32100
322¢0
32300
32400
32500
32600
32700
32800
32900
33000
33100
33200
33300
33400
33500
33600
33700
33800
33900
34000
34100
34200
34300
344ee
34500
34600
34700
34800
34900
35000
35100
35200
35300
35400
35500
35600

oo

ceo

610

62e

63e

64e

O

O0O00

[
o

[sXeXoXeXeX¢ Izl BN e o XoNoXo Xe Xo)

o0

CALL DOCHAR
CALCULATE THE INITIAL MASS, MOLES, DENSITY FOR EACH CUT

B8BL=1209.

EM=@ . 159+8BL

TMOLES=®.

DO 608 I=!,NCUTS
AMASS=1582 . «SPGR(1)+BBLeVOL(I)

MOLES (1 )=AMASS/MW( |)

MOLS(1)=MOLES( 1)

TMOLES=TMOLES+MOLES (I)
RHO(1)=100+MOLES(1)/(BMsVOL( 1))

CONTINUE

WTMOLE=®.

DO 61@1=1,NCUTS
WTMOLE=WTMOLE+MW(I)+MOLES(I)/TMOLES
CONTINUE

TYPE 620

FORMAT(1X,'DO YOU WANT THE MACKAY CONSTANTS?')
ACCEPT 39e, ANS

IF(ANS.EQ. 'N*) GO TO 658

TYPE 63e

FORMAT(1X, 'AT WHAT TEMPERATURE, DEG F?’)
ACCEPT 280,TE

TE=TE+459.

CALL VPIF(TE,NC1)
OPEN(UNIT=4@, fi | e='MACKAY .DAT’,STATUS="NEW’)
TYPE 640

FORMAT(/,1X, 'PLEASE WAIT’)

SUBROUTINE MACK CALCULATES THE PARAMETERS NEEDED FOR INPUT
INTO THE EVAPORATION MODEL DEVELOPED BY DR. MACKAY
THIS DATA IS PUT INTO A FILE CALLED MACKAY .DAT

CALL MACK
CONTINUE

NZSWI=@ INDICATES THAT NO PREVIOUS WEATHERING HAS TAKEN
PLACE SO A NEW INITIAL OIL THICKNESS IS NEEDED.

NZSWI=1 INDICATES THAT PREVIOUS WEATHERING HAS TAKEN
PLACE SO THE PREVIOUS THICKNESS CAN BE CARRIED OVER

NZSWIi=0

NIP=® INDICATES ICE POOL WEATHERING HAS NOT TAKEN PLACE
NIP=1 INDICATES ICE POOL WEATHERING HAS TAKEN PLACE

NBI=@ INDICATES THAT BROKEN ICE FIELD WEATHERING HAS NOT
TAKEN PLACE

NBI=1 INDICATES THAT BROKEN ICE FIELD WEATHERING HAS
TAKEN PLACE

NIP=@
NBI=0

NG COUNTS THE NUMBER OF CUTS THAT HAVE BEEN WEATHERED AWAY
NG=0



35700
35800
35900
R11-101)
36100
36200
36300
36400
36500
36600
36700
36860
36900
37000
37180
37200
37300
37400
37500
37600
37700
37800
37900
38000
38100
38200
38300
38400
38500
38600
38700
38800
38900
Joeee
39 9@
39200
39300
39400
39500
39600
39700
3g8ee
39900
490000
49100
49200
49300
40400
40500
49600
40700
40800
490900
41000
41 6@
412ee
41300
41400
41500
416ee

660

670

0o o

680

o o000 sl's X o X2

o o0

co OO0

oc0nOo

690

700
710

NQUIT=8 MEANS SLICK HAS NOT DECREASED TO 18% OF ORIGINAL MOLES
NQUIT=1 MEANS SLICK HAS pecrReaseD To 1@% of o rRIGInaL MOLES

NQU 1 T=9
TYPE 660

FORMAT(1X, 'DO YOU WANT TO WEATHER THIS OIL?")
ACCEPT 399, ANS

IF(ANS.EQ. 'N') GO TO 4550

TYPE 670

FORMAT(1X, 'WHAT IS THE SPILL SIZE IN BARRELS?’)
ACCEPT 280,88L

CALCULATE AND SAVE INITIAL MASSES FOR OVERALL MASS BALANCE

BM=, 159+8BL

MOLSAV=O,

TMASAV=8,

DO 680 I=1 ,NCUTS
MASSAV(I)=1582.+SPGR(1)sBBLaVOL( |
MLSAV( I)=MASSAV({ )/MW(I)
MOLSAV=MOLSAV+MLSAV (l)
TMASAV=TMASAV+MASSAV( )

CONTINUE

DELMAS 1S THE MASS OF CUTS THAT ARE DELETED BECAUSE THEY
EVAPORATE TOO QUICKLY

DELMAS=0.

TME IS THE TOTAL MASS EVAPORATED
TMD IS THE TOTAL MASS DISPERSED

TME=® .
TMD=@ .

FE IS THE FRACTION (BASED ON MASS) EVAPORATED
FE=Q.

MOUSWI=® INDICATES THAT MOUSSE FORMATION HAS NOT BEEN STARTED
MOUSWI=1 INDICATES THAT MOUSSE FORMATION HAS STARTED SUCH THAT
NEW MOUSSE CONSTANTS MUST MATCH THE EXISTING CONDITIONS

MOUSWI =0

HOUMOU |S THE NUMBER OF HOURS THAT MOUSSE FORMATION HAS BEEN
IN EFFECT

HOUMOU=9 .

TYPE 690

FORMAT(1X, 'WILL THE WEATHERING SCENARIO INCLUDE SEA ICE?’)
ACCEPT 399, ANS

i (ANS.EQ.'N’) GO TO 3e6e

TYPE 7ee

FORMAT(IX,WHEN THE OIL REACHES THE OIL SURFACE,’)

TYPE 710

FORMAT(1X,'WILL IT WEATHER IN POOLS ON TOP OF THE ICE?")
ACCEPT 39@,ANS

IF(ANS.EQ. 'N’) GO TO 1660

TYPE 72e



41700
41809
41900
42000
421 @0
42200
42300
42400
42500
42600
42700
42800
42900
43000
43100
43200
43300
43400
43500
43600
43709
438009
43900
44000
44100
44200
44300
44400
44500
44689
44709
448009
44800
45000
4s 190
45200
45300
45400
45500
45600
45709
45800
45900
46000
46100
46200
46300
46400
46500
46600
46700
46800
46900
47000
47100
47200
47300
47400
47500
47600

72e

co o

73e

[2X o X o]

740

77e

780

79e

g8ee

o000

OO0 00

FORMAT{1X, "AT WHAT TEMPERATURE. DEG F?’)
ACCEPT 289, XSAVE

SPRFAC=1.

NIP=1

NCC1=NC1

TK=(XSAVE-32.)/1.8+273.

XPRINT=XSAVE

XSAVE=XSAVE+459

SUBROUTINE VPIF CALCULATES THE VAPOR PRESSURE OF EACH CUT
AT A SPECIFIED TEMPERATURE

CALL VPIF{XSAVYE, NCCt)

TYPE 738

FORMAT(1X, *FOR HOW MANY HOURS?*)
ACCEPT 280,X2

NHIP IS THE NUMBER OF HOURS OF ICE POOL WEATHERING

NH | PmX2

TYPE 740

FORMAT(1X, *HOW DEEP WILL THE POOLS BE IN CM? TRY 2)
ACCEPT 280,2

NZSWI=1

I=Z/108

SET C2=-1. SINCE MOUSSE CANNOT BE FORMED
C2=m—1,

SET STEN TO 1. TO AVOID DIVIDE BY ZERO PROBLEMS LATER

STEN=1.9

TYPE 779

FORMAT (1%, *'ENTER THE MASS-TRANSFER COEFFICIENT CODE: 1
1, 2. OR 3 WHERE:')

TYPE 78e

FORMAT(1X, ' 1=USER SPECIFIED OVER-ALL MASS-TRANSFER COEF
1FICIENT')

TYPE 79@

FORMAT (1X, ' 2=CORRELATION MASS-TRANSFER COEFFICIENT B8Y

1 MACKAY & MATSUGU’)

TYPE 80

FORMAT{1X,’ 3=INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS*)
ACCEPT 42e, KMTC

NOW ENTER THE WIND SPEED IN KNOTS AND CONVERT TO METER/SEC
AND METER/HOUR.

TYPE 8le
FORMAT(1X, 'ENTER THE WIND SPEED IN KNOTS’)
ACCEPT 280, WINDS

NEVER LET THE WIND SPEED DROP BELOW 2 KNOTS. A ZERO WIND
SPEED DESTROYS THE MASS-TRANSFER CALCULATION AND WILL
YIELD A ZERO MASS-TRANSFER COEFFICIENT

IF(WINDS.LT.2.) WINDS-2.
WINDMS=0.514«WINDS
WINDMH=1853. ¢ WINDS



47700
47800
47900
48000
48100
48200
48300
48400
48500
48600
48700
48800
48900
49000
49 00
49200
49300
49400
43500
49600
49700
49800
49900
50000
50100
50200
50300
S5e400
505060
506989
50700
50800
50900
51000
51100
51200
51300
51400
51500
516ee
51700
518¢ee
519ee
52000
521900
52200
52300
52400
5250e
526¢€0
52700
5280e@
52900
53000
531 @0
53200
53300
53400
53500
53600

WO OO0

0O 00000 AONNN00 D000 0

NOW CALCULATE THE INITIAL GRAM MOLES FOR EACH COMPONENT ‘O
GET THE INTEGRATION STARTED.

BM=0.159+BBL
TMOLES=0.

DO 830 1I=1,NCUTS
AMASS=1582.sSPGR( 1) *BBLVOL( 1)
MOLES( 1)=AMASS/MW( )
MOLS(1)=MOLES(1)
TMOLES=TMOLES+MOLES (1)

RHO IS THE DENSITY IN GM MOLES/CUBIC METER.

RHO(1)=100.sMOLES(I)/(BM*VOL( 1))
CONTINUE

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE CRUDE

WTMOLE=®.

Do 840 I=1 NCUTS

WTMOLE=WTMOLE+MW( 1) sMOLES{I)/TMOLES

CONTINUE

WRIT§ 10U, 850) WTMOLE

ForMAT /,1X,'MEAN MOLECULAR WE IGHT OF THE CRUDE =’,1PE10.3)

SET SPREADING TO ZERO.
SPREAD=Q.

CALCULATE AN AREA IN SAME WAY IT WILL BE CALCULATED
AS THE SLICK WEATHERS. Z=THICKNESS IN METERS.

VOLUM=@ .

DO 880 I=1,NCUTS
VOLUM=VOLUM+MOLES (1)/RHO(I)
CONTINUE

CALCULATE THE INITIAL AREA AND DIAMETER.

AREA=VOLUM/Z
DIA=SQRT (AREA/@.785)

THE MASS-TRANSFER COEFFICIENT CAN BE CALCULATED ACCORDING TO:
1. A USER-SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

2. THE MASS-TRANSFER COEFFICIENT CORRELATION ACCORDING
TO MACKAY AND MATSUGU, 1973, CAN. J. CHE, V51,
P434-439.

3. INDIVIDUAL OIL- AND AIR-PHASE MASS-TRANSFER COEFFI-
CIENTS BASED ON SOME REAL ENVIRONMENTAL DATA SUCH
AS THAT OF LISS AND SLATER. SCALE THE AIR-PHASE
VALUE WITH RESPECT TO WIND SPEED ACCORDING TO
GARRATT, 1977, monTHLY WEATHER REVIEW,Vie5,
P915-929.

TEMP IS R*T AND USED TO CHANGE THE UNITS ON THE MASS-
TRANSFER COEFFICIENT.

A-10



53700
53800
53900
54000
541 0@
54200
54300
54400
54509
54600
54700
54800
54900
55000
55100
55200
55300
55400
55500
55600
55700
55800
55900
56000
56100
56200
56300
56400
56500
56600
56700
56800
56900
57000
571e0
57200
57300
57400
57509
57600
5770e
57800
57900
58000
58100
58200
58300
58400
58500
58600
58700
588600
58900
59000
59100
59200
59300
59400
595e0
596089

890 TEMP=(8.2E-085)¢TK
co To (900,959,1048), vTC

C USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

809 TYPE 910
910 FORMAT(IX,JENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT
1, CM/HR, TrY 10°')
ACCEPT 280,UMTC
WRITE(1I0U,9290)
92e FORMAT tH1,"DATA FOR WEATHERING OF OIL IN POOLS ON ICE¥*)
WRITH I0U,930) UMTC
930 FORMAT /. *OVER-ALL MASS-TRANSFER COEFFICIENT WAS USER
I-SPECIFIED AT *‘,1PE10.3,*CM/HR BY INPUT CODE 1’)
c
c CONVERT CM/HR TO GM—MOLES/(HR) (ATM) (M*#2) SINCE VAPOR
c PRESSURE IS THE DRIVING FORCE FOR MASS TRANSFER
C
UMTC=UMTC/TEMP/ 1¢00.
00 940 I=1,NC1
MTC(1)=UMTC
94e  CONTINUE
GO TO I12e

c USE THE MACKAY ANO MATSUGU MASS-TRANSFER COEFFICIENT.
950 TERM1=0.015«WINDMH*«0 .78

c
o] THE SLICK DOES NOT SPREAD, SO BASE THE DIAMETER DEPENDENCE
c oN 1890 meT E Rs ano DIVIDE THe RESULT 8Y@.7

C

960 TERM2=0 .65

C

C KH INCLUDES THE SCHMIDT NUMBER FOR CUMENE.

C

97e KH=TERM1+ TERM2
WRITE(IOU,988)

98e FORMA( 1H1, 'WEATHERING OF OIL IN POOLS ON TOP OF ICE")
WRITE ¢0U,99@) KMTC

980 FORMATX_/,1X, 'OVER~ALL MASS-TRANSFER COEFFICIENTS BY INPUT
1 CODE' ,12)
wriTE(IOU,1000) k 1

100@ FormaT /,1X, 'OVER—ALL MASS—TRANSFER COEFFICIENT FOR CUMENE ="'
1,1PE10.3," M/HR',/)
VVRlTE§IOU.1019)

1919 FORMAT({3X,'CUT’, 12X, "M/HR’ ,7X, 'GM=MOLES/(HR) (ATM) (M**2)*)
Do 1930 I=1,NC1

THE MASS-TRANSFER COEFFICIENT IS CORRECTED FOR THE
DIFFUSIVITY OF COMPONENT I IN AIR. THE SQRT IS USED
(ILE. LISS AND SLATER), BUT THE 1/3 POWER COULD ALSO
BE USED (I.E. THE SCHMIDT NUMBER).

MTCA(1)=KH+®.93+«SQRT{(MW(I1)+29. )/’ MW(I))

OO0O0O0 00

MTC(I) IS THE OVER-ALL MASS-TRANSFER COEFFICIENT DIVIDED
BY R*T. R=82.06E-06 (ATM)(Me»3)/(G-MOLE)(DEG K )

MTC(1)=MTCA(1)/TEMP

OO0 O0

A=11




59700
59800
59900
600092
60100
60200
60300
60400
62500
606008
607090
60800
690900
61699
61100
61200
61300
6 14ee
61 see
61600
61700
618@0
61900
62000
62100
62200
62300
624ee
62500
62600
62700
62800
62900
63000
831¢0
63200
63300
63400
63500
63600
63700
63800
63900
64000
64100
64200
64300
64400
64500
64600
64700
64800
64800
65000
65100
65200
65300
65400
65508
655880

WRITH 10U,1028)1,MTCA{I).MTC(1)
1920 FORMAT (2X, 13,2( 10X,1PE12.3))
1938 CONTINUE

GO TO 1120

USER SPECIFIED INDIVIDUAL-PHASE MASS-TRANSFER
COEFFICIENTS.

o000

C
1040 Tvpr e 1050
105@ FORMAT (11X, ENTER THE OIL—-PHASE mAss-TRaANSFER COEFFICIENT
1 INn CM/HR, TRY 10°)
ACCEPT 280, KOIL
TYPE 1960
1260 FORMAT(1X, 'ENTER THE AIR-PHASE MASS—TRANSFER coefficient
1IN cM/HR, TrRY 1008@°)
ACCEPT 280, KAIR
TYPE t@7@
107@ FORMAT(IX,JENTER THE MOLECULAR WEIGHT OF THE COMPOUND
1 For k-A IR ABOVE, TRy 200°')
ACCEPT 280. DATAMW

Cc
c SCALE K-AIR ACCORDING TO WIND SPEED {(GARRATT, 1977),
c SO THAT AS THE WIND SPEED GOES UP THE MASS TRANSFER
c GOES UP, I.E., THE CONDUCTANCE INCREASES.
Cc
KAIR=KAIR«(1.40.089+WINDMS)
RKAIR=1./KAIR
Cc
c CALCULATE R*T IN ATMsCM»+3/GM-MOLE
Cc
RT=82.06+TK
HTERM=WTMOLE/(DCRUDE*RT)
WRITE (IOU,89@) kmTc
Cc
c WRITE THE USERS INPUT, WIND SPEED, AND HENRYS LAW
c TERM TO THE OUTPUT.
c

WRITHK 10U,1080) KAIR,KOIL,DATAMW

1080 ForMQET /,1X,’K-=AIR=",1PE10.3,’, AND -0 lL =',1PE190.3
1,* CM/HR, BASED ON A MOLECULAR WEIGHT OF *,1PE19.3)
wriTEe IOU,1090) WINDMS

te9e FORMAT 1X,'WIND SPEED = ‘,1PE10.3,” M/S")
WRITK I0U,118@) HTERM

1180 FORMAT 1X, ' THE HENRYS LAW CONVERSION TERM FOR OIL = °
1,1PE10.3," I/ATM")
WRITE (I0U,1019)

CALCULATE THE OVER-ALL MASS-TRANSFER COEFFICIENT BASED
ON GAS-PHASE CONCENTRATIONS FOR EACH CUT.

OO0 o

Do 1118 I=1,NC1
HLA II;-HTERMOVP(I)
MTCA I )mRKAIR+HLAW( 1) /KOIL

NOW TAKE THE INVERSE TO OBTAIN CM/HR AND THEN MULTIPLY
By @.81 To GET M/HR.

MTCA(I)=0.01/MTCA(I)

oc0oOo

o0

CORRECT FOR MOLECULAR WEIGHT ACCORDING TO LISS & SLATER,

A-12



c 1974, NATURE, V247 ,P181-184.

c
MTCA(I)=MTCA(I)+SQRT(DATAMW/MW( )
MTC(1)=MTCA{1)/TEMP

C

c AND WRITE THE OVER-ALL MASS-TRANSFER COEFFICIENT

(o IN M/HR AND MOLE/HR*ATM*M*M.

c

WRITE (I0U,1020) I ,MTCA(1).MTC(1)
1110 cONTINUE
1120 SPGRB=141.5/(APIB+131.5)
MASS=@.1582+BBL+*SPGRB
WRIT% 10U, 1130) BBL,MASS
1130 FoRwm AT /,1X,"FOR THis SPILL oF * ,1PE10.3,’ BARRELS, THE
1 MASS IS ',1PE10.3,’' METRIC TONNES’)
VOLUMB=VOLUM/@ .159
WRITH 10U, 1140) VOLUM, VOLUMB
1149 FORMAT (/, 1X,'VOLUME FROM SUMMING THE CUTS =’ ,{1PEB.1,"' M**3
1, OR ',1PE10.3,” BARRELS)
GO TO(1170,1150,1170), KMTC
1150 WRITE I0U,1160) WINDS ,WINDMH
1160 FORMA,T /).1X.'WIND SPEED = ‘,1PE10.3,” KNOTS, OR *',1PE10.3
1,' M/HR®
1178 WRITE (10U,1188) ODIA,AREA
1180 rormaT /,1X, ' INITIALSLICK DIAME TER = *,1PE19.3,' M, oOR ARE A
1 = ' 1PE10.3," M#+2’)
WRITE({IOU,1198)
1190 FORMAT /,1X,"THIS SLICK poes NOT spPrReEAD FOR THIs calculation*)

C

c CALCULATE THE KINEMATIC VISCOSITY OF THE CRUDE AT 122

c DEG F AND THE ENTERED ENVIRONMENTAL TEMPERATURE.

c USE THE VISCOSITY MIXING RULE OF {MOLEFRACTION)s(LOG).
c SEE PAGE 46e OF REID, PRAUSNITZ & SHERWOOD IN

c THE BOOK ‘THE PROPERTIES OF GASES AND LIQUIDS”

C
1

200 VISMIX=8.
DO 121e I=1 ,NCUTS
VISMIX=VISMIX+MOLES(1)sVLOGK(I)/TMOLES
1218 CONTINUE
VISMIX=EXP{VISMIX)
WRITH I0U,1228) VISMIX
1220 FORMAT {/,1X, 'KINEMATIC VISCOSITY OF THE BULK CRUDE FROM

1 THE CUTS = ",1PEB.1.’' CENTISTOKES AT 122 DEG F’)
VISMIX=a.
C
C SCALE THE VISCOSITY WITH TEMPERATURE ACCORDING TO
c ANDRADE.
C
XSAVE=XSAVE+459.

EXPT=EXP(1923.¢(1./XSAVE-0.001721))
DO 1230 I=1,NCUTS
VIS(I)=VISK(1)+EXPT
VLOG(T)=ALOG(VIS(1))
VISMIX=VISMIX+MOLES(1)+VLOG(1)/TMOLES
123e CONTINUE
XPRINT=32.
VISMIX=EXP(VISMIX)
WRITE 10U,124@) VISMIX, XPRINT,EXPT
1249 FORMAT(/,1X,‘KINEI\/IATIC VISCOSITY OF THE BULK CRUDE FROM THE
1 CUTS =',1PE8. 1 AT T ="',0PF5.1,' OEG F, SCALE
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6100
62ee
63e0
6400
6500
6600
6700
6800
69ee
7000
7100
72ee
7300
7400
75ee
7600
7780
7800
79ee
8000
8100
82ee
8300
84ee
85ee
86ee
87ee
8800
89%ee
9000
9100
9200
93900
94ee
9500
96ee
9700
98ee
99%ee
1 0000
190100
1 e2ee
1e3ee
10400
rebSee
1 ebee
1 e7ee
1 e8ee
1 9900
lieee
1119
11200
11300
11400
11500
11600
11700
11 8ee
11 9ee
12eee

OO0 O

1250

126e
1270

128e

1290

1300

1310

OO0 00

1330

1 34e

2 FACTOR = ',1PE8.1)

IMPORTANT NOTE: THE VISCOSITY PREDICTION OF THE WHOLE
CRUDE FROM CUT INFORMATION IS NOT GOOD AT ALL. SO THE
VISCOSITY INFORMATION CALCULATED ABOVE IS NOT USED IN

THIS VERSION OF THE CODE. BUT IT COULD BE IF A GOOD
MIXING RULE IS EVER DETERMINED

THEREFORE. FOR THE TIME BEING. THE VISCOSITY OF THE WHOLE
WEATHERED”CRUDE IS CALCULATED-ACCORDING TO MACKAY.

NOW LOAD THE VISCOSITY INFORMATION IN THE FORM
OF THREE CONSTANTS:
1. THE VISCOSITY IN CP AT 25 DEG C
2. THE ANDRADE-VISCOSITY-SCALING CONSTANT
WITH RESPECT TO TEMPERATURE, SEE GOLD &
OGLE, 1969, CHEM.ENG., JuLY 14, P121-123
3. THE VISCOSITY AS AN EXPONENTIAL FUNCTION OF
THE FRACTION OF OIL WEATHERED

IF(LSWTCH.EQ.98) co TO 1260

TYPE 1250

FORMAT(1X,*SINCE A LIBRARY CRUDE WAS NOT USED
1,*,/,1X,’ENTER THE FOLLOWING THREE VISCOSITY CONSTANTS')
GO TO 128@

TYPE 1270

FORMAT(1X,'DO YOU WANT TO ENTER NEW VISCOSITY CONSTANTS?’)
ACCEPT 398, ANS

IF(ANS.EQ. 'N’) GO TO 1320

TYPE 129e

FORMAT(1X,'1. ENTER THE BULK CRUDE VISCOSITY

1 AT 25 DEG C, CENTIPOISE, TRY 35.’)

ACCEPT 28e, VISZ

TYPE 1300

FORMAT(1X,'2. ENTER THE VISCOSITY TEMPERATURE SCALING
1 CONSTANT (ANDRADE), Try 9000.")

ACCEPT 28e. MK3

TYPE 1319

FORMAT(1X,'3. ENTER THE VISCOSITY-FRACTION-OIL
I-WEATHERED CONSTANT, TrRY 10.5')

ACCEPT 28e, MK4

GO TO 133e

USE THE LIBRARY VISCOSITY DATA

VISZ=VISZL(IC)
MKB-MK3L§IC;
MK4=MK4L(IC

INSERT VISCOSITY CALCULATION ACCORDING TO MASS
FRACTION EVAPORATED. THIS IS THE VISCOSITY
MODIFICATION RELATIVE TO CUTVP1

VSLEAD=VISZ+EXP(MK3«(1./TK-0.083357))

WRITE {OU,1340) VISZ,MK3,MK4,VSLEAO

FORMAT( /,1X, *VISCOSITY ACCORDING TO MASS EVAPORATED:
1 VIS25C=",1PE9.2,’', ANDRADE ="' ,1PES.2

2,*, FRACT WEATHERED =',1PES.2', VSLEAD =’ ,1PES.2

3, CP’)

C2P=1./C2

wriTE (IOU,1500) C1,C2P,C4
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12100
12200
12300
12400
12500
12600
12700
12800
1 29006
13000
13100
132ee
133ee
134ee
135ee
13620
137ee
1380e
139ee
l4eee
14100
14200
143ee
14400
1450e
146ee
147ee
| 4800
149020
15e0e
15100
1520e
153ee
1540e
15500
15600
157ee
15aee
15900
16000
16100
162ee
163ee
164ee
| 6500
16600
167ee
168e0
169ee
17eee
17100
1 72ee
173ee
17400
175e0
1760
177ee
| 7800
1 7900
18000

NEQ=NCUTS
FRACTS=0.

SPECIFY NO DISPERSION

OO0 0

1350 WRITHE 10U,136@) FRACTS
13680 FORMAT /,IX, ‘THE FRACTIONAL SLICK AREA SUBJECT TO
1 DISPERSION IS ',1PE8.1,' PER HOUR)

c
c PRINT EVERY XP TIME INCREMENT (Ho UuR s).
c X1 I1s THE STARTING TIME =
[+ X2 IS THE NUMBER OF HOURS FOR WEATHERING TO OCCUR.
c
1370 XP=1,
X1=@,
MOLS(NCUTS+1)=AREA
c
o] PRINT AN OUTPUT FILE For B@COLUMN outrpuT, THIS IS
o] THE OILICE.TYP FILE.
c

WRITE(ITY, 1380)
1388 rormMAT{ 1X, "WEATHERING OF oi1L IN POOLSON Top OF ICE’)
WRIT ITY,1390) (ANAME(J), J=1,5)
1399 FORMAT{ /,1X,'OIL:’,5A5)
WRIT 1TY,1400) XPRINT ,WINDS
1400 FORMAT( IX,"”TEMPERATURE= ',F5.1,' DEG F, WIND SPEED= "
1,F5.1,' KNOTS")
WRITE (ITY,1412) BBL
1419 FoORMA 1X, 'SPILL SIZE="',1PE18.3, ' BARRELS’)
WRITE (ITY,1420) KMTC
1420 FORMAT (IX,’"MASS-TRANSFER COEFFICIENT CODE=’, 13)
WRITE(ITY, 1430)
1438 FORMAT(/. 1X, 'FOR THE OUTPUT THAT FOLLOWS, MOLES
1=GRAM MOLES')
WRITE(ITY, 1440)
1440 FORMAT(1X, 'GMS=GRAMS, VP=VAPOR PRESSURE IN Atmospheres’)
WRITE(ITY,1450)
1450 FORMAT 1X,'BP=BOILING POINT IN DEG F, API-GRAVITY’)
WRITE(ITY, 1460)
1468 FORMAT (IX,’MW=MOLECULAR WEIGHT")
WRITE(ITY, 1478)
1470 FORMAT(/,2X, *CUT*,3X, '"MOLES’,6X,’GMS*,8X,'vP' ,8X, " 'BP'
1,7X, APl ",5X, "MW')
Do 1498 I=1,NCUTS
GMS-MOLi (1) aMW(I)
TMW=MW
MIRI1'% ITY,1480) 1 ,MOLES(1),GMS,VP(1),TB(I),API{I), IMW
1480 FORMAT(3X%,12.5(1X.1PE9.2},1X.13)
1490 CONTINUE
wriTe ITY,1500) C1,C2P,C4
1500 FORMAT /,1X, "MOUSSE CONSTANTS: MOONEY=' K 1PES.2
1,’, MAX H2@=',0PF5.2,' ,WINDse2=’ 1PE9.2)
WRITE(ITY,1510) KA,KB,STEN
1510 FORMAT (1X, 'DISPERSION CONSTANTS: KA=',61PE9.2
1.’. KB=' ,1PE9.2.’. S—TENSION=',(1PES.2)
% Te ITY,1520) VISZ ,MK3 ,MK4
FoR M Al 1X,’VIS CONSTANTS: VIS25C=',1PES.2
1, ANDRADE =' 1PEZ.2,’' ,FRACT ="', 1PES.2)
WRITE(ITY, 1530)
1538 FORMAT /,1X,'FOR THE OUTPUT THAT FOLLOWS, TIME-HOURS')

1520
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18100 WRITE(ITY, 1540)
18200 1540 FORMA(T 1X, 'BBL=BARRELS,SPGR=SPECIFIC GRAVITY, AREA=MsM')

18300 WRITE(ITY, 1550)

18400 1556 FORMAT 1X, 'THICKNESS=CM, W-PERCENT WATER IN OIL (
18500 1MOUSSE) *)

18600 WRITE (ITY,1560)

1870e 156e FORMAT(1X, 'DISP=DISPERSION RATE INGMS/MsM/HR')
18800 WRITE (ITY,1570)

1 8900 1578 FORMAT{1X,'ERATE=EVAPORTION RATE IN GMS/MsM/HR’}
19000 WRITE (1TY,1580)

19100 158e FORMAT(1X, '‘M/AaMASS PER M*M OF OIL IN THE SLICK’)
192e0 WRITE (ITY,1599)

19300 1588 FORMAT(1X, ' I=FIRST CUT WITH GREATER THAN 1% (MASS)
1 9400 1 REMAINING’)

19500 WRITE(ITY, 160@)

196e0 1680 FORMATY 1X,’'J=FIRST CUT WITH GREATER THAN 50% (MASS)
19708 1 REMAINING")

198e@ WRITE(ITY,1618)

19900 1619 FORMAT 1X, 'DISPERSION WAS TURNED OFF’)

20000 WRITE(ITY,1620)

20100 16280 FORMAT 1X, 'SPREADING WAS TURNED OFF’)
20200 163e TCODE=KMTC

20300 TYPE 1648

20400 1640 FORMAT(/,1X,'PLEASE WAIT)

20500 ¢

20608 SUBROUTINE BRKG4 DOES THE INTEGRATION

20700 c

20800 CALL BRKG4(MOLS,X1,X2,XP,NEQ,NDEL)

20900 c

21009 c ND IS THE NUMBER OF CUTS THAT WEATHERED COMPLETELY AWAY
21190 ¢

21200 ND=9

21300 DO 1650 I=1,NEQ

21400 IFE (YM(1I).NE.B®.) GO TO 1650

21500 ND=ND+ 1

21600 1658 CONTINUE

21708 C

21 see C NDEL IS THE NUMBER OF CUTS THAT WERE DELETED BECAUSE THEY
21900 ¢ EVAPORATE TO QUICKLY

22000 ¢

22100 NEW=NDEL+ND

22200 IF(NQUIT.EQ.1) GO TO 4460

22300 1660 TYPE 1670
22400 167e FORMAT(1X,’WILL THE OIL NOW WEATHER IN THE BROKEN ICE FIELD?’)

22500 ACCEPT 396,ANS

22600 IF{NIP.EQ.®) GO TO 1710

2270@ TV=0.

2280¢ C

22980 C NOW CALCULATE NEW VALUES FOR VOLUME PERCENT FOR EACH
23088 CUT AND SHIFT THE ARRAYS FOR VOLUME PERCENT, BOILING POINT,
23108 ¢ AND APl TO ELIMINATE CUTS THAT ARE GONE

23200 ¢

23300 DO 1680 I=1,NEQ-ND

23400 TVmTV+( YMND+II YMSAVE(ND+|g/SPGR(NEW+I))

235900 VOL(I)=YMND+II® MOLES(NEW+l )® MW(NEW+I)/(SPGR(NEW+I)
23600 1+(BBL#1582.))

23700 TB(1)=TB(NEW+I)

23800 API(1)=API(NEW+I)

23900 168@ CONTINUE

24000 BBL=TV/158200.
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24100 NCUTS=NCUTS-(ND+NDEL)

24200 NEQ=NCUTS

24300 c

24400 C ALWAYS RENORMALIZE THE INPUT VOLUMES TO lee%.
24500 C

24600 VTOTAL=Q.

24700 DO 169e I=1,NCUTS

24800 VTOTAL=VTOTAL+VOL( )

24900 1698 CONTINUE

25000 Do 1700 [=1 NCUTS

25100 VOL(I)=100.«VOL(I)/VTOTAL

25200 176@ CONTINUE

25300 IS=0

25400 APISWI=1

25500 CALL DOCHAR

25600 1718 IF(ANS.EQ. 'N') GO TO 3ebe

25700 NG=NG+NEW

25800 NBI=1

25900 TYPE 172e

26000 1720 FORMAT(1X,'FOR HOW MANY HOURS?’)

26100 ACCEPT 280,X2

26200 c

26390 NHBI IS THE NUMBER OF HOURS OF BROKEN ICE FIELD WEATHERING
26400 c

26500 NHB[=X2

26600 TYPE 1730

26700 1730 FORMAT(1X,'AT WHAT TEMPERATURE, DEG F?’)
26800 ACCEPT 28@,XSAVE

26900 TYPE 1740

27000 1742 FORMAT(1X,'ENTER THE FRACTION OF ICE COVER, 1.£.2.7*)
27100 ACCEPT 288 ,FRACIC

27200 TK=(xsAVE-32. }/1.8+273.

27309 XPRINT=XSAVE

27400 XSAVE=XSAVE+459

27508 NCC1=NC1

27600 CALL VPIF(XSAVE,NCC1)

27700 TEMP=(8.2E-85)TK

27800 FACMOU=1 .

27909 ¢

28000 THE FUNCTIONAL DEPENDENCE OF MOUSSE FORMATION RATE WITH
28100 ¢ FRACTION OF ICE COVER IS NOT KNOWN. FOR NOW THE VARIABLE
28200 FACMOU WILL BE THE FACTOR WHICH WILL DETERMINE THE
28300 ¢ AMOUNT OF INCREASE OF FORMATION RATE. IF MOUSSE

28400 ¢ CONSTANTS ARE NOT INPUT BY THE USER, FACMOU=19

2850@ ¢

28600 IF(LSWTCH.EQ.99) GO TO 177e

28700 TYPE 1759

28800 1758 FORMAT(1X,*SINCE YOU DID NOT USE A LIBRARY CRUDE,)

28900 TYPE 176@

29000 1760 FORMAT(1X,’YOU MUST ENTER THE FOLLOWING FOUR MOUSSE

29100 1 FORMATION CONSTANTS")

29200 GO TO t179@

29300 1770 TYPE 1780

29400 178e FORMAT(1X, DO YOU WANT TO ENTER NEW MOUSSE FORMATION CONS

29509 1TANTS?*)

29600 ACCEPT 390, ans

29700 [F(ANS.EQ.’NW GO TO 186e

29800 (o1

289090 c To SPECIFY no MOUSSE, ENTER c2 = e
30000 C
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3e100
30200
30300
30400
30500
30600
30700
30800
30900
J1000
31100
31200
31300
31400
31500
31600
3l7ee
31800
31900
32000
32100
32200
32300
32400
32500
32600
32700
32800
32900
33000
33100
33200
33300
33400
33500
336090
33700
33800
33900
34000
34100
34200
34300
34400
34500
34600
34700
34800
34900
35000
35100
35200
35300
35400
355900
35600
35700
35800
35900
S6000

1790 TYPE 1800

180@ FORMAT(1X,'1. ENTER THE MAXIMUM WEIGHT FRACTION WATER
1 IN OIL’)
ACCEPT 28e, €2
IF(C2.GT.2.) GO TO 182e

SET C2==1, IF A MOUSSE CANNOT BE FORMED AND LOOP OUT

o o0

C2=~1 .
TYPE 18le
1810 FORMAT(/,1X,*SINCE A @% waTER CONTENT WAS SPECIFIED
1, THE REMAINING THREE MOUSSE’,/,IX,;CONSTANTS ARE NOT
2 NEEDED’)
GO TO 187e
162e C2=1./C2
TYPE 183e
1B3@FORMAT{1X,'2. ENTER THE MOUSSE-VISCOSITY CONSTANT
1, TRY @.65")
ACCEPT 28e. CI
TYPE 184@
1840FORMAT(1X.'3.ENTER THE WATER INCORPORATION RATE CONSTANT
1, TRy ©.001°')
ACCEPT 280, C4
TYPE 1850
1850 FORMAT(1X,‘4 ENTER THE BROKEN ICE FIELD MULTIPLIER FOR MOUSSE
1 FORMATION")
ACCEPT 289, FACMOU
GO TO 187e
1860 Ci=C1L (IC
C2=C2L(IC
C4=CAL(IC
FACMOU=1@ .,
187e CONTINUE
C4mC4+FACMOU
IF(LSWTCH.EQ.99) GO To 1900
TYPE 188e
18B@ FORMAT (/. 1X, 'YOU MUST ALSO ENTER AN OIL-WATER SURFACE
t rension (DYNES/CM')
TYPE 189e
1890 FORMAT(1X,’FOR pispPeErRsSION TRY 38.')
GO TO 1830
1900 tvypre 1910
1910 FORMAT(1X,’DO You WANT To ENTER A NEW oiL-w ATER SURFACE
1 TENSION (DYNES/CM)?')
ACCEPT 390, ANS ’
IF(ANS.EQ.’N’) GO TO 1940
TYPE 192e
192e FORMAT(1X,'TRY 38.°')
193e ACCEPT 28e, STEN

GO TO 1950
194e STEN=STENL(IC)
¢
c START THE MASS-TRANSFER COEFFICIENT SPECIFICATION.

C

1950 TYPE 19680

1960 FORMAT(1X, "ENTER THE MASS-TRANSFER COEFFICIENT CODE:1
1, 2, OR 3 WHERE:')
TYPE 197e

197e FORMAT(1X, *|I=USER SPECIFIED OVER-ALL MASS-TRANSFER COEF
1FICIENT’)
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RI-aR-1-]
36200
36300
36400
36500
36600
36700
36800
36900
37000
37 100
37200
37300
37400
37500
37600
37700
37800
37900
38000
381 0@
38200
38300
38400
38500
38600
J87e@
38800
38900
Joeee
39100
39200
39300
39400
39500
39600
39700
3gg800
39900
490020
40100
42200
40300
40400
49500
40609
407090
492800
40900
41009
41100
41200
413ee
414ee
41500
41600
417ee
4 8ee
41 9ee
42000

NO OO0

e1e

Oo0o0

2e2e

2030
2040

c
2e5e

2060

OO0 0

TYPE i98@
FORMAT( 1X,' 2=CORRELATION MASS-TRANSFER COEFFICIENT BY

1 MACKAY & MATSUGU’)

TYPE 1999

FORMAT(IX, '3=INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS’)
ACCEPT 42e, KMTC

NOW ENTER THE WIND SPEED IN KNOTS AND CONVERT TO METER/SEC
ANO METER/HOUR.

TYPE 2000
FORMAT(1X, *ENTER THE WIND SPEED IN KNOTS’)
ACCEPT 28e, WINDS

NEVER LET THE WIND SPEED DROP BELOW 2 KNOTS. A ZERO WIND
SPEED DESTROYS THE MASS-TRANSFER CALCULATION AND WILL
YIELD A ZERO MASS-TRANSFER COEFFICIENT

IF(WINDS.LT.2.) WINDS-2.
WINDMS=@ . 514«WINDS
WINDMH=1853. *WINDS

NOW CALCULATE THE INITIAL GRAM MOLES FOR EACH COMPONENT TO
GET THE INTEGRATION STARTED.

BM=0 . 159+BBL

TMOLES=®.

DO 2e2e I=1,NCUTS

AMASS="1582. *SPGR( I)+BBLsVQL(I)
MOLES(I)=AMASS/MW({ 1)
MOLS(1)=MOLES( 1)
TMOLES=TMOLES+MOLES( 1)

RHO IS THE DENSITY IN GM MOLES/CUBIC METER

RHO(I)=100.+MOLES(I)/(BMsvOL( 1))
CONTINUE

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE CRUDE

WTMOLE=@.

po 2e3e I=1,NCUTS

WTMOLE=WTMOLE+MW( 1) *MOLES(1)/TMOLES

CONTINUE

WRIT % 10U,2040) WTMOLE

FoRwma(r /,1X, MEAN MOLECULAR WE IcHT O F THE crupe =',1PE10.3)

SPECIFY SLICK SPREADING.

SPREAD=®

TYPE 2e6e

FORMAT(1X, D0 YOU WANT THE SLICK TO SPREAD?’)
ACCEPT 39e, ANs

IF{ANS.EQ. 'N’) GO TO 2eT7e

SPREAD-I.

GO TO 2109

CALCULATE AN AREA IN SAME WAY IT WILL BE CALCULATED
AS THE SLICK WEATHERS. Z=THICKNESS IN METERS.
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2o

2079
2080

209¢
c
c
c
2100

2110

2120

[eXoNe]

130

OO0 ROOOODOOOOODOOOOOOO0O00 O00O0

2140
2150

216e

IF (NZSWI.EQ.1) G0 T0 2e9e

TYPE 2e8e

FORMAT("X.'SINCE THE SLICK DOES NOT SPREAD, ENTER
1 A STARTING THICKNESS IN CM")

ACCEPT 280, 7

I=2/100.

GO TO 2110
THE SLICK ALWAYS STARTS AT 2-CM THICKNESS.

IF_(NZSWI.NE.®) GO TO 2110
=9 .02

VOLUM=@

DO 2120 [=1,NCUTS
VOLUM=VOLUM+MOLES( 1)/RHO(1)
CONTINUE

NZSW[=1

CALCULATE THE INITIAL AREA AND DIAMETER.

AREA=VOLUM/Z
DIA=SQRT (AREA/@ .785)

THE FUNCTIONAL DEPENDENCE OF SPREADING WITH FRACTION OF ICE
COVER IS NOT KNOWN. FOR NOW, A LINEAR DEPENDENCE IS ASSUMMED

SPRFAC=1.~FRACIC
THE MASS-TRANSFER COEFFICIENT CAN BE CALCULATED ACCORDING TO:
1. A USER-SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

2. THE MASS-TRANSFER COEFFICIENT CORRELATION ACCORDING
TO MACKAY AND MATSUGU, 1973, CAN. J. CHE, V51,
P434—439.

3. INDIVIDUAL OIL- ANO AIR-PHASE MASS-TRANSFER COEFFI-
CIENTS BASED ON SOME REAL ENVIRONMENTAL DATA SUCH
AS THAT OF LISS AND SLATER. SCALE THE AIR-PHASE
VALUE WITH RESPECT TO WIND SPEED ACCORDING TO
GARRATT, 1977, MoNnNTHLY WEATHER REVIEw, V10§,
P915-920.

TEMP IS R*T AND USEO TO CHANGE THE UNITS ON THE MASS-
TRANSFER COEFFICIENT.

TEMP=(8.2E-05)»TK
Go To (2140,2180,2290), kuTcC

USER SPECIFIED OVéR—ALL MASS-TRANSFER COEFFICIENT.

TYPE 2150

FORMAT(1X, 'ENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT
i1, CM/HR, TrY 10°)

ACCEPT 280, umTC

WRITE (0U,2180) UMTC

FORMAT( 1H1, *OVER-ALL MASS-TRANSFER COEFFICIENT WAS USER
I-SPECIFIED AT ',1PE19.3,°'CM/HR BY INPUT CODE 1)

CONVERT CM/HR TO GM=MOLES/(HR) (ATM) (M»#2) SINCE VAPOR
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48100 c PRESSURE IS THE DRIVING FORCE FOR MASS TRANSFER.

48200 c

48300 UMTC*UMTC/TEMP/ 1@@.

48400 DO 217@I=1,NC1

48500 MTC(1)=UMTC

48690 2178 CONTINUE

48700 GO TO 2370

48800 C

48900 g uSE THE MACKAY ANO MATSUGU MASS-TRANSFER COEFFICIENT,
49000

49109 2180 TERM1=0.215+sWINDMH+20.78

49200 IF(SPREAD.EQ.@.) GO TO 2199

49300 TERM2=D1As«(-0. 11)

49400 GO TO 22ee

48500 c

49600 c IF THE SLICK DOES NOT SPREAD BASE THE DIAMETER DEPENDENCE
49700 c oN 1000 METERS AND DIVIDE THE RESULT sy .7

49800 c

49900 2192 TERM2=0.65

50000 c

50100 c KH INCLUDES THE SCHMIDT NUMBER FOR CUMENE.

50200 c

50300 22ee KH=mTERM1¢TERM2

50400 WRITE(IO0U,2210)

Se500 2219 FORMAT(‘H'H "WEATHERING DATA FOR OIL IN A BROKEN ICE FIELD")
50600 IF(NIP.NE.1) GO TO 2239

s5e70e WRITE(IOU,2220)NHIP

50800 222e¢ FORMAT 1X,'AFTER ICE POOL WEATHERING FOR *,1PES.3,’ HOURS')
50900 223e WRITE (0U,22408) KMTC

51900 224e FORMAT /,1X, 'OVER-ALL MASS-TRANSFER COEFFICIENTS BY INPUT
51 100 1 CODE’ ,12)

512ee WRITE (IOU,2256) KH

51380 2250 FORMAT /,1X, 'OVER-ALL MASS~TRANSFER coefficient For CUMENE
51400 1,1PE198.3," N/HR',/)

51500 WRITEEIOU.2260)

5160e 226e FORMAT(3X,'CUT', 12X, 'M/HR’,7X, ' 'GM=MOLES/(HR)(ATM) (Mee2)’)
51700 DO 2286 1=1,NC1

51 800 c

5190@ C THE MASS-TRANSFER COEFFICIENT IS CORRECTED FOR THE
52000 C DIFFUSIVITY OF COMPONENT I IN AIR. THE SQRT IS USED
521080 ¢ (I.LE. LISS AND SLATER),BUT THE 1/3 POWER COULD ALSO
52208 ¢ BE USED (I.E. THE SCHMIDT NUMBER).

52300 c

52400 MTCA(I)=KH*®.93+«SQRT({MW(1)+29.)/MW(I1))

52508 ¢

5260e MTC(I) IS THE OVER-ALL MASS-TRANSFER COEFFICIENT DIVIDED
52700 c BY R*T. R=82.086E-26 (ATM)(M*+3)/(G-MOLE)(DEG K)
52800 c

52900 MTC(1)=MTCA(I)/TEMP

53000 wriTd I0U,2270) 1, MTCA(I) MTC(1I)

53100 227e FORMAT 2%, 13,2(163X, 1PE1@. ))

53200 228e CONTINUE

533e0 GO TO 2370

53400 c

53560 [ USER SPECIFIED INDIVIDUAL-PHASE MASS-TRANSFER
53600 c COEFFICIENTS.

53709 c

53800 229e TYPE 23ee
53900 23ee FORMAT(IX,ENTER THE OIL-PHASE MASS-TRANSFER COEFFICIENT
54000 1 IN CM/HR, TRY 1@°)
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54100 ACCEPT 280, KOIL

54200 TYPE 2310

54300 2310 FORMAT(1X,"ENTER THE AIR-PHASE MASS=TRANSFER COEFFICIENT
54400 11N CM/HR, TRrRY 1008')

54500 ACCEPT280, KAIR

54600 TYPE 2320

54700 232e FORMAT(1X,'ENTER THE MOLECULAR WEIGHT OF THE COMPOUND
54800 1 FOR K-AIR ABOVE, TRY 2@@°)

54900 ACCEPT 288, DATAMW

55000 c

55100 c SCALE K-AIR ACCORDING 70 winp speep (GARRATT, 1977),
55200 C SO THAT AS THE WIND SPEED GOES UP THE MASS TRANSFER
5530@ C GOES UP, I.E., THE CONDUCTANCE INCREASES.

55400 c

55500 KAIR=KAIR*(1.4+0.089+WINDMS)

55600 RKAIR=1 ., /KAIR

557006 c

558e¢ C CALCULATE R*T IN ATM*CMe+3/GM-MOLE

55900 o]

56900 RT=82.86+TK

56100 HTERM=WTMOLE/ (DCRUDE*RT)

56200 wRITE (10U,2240) KMTc

56300 c

56400 C WRITE THE USERS INPUT, WIND SPEED, AND HENRYS LAW
56500 TERM TO THE OUTPUT.

56600 c

567e0 wRITH 10U, 233@) KAIR,KOIL,DATAMW

56800 233e FORMAT(/,1X,'K-AIR =@ | 1PE10.3,’, AND K-OIL =*',1PE19.3
56900 1,” CM/HR, BASED ON A MOLECULAR WEIGHT OF ',1PE10.3)
57000 WRITE (IOU,234@) WINDMS

57100 234e ForMAf 1X,"WIND sreep = ',1PE10.3,' M/S"')

572909 wriTEe IOU,2358) HTERM

57308 2350 FORMAT 1X,*'THE HENRYS LAW CONVERSION TERM FOR OIL = *
57400 1,1PE1@.3,' I/ATM’)

57509 WRITE (10U, 226@)

57600 c

57700 CALCULATE THE OVER-ALL MASS-TRANSFER COEFFICIENT BASED
5780¢ ON GAS-PHASE CONCENTRATIONS FOR EACH CUT.

57900 c

58000 DO 236e I=1,NC1

581 80 HLA\ng-HTERutVP(I)

58200 MTCAID=RKAIR+HLAW(I)/KOIL

58300 C

58400 NOW TAKE THE INVERSE TO OBTAINCM/HR AND THEN MULTIPLY
58500 c BY®.21 10 GET M/HR.

58600 c

58700 MTCA(I)=0.01/MTCA(I)

58800 c

58908 CORRECT FOR MOLECULAR WEIGHT ACCORDING TO LISS & SLATER,
59000 c 1974, NATURE, V247,P181-184.

59100 c

59200 MTCA(T)=MTCA(I)*SQRT(DATAMW/MW({ 1))

59300 MTC(I)=MTCA(I)/TEMP

59400 ]

595ee C AND WRITE THE OVER-ALL MASS-TRANSFER COEFFICIENT
59600 c IN M/HR AND MOLE/HR+ATMsM=sM.

59709 c

59800 wriTe (10U,2270) I ,MTCA(1),MTC(1)

59900 2360 CONTINUE
60088 237c SPGRBm141.5/(APIB+131.5)
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60100 MASS=0,1582+«BBL+»SPGRB

60200 WRIT 10U,2380) BBL,MASS

60300 2380 FORMAT /.1X,'FORTHIS SPILL OF',1PE1@.3, » BARRELS, THE
50400 1 MASS IS ',1PE1©0.3,’ METRIC TONNES’)

66500 VOLUMB=VOLUM/® .159

60600 WRIT 10U, 239@) VOLUM, YOLUMB

60700 239e FORMAT ,1X, 'VOLUME FROM SUMMING THE CUTS =' 1PE8.1, * M*3
60860 1, OR ',1PE18.3,"” BARRELS’)

60900 co To ©420,2400,2420), kmTC

61000 2400 WRITE ?OU.241G) WINDS , WINDMH

61100 2410 FORMAT /.1X,'WIND SPEED = ‘,1PE10.3,” KNOTS, OR ’',1PE10.3

61200 1, M/HR')
61300 2420 WRIT EE 10U,2430) DIA,AREA
61400 243e foRMA{T /,1X, INITIALSLICKDIAMETER ="' ,1PE12.3,’ v, or AR Ea

61500 1 = ' 1PE19.3,' Mss2')
61608 IF(SPREAD.GT.0.) GO TO 245e
61700 WRITE(IOU, 2440

61800 244e FORMAT /,1X,'THISSLICKDOES NOT sprreaDp For THIS calculation*)

61990 c

62000 CALCULATE THE KINEMATIC VISCOSITY OF THE CRUDE AT 122
62100 c DEG F AND THE ENTERED ENVIRONMENTAL TEMPERATURE

62200 c USE THE VISCOSITY MIXING RULE OF {MOLEFRACTION)*(LOG},
62300 c SEE PAGE 460 OF REID, PRAUSNITZ & SHERWOOD IN

62400 c THE BOOK ‘THE PROPERTIES OF GASES AND LIQUIDS’

62500 C

62600 245e VISMIX=@.

62700 DO 2460 I=1,NCUTS

62800 VISMIX=V1SMIX+MOLES(1)«VLOGK(I)/TMOLES

62900 246e CONTINUE

63000 VISMIX=EXP{VISMIX)

63109 WRITH I0U,2478) VISMIX

63200 2470 FoRMA{ /.,1%X, KINEMATIC viscosiTy oF THE BULKCRUDE FROM
63300 1 THE CUTS = ',1PE8.1,' CENTISTOKES AT 122 DEG F¥*)

63400 VISMIX=0,

63500 c

63600 c SCALE THE VISCOSITY WITH TEMPERATURE ACCORDING TO
63700 c ANDRADE.

63800 c

63909 EXPT=EXP(1923. ® (1./XSAVE-e.001721 ))

64000 DO 2480 I=1,NCUTS

64100 VIS(1)=VISK(1)+EXPT

64200 VLOG{1)=ALOG(VIS(1))

64300 VISMIX=VISMIX+MOLES(1)«VLOG(I)/TMOLES

64400 2480 CONTINUE

64500 VISMIX=EXP{VISMIX)

64600 WRITE (IOU,2499) VISMIX,XPRINT,EXPT

64700 2490 FORMA({ /.,1X,'KINEMATIC viscosity oF THE BuLKk cRUDE FROM THE
64800 1 CUTS =' 1PEB.1," AT T ="*,@8PF5.1,'DEG F, SCALE

64900 2 FACTOR =‘ ,1PEB.1)

65000 c

6519¢ C IMPORTANT NOTE: THE VISCOSITY PREDICTION OF THE WHOLE
652086 C CRUDE FROM CUT INFORMATION IS NOT GOOD AT ALL. SO THE
65300 c vISCOSITY INFORMATION CALCULATED ABOVE IS NOT USED IN
65400 c THIS VERSION OF THE CODE, BUT IT COULD BE IF A GOOD
65508 C MIXING RULE IS EVER DETERMINED
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tee C THEREFORE, FOR THE TIME BEING, THE VISCOSITY OF THE WHOLE
200 C WEATHERED CRUDE IS CALCULATED ACCORDING TO MACKAY.

3ee0 c

400 C NOW LOAD THE VISCOSITY INFORMATION IN THE FORM

508 C OF THREE CONSTANTS:

gee C 1. THE VISCOSITY IN CP AT 25 DEG €

700 C 2. THE ANDRADE-VISCOSITY-SCALING CONSTANT

800 ¢ WITH RESPECT TO TEMPERATURE, SEE GOLD &

gee C OGLE, 1969, CHEM.ENG., JULY 14, P121-123
180@ 3. THE VISCOSITY AS AN EXPONENTIAL FUNCTION OF
1100 ¢ THE FRACTION OF OIL WEATHERED

1200 C

1 300 IF(LSWTCH.EQ.99) GO TO 251@

| 408 TYPE 25ee

1 see 2500 FORMAT(1X,'SINCE A LIBRARY CRUDE WAS NOT USED

1600 1,',/7,1%,'ENTER THE FOLLOWING THREE VISCOSITY CONSTANTS')
1 700 GO TO 2530

180@ 2510 TYPE 252e

190@ 2520 FORMAT(1X,'D0 YOU WANT TO ENTER NEW VISCOSITY CONSTANTS?’)
2000 ACCEPT 390, ANS

2100 IF(ANS.EQ. 'N') GO TO 257e

2200 253@ TYPE 2549

23ee 25408 FORMAT(1X,’1. ENTER THE BULK CRUDE VISCOSITY

2400 1 AT 25 DEG C, CENTIPOISE, TRY 35.")
2500 ACCEPT 280. VISZ

2600 TYPE 255e *©

2700 2550 FORMAT(1X,'2. ENTER THE VISCOSITY TEMPERATURE SCALING
2800 1 CONSTANT (ANDRADE), TR Y 9000.')

2900 ACCEPT- 280, MK3

3000 TYPE 256e

3100 2560 FORMAT(1X,’'3. ENTER THE VISCOSITY-FRACTION-OIL

32ee I-WEATHERED CONSTANT, TRY 18.5')

3300 ACCEPT 28e, MK4

34ee GO TO 258e

3500 c

3600 USE THE LIBRARY VISCOSITY OATA

3700 c

3800 2570 VISZ=VISZL(IC)

3900 MK3-MK3L€IC§

4000 MK4=MK4L(IC

4108 ¢

42ee c INSERT VISCOSITY CALCULATION ACCORDING TO MASS
43ee C FRACTION EVAPORATED. THIS IS THE VISCOSITY

4400 C MODIFICATION RELATIVE TO CUTVPi

4500 I

4600 258¢ VSLEAD=VISZ#EXP(MK3*(1./TK-0.003357))

4700 WRITE 10U, 2590) VISZ,MK3,MK4,VSLEAD

4800 2590 FORMA(T /,1X,'VISCOSITY ACCORDING To mass EVAPORATED:
4900 1 VIS25C =’ ,1PE9.2,', ANDRADE =’ ,1PE9.2

5000 2,'* FRACT WEATHERED =',1PE9.2',VSLEAD="',1PES.2
5100 3, CP")

5200 C2P=1./C2

5300 WRITE (IOU,2850)C1,C2P,C4

54090 NEQ=NCUTS

5500 c

5600 SET UP THE OISPERS1ION PROCESS CONSTANTS.

5700 C CALCULATE THE FRACTION OF THE SEA SURFACE SUBJECT TO
580 C DISPERSIONS/HOUR .

5909 Cc

6000 THE FUNCTIONAL DEPENDENCE OF DISPERSION RATE WITH FRACTION
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6120 c OF ICE COVER IS NOT KNOWN. FOR NOW, THE VARIABLE FACDIS wiLL
6200 c BE USED TO INCREASE THE DISPERSION RATE. ITS DEFAULT VALUE
6300 c WILL BE 18@.

6400 c

6500 FACDIS=10.

6600 TYPE 2600

6700 2600 FORMAT(1X, DO YOU WANT THE WEATHERING TO OCCUR WITH

6800 1 DISPERSION?")

6900 ACCEPT 390, ANS

7000 FRACTS=0.

7100 IF(ANS.EQ. 'N’) GO TO 2670

7200 IF (LSWTCH.NE.99) co TO 262e

7300 TYPE 281@

7400 2610 FORMAT(1X, D0 YOU WANT TO ENTER NEW DISPERSION

7500 1 CONSTANTS?)

7600 ACCEPT 390, ANS

7700 IF(ANS.EQ. 'N'] GO TO 2660

7800 2620 TYPE 2630
7900 263e FORMAT(IX,’ENTER THE WIND SPEED CONSTANT, TRY @.1°}
8000 ACCEPT 280, KA

8100 TYPE 2640

82e0 2640 FORMAT(IX,’"ENTER THE CRITICAL DROPLET SIZE CONSTANT
8300 1, TRY 50°')

8490 ACCEPT 280. KB

8500 TYPE 2650

8600 265e FORMAT(!X.'ENTER THE BROKEN ICE FIELD DISPERSION MULTIPLIER’)
8700 ACCEPT 28@,FACDIS

8800 2660 FRACTS=KA*{1. 4+WINDMS)ss2

8909 2670 CONTINUE

9800 FRACTS=FRACTS+FACDIS

910@ WRITHK 10U,2680) FRACTS

9209 2680 FORMAT /,1X,'THE FRACTIONAL SLICK AREA SUBJECT TO
930e@ 1 DISPERSION IS ',1PE8. 1, PER HOUR)

9400 IF(ANS.EQ. *N') GO TO 2700

a5ee0 WRITE( 10U ,26898) KA,KB,STEN

9600 269e FORMAT 1X,'THE DISPERSION PARAMETERS USED: KA = °
9700 1,1PE9.2,' ,KB=",1PE9.2,’, SURFACE TENSION = *',1PE9.2
g8e0 2,” DYNES/CM)

9900 c

10000 c PRINT EVERY xP TIME INCREMENT (HOURS).

10180 C Xl IS THE STARTING TIME = e.

19200 C X2 IS THE NUMBER OF HOURS FOR WEATHERING TO OCCUR.
103ee c

10400 27ee XPmi,

| @500 X1=@,

106ee MOLS(NCUTS+1 )-ARE A

107690 c

10802 C PRINT AN OUTPUT FILE FOR 8@ COLUMN OUTPUT, THIS IS
| 8900 c THE CUTVP2.TYP FILE.

1108 c

11100 WRITE(ITY,2710)

1120@ 2710 FORMAT(IH1, 'WEATHERING OF OIL IN A BROKEN ICE FIELD’)
113ee IF(NIP.NE.1) GO TO 2730

11400 WRITE(ITY,2728) NHIP

1150¢@ 2720 FORMAT X, 'AFTER ICE POOL WEATHERING FOR ‘, 1PES.3,"’ HOURS’)
16ee 27 3 e WRITE ITY,2749) (ANAME(J),J=1,5)

117080 274e rormaf /,1X,'0IL:* ,5A5)

11800 WRITH ITY,275@) XPRINT ,WINDS

1 1900 275e FORMAT 1X,'TEMPERATURE="' ,F5.1, *DEG F, WiND SPEED=’

12ee0 1,F5.1," KNOTS*)
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12100
12200
12300
12400
12500
12600
12700
12800
12900
13000
13100
13200
1 3300
13400
13500
136€0
13700
138@e
13900
140ee
14190
14200
14300
14400
145ee
14600
| 4700
148e0
14900
15000
15100
15200
15300
15400
15500
156e0
157e0
158e0
1590e
160090
16100
1620e
16300
1640e
165e0
166ee
167e0
16800
169ee
17009
17100
17200
173ee
17400
175ee
176ee
177ee
17809
17909
18eee

276e
277e

2780

279e
2800
28190

2820

283e
2840

285e

2860

287e

2880
289e
29¢0

2910
2920

293e

2940
2950
2960

297e

298e

299e
R1-1-1

WRITE (ITY.2768) BBL

FORMA({l 1X,’SPILLSIZE=',1PE190.3,' BARRELS’)

WRITE {{TY,2779) KMTC

FORMAT IX,"MASS-TRANSFER COEFFICIENT CODE=" ,13)
WRITE(ITY,278@)

FORMAT /,1X,'FOR THE OUTPUT THAT FOLLows, MOLES
1=GRAM MOLES’)

WRITE (ITY,2799)

FORMAT (1X, 'GMS=GRAMS, VP=VAPOR PRESSURE IN ATMOSPHERES")
WRITE (ITY,28008)

FORMAT(1X, 'BP=BOILING POINT IN DEG F, API-GRAVITY")
WRITE (ITY,2810)

FORMAT (1X, 'MW=MOLECULAR WEIGHT")

WRITE (ITY,2820)

FORMAT(/,2X, *CUT“ 3X, 'MOLES®,6X,'GMS* 8X, VP’ ,8X,'BP’
1,7X, 'APl ’,5X, 'MW')

DO 2840 I=1,NCUTS

GMS=MOLES (1) sMW(I)

IMW=MW(I )

WRITE (1TY,.2830) 1,MOLES(I).GMS,VP(I),TB{I J,API(I),IMW
FORMAT(3X, 12,5(1X,1PE9.2),1X,13)

CONTINUE

WRITH ITY,2850)C1,C2P,C4

FoR MAT /,1X, "MOUSSE CONSTANTS: MOONEY="' ,1PES.2
1,’, MAX H2@=' @PF5.2,°',WINDes2=' 1PEQ.2)
WRITE(1TY,2860) FACMOU
FORMAT( 20X, 'K4m='  1PEQ.3)
WRIT ITY,2870) KA,KB,STEN

FORMATY 1X, 'DISPERSION CONSTANTS: KA=' 1PE9.2
1,”. KB=',1PES.2,"', S-TENSION=',1PE9.2)
WRITE(ITY,2880)FACDIS

FORMAT (24X, 'KC=", 1PES.3)

WRITE(ITY,2899)FRACIC

FORMA(T 1X, ' FRACTION OF ICE COVER="', 6 1PE9.3J)

WRITE (ITY.2900) VISZ MK3 MK4

FORMAT 1X, 'VIS CONSTANTS: VIS25C=',L1PES.2

1,”, ANDRADE =',1PE9.2,', FRACT =*,1PE9.2)
WRITE(ITY,2910)

FORMAT(/,1X,*FOR THE OUTPUT THAT FoLLows, TIME=HOURS")
WRITE (ITY,2920)

FORMA(T 1X,’'BBL=BARRELS,SPGR=SPECIFIC GRAVITY, AREA=MsM"')
WRITE(ITY,2930)

FORMA(l 1X,'THICKNESS=CM, W=PERCENT WATER IN OIL (
1MOUSSE) ')

WRITE(ITY,2940)

FORMA(Q 1X.'DISP=DISPERSION RATE IN GMS/M+«M/HR')
WRITE(ITY,2950)

FORMA(l 1X,'ERATE=EVAPORTION RATE IN GMS/M*M/HR')
WRITE(ITY,2960)

FORMA([ 1X,'M/A=MASS PER M*M OF OIL IN THE SLICK')
WRITE(ITY,.2970)

FORMAT(1X,’ I=FIRST CUT WITH GREATER THAN 1% (MAsS)
1 REMAINING’)

WRlTEéITY.ZQBe)

FORMAT{1X, ' JmFIRST cut witH GREATER THAN 50% (MASS)
1 REMAINING’)

IF{(FRACTS.NE.®.) GO TO 3000

WRITE { I1TY, 2999

FORMATX 1X, 'DISPERSION WAS TURNED OFF')
IF(SPREAD.NE.®.) GO TO 3020
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1810¢@
18200
18300
| 8400
18500
18600
18700
18800
189ee
19e0e
19100
19200
19300
194e0
19500
19600
19700
1900e
199ee
20000
290100
20209
20300
204028
20500
20600
207090
20800
20909
21909
21100
21209
21300
2 14ee
2 15ee
21600
21700
21800
21900
22000
22100
22200
22300
22400
22500
22600
22709
22800
22900
23000
231900
232e0
23300
23400
23509
23600
23700
23800
239060
24990

WRITE (1TY,3010)
3@1@ FORMAT (1X, "SPREADING WAS TuRNED OFF’)
39228 TCODE=KMTC
Tvyrpe 3e3e
3030 FORMAT(/,1X, "PLEASE WA IT")
CALL BRKG4(MOLS,X1,X2,XP,NEQ,NDEL)
IF (C3.EQ.-1.) co TO 3@4@

CHECK TO SEE IF MOUSSE HAS BEEN MADE. IF IT HAS, SAVE THE
RATE CONSTANT SO THAT FURTHER WEATHERING CAN TAKE THIS INTO
ACCOUNT

co0oo0o o

MOUSWI=1
C3SAVE=C3
3048 CONTINUE
ND=e
00 3e5e I=1,NEQ
IF (YM{I).NE.®.) GO TO 3959
ND=ND+1
3050 CONTINUE
NEW=NDEL+ND
IF(NQUIT.EQ.1) GO TO 4460
Je6e TYPE 3a@7e
3e7e FORMAT(1X,*WILL oPen oceaN WEATHERING NOW OCCUR?")
ACCEPT 38@,ANS
IF(NBI.EQ.9)G0 TO 3110
TV=9 .

00 3080 I=1,NEQ-ND
TV=TY+(YMND+II® YMSAVE(NO+I)/SPGR{NEW+I))
VOL(1)=YMND+1I MOLES(NEW+I;0 MW (NEW+I)/(SPGR(NEW+1)
1+(BBL*1582.))
TB(1)=TB(NEW+I)
APT(1)=API (NEW+1)
3080 CONTINUE
BBL=TV/158200.
NCUTS=NCUTS—-{ND+NDEL)
NEQ=NCUTS

ALWAYS RENORMALIZE Thue INPUT voLUMES To 100%.

o

YTOTAL=9,
DO 3090 I=1 NCUTS
VTOTAL=VTOTAL+YOL( 1)

3098 CONTINUE
po 3100 I=1 NCUTS
VOL(1)=108.«VOL(I)/VTOTAL

318@ CONTINUE
1S=@
APISWI=1
CALL DOCHAR

3118 CONTINUE
SPRFAC=I.
IF(ANS.EQ. 'N’) GO TO 4460
NG=NG+NEW
TYPE 3120

3120 FORMAT(1X,'FOR HOW MANY HOURS?’)
ACCEPT 288@,X%2
TYPE 3130

3130 FORMAT(1X, 'AT WHAT TEMPERATURE, DEG F?’)
ACCEPT 288,XSAVE
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24100
24200
24300
24400
24500
24600
24700
248e@
24900
25000
25100
25200
25360
25400
25500
25600
25700
25800
25900
26000
26100
26200
26300
26400
26500
26690
267@e
268¢0
26900
27000
27100
27200
27300
27400
27500
27660
27700
27800
27500
28000
28100
28200
28300
28400
28500
28600
28700
28800
28900
28000
28100
29200
29300
29400
2950ee
296080
29700
2800
29800
30000

XPRINT=XSAVE
XSAVE=XSAVE+459
NCC1=NC1
CALL VPIF(XSAVE,NCC1)
TK=(XSAVE-491.)/1.8+273.
IF(LSWTCH.EQ.99) GO TO 3160
TYPE 3140
3149 FORMAT(1X,'SINCE You pip noT USE A LIBRARY CRUDE, ')
TYPE 3150
315@FOR”AT(1X.'YOUMUST ENTER THE FOLLOWING THREE MOUSSE
1 FORMATION CONSTANTS’)
GO TO 3180
3160 TYPE 3170
3170FORMAT(1X.'DO YOU WANT TO ENTER NEW MOUSSE FORMATION CONS
1TANTS?")
ACCEPT 390, ans
IF(ANS.EQ. 'N') GO TO 3240
c
c TO SPECIFY NO MOUSSE, ENTER C2 = @
c
3180 TYPE 3190
31990 FORMAT(1X. '1. ENTER THE MAXIMUM WEIGHT FRACTION WATER
1IN OIL",
ACCEPT 280, C2
IF(C2.GT.8.) GO TO 3210

C
c SET €2==1. |[F A MOUSSE CANNOT BE FORMED AND LOOP OUT.
C

C2m—-1.
TYPE 3200
3200 FORMAT(/,1X, 'SINCE A 8% WATER CONTENT WAS SPECIFIED
1, THE REMAINING TWO MOUSSE',/,1X, 'CONSTANTS ARE NOT
2 NEEDED’)
GO TO 3250
321¢ C2=1./C2
TYPE 3220
322¢ FORMAT(1X, *2 enTeErR THE MOUSSE-VISCOSITY CONSTANT
1, TRY ©.65"')
ACCEPT 280, C
TYPE 323@
323e FORMAT(1X,'3. ENTER THE WATER INCORPORATION RATE CONSTANT
1. TRy 2.801°)
aAccepT 280,C4
GO TO 3259
3240 Ci1=CiL (IC
C2=C2L(1C
C4=CalL(IC
3250 IF(LSWTCH.EQ.99) GO TO 3280
TYPE 3260
3260 FORMAT(/,1X,YOU MUST ALSO ENTER AN OIL-WATER SURFACE
1 TENsloN (DYNES/CM')
TYPE 327@
3270 FORMAT(1X,'FOR DISPERSION, TRY 3@.°')
GO TO 3310
3280 TYPE 3290
3290 FORMAT(1X, DO YOU WANT TO ENTER A NEW OIL-WATER SURFACE
1 TENSION (DYNES/CM)?')
ACCEPT 398, ANS “
IF(ANS.EQ. 'N') GO TO 3320
TYPE 3300
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30100
30200
30300
30400
Jo509
30609
3o700
30800
Jegee
319000
J11ee0
31200
J1300
31l4ee
31500
31l6ee
31700
3800
31900
3J2¢00
32100
32200
32308
32400
32500
32600
32700
328089
32900
33000
331e0
33200
33300
33400
33500
33600
33700
33800
33900
34000
341 09
34200
34300
34400
34500
34600
34700
34809
34900
35000
35 19¢@
35200
35300
35400
35500
35600
3570
35800
35900
36000

3302 FORMAT(1X,'TRY 30.')
331@ AcceprT 28e, STEN
GO TO 3330
332e STEN=mSTERL(IC)
c
c START THE MASS-TRANSFER COEFFICIENT SPECIFICATION.

c

333e TYPE 334e

334e FORMAT{1X,"ENTER THE mMAss-TRANSFeEr COEFFICIENT CODE: 1
1, 2, OR 3 WHERE:')
TYPE 3350

335e FORMAT(1X,’' 1=USER SPECIFIED OVE R -aLL MASS—-TRANSFER coceF
1FICIENT’)
TYPE 3360

3360 FORMAT(1X.'2-CORRELATIQN MASS-TRANSFER COEFFICIENT BY
1 MACKAY & MATSUGU')
TYPE 3370

337e FORMAT(1x.'3’INDIVIDUAL—PHASE MASS-TRANSFER COEFFICIENTS’)
ACCEPT 420, KMTC

C

C NOW ENTER THE WIND SPEED IN KNOTS AND CONVERT TO METER/SEC
C AND METER/HOUR.

C

TYPE 3380
336e FORMAT(1X, 'ENTER THE WIND SPEED IN KNOTS’)
ACCEPT 289,WINDS

NEVER LET THE WIND SPEED DROP BELOW 2 KNOTS. A ZERO WIND
SPEED DESTROYS THE MASS-TRANSFER CALCULATION AND WILL
YIELD A ZERO MASS-TRANSFER COEFFICIENT

OO0

IF(WINDS.LT.2. ) WINDS=2,
WINDMS=3.514¢WINDS
WINDMH=1853. e WINDS

C

c NOW CALCULATE THE INITIAL GRAM MOLES FOR EACH COMPONENT TO
c GET THE INTEGRATION STARTED
C
3

39e¢ BM=@.159sBBL
TMOLES=8 .
DO 3400 I=1,NCUTS
AMASS=1582 . «+SPGR(1)*BBL#VOL( 1)
MOLES (I)=AMASS/MW( |)
MOLS(1)=MOLES(I)
TMOLES=TMOLES+MOLES( Iy

c RHO IS THE DENSITY IN GM MOLES/CUBIC METER.

RHO(1)=108. sMOLES(1)/(BMsVOL( 1))
3489 CONTINUE

c CALCULATE THE MEAN MOLECULAR WEIGHT OF THE CRUDE

WTMOLE=Q.
00 3410 [=1 NCUTS
WTMOLE=WTMOLE+MW( I)*MOLES(I)/TMOLES
3410 CONTINUE
wrITE IOU,3420) wtmMoLE
342e FORMAT /,1X, 'MEAN MOLECULAR WEIGHT OF THE CRUDE = ‘1PE10.3)
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3s1g¢
36200
36300
36400
36500
36600
367e0
36800
36900
37000
37100
37290
373008
37400
37500
37600
37700
37800
37900
38000
38100
38200
3aloe
38400
3J850e
38600
38700
38800
38900
39000
30 108
392080
39300
39400
39500
39600
3a700
39800
39900
40000
49100
49200
40300
40400
40500
49600
49700
40800
49900
41000
41 1@0
41200
41300
414ee
41500
416ee
417ee
41800
41990
42000

343e

3440

WwOO0No0

45e

346e

347e

348e
3490

3500

WO OO0 OO0 000 OO0

510

O o0o0

3520
3530

SPECIFY SLICK SPREADING,

SPREAD-O.
TYPE 344e

FORMAT(1X, 'DO YOU WANT THE SLICK TO SPREAD?’)
ACCEPT 390, ANS

IF(ANS.EQ. 'N’) GO TO 3450

SPREAD=1.

GO TO 3480

CALCULATE AN AREA IN SAME WAY IT WILL BE CALCULATE
AS THE SLICK WEATHERS. Z=THICKNESS IN METERS.

IF (NZSWI.EQ.1) Go 103470

TYPE 3460

FORMAT(!X. 'SINCE THE SLICK DOES NOT SPREAD, ENTER
! A STARTING THICKNESS IN CM")

ACCEPT 28@, 7

Z=2/100.

GO TO 3490

THE SLICK ALWAYS STARTS AT 2-CM THICKNESS.

IF (NZSWI.NE.®) GO TO 3490
2=0. 92

VOLUM=®,

DO 3500 =1, NCUTS
VOLUM=VOLUM+MOLES{ 1)/RHO(1)
CONTINUE

CALCULATE THE INITIAL AREA AND DIAMETER.

AREA=VOLUM/Z
DIA=SQRT (AREA/2 .785)

THE MASS-TRANSFER COEFFICIENT CAN BE CALCULATE ACCORDING TO:

1.

2.

A USER-SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

THE MASS-TRANSFER COEFFICIENT CORRELATION ACCORDING
TO MACKAY AND MATSUGU, 1973, CAN. J. CHE, ¥51,
P434-439.

INDIVIDUAL OIL- AND AIR-PHASE MASS-TRANSFER COEFFI-
CIENTS BASED ON SOME REAL ENVIRONMENTAL DATA SUCH
AS THAT OF LISS AND SLATER. SCALE THE AIR-PHASE
VALUE WITH RESPECT TO WIND SPEED ACCORDING TO
GARRATT, 1977, MONTHLY WEATHER REVIEW, V105,
P915-920.

TEMP [S R*T AND USED TO CHANGE THE UNITS ON THE MASS-
TRANSFER COEFFICIENT.

TEMP=(8.2E-05)+TK
Go To (3520,3560,3718), KMTc

USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT

TYPE 3530

FORMAT(IX,JENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT
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42100
42200
42300
42400
425009
42600
42709
42800
42900
43@0e
43100
43280
43300
43400
43500
45600
43709
43800
43900
44000
44100
44200
44300
44400
44509
44600
44700
44800
44900
45000
451 2@
45220
45300
45400
45500
45600
45790
45800
45909
46000
46100
46200
46300
46400
46500
466900
46700
46800
46900
470090
471 89
47200
47300
47400
47500
47600
47700
47800
47900
48000

3540

O0o0o

355@

c
356e

OO0 WO O 00
3
~
[}

3580

359e

36029

3610
3620

363e
364e
365e
3660

3670

3680

cO00o 0

o

1. CM/HR. TRY 1@')

ACCEPT 280,UMTC

WRITE {QU,3548) umMTC

FORMAT 1H1, 'OVER-ALL MASS-TRANSFER COEFFICIENT WAS USER
I-SPECIFIED AT ’,1PE19.3,' CM/HR BY INPUT CODE 1')

CONVERT CM/HR TO GM—MOLES/(HR) (ATM) (M*+2) SINCE VAPOR
PRESSURE IS THE DRIVING FORCE FOR MASS TRANSFER.

UMTC=UMTC/TEMP/100.
DO 355¢ I=1,NC1
MTC(1)=UMTC
CONTINUE

GO TO 3790

USE THE MACKAY AND MATSUGU MASS-TRANSFER COEFFICIENT

TERM1=0.0815+WINDMH»+2 .78
IF(SPREAD.EQ.9.) GO TO 3570
TERM2=DIAs» (-0. 11)

GO TO 3580

IF THE SLICK DOES NOT SPREAD BASE THE DIAMETER DEPENDENCE
ON 1888 METERs AND pivipeE THE RESULT By e .7

TERM2=2.65
KH INCLUDES THE SCHMIDT NUMBER FOR CUMENE.

KH=TERM1+TERM2

WRITE(IOU, 3590)

FORMAT(1H1, '"WEATHERING DATA FOR OIL ON THE OPEN OCEAN’)
IF(NIP.NE.1.AND.NBI.NE.1) GO TO 3650

WRITE(I0U,36@0)

FORMAT(IX,”AFTER: )

IF(NIP.NE.1) GO TO 3620

WRITE(IQU,361Q) NHIP

FORMAT(9X,* ICE POOL WEATHERING FOR ’,1PES.3, "' HOURS’)
CONTINUE

IF(NBI.NE.1) GO TO 3640

WRITE(IOU,3630) NHBI

FORMAT(9X, 'BROKEN ICE FIELD WEATHERING FOR *',1PES.3,’ HOURS')
CONTINUE

WRITE {0OU, 3668) KMTC

FORMAT /,1X, "OVER-ALL MASS-TRANSFER COEFFICIENTS BY INPUT
1 CODE' ,12)

WRITE (10U, 3678) KH

FORMAT /.1X, “OVER-ALL MASS-TRANSFER COEFFICIENT FOR CUMENE =
1.1PE1@.3," M/HR',/)

WRITEiIOU.JSBG)

FORMAT(3X, 'CUT"*, 12X, "M/HR" ,7X, ' GM=MOLES/ (HR) {ATM) (M*22) )
DO 3700 Is=1,NC1

THE MASS-TRANSFER COEFFICIENT IS CORRECTED FOR THE
DIFFUSIVITY OF COMPONENT I IN AIR. THE SQRT IS USED
(ILE. LISS AND SLATER),BUT THE 1/3 POWER COULD ALSO
BE USED (I.E. THE SCHMIDT NUMBER).

MTCA(I)=KH*@.93«SQRT((MW(I)+29 .)/MW(I))
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481249
48200
48300
48400
48500
48600
48700
488090
48900
49000
49100
45200
49300
49400
49500
49600
49700
49800
49509
50000
50100
50200
50309
50400
50500
50600
50700
50800
50900
5180@
51100
51200
51300
51400
51500
51600
517ee
51800
519ee
52000
52100
52200
523@0
52400
52500
52600
52709
52800
529090
53000
53 100
53200
53300
53400
53500
53600
53700
53800
53900
54000

Cc MTC(I) IS THE OVER-ALL MASS-TRANSFER COEFFICIENT DIVIDED

c BY R*T. R=82.06E-86 (ATM)(Mss3)/(G-MOLE)(DEG K)

MTC(1)=MTCA(Il)/TEMP

WRlTEglou,sssa) ILMTCA(1),MTC(l)
3898 FORMAT( 2X, 13,2(1BX,1PE10.3))
3700 CONTINUE

GO TO 3790

uUSER SPECIFIED INDIVIDUAL-PHASE MASS-TRANSFER
COEFFICIENTS.

OO0OOo

3718 TYPE 372e
3729 FORMAT(IX,’ENTER THE OIL-PHASE MASS-TRANSFER COEFFICIENT
1IN CM/HR, TrRY 10°)
ACCEPT 280, KOIL
TYPE 3730
373e FORMAT(1X, 'ENTER THE AIR - PHAsE MASS—TRANSFER COEFFICIENT
1IN CM/HR, TrRY 1000°)
ACCEPT 280, KAIR
TYPE 3740
374e FORMAT(1X,’ENTER THE M OLEcuLar WEIGHT OF THE COMPOUND
1 FOR K-AIR ABOVE, TRY 23@')
ACCEPT 280, DATAMW

SCALE K-AIR ACCORDING TO WIND SPEED (GARRATT, 1977),
SO THAT AS THE WIND SPEED GOES UP THE MASS TRANSFER
GOES UP, I.LE., THE CONDUCTANCE INCREASES.

0co0o0O0o0

KAIR=KAIR«(1.+0.089+WINDMS)
RKAIR=1,/KAIR

CALCULATE R*T IN ATM*CM**3/GM-MOLE

NeXe)

RT=82.26sTK
HTERM=WTMOLE/(DCRUDE*RT)
WRITE (I0U,3660) KMTC

WRITE THE USERS INPUT, WIND SPEED, AND HENRYS LAW
TERM TO THE OUTPUT

QOO0

WRITE 10U, 3750) KAIR,KOIL,DATAMW

375e FoRMAT /,1X,’K-AIR =',1PE1@.3,', anO k-OlL ="' ,1PE19.3
1,” CM/HR, BASED ON A MOLECULAR WEIGHT OF ‘,1PE10.3)
WRITH I0U,3760) WINDMS

3760 FORMAT({1X, 'WIND SPEED = ’,1PE10.3,' M/S’)
WRITE (I0U,3770) HTERM

377e FORMAT(1X,'THEHENRYS LAW conversion TERM For O 1L =°
1,1PE10.3," I/ATM")
WRITE (10U, 3680)

CALCULATE THE OVER-ALL MASS-TRANSFER COEFFICIENT BASED
ON GAS-PHASE CONCENTRATIONS FOR EACH CUT.

CoONN

00 3782 I=1 ,NC1
HLA\Q? Ilg-HTERMtVP( 1)
MTCA( 1 )=RKAIR+HLAW(I)/KOIL

C NOW TAKE THE INVERSE TO OBTAIN CM/HR AND THEN MULTIPLY
c BY eel To ceT M/HR.
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54100
54200
54300
54400
54500
54600
54700
54800
54900
55000
55100
55200
55300
55400
55500
5569¢
557080
55890
55900
56000
56100
56200
56300
56400
56500
56600
56700
56800
56908
57000
S7100
57200
57300
57400
57500
57600
57700
57800
57900
58000
58100
58200
58300
58400
58500
58600
58700
58800
58900
59000
59100
59200
59300
59400
59500
59600
59700
59808
599¢e0
60009

(ep)

O000

O 000

3780
3790

3800

3810

3820
3830

3840
3850

860

WOOOOOOO W

870

3880

3890

O0O00

3900

MTCA(1)=2.01/MTCA(1)

CORRECT FOR MOLECULAR WEIGHT ACCORDING TO LISS & SLATER,
1974, NATURE, V247,P181-184.

MTCA(1)=MTCA(I)+SQRT(DATAMW/MW( 1))
MTC(1)=MTCA(I)/TEMP

ANO WRITE THE OVER-ALL MASS-TRANSFER COEFFICIENT
IN M/[HR AND MOLE/HRsATMsMeM .,

WRITE (I0U,3590) 1 ,MTCA(I).MTC(I)

CONTINUE

SPGRB=141.5/(APIB+131 .5)

MASS=@.1582+8BL+SPGRB

WRITE 10U, 38EM) BBL,MASS

FORMAT(/, 1X, *FOR THIS SPILL OF *',1PE10.3,’' BARRELS, THE

1 MASS IS *,1PE1@.3,' METRIC TONNES’)

VOLUMB=YOLUM/® .159

\NRITE%IOU,3810) VOLUM, VOLUMB

FORMAT /,1X,'VOLUME FROM SUMMING THE CUTS = *,1PE8.1,*' M*3
1, OR ' ,1PE12.3,’ BARRELS)

GO TO (3849,3820,3840), KMTC

WRITH 10U,383@) WINDS ,WINDMH

FORMA( /,IX, ‘WIND SPEED = *',1PE12.3,’' KNOTS, OR ',1PE10.3
1, MHR"')

WRITH 10U,3850) DIA,AREA

FORMAT{/,1X, * INITIAL SLICK DIAMETER = *,1PE18.3,’ M, OR AREA
1 = ',1PE19.3,' Ms22')

IF(SPREAD.GT.2.) GO TO 3870

WRITE (10U, 3869

FORMAT(/,1X, ’THIS SLICK DOES NOT SPREAD FOR THIS CALCULATION’)

CALCULATE THE KINEMATIC VISCOSITY OF THE CRUDE AT 122
DEG F AND THE ENTERED ENVIRONMENTAL TEMPERATURE.

USE THE VISCOSITY MIXING RULE OF (MOLE FRACTION)«(LOG),
SEE PAGE 460 OF REID, PRAUSNITZ & SHERWOOD IN

THE BOOK ‘THE PROPERTIES OF GASES AND LIQUIDS’

VISMIX=Q.

DO 388e I=1,NCUTS
VISMIX=YISMIX+MOLES(1)»VLOGK(I)/TMOLES

CONTINUE

VISMIX=EXP(VISMIX)

WRITH I0U,38908) VISMIX

FORMAT /.,1X, 'KINEMATIC VISCOSITY OF THE BULK CRUDE FROM
1 THE CUTS = *,1PEB. 1, CENTISTOKES AT 122 DEG F’)
VISMIX=@.

SCALE THE VISCOSITY WITH TEMPERATURE ACCORDING TO
ANDRADE.

EXPT=EXP(1923. ® (1./XSAVE-0.001 721))
DO 3900 I=1,NCUTS
VIS(1)=VISK(I)+EXPT

VLOG{I)=ALOG(VIS( I))
VISMIX=VISMIX+MOLES(1)sVLOG(I)/TMOLES
CONTINUE

VISMIX=EXP{VISMIX)
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60100 WRITE 10U,391@0) VISMIX,XPRINT, EXPT
60200 3912 FORMAT /,1X, 'KINEMATIC VISCOSITY OF THE BULK CRUDE FROM THE

60300 1 CUTS =' ,1PE8.1,' AT T =’ ,09PF5.1,*' DEG F, scALE

60400 2 FACTOR = ' ,1PES8.1)

6e500 c

60600 c IMPORTANT NOTE: THE VISCOSITY PREDICTION OF THE WHOLE
60700 c CRUDE FROM CUT INFORMATION IS NOT GOOD AT ALL. SO THE
60800 Cc VISCOSITY INFORMATION CALCULATED ABOVE IS NOT USED IN
60900 c THIS VERSION OF THE CODE, BUT IT COULD BE IF A GOOD
61000 [« MIXING RULE IS EVER DETERMINED.

61100 c THEREFORE, FOR THE TIME BEING, THE VISCOSITY OF THE WHOLE
61200 ¢ WEATHERED CRUDE IS CALCULATED ACCORDING TO MACKAY.
613e0 c

6l4ee c NOW LOAD THE VISCOSITY INFORMATION | N THE FORM

61500 c OF THREE CONSTANTS:

61600 c 1. THE VISCOSITY IN CP AT 2S DEG C

61700 c 2. THE ANDRADE-VISCOSITY=SCALING CONSTANT

61800 c WITH RESPECT TO TEMPERATURE, SEE GOLD &
61909 c OGLE, 1969, CHEM. ENG., JULY 14, P121-123
62000 C 3. THE VISCOSITY AS AN EXPONENTIAL FUNCTION OF
62109 Cc THE FRACTION OF O L WEATHERED

62200 C

62300 I[F{LSWTCH.EQ.99) GO TO 3930

62400 TYPE 3920

62509 392e FORMAT(1X,"SINCEALIBRARY CRUDE WAS NOT USED

62600 1,',/,1X, "ENTER THE FOLLOWING THREE VISCOSITY CONSTANTS’)
62700 GO TO 395@

62800 3930 TYPE 3940

62900 3940 FORMAT(1X, 00 YOU WANT TO ENTER NEW VISCOSITY CONSTANTS?’)
63000 ACCEPT 390, ans

63100 IF(ANS.EQ. 'N) Go T0 3990

63200 395 TYPE J396@

63300 3960 FORMAT(1X,’1. ENTER THE BULK CRUDE VISCOSITY

63400 1 AT 25 DEG C, CENTIPOISE, TRY 35.%)
63500 ACCEPT 280,VISZ

63600 TYPE 3979

63700 397e FORMAT({1X,'2. enTer THe VISCOSITY TEMPERATURE SCALING
63800 ICONSTANT (ANDRADE). TRy 99009. ')

63920 ACCEPT 28@, MK3

64000 TYPE 3980

64100 398e FORMAT(1X,'3. ENTER THE VISCOSITY-FRACTION-OIL
64200 I-WEATHERED CONSTANT, TrRY 1@.5")

64300 ACCEPT 280, MK4

64400 GO TO 4800

64509 c

64600 C USE THE LIBRARY VISCOSITY DATA

647900

64800 399e VISZ=VISZL(IC)

64900 MK;-MK;LiIc;

65000 MK4=MK4L{IC

65100

65200 INSERT VISCOSITY CALCULATION ACCORDING TO MASS

65400 MODIFICATION RELATIVE TO CUTVP1

c
c
65300 c FRACTION EVAPORATED. THIS IS THE VISCOSITY
C
65500 c
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100 4000 VSLEAD=YVISZ«EXP(MK3*(1./TK-@ .003357))

200 WRITE {OU,40lO) VISZ,MK3,MK4,VSLEAD

o0 4919 FORMAT /.1X. 'YISCOSITYACCORDING TO MASS EVAPORATED:
400 1 VIS25C =’ ,1PE9.2, *, ANORADE =’ ,1PE9.2

509 2,', FRACT WEATHERED ="' ,1PE9.2',VSLEAD =" 1PES.2
600 3," CP")

700 C2P=t . /C2

see w rRl TE (IOU,4380)C1.C2P.C4

=121} NEQ=NCUTS

| 090 C

1100 Cc SET UP THE DISPERSION PROCESS CONSTANTS.

| 200 c CALCULATE THE FRACTION OF THE SEA SURFACE SUBJECT TO
1 308 C DISPERSIONS/HOUR .

1400 C

1see TYPE 4e2e

1600 4020FORMAT(1X.'DO YOU WANT THE WEATHERING TO OCCUR WITH
| 700 1 DISPERSION?’)

1800 ACCEPT 398, ANS

1g@e FRACTS=@ .
2000 IF(ANS.EQ."'N"') Go To 4088
2100 IF LSWTCH.NE.S9) GO TO 4040
2209 TYPE 4e3e

23ee 4030 FORMAT(‘lX, ‘DO YOU WANT TO ENTER NEW DISPERSION

24ee 1 CONSTANTS?’)
25900 ACCEPT 390, ans

2600 IF(ANS.EQ. *N’) GO TO 4070

27ee 4ed4e TYPE 4050
2800 4050 FORMAT(1X, ‘ENTER THE WIND SPEED CONSTANT, TRY ©.1')
2900 ACCEPT 288, KA

3000 TYPE 4060

3100 4969 FORMAT(IX,’ENTER THE CRITICAL DROPLET SIZE CONSTANT
32ee 1, TRY 50@°)

33ee ACCEPT 280, KB

34ee 4e7e FRACTS=KA« (1. +WINDMS)«s2
3500 4080 wriTE 10(J,4099) FRACTSs
3609 4e9e ForRMAT(/,1X,’THE FrRacTIONAL sLick AREA SUBJECT 1o

37ee 1 DISPERSION IS *',1PEB. 1, PER HOUR’)

3800 IF(ANS.EQ. 'N’) GO TO 4119

3900 WRITE (IOU,4182) KA,KB,STEN

4000 4100 FORMAT(1X,’THE pisp e rsion Parame terS USED: KA = °
4100 1,1PE9.2,',KB ="',1PE9.2,’', SURFACE TENSION ="',1PE9.2
4200 2, DYNES/CM’)

43ee c

44ee c PRINT EVERY Xp TIME INCREMENT (HOURS).

45ee c X1 IS THE STARTING TIME = @,

46ee c X2 IS THE NUMBER OF HOURS FOR WEATHERING TO OCCUR.
47ee c

4800 4119 XPw=1,

4900 X1=0.

5000 MOLS(NCUTS+1 )-ARE A

5100 c

5209 c PRINT AN OUTPUT FILE FOR 886 COLUMN OUTPUT, THIS IS
5300 c THE CUTVP2.TYP FILE.

54ee C

550e WRITE(ITY,4120)

5600 4120 FORMAT(”‘“ , 'OPEN OCEAN WEATHERING’)

57e0 IF(NIP.NE.1.AND.NBI.NE.1) GO TO 4180

5800 WRITE(ITY,413@)

5900 4130 FORMAT(1X, 'AFTER:")

6000 IF(NIP.NE. 1) GO TO 4159
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6100 WRITE(ITY,4140) NHIP

6200 4149 FORMAT(9x, ‘| POOL WEATHERING FOR *,1PE9.3, ' HOURS")
63ee 4158 CONTINUE

64ee IF(NBI.NE.1) GO TO 4179

6500 WRITE(ITY,4160) NHBI

66ee 41690 FORMAT(QX,'BROKENICE FIELD WEATHERING FOR ', 1PES.3,' HOURS®)
67ee 4178 CONTINUE
68ee  418e WRITE OTY,4190) (ANAME(J),J=1 ,5)

69ee 419@ FORMA({ /,1X,’0OIL:’,5A5)

Teee WRIT ITY,4200) XPRINT ,WINDS

710@ 42ee FORMAT 1X,'TEMPERATURE=',F5.1," DEG F, WIND SPEED= *
720 1,F5.1,' KNOTS*)

73ee WRITH ITY,4210)88L

74ee  421@ FORMA(l 1X,'SPILLSIZE=",1PE10.3,’ BARRELS’)

7500 WRITE ([TY, 42208) KMTC

77ee WRITE(ITY,4230)

78ee 423e  FORMAT(/,1X, ‘FOR THE OUTPUT THAT FOLLOWS, MOLES

79ee 1=GRAM MOLES’)

8eee WRITE(ITY,4240)

8100 424e FORMAT{1X, 'GMS=GRAMS, VP=VAPOR PRESSURE | N ATMOSPHERES*)
8200 WRITE(ITY,4258) _

8388  425e FORMA(T 1X, 'BP=BOILING POINT IN DEG F, API-GRAVITY’)

7608  422¢ FORMA? 1%, *MASS—TRANSFER COEFFICIENT CODE=~' .13}

84ee WRITE(ITY,4260)

85ee  426e FORMAT 1X, "MW=MOLECULAR WEIGHT’)

86ee WRITE{ITY, 4270)

8700 427e FORMAT( /,2X,'CUT',3X, 'MOLES’',6X, 'GMS',8X,'VP',8X, 'BP"’
8800 1,7X, 'API’ ,5X,"MW’)

89ee DO 4290 I=1,NCUTS

9eee GMS=MOLES (1) +MW(I)

910@ IMW=Mw( 1)

92ee WRITE ITY,4280) I ,MOLES(I),GMS,VP(T ),TB(1 ).API(I), IMW

9300 428e FORMAT(3X,12,5(1X,1PE9.2),1X,13)
94ee 429e CONTINUE

95ee WRITE (ITY,4300) C1,C2P,C4

96ee 43ee FoRwmall /,1X, 'MOUSSE CONSTANTS : MOONEY=" , 1PES.2
9706 1,’, MAX H20=' 0PF5.2,' ,WINDs»2="',1PEY.2)

98ee WRITHK ITY,4318) KA ,KB,STEN

9900 4319 FORMAT 1X,'DISPERSION CONSTANTS: KA=', 1PE9.2
leeee 1,’, KB=',1PE9.2,’, S-TENSION=’ 1PES.2)

190100 WRIT ITY,4328) VISZ,MK3,MK4

le2ee 432e  FORMAT 1X,*VIS CONSTANTS: VIS25C=’,1PES.2

1 e3ee 1,’, ANDRADE=',1PE9.2,’, FRACT ="', 1PE9.2)}
10400 WRITE {1TY,4330)

1 eSee 433e  FORMAX /,1X,’FOR THE OUTPUT THAT FOLLOWS, TIME=HOURS')
1 ebee WRITE(ITY.4340) _
1 e7ee 434e FORMA( 1X, 'BBL=BARRELS,SPGR=SPECIFIC GRAVITY, AREA=MsM')

| 9800 WRITE(ITY,4350)

1 eQee 435e  FORMAT 1X,’ THICKNESS=CM, W-PERCENT WATER IN OIL (
11000 1MQUSSE) ’)

111e0 WRITE(ITY,4360)

1128@  436e FORMA(Q 1X,'DISP=DISPERSION RATE IN GMS/MsM/HR')
11300 WRITE(ITY,4370)

11488  437e¢ FORMAT IX,’ERATE=EVAPORTION RATE IN GMS/MsM/HR"')
11500 WRITE(ITY,4380)

1 160e 4388 FORMA({T 1X,’M/A=MASS PER M*M OF OIL IN THE SLICK’)
11700 WRITE(ITY,4390)

1, 89 439e FoRMA(T 1X,'I=FIRST cur witH GREATER THAN 1% (MASS)
11900 1 REMAINING)

1 2eee WRITE (ITY,4400)

A- 36



12108 4400 FORMAT(IX,”J=FIRST CUT WITH GREATER THAN 5@% (MASS)
1 2200 1 REMAINING’)

12300 IF(FRACTS.NE.O.; GO TO 4420

12480 WRITE 21TY.4410

12500 4419 FORMAT(1X,"DISPERSIONWAS TURNED OFF’)

12600 4420 IF(SPREAD.NE.Q.) GO TO 444e

12700 WRITE(ITY, 4430

128ee 4430 FORMAT 1X, 'SPREADING WAS TURNED QFF"’)

12900 4440 TCODE=KMTC

13000 TYPE 4459

1310 4450 FORMAT(/,IX,”PLEASE WAIT’)

132ee CALL BRKG4(MOLS,X1,X2,XP,NEQ,NDEL)

133ee 4468 CONTINUE

1 34ee WRITE(IOU,4470)

13500  447¢ FORMAT(//,1X,'¢essssses FINAL OVERALL MASS BaL Ance FOR pARENT
136ee 1 OlL ***********’)

13700 CHECK=TMASS+TME+TMD+DELMAS

138ee DO 4480 1=1 NG

| 3908 FMF(1)=@.

14008 4480 CONTINUE

14100 DO 4490 I=1,NEQ

1 42ee FMF (14NG)=YM1 (1) /MASSAV(I+NG)

143ee 4438 CONTINUE

144ee WRITE(IOU,4500)

14590 45008 FoRMAT /.1X,'FINAL MASS FraCTIONS OF CuTsS: ')

14600 WRITE (0U,4518) (FMF(1), I=1,NEQ+NG)

14700 4512 FORMAT( 11(1X,1PE10.3))

148ee FR=TMASS/TMASAY

149ee WRITE(IOU,4520)FR

15000 4520 FORMAT.(1X,'FRACTION (BASED ON MASS) REMAINING= ‘ 1PE10.3)
15100 WRITE(IOU,453@) TMASS,TMD,TME,DELMAS,CHECK

15200 4530 FORMAT(1X, 'MASS REMAINING= *  1PE9.3,1X, "MASS DISPERSED=',1PES.3,
153ee 11X, "MASS EVAPORATED= *,1PE9.3,1X, 'MASS DELETED= *

15400 2, 1PE9.3,1X, ' TOTAL= ’,1PE9.3)

15580 WRITE(IOU,4540) TMASAV

156ee 454e FORMAT(1X, 'ORIGINAL MASS=',61PE9.3)
15780 4550 ENO
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100
200
3ee
350
375
490
50
600
700
809
900
1000
1100
1200
1 300
1400
1508
| 600
1700
18e@
1900
2000
2100
22ee
2360

REAL*4 MW,MOLS,KA,KB,MOLES,MTC,MWU K, KO MK, MWI K11 A MK4

1 . MK3L , MK4L ,MTCA ,KH,KOIL,KAIR,MASS ,MK3 ,MOLSAV ,MLSAV,MASSAY
2,NHIP,NHB1

CHARACTER*5 ANAMEL , ANAME
CHARACTER*10 FNAME

COMMON /LIST1/TBL(6,30) ,APIL(6. 30) VOLL(G 30) ,ANAMEL(5,5)
1,DESC(38,5), VOL(302  APIBL(6) . ANAM E{S)
2,C1L(6),c2L(6),C4L(8B), STENL(S) VISZL(8) ,MK3L(86)
3, MK4L(6§ ,TB(30)
4,API(30 spcn(ao) MW(30) ,MOLES(3@) ,RHO(30) ,MTC(30), MTCA§30;
5.HLAW230; ,VLOGK (30), VLOG(3e), VP(3@) ,VISK(30),VIS(30e),YM(30
6,G0NE(30),T10(30), MLSAV(SO) MASSAV(se)
7,U0P(30), CI(JO) OSPGR(SQ) OAPI(JQ) 0UOP§30}
8,TC(3e), vc(ae) PC(JO) HVAP1 (3@) ,A(30),B(3@
9, HVAPz(Jo) CNUM(se) DELH(SQ) DELHTB(so) EM(3@)

1,MWU(30), VP[(SO) VFRAC(100) WYI(JO) TBNN(100) KO (30) ,MK(30)
2. TMPvp(se) TMPDs(sa) YM1(36) MOLs(so)
3,K(30), YSAVE(JO) YMSAVE(36) YF(Ja)

4, FRACTS,DISPER,Z,TERM2,SPREAD ,KB,WINDS,C1,C2,C3,C4,K11,MK4
5,APISWI, APIB KH,KOIL, KAIR MASS MK3, MWt , Tc1 vc1 PC1, CNUMI VIS
s.VSLEAD,STEN.DCRUDE.BM. TMOLES,WTMOLE,MOLSAV, TME.TMD.FE.HOUMOU
7,TMASAV,C3SAVE,NHIP  ,NHBI,TMASS,DELMAS,SPRFAC,TE

COMMON /LIST2/NCTS(6),ITEML(6),ISAMPL(6),NC(30)
1,NS{30),NEQ1,NEQ2, NEQ3, IOU, IPU, ITY,NC1,NCUTS,KMTC,MOUSWI

2, LINE,NIP ,NBI,NQUIT, ITEM, ISAMP
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—_-O 0000

OO0 0O0

oo oo

OOOO0OO0 O

OO0 00

SUBROUTINE DOCHAR
INCLUDE 'VARI.FOR®

THIS SUBROUTINE CHARACTERIZES THE CUTS. IF THE LAST CUT IS
RESIDUUM DO NOT CHARACTERIZE | T BUT USE A VAPOR
PRESSURE OF 0. AND A MOLECULAR WEIGHT OF 600.

MWENCUTS;-SOO .
VP (NCUTS )=0.

Nv=1 MEANS NO RESIDUUM CUT PRESENT.
NV-2 MEANS A RESIDUUM IS PRESENT.

NV=1
NC1=NCUTS
DO 8@I=1,NCUTS

S PGéR}I-141.5/(A I;+131.5)
SPG =0.983+SPGR I

| F APISWI=1 (PREVIOUS WEATHERING HAS OCCURED), CALCULATE
A NEW BULK API GRAVITY

DCRUDE=®.

DO 20 J=1,NCUTS

DCRUDE=( (VOL(J)*SPGR(J))/100)+DCRUDE
CONTINUE

APIB=(141.5/DCRUDE)~131.5

TEN=TB(1)

CALCULATE U.0.P. K-FACTOR AND CORRELATION INDEX

UOP(1)=((TB(I1)+459. ; *.33333)/sPGR(I)
CI(1)=(473. 7¢SPGR(1))-456.8+(49339/( ((TB(1)=32.)/1.8)4273.))
APIN=API(1)

THE RESIDUUM CUT IS IDENTIFIED BY A NORMAL BOILING

POINT OF 850. LOOP AROUND THE NV=2 SWITCH IF A

RESIDUUM IS PRESENT. NC1 IS THE NUMBER OF PSEUDO COMPONENTS
WITH FINITE VAPOR PRESSURES.

IF(TBN.LT.B85@.) GO TO 30
Nv=2

NC1=NCUTS~-1
CALL CHAR(APIN,TBN,AN,BN,NSN,NV)

THE CHARACTERIZATION SUBROUTINE RETURNS THE LOG10O OF THE
KINEMATIC viscosiTy {(CENTISTOKES) AT 122 pec F.

VISK(I)=10.+«VIS1

VLOGK(1)=ALOG(VISK(I))
GO TO (40,90), NV

STORE THE CUT INFORMATION FOR A NON-RESIDUUM CUT.

NS(1)=NSN
A(1)=AN
o8 13=BN
MW( T )=MW1
TC§I§-701
TC(L)=TC(1)+459.
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Vciﬂivc 1
PC(IL)PC 1
CNUM( 1)=CNUM1

FIND THE TEMPERATURE AT WHICH THE VAPOR PRESSURE IS 1@ MMHG
BY USING NEWTON-RAPHSON WITH TB AS THE FIRST GUESS.

s eXeXg)

NC(1)=0
YTEN=ALOG10(02.01315/PC(1))
Xm(TB(1)+459,.)/TC(I

50 EX=EXP(-20.+(X-B(1))**2)
Y=—A{I)*{1.=X)/X~EX
YOBJ=Y-YTEN
VP(1)=sPC (1) 816. **Y
TEST=ABS(VP(1)-0.01315)
IF(TEST.LT.2.201315) GO TO B@
NC{I)=NC(I)+1
IFNC(I).6T.20) GO TO 6@
DY-A(I)/SXtX)+40.:(X—B(I ))*EX

J=DY*X

BI=YOB
X=-81/DY
GO TO 50
c
c UNSUCCESSFUL EXIT FROM NEWTON-RAPHSON
C
60 TYPE 70, I,X,Y
70 FORMAT 1X,’TIO FAILURE FOR' ,14," AT T = ',1PE10.3,' WHERE
1 LoGid P) = *,1PE10.3)
GO TO 460
c
c SUCCESSFUL EXIT FROM NEWTON-RAPHSON
c
80 T10(1)=X+TC(I)
C
c CALCULATE THE HEAT OF VAPORIZATION AT 18 MMHG WITH THE
c CLAPEYRON EQUATION AND USE WATSONS METHOD FOR THE
c VAPOR PRESSURE BELow 1@ MMHG. SEE GAMSON AND WATSON,
c 1944, NATIONAL PETROLEUM NEWS, R-258 TO R-264.
C
TR2=T1@(1)/TC(I
EX=92.12+(TR2-B(1))*EXP(~-20 .¢(TR2-B(1))*#2)
HVAP=1.987+T10(1)eT18(1)»(2.303+A(1)/(TR2«TR2)4+EX)/TC(I)
HVAP1 ([ )sHVAP/MW(1)
HVAPEID=HVAP/(1.~TR2)++0.38
90 CONTINUE
C
c END OF TRUE-BOILING-POINT CUTS CHARACTERIZATION
c

WRITE QOU,18@) (ANAME(I),I=1 ,5)
100 FOR%A( 1H1,* SUMMARY OF TBP CUTS CHARACTERIZATION FOR: °
1,5A5
IF(NIP.NE.1.AND.NBI.NE.1) GO TO 150
WRITE(IOU,.110)
110 FORMAT(1X, 'AFTER: ")
IF(NIP.NE.1)} GO TO 130
WRITE(IOU,1208) NHIP
120 FORMAT(8X, ' ICE POOL WEATHERING FOR ',1PE$.3,’ HOURS')
130  CONTINUE
IF(NBI.NE.1) GO TO 5@
WRITE(IOU, 148) NHBI
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149  FORMAT(8X,'BROKEN | CE FIELD WEATHERING FOR '.1PE9.3. HOURS')
150 CONTINUE
WRITE(IQU, 160)
160 FORMAT /,1X,'CODE vE Rslon i1s CUTICA oF MAy 84°)
WRITEK 10U, 170)ITEM 1SAMP
17% FORMAT 1X,'ITEM *,15°, SAMPLE *,15)
180 CONTINUE
WRITE§IOU,190)

190 Format(/,8X,'TB",7X, API"',6X, 'SPGR’,7X,’VOL’ ,8X, "MW’ 8X
1, 'TC*,BX,*PC’,8X, 'VC’,8X, A’ ,9X,"B*,8X, 'T10’,7X, VIS’
2,4X, 'NC NS")

00 210 I=1,NCUTS
WRITE (IOU 200)1.,78(1), PI(I; LSPGR(1),vOL{ 1).MW(I),TC(I)
1,PC(I),ve(I), A(I) B(1),T10(1! VISK(I) NC(I),NS(I)
200 FORMAT(‘IX 12, 12(1X.1PEQ 2), 2(1X,12)
210  CONTINUE
WRITE(IOU,220)

22e FORMAT(//.7X,"UCP K’ ,4X, CORRELATION INDEX")
DO 240 I=1,NCUTS
WRITE(10U,230) 1,U0P(I),CI(I),(DESC(I,J ) J-1.5)

230 FORMAT(1X,12,1X,1PE9.2,7X, 1PE9 2,7X%, 5A5

24e CONTINUE
WRITE (10U,2513) APIB

25e  FORMAT(//.1X,'BULK AP| GRAVITY = ',F5.1)
WRITE (Iou,260)

260 FORMAT(//.1X,'TB = NORMAL BOILING TEMPERATURE, DEG F')
WRITE (Iou,270)

27e  FORMAT(1X,'APl = API GRAVITY’)
WRITE (IOu,280)

280 FORMAT{1X,’VOL = VOLUME PER CENT OF TOTAL CRUDE’)
WRITE (IQU,280)

29e  FORMAT(1X, 'MW = MOLECULAR WEIGHT')
WRITE(IOU,300)

300 FORMA{ 1X,'TC = CRITICAL TEMPERATURE, DEGRANKINE')
WRITE(IOU,318)

310 FORMAT 1X, 'PC = CRITICAL PRESSURE, ATMOSPHERES’)
WRITE(IOU. 320)

320 FORMAT 1X,'VC= CRITICAL VOLUME. CC/MOLE")
WRITE(IOU, 330)

33e FORMAT( 1X,*A AND B ARE PARAMETERS | N THE VAPOR PRESSURE
1 EQUATION’)

WRITE IOU.340)

340 FORMAT 1X,'T1@ IS THE TEMPERATURE IN DEG R WHERE THE VAPOR

1 PRESSURE s 1@ mm HG")
WRITE (10U, 358)
350  FORMAT{1X,'VIS IS THE KINEMATIC VISCOSITY IN CENTISTOKES
1 AT 122 DEG F')
WRITE(IOU, 360)

36e FORMAT(1X,’UOP K IS THE U.0.P. K CHARACTERIZATION FACTOR']
WRITE(IOU,370)

370 FORMA{T 1X, 'CORRELATION INDEX IS DEFINED IN (COLEMAN, 197S)")
WRITE (10U, 380)

380 FORMAT 1X,’NC= ERROR CODE, SHOULD BE LESS THAN 20')
WRITE(IOU, 390)

39e FORMAT 1X,'NS= ERROR CODE, SHOULD BE EQUAL TO 1)
wRrITE IOU,408) NcuTs

409 FORMAT 1X, * IGNORE THE ERROR CODES FOR COMPONENT NUMBER *,12
1, IF IT IS A RESIDUUM)

410 WRITE(IPU,420) ITEM, ISAMP

42e FORMAX 215)
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440

450
460
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WRITE ( IPU,430) (ANAME(1), I=1,5)
FORMAT 5A5)

THE CUTVP2.PLT PLOT FILE IS WRITTEN AS:
ITEM AND SAMPLE NUMBER ON 215
THE CRUDE NAME ON 5A5
NCUTS ON 15
BO LI NG POINT IN DEG F OF EACH CUT ON
10(1X,1PE10.3).
TEMPERATURE IN DEG F OF EVAPORATION, XPRINT
WIND SPEED IN KNOTS, WINDS
KA AND KB IN THE DISPERSION EQUATION,
SURFACE TENSION IN DYNES/CM, STEN
VOLUME OF THE SPILL | N BARRELS, BBL
Cl, C2, AND c4 INTHE MOUSSE EQUATION,
KMTC, MAss TRANSFER coerricienTt cope (FLOATED).
ALL ON 10(1X,1PE10.3),
NUMBER OF CUTS+1 ON 15
TIME, MASS OF CUTS, AREA ON 10(IX,IPE10.3)
. TOTAL MASS FRACTION REMAINING IN THE OIL
SLICK FOR EACH TIME STEP PRINTED ON
10(1%,1PE10.3)

ENE TR SN

4]

oo

ITEMS 6 AND 7 ABOVE ARE WRITTEN FOR EACH TIME STEP
WITH THE FIRST TIME STEP BEING ZERO. WHEN THE
VERY LAST TIME STEP IS WRITTEN THEN ITEM 8 IS WRITTEN.

THE NUMBER OF LINES WRITTEN ON THE CUTVP2.PLT PLOT FILE
REFERS TO THE NUMBER OF ‘TIMES* WRITTEN THROUGH
ITEMS 6 AND 7 ABOVE.

WRITH IPU, 448) NCUTS

FORMAT( 15)

WRIT 1PU,45@) (TB(]), I=1 ,NCUTS)
FORMA 10(1X,1PE19.3)

CONTINUE

RETURN

END
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SUBROUTINE CHAR(API{1,TB1,A1,B1,NS1,NV)

INCLUDE 'VARI.FOR’

DIMENSION T(2,6),C(2,.6),P(4),v(2,6)

pA Ta ({(C(I,d),J=1,8),I=1,2)/6.241E+01,~4 595E-02,-2.836E-01
1,3.258E-03,4 . 578E-04,5.279E-04
2,4.268E4+02,-1 .007,-7.449, 1.38€~02,1.047E-03,2.621E-02/

DATA ((T(I J),J=1,6),1=1,2)/4 855E+02 ,1 .337,-2. 662,-2.169E-03
1,-4. 9435—@4 1. 4545- 2
2,412.2,1%. 276 -2.865,-2.888E-03,~-3.707E-04,2 . B8BE-02/

DATA P 1.2375—02.0.2515.4.039E—02.—4.024E—02/

pata ((V(I,J),Jm1,8),I=1,2)/ —0.4488,-9 344E-04,0.01583
1,-5.219E-85,5. 268E-06,1.536E—-04
2,-0.6019,1.793E-03,-3.159E-03,~5.1€-06,9.0867E-07,3.522E-05/

THIS SUBROUTINE CHARACTERIZES A CUT OF CRUDEQIL WITH RESPECT

TO VAPOR PRESSURE. THE INPUT REQUIRED IS APl GRAVITY ANO THE
BOILING POINT AT 1 ATMOSPHERE. THE OUTPUT IS A SWITCH NS

WHERE NS1=1 MEANS THE VAPOR PRESSURE EQUATION CAN BE USED DOWN T
18MM HG AND NS=2 MEANS THE CLAPEYRON EQUATION SHOULD BE USED.

THE VAPOR PRESSURE EQUATION IS:
LOG10O(PR) = =A¢(1.=TR)/TR - EXP(~20+(TR-B)»+2)

WHERE PR = REDUCED PRESSURE, TR = REDUCED TEMPERATURE AND
A AND B ARE RETURNED BY THIS SUBROUTINE.

API = GRAVITY, TB = BOILING POINT AT 1 ATMOSPHERE | N DEG F.
CALCULATE CRITICAL TEMPERATURE AND MOLECULAR WEIGHT.

API2=API1+API1
TB2=TB1+TB1
?R?SS-APII:TB1

IF(APIY.GT.35.) I=2

VIST=V( 1, 1)+V(1,2)»TB1+V{1,3)«APL1+V(I,4)+CROSS+V(I,5)TB2
1+V(1,6)*API2

?O1TO (10,30), NV

IF(TB1.GT.500.) I[=2

MWI-C(I 1)+C(1,2)sTB1+C({1,3)¢API1+C(1,4)sCROSS+C(1,5)«TB2
1+C(1I, S)OAPIZ
TC1-T(I.1)+T(I.2)cTB1+T(I.3)-API1+T(I.4)tCROSS+T(I,5).782
1+T(1,6)=AP[2

TCK=(TC1+459.)/1 8

CALCULATE THE VISCOSITY OF THE CUT
=t
IF(API1.6T.35.) I=2
VIST=V(I, 1)4V(1,2)«TB1+V(I,3)sAPT14V(1,4)sCROSS+V(1,5)«TB2
1+V(1,6)*API2
CALCULATE THE CARBON NUMBER

CNUM1=(MW1-2.)/14
X=ALOG10(CNUM1)

CALCULATE B FOR THE VAPOR PRESSURE EQUATION
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20,

30

BPRIME=P(1)+Xe(P(2)+Xs (P(3)+XsP(4) )
B1=BPRIME-9.02

CALCULATE THE CRITICAL VOLUME, CC/GMOLE

Vim1,88+2. 444CNUM1
VC1=VW/0. 044

CALCULATE THE CRITICAL PRESSURE IN ATMOSPHERES

PCP=20.8¢TCK/(VC1 -8.)
PC1=PCP+10.
TR=(TB1+459.)/(TC1+459.)
PRm1./PC1

NS1m1
IF(TR.LE.B1) GO TO 2e
A1=(ALOG19(PR)+EXP(-20.*(TR-B1)+¢2))+TR/(TR-1 )
GO TO 3e

NS1=2

RETURN

END
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SUBROUTINE MACK

REAL*4 KAY,KAYO,MID,MOLEFT , MOH MVO,L0,LH
INCLUDE 'VARI.FOR’

DIMENSION KAY(3@),KAY®(3@)

THIS SUBROUTINE CALCULATES THE INPUT PARAMETERS FOR THE
MACKAY EVAPORATION MODEL

THE MACKAY EVAPORATION EQUATION IS:
DF = DTHETA * H

WHERE DF IS THE CHANGE IN THE VOLUME FRACTION EVAPORATED

I N ONE TIME INCREMENT, H IS THE HENRY’'S LAW COEFFICIENT, AND

DTHETA IS THE INCREASE IN THE “EVAPORATIVE EXPOSURE”, WHICH
IS DEFINED AS:

DTHETA = Ke«A«DT/V
WHERE A IS THE SLI CK AREA, DT IS THE TIME INCREMENT, V IS

THE SLICK VOLUME AT THE BEGINNING OF THE TIME INCREMENT,
AND K IS THE MASS TRANSFER COEFFICIENT.

FIRST DETERMINE WHICH CUTS EVAPORATE. FOR NOW USE CUTS WHICH

HAVE VAPOR PRESSURES GREATER THEN1X1@E-07 AT
ENVIRONMENTAL TEMPERATURE.

MAC=40

CUTOFF=1 QE-27

| CNT=8

ICNT=ICNT+1

IF (VP(ICNT).GT.CUTOFF) Go To 1@
ICNT=ICNT-1

CALCULATE HEAT OF VAPORIZATION USING RESULTS OF
FALLON AND WATSON

DO 201=1,ICNT

API12=API(1)*API (1)

TB2=TB(I)«TB(1)

CROSS=API(1)+TB(I)
DELH(I)=232.2-(0.2441TB(1))-(0.6937+API(I))

1-(3. 5saz-a4acaoss)+(1 024E-04+TB2)+(1.037E~04+AP12)
DELH(I)-DELH(I):MWE

DELHTB(1)=DELH(I)/(TB(1)+459.)

CONTINUE

CALCULATE MEAN (DELTAH/TB) FOR "TROUTON'S RULE"
SDH=®
00 30I=1,ICNT
SDH=SOH+DELHTB(I)
CONTINUE
MDH=SDH/ICNT
CALCULATE MOLAR VOLUME OF OIL
MVO=WTMOLE/DCRUDE

Now PERFO Rv A SIMPLE (ZEROPLATE) BaTcH
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DISTILLATION IN ORDER TO FIND THE BUBBLE POINT VERSUS
VOLUME FRACTION DISTILLED CURVE. THE INTEGRATION IS
CARRIED OUT USING A FIRST ORDER RUNGA-KUTTA NUMERICAL
Integration SCHEME (see GREENSPAN, 1971).

TVOL IS THE TOTAL voLUME oF THE BATCH (INITIALLY) in METERS
CUBED . VOLU IS THE REMAINING VOLUME OF THE BATCH.

EM(l) IS THE NUMBER OF GRAM-MOLES REMAINING

I N EACH cuT. MOLEFT IS THE TOTAL NUMBER OF MOLES LEFT.

L@ IS THE TOTAL INITIAL NUMBER QF MOLES IN THE BATCH.

OO0 O0 OO0

WRITE(MAC, 49)
49 FORMAT(1H1 ,2X, '#%ssessnsnssesess MACKAY PARAMETER CALCULATIONS
*******************Y)
WRITE(MAC,50)
50 FORMAT(/,2X,”THE MACKAY EVAPORATION MODEL IS DESCRIBED IN)
WRITE(MAC,60)
6@ FORMAT(2X, ' (MACKAY ,1982)")
WRITE(MAC,70)

70 FORMAT(ZX.'THE FOLLOWING ARE THE RESULTS OF A CALCULATION OF THE’)
WRITE(MAC,8@) (ANAME(I),I=1 ,5)

80 FORHAT(ZX. ' INPUT PARAMETERS FOR THE MACKAY MODEL FOR °* .5A5)
TT=TE-459.

WRITE(MAC,30) TT
90 FORMAT(2X,*'AT*,1PE9.3,' DEGREES F’)
WRITE(MAC, 160)
100 FORMAT(//,2X,*SIMULATED ONE-PLATE BATCH DISTILLATION:')
TVOL=BM
VOLU=BM
DO 110 I=1,NCUTS
EM(1)=MOLES(I)
110 SO1NTINUE

L8=TMOLES

LH AND RH ARE THE ENDPOINTS FOR THE INTERVAL HALVING TRIAL AND
ERROR THAT IS USED TO CALCULATE THE BUBBLE POINT OF THE
REMAINING LIQUID.

LH-TB€1)+459.
RH=TB(NC1)+459.
120 CONTINUE
MOLEFT=9,
DO 130 I=1,NCUTS
MOLEFT=MOLEFT+EM( 1)
130 CONTINUE

oO0O0O00

c BEGIN TRIAL AND ERROR TO GET BUBBLE POINT
C
DO 160L=1,28
YTO0T=0 .
MID=(RH+LH) /2.
c
c THE SUBROUTINE VPIF RETURNS THE VAPOR PRESSURE OF THE
c NON-RESIDUUM CUTS IN ATMOSPHERES AT THE TEMPERATURE
c MID. MID IS THE CENTER OF THE INTERVAL OF INTERVAL HALVING.
C
CALL VPIF(MID,NC1)
c
c WYI(I) | S THE THE MOLE FRACTION OF EACH CUT
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IN THE VAPOR PHASE. YTOT IS THE TOTAL MOLE FRACTION OF CUTS.

DO 140 I=1,NC1

WYI(I)= (VP(I):EM(I)/MOLEFT)
YTOT=YTOT+WYI (1)

CONTINUE

IF(YTOT.GT.1.) GO TO 15@
LH=MID

GO 710 160

CONTINUE

RH=MID

CONTINUE

VFRAC IS THE VOLUME FRACTION DISTILLED. TBNN{(J) IS THE
BUBBLE POINT OF THE CURRENT FRACTION.

VFRAC(J)=1.-(VOLU/TVOL)

TBNN(J )=MID-459.

WRITE(MAC, 170)

FORMAT(///.BX, 'F*L,7X, TEMP(F)',5X,’'Y sum’)
WRITE(MAC, 180) VFRAC(J) .TBNN{(J).YTOT

FORMN AT 2X,3(1X,1PE10.3))

WRITE {MAC, 19@)

FORMAT(//4x,’1',3X, ‘MOLES I*,5X,’VP(1)"’,8X,'Y(1)}'./)
DO 210 I=1,NC1

WRITE(MAC,20@) |, EM(I),VP(I),WYI(I)
FORMAT(2Xx,12, 3(1x,1PETe. 3))

CONTINUE

IF ALL OF THE LAST CUT WITH VAPOR PRESSURE [AT ENVIRONMENTAL
TEMPERATURE) GREATER THAN 1X1QE=7 IS GONE THEN STOP INTEGRATION.

IF (EM{(ICNT).EQ.2.)GO To 310
TMK=0 .

K@ AND MK ARE INTERMEDIATE VALUES FOR THE RUNGA KUTTA.

DO 230 I=1,NCt
KAYO(1)=-(@. as-Lo) «(VP(I)«EM(I)/MOLEFT)
MK (1)=EM(I)+KAY@(I)

ZERO MK IF | T GOES NEGATIVE.

IF (MK(I).GT.®2.)co 10220
MK(I)=@.

CONTINUE

TMK=TMK+MK (I )

CONTINUE

IF{TMK.EQ.®.) GO TO 310

IF (NC1.EQ.NCUTS)o0 To 240
TMK=TMK+EM{NCUTS

CONTINUE

RESET ENDPOINTS FOR SECOND HALF OF INTEGRATION.

RH=MID+100 .
LH=MID-108.
DO 270 L=1,20
YTOT=0.
MID=(RH+LH)/2.

A-47



CALL VPIF(MID,NC1)

DO 250 I=1,NC1

YTOT=YTOT+(VP (1) sMK(I)/TMK)
25e CONTINUE

iF (YTOT.GT.1.) Go T0 260

LH=M | D

GO0 TO 270
260 CONTINUE

RH=MID
270 CONTINUE

VOLU=@ .

DO 290 I=1,NC1 ,
KAY(I)--ée.as‘La)c(vpgx; ® MK(I)/TMK)
EM(I)=EM(1)+0.5*(KA% (1)+KAY(1))

c ZERO EM IF | T GOES NEGATIVE
IF{EM(I).GT.02.) GO TO 280

EM(I)=0.
280 C%T?NUE
c

c CALCULATE THE REMAINING VOLUME. RHO IS THE DENSITY | N
C GRAM MOLES PER METER CUBED.
c
VOLU=VOLU+EM( I
2990  CONTINUE )/RHo (1)

IF(NC1.EQ.NCUTS) GO TO 309
VOLU=VOLU+MOLES{NCUTS) /RHO(NCUTS)
300 CONTINUE

[ RESET THE ENDPOINTS AND RETURN FOR ANOTHER “TIME" STEP

LH=TBNN(J)+459 .
RH=LH+100
JmJ+1
GO TO 120

3190 CONTINUE

c NOW LEAST SQUARES THE TBNN VS. VFRAC OATA.

SX=@

SY=@

SX2=0

SXY=0

SY2=9@

DO 320 I=1,4

SX=SX+VFRAC(I)

SY=SY+TBNN(1)

SX2=SX2+VFRAC(1)*VFRAC(1)

SY2-SY2+TBNN§1; TBNN(I)

SXY=SXY+TBNN{(®) VFRAC(I)
320 CONTINUE

XM=SX/J

YMM=SY/J

BNUM=SXY~-(SXeSY/J

BDEN=SX 2~ SXtSX/J;

BEE=BNUM/BDEN

AA=YMM-BEE* XM

C CALCULATE CORRELATION COEFFICIENT
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FAC2=(SY2-SYSY/J
RDEN=(FAC1+FAC2)++0.5
R=BNUM/RDEN

FAC1-{SX2-SX*SX/J;

PRINT OUT MACKAY PARAMETERS

QOO0

WRITE (MAC,330)
330 FoRMAT (/,6X, 'DELTAH",
14X, "DELTAH/TB’)
Do 350 I=1,ICNT
WRITH MAC,349)1,DELH(I),DELHTB(I)
340 FORMAT 1X,12,5(1X,1PE192.3))
350  CONTINUE
WRITE{MAC, 360)
360 FORMAT(//,2X, *WHERE: )
WRITE (MAC, 370)
370 FORMAT (2X, "DELTAH IS THE ENTHALPY OF VAPORIZATION | N BTU/LBMOLE')
WRITE(MAC, 388)
380 1Fl())§GM¢2 )2x. *DELTAH/TB IS THE TROUTONS RULE CONSTANT IN BTU/LBMOLE
. L]
390 CONTINUE
WRITE (MAC, 400)
400 FORMAT(//,2X, " LEAST SQUARES OF B.P. VS. FRACTION EVAPORATED:')
WRITE (MAC,410)BEE
410 FORMAT(/,5X,'SLOPE: ',1PE1@.3,'DEG R/FRACTION EVAPORATED’)
WRITE (MAC,420) AA
42¢e FORMAT (5X, ' INITIAL B.P.: ’,1PE10.3,’DEG F')
WRITE (MAC,432) R
43¢  FORMAT(5X.'CORRELATION COEFFICIENT: *.1PE1@.3)
WRITE (MAC,44@) DCRUDE * * “
440  FoRrMAT (/.2X, BULK oi. DENSITY: ',1PE10.3,* GRAMs/cc*)
WRITE MAC, 45@) MVO
45¢e FORMAT(2X, *BULK MOLAR VOLUME OF Ol L: *,1PE1@.3.’ CC/MOLE’)
WRITE MAC,46@) MDH
46e 1F‘(J)ER(L\/IART()2X, *MEAN TROUTONS RULE CONSTANT: *,1PE10.3, 'BTU/LBMOLE
. \
WRlTE§MAC.47e)
47e )FORMA /7 .2X, 'AFTER SIMPLIFICATION AND COMBINING TERMS, THE *
1

w R I TE(MAC, 480)
48e  FORMAT( 2x. 'MACKAY EVAPORATION MODEL BECOMES:')
AAA=MVO*0.01218/( ( (XPRINT-32.)/1.8)+273.)
AAA=ALOG ( AAA)
BEBB=MDH/1.987
CCC=BBB/ (XPRINT4+459 )
BBB=BBB+AAA
DDD=AA+459.
WRITE (MAC, 480)88B8,CCC,DDD,BEE
49e  FORMA( /,10X,’DELTA-F = DELTA-THETA .EXP( *,1PE18.3
1, -',1PE10.3," ( '.1PE1@.3,' + ', 1PE18.3,°(F)))")
EEE=CCCsDDD
FFF=BBB-EEE
GGG=CCC+BEE
WRITE (MAC,500)
Se® FORMAT(/,15X,'OR’)
WRITE(MAC,510)FFF,GGG
51e FORMAT(/, 10X, '"DELTA-F = DELTA-THETA * EXP(',1PE19.3,'-',1PEt0.3
" (F)) )
526 CONTINUE
RETURN
END
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SUBROUTINE BRKG4(Y,X1,X2,XP,NEQ,NDEL)

INCLUDE 'VARI.FOR'®

REAL*4 K1,K2,K3,K4

DIMENSION Y{3@),YARG(30),K2(30),K1(39),K3(30),K4(30)

RUNGA-KUTTA 4-TH OROER NUMERICAL INTEGRATION FOR SIMULTANEOUS
DIFFERENTIAL EQUATIONS, SEE C.R. WYLIE, PAGEs lea-117 OR
D. GREENSPAN, PAGES 113-115.

THIS SUBROUTINE O00ES THE PRINTING, THE INITIAL AND FINAL VALUES
ARE ALWAYS PRINTED. PRINT THE RESULTS EVERY XP INCREMENT
IN X.

THE USER MUST WRITE SUBROUTINE FXYZ WHICH CALCULATES THE
K1, K2, K3, AND K4 VECTORS AS A FUNCTION OF X AND THE
CURRENT Y VECTOR. INTEGRATION FOLLOWS THE REFERENCES ANO
WAS TESTED ON PROBLEM 5, PAGE 116 | N WYLIE.

THE FIRST NCUTS POSITIONS | N THE Y VECTOR ARE THE MOLES
OF THE COMPONENTS, POSITION NCUTS+1 IS THE AREA OF THE
SLICK. POSITION NCUTS+2 IS THE MASS LOST FROM THE SLICK
BY DISPERSION ALONE. POSITION NCUTS+3 IS THE MASS LOST
FROM THE SLICK BY EVAPORATION ALONE,

LINE KEEPS TRACK OF HOW MANY LINES ARE WRITTEN TO THE
PLOT FILE. NEQ1l IS THE NUMBER OF COMPONENTS+1. NS IS
A ROUTING SWITCH TO CHANGE THE PRINT INTERVAL. IN IS
AN INPUT ROUTING SWITCH TO DELETE RAPIDLY CHANGING
COMPONENTS. GONE{LINE) IS THE MASS FRACTION REMAINING
AT TIME STEP LINE. INT IS A SWITCH TO INDICATE WHEN THE
INTEGRATION HAS STARTED: INT=1, NOT STARTED; INT=2,
STARTED. ITYP IS A HEADER PRINT SWITCH FOR THE
80-COLUMN FILE.

INT=1
ITYP=1
LINE=9
NEQ1=NEQ+1
NEQ2aNEQ+2
NEQ3I=NEQ+3
NSS=1

IN=1
IKEEP=1
GONE(1)=1.
DISPER=Q.

TOTAL IS THE INITIAL NUMBER OF MOLES.
TSAVE IS THE INITIAL MASS.

TOTAL=®,
TSAVE=D,
po 10 1=1,NEQ

CALCULATE AND SAVE THE INITIAL CONDITIONS.

YSAVE(1)=Y(I)
YMSAVE( 1))=Y (I)sMW(I)
MWU(I)=MW(I)
TSAVE=TSAVE+YMSAVE( I)
TOTAL=TOTAL+Y( 1)
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e CONTINUE
SAVE THE INITIAL AREA.

YMSAVE(NEQ1)=Y (NEQ1)

OO =

INITIALIZE THE MASS LOST BY DISPERSION ALONE AND
EVAPORATION ALONE.

Y (N -0.
Y(NEQ3)=0.
NDEL IS THE NUMBER OF COMPONENTS DELETED BECAUSE THEY

EVAPORATE TOO FAST. NFAST IS THE CURRENT ARRAY LOCATION
OF THE FASTEST MOVING COMPONENT.

o0 0o

0Co0o000

NDEL=@
NFAST=9
X=X1

INITIALIZE THE PRINT SWITCH TO FORCE A PRINT AND
SUBSEQUENT CALCULATIONS THE FIRST TIME THROUGH.

OO0 00

W= 1.
WRlTE"glou.za)

20 ForMAT(/,1X, 'COUNT THeE cuTts IN THE FOLLOWING outpuTr FROM LEFT
1 TO RIGHT',/)
WRITE(IOU, 39)

30 FORMA[( 1X,*THE INITIAL GRAM MOLES IN THE SLICK ARE:')
wriTH [OU,40) (Y(1),I=1,6NEQ)

4% FORMAT(11(1X,1PE1@.3))
WRITE I0U,50)

50 FORMAT /,1X,"THE INTiaL MASSES (GRAaMSs) IN THE SLICK ARE
1:°

WRITE 10U,40) (YMSAVE( 1), I=1,NEQ)

WRITE (OU,6@) TSAVE

FORMAT 1X,'THE TOTAL MASS FROM THESE CUTS IS *

1,1PE18.3,’ GRAMS’)

WRITE(IQU, 70)

FORMAT /)

(2]
o

~
[

CALCULATE DY/DX AND SET THE STEP SIZE TO APPROXIMATE

A 5% CHANGE IN THE MOST RAPIDLY CHANGING Y. WHEN THIS
Y DECREASES BY A FAcTOR oF 20,RESET THE STEp SIZE
ACCORDING TO THE NEXT Y.

SOME Y'S WILL CHANGE SO FAST THAT THEY WILL BE GONE

IN A FEW MINUTES. THESE ARE DELETED BEFORE INTEGRATION
STARTS AND NOTED ON THE PRINTED RESULTS,

INITIALIZE OR INCREMENT NFAST.

NFAST=NFAST+1
CALL FXYZ(X,Y,K1,NEQ)

o

THE TIME UNIT IS HOUR.
SET THE STEP SIZE TO H=@.05sY/(DY/DX).

H=@.05Y(NFAST) /K1 (NFAST)
YOLD=Y(NFAST)
H=ABS (H)

OO0 OO OGN0 OO0 00
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H2=H/2.
GO TO (1@@,17e), I N

IF THERE IS A RAPIDLY MOVING COMPONENT AT THE BEGINNING
| TS STEP SIZE WILL BE VERY SMALL, DO NOT LET THE
STEP SIZE BE LESS THAN 0.05 HOUR.

o
[

IF(H.GT.2.85) GO TO 130

Y(NFAST) CHANGES TOO FAST TO CALCULATE, DELETE IT AND MOVE
EVERYBODY ONE SPACE TO THE LEFT.

WHEN YOU MOVE THE AREA BE SURE TO SUBTRACT THE CONTRIBUTION
OF THE CUT JUST DELETED.

ISTART=1
NFAST=1
NDEL=NDEL+1

OCNDOO0ONO0O0 a000OD

DECREASE THE NUMBER OF COMPONENTS BY 1

DELMAS IS THE TOTAL MASS OF DELETED CUTS

OO0 00

DELMAS=DELMAS+ (Y (NDEL) *MW(NOEL) )
NEQ=NEQ-1

NEQ1=NEQ+1

NEQ2=NEQ+2

NEQ3=NEQ+3

NEQ4=NEQ+4

AD=Y (1) /RHO(1)/2

00 110 I=1,NEQ

c SHIFT THE ARRAYS.

T1=1+1
Y(I)=Y(I1)
VP(1)=vP(I1)
MTC(1)=MTC(T1)
YSAVE(1)=YSAVE( 11)
VLOG(I)=VLOG(I1)
RHOEI)=RHO€I1;
MWU (T )=MWU(T1

YMSAVE( I )=YMSAVE( 11)
110 CONTINUE

c BE SURE ANO 00 THE LAST THREE POSITIONS WHEN SHIFTING
C

Y(NEQ1)=Y(NEQ2)-AD

Y(NEQ2)=Y(NEQ3

Y{NEQ3 )=Y (NEQ4

WRHTEE (10U, 120 )NNDE L
120 FARNATA TX1X, *CUT ‘112" GOES AWAY | N MINUTES, THEREFORE IT WAS
1DELETED AND THE CUTS RENUMBERED’,/)
WRITE (ITY,12@) NOEL
GO TO 90
130 IN=2
GO TO (140,160) ITYP
140 [TYPm2
WRITE(ITY, 150)
150 FoORMATY /,1X,'TIME',2X,'BBL",3X,’SPGR',2X,’AREA",2X
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1,*THICKNESS W’,2X,'DISP’,4X, 'ERATE"' 4X, ‘M/A | J)

THE COMPONENTS T HAT MoveE Too FAST 1o CONSIDER (AT T ME
ZERO) HAVE BEEN DELETED AND THE ARRAYS SHIFTED.

NEQ1=NEQ+1
NEQ2=NEQ+2
NEQJI=NEQ+3

-0 000

[+
(]

NEVER LET THE sTep SIZEBe GREATER THaN 0.5

N YzX3)
—~
o

IF(H.GT.9.5) Hm8.5
WRITH IOU,180) H,NFAST
FORMA({ /,2x,'STEP SIZE OF ‘,1PE10.3,” IS BASED ON CUT *13,/)

[s]
[

CHECK THE PRINT SWITCH.
IF(X.LT.XW) GO TO 4908

INCREMENT THE PRINT SWITCH AND CALCULATE INTERMEDIATE
RESULTS NOT CARRIED WITH THE INTEGRATION.

000 —~000~
w0
(-~ ]

XW=X4+XP

YTOT=@ .

TMASS=@ .

Do 2001I=1,NEQ

YF(I)=Y(I)/YSAVE(I)

YTOT=YTOT4+Y( |)

YM(T)mY(I)sMWU(I)

YM1(1)=YM(1)

TMASS=TMASS+YM( |)

YM(I)=YM(1)/YMSAVE(I)
200 CONTINUE

YM1 (NEQ1)=Y (NEQ1)

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE SLICK.

OO0

WMEANS=Q .

DO 21¢I=1,NEQ

WMEANS=WMEANS+MWU( I)sY(1)/YTOT
218  CONTINUE

LINE=LINE+1
WRITH 10U,220) X,LINE
22e FORMAT 2X, 'TIME = *,1PE8. 1 HOURS, MASS FRACTION OF EACH

1 CUT REMAINING: ’,65X,13)
WRITHE 10U,230)(YM({I),I=1,NEQ)

23e FORMAT 14(1X, 1PES. 1))
CHECK=TMASS+Y (NEQ2)+Y(NEQ3)
WRITEK I0U,240) TMASS, Y{NEQ2),Y{NEQ3),CHECK

24e FORMAT( 2X, 'MASS REMAINING = *,1PE1@.3,', MASS DISPERSED
1 = ',1PE10.3,’, MASS EVAPORATED = ‘1PE10,3/
2, SUM = '",1PE1@.3)

WRITE {{PU,258) NEQ1
25e FORMAT( 15)

WRITE( IPU,268) X, (YM1(I),I=1 ,6NEQ1)
26e FORMAT( 19(1X,1PE10.3))
WHEN THE FRACTION REMAINING OF COMPONENT | GETS LOW,
SET | TS VAPOR PRESSURE AND MOLES EQUAL TO ZERO.

Cooo
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27¢

280

[2XeXsNoXeReTeNeoReoNo)

/=3
[

GOOONON

QOO 000N GOOOOOOOOO

DO 278 1=1"STAR™T,NEQ
1F(YF(I).GT.1.8E-08) GO TO 279

IKEEP=I+1

VP{I1)=0.

Y(l)=0.

CONTINUE

ISTART=]KEEP

NFAST=]KEEP

GONE(LINE)=TMASS/TSAVE

IP=Z+100.

WRITE IQU, 280) G()NEiLINE).Y(NEQ1).ZP.WMEANS
FORMATY 2X, 'FRACTION (BASED ON MASS) REMAINING IN THE SLICK
1=’ ,{PEB.1.’, AREA=’ 1PE8.1,' M**Z, THICKNESS=’
2,1PE8B.1,' CM, MOLE WT=' ,@PF5.1)

WIO IS THE MOUSSE CALCULATION.

FIRST CHECK TO SEE IF MOUSSE HAS ALREADY BEEN FORMED.

I F IT HAS, CALCULATE XMQU, WHICH IS A FAKE

TIME. THIS WILL MATCH THE MOUSSE AND VISCOSITY DATA TO
THE PREVIOUS CONDITIONS

IF NOT, PROCEED IN THE NORMAL MANNER

IF (MOUSWI.NE.1) Go To 290
CINEW=C4+WINDS*WINDS
XMOU-X+(HOUMOU:CSSAVE;/CSNEW
CALL WIO(XMOU,W,VTERM

GO TO 380

CALL WIO(X,W,VTERM)

VISCP1IS THE VISCOSITY OF THE PARENT O L wITH NO WATER

INCORPORATED.
VISCP1 IS IN CENTIPOISE, FEVAP IS THE FRACTION OF OIL

EVAPORATED. NOTE THAT FEVAP IS NOT

1 = (FRACTION REMAINING) BECAUSE DISPERSION LOSSES
WOULD BE INCLUDED. THE FRACTION EVAPORATED MUST
CORRECT FOR THE LOSS DUE TO DISPERSION.

o 0DOOOODOOOODODOOO o OO
WE MIGHT WANT TO CHANGE TO A BETTER FEVAP
CALCULATION LATER.

khkkkhkkkhkkhkkhkkKhk*x*k
*s

FEVAP=(1.-GONE(LINE))/YM(NEQ)+FE
VISCP 1=VSLEAD+EXP(MK4+FEVAP)

VTERM IS THE VISCOSITY MULTIPLIER FROM THE MOUSSE
CALCULATION.

VISCPmVISCP1e VTERM

CALCULATE THE BULK SPGR.
BSPGR=9 .
DO 310 I=ISTART,NEQ
BSPGR=BSPGR+SPGR(I1}+Y(1)/YTOT

CONTINUE
VISQT=SQRT(VISCP/10.)
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CALCULATE THE DISPERSION FACTOR,

FBm1./{1.+KB*VISQT+Z«STEN/0.024)
DISPER=FRACTS+FB
WRITH IOU,320)W,VISCP,DISPER
320 FORMAT 2X, 'WEIGHT FRACTION WATER IN OIL =',1PE8&.1,, VIS
1COSITY = * ,1PE8.1,' CENTIPOISE, DISPERSION TERM =
2,1PEB.1,’ WEIGHT FRACTION/HR’)
CVOLUM=Y (NEQ1 )*Z
TBBL=CVQLUM/@ .159
CVOLUM=(1.0E+06)*CVOLUM
CSPGR=TMASS/CVOLUM
WAREA=(1,QE+@6) ¢ Z*CSPGR
WO ISP=WAREA*DISPER
IF(INT.EQ.1) ERATE=®.
ERATE=ERATE/Y(NEQI )
WRITE 10U,330) WAREA,CSPGR,TBBL,WDISP, ERATE
330 FORMAT 2X,'MASS/AREA=', 1PEB.1, ' GMS/Me¢M, SPGRw"
1,1PEB. 1,", TOTAL VOLUME=', 6 1PE8.1, ' BBL,DISPERSION="
2,1PE8.1, " GMS/MsM/HR, EVAP RATE=',1PEB. 1, GMS/M*M/HR")

OO0

PRINT AN OUTPUT FILE FOR 8@ COLUMN OUTPUT.

OO0

DO 340 J=1 ,NEQ
JCUT=y
IF(YM(J).GT.9.5) GO TO 35@
349  CONTINUE
350 DO 36@I=1,NEQ
ICUT=]
IF(YM(1).GT.0.81) GO TO 37e
360 CONTINUE
370 IX=X
IW=Ws100.
WRITE (ITY,380)IX,TBBL,CSPGR,Y(NEQ1),ZP,IW,WDISP
1,ERATE ,WAREA,ICUT, JCUT
380 FORMAT(1X,13,1PEB.1,0PF5.2,2(1PEB. 1),1X,13
1,3( 1PE8. 1),12,13)
WRITE (I0U,78)

INCREASE XP TO 18 HOURS AFTER 50 HOURS OF WEATHERING.

(e Xe X

GO TO (390,400), NSS
399 IF(X.LT.59.) GO TO 4@@

NSS=2

XP=1@,

TAKE A STEP IN TIME

pAOOO

09 XARG=X
DO 4121=1,NEQ3
YARG(I)=Y(I)
418  CONTINUE

INT IS A SWITCH TO INDICATE THAT THE INTEGRATION WAS
INITIATED.

o000

I NT=2
CALL FXYZ(XARG,YARG,K1,NEQ)
XARG=X+H2
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DO 42e I=1 ,NEQ3
YARG(I)=Y(I)+H=*K1(I)/2.
42e CONTINUE

SAVE THE EVAPORATION RATE FROM THE FIRST TIME
THE DERIVATIVES ARE CALCULATED.

o0O0o0

ERATE=K1 (NEQ3)
CALL FXYZ(XARG,YARG,K2,NEQ)
DO 43e I=1,NEQ3
YARG(I)=Y(I)+H*K2(1)/2.

430  CONTINUE
CALL FXYZ({XARG,YARG,K3,NEQ)
XARG=X+H
DO 440 [=1,NEQ3
YARG(T)=Y(I)+HsK3(I)

44e CONTINUE
CALL FXYZ{XARG,YARG,K4,6NEQ)

DO 450 I=1, NEQ3
Y(I)mY(I)+He (K1(I)+2. 0 (K2(1)+K3(1))+K4(1))/6.
450 CONTINUE

IF1® pER CENT BY moLes OR Less OF THE SLICK IS LEFT, stopr
THE CALCULATION BECAUSE STRANGE THINGS HAPPEN CLOSE TO
ZERO OIL.

s e xNe]

REMATN=0 ., .
DO 46e I=1,NEQ
REMAIN=REMAIN+Y(I)

46e CONTINUE
TEST=REMAIN/MOLSAV
IF(TEST.GT.®8.1) GO TO 510
NQU I T=I
TYPE 47e

47e FORMAT(1X,'THE sLick Has DECREASED To 10% OF THe oricinaL MOLES. x
TYPE 480

48e FORMAT(1X, ' THE INTEGRATION WILL BE STOPPED HERE.’)
WRITE(IOU, 48@)

49e ForRMA(T /,1X,'THE siLick (MOLES) nas DECREASED to 10%
1 OR LESS, THEREFORE THE CALCULATION WAS STOPPED.)
WRITE(ITY,509)

5ee FORMAT /,1X, 'SLICK DECREASED To 10% MAss ® *stop**’)

GO TO 550
c
¢ RECALCULATE THE OVER-ALL MASS-TRANSFER COEFFICIENTS OUTSIDE
c THE DERIVATIVE SUBROUTINE. THE DIAMETER DEPENDENCE IS VERY
c S LOW. TERM2 IS THE OLD DXAt'(-0.11). SO DIVIDE THE OLD
c COEFFICIENT BY TERM2 ANO MULTIPLY | N THE NEW ONE.
c
c WHEN YOU CHANGE THE WIND SPEED WITH RESPECT TO TIME,
¢ CHANGE THE MASS-TRANSFER COEFFICIENT HERE. DIVIDE
o OUT THE OLD WIND TERM AND MULTIPLY | N THE NEW ONE.
c ALSO, IF THE TEMPERATURE CHANGES, RECALCULATE THE
[ VAPOR PRESSURE HERE. THIS APPLIES ONLY TO MACKAY
c ANO MATSUGU.
c
510 co To {540,520,540), kvuTcC
52¢e DIA-soRT(YENEQ1)/e.7as)
TNEWmD[Ase(-0.11)
ADJUST=TNEW/TERM2
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Do 530 I=1, NEQ

MTC(1)=MTC(1)«ADJUST
530 CONTINUE
TERM2=TNEW
c
c CHECK TO SEE | F THE INTEGRATION IS COMPLETED
c
540 IF(X.GE.X2) GO TO 550
X=XARG
c
c CHECK TO SEE IS THE FIRST NON-ZERO MOLES HAS FALLEN TO
c ©.81 OF ITS STARTING VALUE. | F IT HAS, RECALCULATE THE
c STEP SIZE ON THE NEXT NON-ZERO COMPONENT. NOTE THAT
c A COMPONENT IS NOT ZEROED UNTIL ITS MOLE NUMBER HAS
c FALLEN TO LESS THAN 1.0E-@8.
c

TEST=ABS(Y(NFAST }/YOLD)
IF(TEST.LT.9.01) GO TO 8@
GO TO 190
550 NSTART=NDEL+1
WRITE I0U,568) NSTART
560 Format /,1X,'THE cut NUMB ErRING BEGINSWITH’ I3, 'BASED On
1 THE ORIGINAL CUT NUMBERS',/)
LINE=LINE+1
WRITH I0U,570) X, LINE
570 FORMAT 1X, *THE FINAL MASS FRACTIONS FOR THE SLICK AT *
1,1PE8.1,* HOURS ARE:' ,65X,13)
HOUMOU=X
TMASS=0.
DO 58@I=1,NEQ
vu(x)-v(x).uwuﬁ:;
TMASS=TMASS+YM{ 1
YM1(I)=YM{I)
YM(I)=YM(1)/YMSAVE(T)
580  CONTINUE
YMT{NEQ1)=Y{NEQ1)
GONE(LINE)=TMASS/TSAVE
wriT£IIOU,40) (YM(I),I=1,6NEQ)
W R | T EIFIPU, 250 NEQ1
WRITHEIIPY,26@ X, (YM1(I),I=1,NEQ1)
WRITEHEHPIPU,260 (GONE(I),I=1,LINE)
IP=Zs100.
WRITE (10U,288) GONE(LINE),Y(NEQ1 ),ZP,WMEANS
CHECK=TMASS+Y(NEQ2)+Y(NEQ3)
wriTE (IU,240) TMASS,Y(NEQ2),Y(NEQ3),CHECK
TME=TME+Y (NEQ3
TMD=TMD+Y (NEQ2
FE=(Y(NEQ3)/TMASAV)+FE
M/RITE%IOU,SSG)
590 FORMAT(/ . 1X, #0608 0 s ess ettt sttt ssstssssastssssets
l************************** p’/)
RETURN
END
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20

30

SUBROUTINE VPI1F(TEES,N)
INCLUDE *VARI.FOR’

THIS SUBROUTINE CALCULATES THE VAPOR PRESSURE OF THE CUTS AT
A SPECIFIED TEMPERATURE, TEES.

INTEGRATION WITH 21 POINTS

YI(X)a((1.-%)»20,38)/(XsX)
DO 3@ I=1,N

TEE=TEES

IF (TEE.LT.Tie(l)) GO To 1@
TEE=TEE/TC(I)

EXmEXP (~2@+(TEE-B(1))+e2)
Y--A&I)*il.—TEE)/TEE-EX
VP(1)=PC(1)#10.asY

GO TO 30

CONTINUE

TR1=TEE/TC(I)
TR2=T10(1)/TC(1)
DH=(TR2-TR1)/20.
RESULT=YI(TR1)

TR=TR1

DO 20L=1,10@

TR=TR+DH
RESULT=RESULT+4.«YI(TR)
TR=TR+DH

RESULT=RESULT+2 .#YI(TR)
CONTINUE

TR=TR+DH
RESULT=RESULT+4. @ Y|(TR)
TR=TR+DH

RESULT=DHe (RESULT+YI(TR))/3.

IT USES A SIMPSONS RULE

P1m—4 33-HVAPZ(1)+RESULT/(1.987«7C(1))

VP(1)=EXP(P1)
CONTINUE
RETURN

END
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e Xe Mo Xe]

49

SUBROUTINE FXYZ{XARG,MOLES1,KK,NEQ)
REAL*4 MOLEST,KK

INCLUDE "VARI.FOR’

DIMENSION KK(3@) ,MOLES1(30)

THE VECTOR BEING INTEGRATED RESIDES IN MOLESI(I).
POSITIONS I=1 THROUGH I=NEQ ARE THE PSEUDO COMPONENTS,
POSITION NEQi{=NEQ+1 IS THE AREA.

POSITION NEQ2=NEQ+2 IS THE MASS LOST BY DISPERSION ALONE.
POSITION NEQ3I=NEQ+3 IS THE MASS LOST BY EVAPORATION ALONE,

SUM=9 .

DO 1@l=1,NEQ
SUM=SUM-+MOLES1(I)
CONTINUE

00 20I=1,NEQ

CALCULATE THE MOLE DERIVATIVES.

TMPV%I; -MTC(I):-MOLESENEm)vVP(I)tMOLES1(I)/SUM
TMPDS(1) =DISPER«MOLESI(I)

K }:é ng-mwp( 1)+TMPDS(1)

K 1 ID==KK(1I)

CONTINUE

VOLLU=D,

DO 3@ I=1,NEQ

VOLLU=VOLLU+MCGLEST (1)/RHO(I)

CONTINUE

CALCULATE THE AREA DERIVATIVE.

Z=VOLLU/MOLES1 (NEQ1)
KKENEQI;-(5.4E+05)1(Zt.1.33):M0LES!(NEQ1).:B.33
KK{NEQUL) =SPREAD*KK(NEQ1 )*SPRFAC

CALCULATE THE MASS LOST FROM THE SLICK DUE TO
EVAPORATION ALONE AND THEN DISPERSION ALONE.

KK%NEQZ;-O.
KK(NEQ3)=9.

DO 4@ I=1 NEQ
KKENEQS;-KK?NEQJ;+TMPVP§I;-MWUéI
KK(NEQ2)=KK(NEQ2)+TMPDS (1) +MWU(I
CONTINUE

RETURN

END

A-59




OO0 O

[N eNe]

OO0

20

[2XoXe]

30

SUBROUTINE WIO(TIME,W,VTERM)
INCLUDE *VARI.FOR’
WFUNC(W)m(1.0-C2eW)+EXP(=2.5*W/(1.8-C1+W))
VIS(W)=EXP(2.5+W/(1.0-C1+W))

DATA WSAVE,C4SAVE/-1.,-1./

THIS IS THE WATER-IN-OIL (MOUSSE) ROUTINE.
W IS THE FRACTIONAL WATER CONTENT IN THE Ol L.

WNDS | S THE winDp sPeeD | N KNOTS.

TIME IS IN HOURS.

Cl IS A VISCOSITY CONSTANT = 0.65

C2 IS AN OIL-COALESCING CONSTANT AND IS OIL

DEPENDENT, AND IS THE INVERSE OF THE MAXIMUM WEIGHT
FRACTION WATER IN OIL.

C3 IS A WATER INCORPORATION RATE (1./HR), usuaLLy ©8.01sUsl

THE PREDICTION EQUATION FOR W IS IMPLICIT AND IS
SOLVED BY TRIAL AND ERROR.

REFERENCE: CHAPTER 4 BY MACKAY IN OIL SPILL PROCESSES
AND MODELS.

DECEMBER, 1981

IERR IS THE ERROR CODE.
IERR=1 IS A NORMAL EXIT, IERR=2 IS A PROBLEM IN THE
TRIAL-AND-ERROR ROUTINE, IERR=3 IS A STEADY-STATE

MOUSSE EXIT..

IF THE O L DOES NOT FORM MOUSSE, C2 WAS SET TO -1.
IF(C2.6T.08.) GO TO 10

NO MOUSSE FOR THIS O L, SET TERMS AND RETURN.

W=0 .
VTERM=I .
GO TO 9@
| ERR=1

CHECK TO SEE | F THE WIND OR INCORPORATION RATE CONSTANT
CHANGED.

IF(WINDS .EQ.WSAVE.AND.C4. EQ.CASAVE) GO TO 20
WSAVE=WINDS

C4SAVE=C4

U2=WINDS*WINDS

C3=C4el2

EX=C3«TIME

IF(EX.GT.zo.g GO TO 8@

TEST=EXP (~EX

BRACKET THE TIME WITH TWO VALUES OF W.

We0 .
WMAX=1 . /C2
WSTEP=WMAX/10 .

WeW+WSTEP

TRY=WFUNC (W)
IF(TRY.LT.TEST) GO TO 4@
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80
90

IF(W. LT. WMAX) GO TO 39
| ERR=2
GO TO 9@

NOW DO INTERVAL HALVING TO FIND W.

NTRY=@

WR=w

WL=W-WSTEP

W=(WR+WL) /2.
TRY=WFUNC (W)
IF(TRY.LT.TEST) GO TO 69
w L=W

GO TO 70

WR=w

NTRY=NTRY+1
IF(NTRY.LT.10) GO TO 50
VTERM=VIS(W)

GO TO 9@

| ERR-3

CONTINUE

RETURN

END
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