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OCEAN- I CE O L- WEATHERI NG COVPUTER PROGRAM USER'S MANUAL

MODEL OVERVI EW

The ocean-ice oil-weathering code is witten in FORTRAN as a series
of stand-al one subroutines that can easily be installed on nmost any conputer.
Al of the trial-and-error routines, integration routines, and other specia
routines are witten in the code so that nothing nore than the nornmal 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 the Appendix to this report.

The ocean-ice oil-weathering nodel considers the follow ng weathering
processes:

evaporation
- dispersion (oil into water)
-~ nousse (water into oil)
spreadi 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. Dissolution of oil into the water colum is not considered as part of
the main code because this weathering process is not significant with respect
to the overall material balance of the oil slick. The conpanion document to
this User’s Mnual (Final Report for RU 664, Payne et al. 1987)* contains
conputer code for stand-alone nodels which consider conponent-specific
dissolution fromoil slicks and from di spersed droplets

An inportant assunption required in order to wite material balance
equations for evaporation is the state of mxedness of the oil in the slick.
The ocean-ice oil-weathering nodel is based on the assunption that the oil is
wel | m xed. This mght not always be true, but data have been taken and

*See pages 147-465 of this vol une.
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interpreted as if the oil is well mixed. Thus, experimental results based on
this assunption must be used in the sane way mathematically. There is grow ng
t hought based on physical and conpositional 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. Cearly, the mass
transfer within the oil wll change drastically in going froma well-mxed to a
sl ab-1ike phase.

The other three weathering processes 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 fornation
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
colum. This procedure yields cuts of the oil which are characterized by
boiling point and density. This information is then used to calculate many
nore paraneters about the cut. The nost inportant calculated parameters
pertain to vapor pressure and nmol ecul ar weight. The evaporation process is
driven by vapor pressures, and system partial pressures are calculated assumng
Raoult's | aw.

Sampl e runs of the nodel are included in this User's Manual in the
following manner. Exanples of the various input options are presented and
described on pages 17 through 39. Exanpl es of various calculated results
appear on pages 40 through 81. Each output or run of the conputer 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
40 through 81 contain all the user-entered paranmeters. The illustrations of
input are intended to illustrate all the options available and a real conputer
run woul d (probably) not invoke all these options (i.e., spreading versus
no spreadi ng, dispersion versus increased dispersion, and nany other on-off
exanpl es) .

10



MODEL DESCRI PTI ON

The pseudo- conponent characterization of crude oil for the open-ocean
oi | -weathering nodel s 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 pseudc-component evaporation nodel and the over-all mass-transfer
coefficient required for evaporation has also been described in detail (Peyae,
Kirstein, et al., 1983 and 1984a). The fundamental process of evaporation is
described in many texts, such as Mass Transfer Qperations (Treybal, 1955) and
in papers in the open literature. A paper on this subject relevant to oil
weathering is that by Liss and Slater (Liss and Slater, 1974).

The equation which describes slick spreading has 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
describe oil spreading due to gravity-viscosity-surface tension. The

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

The viscosity prediction used in early oil-weathering nodel calcula-
tions is based on a (mole fraction) .(cut viscosity) summation (Reid, et al.,
1977)". This viscosity prediction has been found to be inadequate in that the
predicted viscosity is always too low. This viscosity prediction has been
replaced with one due to Tebeau and Mackay (Tebeau, Mickay et al., 1981) where
the viscosity at 25°Cis a function of the fraction of oil evaporated on a
di spersion-free basis. The functional relationship is exp (K, F) 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).

11



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

eters (Mackay, et al., 1980) appearing in the follow ng equation:
[ - -2.50 _
1 - K,W) ex “exp (-KgKst)
( 2 ) lp] ]tklﬂ‘l 5°3

where Wis the weight fraction water in the oil-water mxture, K Is a constant
in a viscosity equation due to Money (Money, 1951), K, IS a coalescing-
tendency constant, K, is a lunped water incorporation rate constant, and Kis
a factor by which the nousse formation rate is increased during broken- ice
field weathering.

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

- . exp |—z2:5W
BT Wy P-T:R'I'w'

where w° is the parent oil viscosity. K is usually around 0.62 to 0.65 and
apparently does not change nuch with respect to different types of oils. The
constant ., above nust 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 maxi num wei ght fraction water in the mxture, X, is the water incorpo-

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

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

F =K, KU+ 1)

Fom (14 k"% 507!

12



where F is the fraction of sea surface subject to dispersions per second, Uis
the wind speed in msee, K is constant, and Kc is a factor by which dispersion
is increased during broken-ice field weathering. F. is the fraction of drop-
lets of oil below a critical size which do not return to the slick, K, is a
constant, g is the viscosity in centipoise, x is the slick thickness in neters,
and § 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 DESCRI PTI ON

The initial input required to performan oil-weathering calculation is
the distillation characterization of the crude oil. The desired input is
termed a true-boiling-point (TBP) distillation and consists of distillate cuts
of the oil with each cut characterized by its average boiling point and API
gravity. For a description of the TBP distillation see Van Wnkle (1967). An
exanple of a TBP distillation is shown in Table 1. The petrol eum product

characterized in this table is a whole crude oil. The reason for choosing this
example is that it is a text-book exanple of a true-boiling-point
di stillation. The introduction of the true-boiling-point distillation to

characterize crude oil and products for environmental predictions is a new
concept . Therefore, the objective in using this 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 termed an ASTM (D-86) distillation. The
ASTM distillation (Perry, R H, and C. H. Chilton, 1973) differs in that the
ASTM distillation is essentially a flask distillation and thus has no nore than
a few theoretical plates. The TBP distillation (ASTM D- 2982, 1977) is per-
formed in a column With greater than 15 theoretical plates and at high reflux
ratios. The high degree of fractionation in this distillation yields an
accurate conponent distribution for the crude oil (mxture). Another type of
crude oil inspection available is the equilibriumflash vaporation (EFV) which

13



Table 1. --Exanple of True Boiling Point (TBP) Distillation of Crude
Gl (Van Wnkle, 1967).

Z Distilled T, 'F APl Gavity
0 105 first drop
5 230 63.5

10 300 46.7
20 392 39.0
30 458 34.5
40 505 32.0
50 542 30.8
60 585 27.5
70 640 23.5
80 720 20. 4
90 880 13.1
99 1090 --
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differs from both the ASTM and TBP distillation in that the vapor is allowed to
equilibrate with the liquid, and the quantity vaporized reported. In the

distillations vapor is continuously renmoved fromthe still pot.

Both the ASTM distillation and EFV can be converted to a TBP distilla-
tion (APl, 1964). However, at the present the ASTM D-86 distillation results
can be used directly in the oil-weathering cal cul ations because it is e reason-
able approximation to the TBP-distillation result at the 1light 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
inoil weathering, this difference is of little consequence.

Currently, the best sources of distillation data are “Evaluation of
Wrld s Inportant Crudes" (0&6J, 1973) where a tremendous nunber of distil-
| ati ons and other characterizations are reported. The distillations reported
are a mx of ASTMs and TBPs. Another excellent source of distillation data is
“Analyses of 800 Crude G ls fromUnited 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 cal cul a-
tions when the boiling points are all converted to one atnosphere total pres-
sure. The reason parcs of the ASTM or TBP distillations are conducted at
sub-at mospheric pressure is that cracking begins to occur in the still pot at
tenperatures around 700F. Thus, the data reported by Coleman are around atnos-
pheric pressure up to 527F, and for fractions boiling above this tenperature
the distillation is performed at 40 mm Hg. In order for the entire distilla-
tion to be used as input to the oil-weathering calculation, the cut data must
be converted to one atnosphere total pressure. The procedure for converting
sub- at mosphere boiling points to atnospheric boiling points is described in
many pl aces (Edmister and Ckanoto, 1959; ASTM D-2892, 1977; APlI, 1964). An
exanpl e of the sub-atnospheric boiling-point conversion is shown in Table 2 for
Prudhoe Bay Crude QO I. 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 calculations.

15



Table 2. --Distillation Data for Prudhoe Bay Crude Q|

Showi ng

Conversion of Sub-Atnosphere Boiling Points to Atnospheric Boiling

Points (see text) (Coleman et al., 1978).
Prudhos Buy fleld
Sadiecochit, Triemsic A' I'.hl 4
a'm".mkd o
GENERAL CHARACTENSNGS
Gravity, speerile, 0.893 G LOAPL, .. 27.0 -, *
| "!l-': ity o ravity S ‘P_c::' ‘nmh:."‘* u:‘i
Viwromty, Savielt Unisernal s 770 F, 111 30¢; 100° F, 84 e Nitrogen, perosms, 0.230
OISTILLATION, SUREAU OF MINES ROUTINE METHOD
raan § =Inmil r:‘h " ” 740 mm He
. Tt : . TRt e U :
CRTL e BF W0 LR S | T
] 122 ' l | ' . o
2 w 20|21 jom ! 27 - hum| 9
3 nm | 2.6 ' 47 723 6.2 ' 23 1403121 129.0
. s | 3.5 82| m | $6.7 | 27 a2 ML9
s oo 36 T ILE .73 L Shé W 1401 M7.0
. W) A7 155 ' M0 | 47.6 | N 1.43922 | 49,4
3 wm | s | 9o | leat | 62 l 2 |l.«m| 12.)
2 w43 1223 .38 41,5 T 1 L4558 15,7
. w 48 280 ' (&% 37.8 36 '14s%eS| 1570
n 5.0 331 .as) M. 38  rener' 10.5
Btrang 32— i maLilistionn contimid ot 40 tam Ilg
" w | 2.8 35D TOEA W4 |78 e@E[TIOTTTWOT O
2 at ! 85 424 ' .88 | 291 . 45 14889 | 1886 | 45 |20
" " 6.8 - 49.2 W7 | 202 1 49 14977 168.4 58 s
1 a7 | 6.0 5.2 | .910 24.0 0 R L2 ] e N
" mo 74 2.4 .90 l 25! 8 176 | %0
Romsdrmnim 6.3 98. 990 1.4 )
Carona reavton, Conrareon Rriduum 1 1.6 rmroome; srute 4.7 o
APPROXIMATE SUMMARY  Sulfur. percent.
Nitrogen, percens, -
_— *erevat e . _'_M"Hl__ _\N!m_nr__
Lan casniine ~ . ! 6’r° l._m !
Total l.dl-—u::umn ".6 i ‘6:7& 5.2
Kernmne mntrliole 4.3 1 .18 4'.5
o e s | 2.33_.213 9
a 0 [l . . . o . o
o weeeun lubnesting dmtiliste o1 olmae-a.e Paghed
o e e 3w | e 1 T
Fraction Cut tenperature, “F
no. at 1 atnosphere
10 580
11 638
12 638
13 738
14 790
Resi duum --
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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 will 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 eman et al.,
1978) in Table 2, and illustrate the transfer of these data to the oil-
weat hering cal cul ation. Notice that cut 1 (fraction 1) in Table 2 has been
deleted and the cuts renumbered. The reason cut 1 was deleted is because it is
not the first cut with any nmeasurable volume. Al so 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 node
(Payne et al., 1984a). Reasons for these differences can be explained as
fol | ows. The distillation data in Table 2 are presented as cunul ati ve-cut
tenperatures 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 tenmperature and Fraction #5 began being collected. Thus, the Fraction
#4 tenperature tabulated 1is the upper tenperature at which that fraction was
col | ected. The tenperature wused to characterize the entire fraction is the
average tenperature that is (rounded up to) 235°F.

A simlar exanple of the use of distillation data from Col eman
(Coleman et al., 1978) is illustrated in Tables 4 and 5. Table 4 again is the
published data and Table 5 illustrates how these data appear as input to the
oi | -weat hering 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 from a
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.

17



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

"NTER THE NUNMBER OF TBF CUTS TOBE CHARACTERIZED ON I2

F YOU HAVE ROINFUT DATA JUST ENTER 99
99 ENTRY WILL USE ALIBRARY EXANMFLE

E

|

A

P9

(CHOOSE A CRUDE ACCORDING T0¢
1 - FRUDOHOE BAY» ALASKA

2 - CDOK INLET» ALLASKA

3 - WILMINGTONs CALIFORNIA
4 - HURBANs ABU DHABI

7 - LAKE CHICOT» LOUISIANA
A
i

- LIGHT DIESEL CUT

"0l CHOSE: FRUDHOE BAYs ALASKA

cuT TEB APT VoL
1 150.0 72.7 2.1
2 190.0 64,2 2.6
3 235.0 5647 3.5
4 280.0 51.4 3.6
5 325.0 47.6 3.7
5 370.0 45.2 3.5
7 415.0 41.5 4.3
3 460.0 37.8 3.8
9 505,0 34.8 5.0
10 554.0 30.4 2.8
11 509.0 29.1 645
12 6620 26,2 6.8
13 712.,0 24.0 540
14 764.0 22.5 7.4
15 850.0 11.4 3643

D0 YOU WANT TO CHANGE ANYT
N

18



Table 4. --Distillation Data for Wlmngton Field Crude Ol
et al., 1978).

Wilmington field
Repoito, Lower PMliocens
and Puerde, Miocene

Colifornie

GENERAL CHARACTENSTICS

Gravity, spenfle  0.938 19.4.

Sulfur. pereens. 1.59

Gravity, * API,
Cnioe.  brownith black

Pourpnme * 7 balow §

( Col eman

Los Angeles County

Visraty, Savhoit Univoreat s 100° £, 470 sag; 130° F, 229 we Nitrrgen. pereens, 0,97
DISTLLATION, BUREAU OF MiNES IOUTN METHOD
Mrang | =[1eniligg ] -
. -";:.,.,:mmm r-uv mw g
et L1t . o woer. . ] Kitomsrors . 'Y :
A R LN -~ >~ ()
172 ’ ’
2 167
3 22 2.3 2.3 0.7 &8.6 -LI®e. 1227
s wr 2.4 4.7 44 | 58.7 | 24 1.41218  128.7
3 203 2.4 7.1 747 S3.0 27 1.42208 ¢ 122.1
[ 31 , 2.S 9.6 .78 . 48.1 38 1.43480 128.8
: m' 28 124 810 | 432 | 34 | 1us8) i 1323
* ar *Ls 160 .83 i 38,8 ' ¥ 145771 ' 1496
- w44 204 .48 W4 41 1.467%4,1S0. S
"0 A 5.3 25.7 .86 323 ‘ u 1.47/36 152. 9
Ryaag 3 -Istiligiuen rontsnum) « ¥ cun g
" w47 004 ' 0.%94 | 26.8 ° 35 14883 15537 T talow$
1 wr | 63 347 907 | 24.3 57 148 | 1638 S ¢ de.
k] A3 ! ‘. l 408 920 22-3 w 37 h.
1/ 14 sz7 ¢ 5.8 461 , .9 203 & 17 do.
8 3, | |
Roardnm 533 996 ‘-m 8.’
Cortna resitun, Conraiunn Revbyum. 8.6 rroons; srade. 47 poreome. | Ju—
APPROXNAATE SUMMARY  Vulfur pereemt.
. Niteogen. peresns, 1.043
. e e AP Naenun
Light anniine__ .« - ] -0—: N7 - &3
Tl casshane and Aaphing 12.4 . 0748 5.4
Keconee dintiilate . - ! -
Ges oo | 1.8 . 8& .3
Noau - lebrstng  dwiitete A3 .901-,922128.5-22.0 0. 10
Modium hebroating #ntiiels ? g 23262 -'.’gg %29?- ‘:; 100 208
Movwdnguhas i © 533 oo | se ., ™
Distiiaton lose .4 )

1/ Distitiation discontirued ot 527° F.
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Table 5. --Distillation Data for Wlnington Field Grude G| Illustrating
Use in Ol-Wathering Calculations. (See Table 4 for published data.)

ENTER THE NUWBER OF TBF CUTS TO BE CHARACTERIZED ONI2

|F o fOU HAVE NO INFUT DATA JUST ENTER 99
A 99 ENTRY WILL USE & LIBRARY EXANFLE
?7

ZHOOSE » CRUDE ACCORDING TO2

1 = FRUDHOE BAYs ALASKA

COOK INLETs ALASKA

3=WILHINGTON» CALIFORNIA
= MURBANs ABU DOHABI

3
5 < LAKE CHICOT! LOUISIANA
& = LIGHT DIESEL CUT
3

~

YOU CHOSE: WILHINGTONs CALIFORNIA

CcuT TH AFI VoL
1 195.0 68.4 2,3
2 235.0 S8.7 2.4
3 280.0 53.0 2.4
3 325.0 48.1 2.5
5 370.0 43,2 2.8
é 415.0 38.8 3.6
7 460.0 3s.4 4%4
8 %05.0 32+3 5.3
9 554.0 g:.g 4.7

900 =T 6.3

L ee2.0 22,3 au1

12 712.0 20.3 5.5

13 850.0 8.9 53.3

DO You WANT TO CHANGE ARYT
N
U0 YOU WANT THE MACKAY CONSTANTS?

20



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

cut Cut Tenp. , “F vol. % APl Gavity

1 137 1.5 71.6

2 196 2.1 69.7

3 228 2.0 55.0

4 256 2.0 53.8

5 283 2.0 49.6
Table 7.--Illustration of User Input of Data for a Gasoline Cut. (Sege

Table 6 for published data.)

ENTER THE WUMBER OF TBFF CUTS TOERE CHARACTERIZEDONIZ2
IFYOU HAVE HO INFPUT DATA JUST ENTER 99

A 99 ENTRY WILL USE A LIBRARY EXAMPLE

S
TS THE CRUBEGNA FILE 2

N

=NTER THE WNAME OF THE CRUDE

GASOLINE CUT

ENTER AN IDENTIFICATION NUMBER FOR THIS CRUDEGNIS
11111

ENTER A SAMPLE NUMBER ON IS

ENTER THE BULK APIGRAVITY

Bs.

vOUMUST ENTER THE TRUE BOILINGFPOINT CUT DATA STARTING
WITH THE 1OST VOLATILE CUT ANDGOING TO THE BOTTOM OF THE RARREL

ENTER THE BOILING FOINTAT 1 ATHMINDEG F FOR CUT 1
oi“'v:;F.-.'F\nFI GRAVITY FOR CUT 1

Zuﬁ'}gR VOLUME PER CENT FOR CUT 1

I;L?u‘:!?ER' THE BOILING POINT ATI1ATMINDEG F FOR CUT 2

194,

21



Tabl e 7.--(Continued)

ENTER
59.7
ENTER
2.1
ENTER
228.

ENTER
55.
ENTER
r
ENTER
294,
ENTER
53.8
ENTER
2.0
LNTER
233,
ENTER
317.4
ENTER
3

o &

CuT

-

N

O Uitle

s

APl GRAVITY FOR CUT2
VOLUME PFER CENT FOR CUT 2
THE BOILING POINTAT1IATMINDEG F FOR CUT 3
#FI GRAVITY FOR CUT 3
VOLUME FERCENTFOR CUT 3
THE BOILING FOINT AT 1 ATHM INDEG F FOR CUT 4
AFI GRAVITY FOR CUT 4
VOLUME FERCENT FOR LUT 4
THE BOILING POINT AT 1 ATMINDEGF FOR CUT 3
AP I GRAVITY FOR CUT S
VOLUME RER CENT FIOR T s
B F vou

137.0 71.6 1*S

196.0 S5%.7 2.1

254.0 33.8 2.0

283.0 47.6 2.0

YOU WANT TO CHANGE ARYT

THIS CRUDE WILL NOW BE WRITTEN TO AFILE. WHAT WOULD YOU LIKE
TO CALL IT?

LFRSNAIM OFEN unil 38 DSKIFOR3B.DAT sl MAIN.+026 (FC 1442151
CFRSEF3 Enter correct Tile specs]

AGABCUT.OIL

00 YOU WANT THE MACKAY CONSTANTS?

i
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Each tine 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 | -weathering calculation wthout 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  owi ng keyboard data entry, the user will be pronpted for a name
to be assigned to a disk file which will contain the TBP data for the oil of
interest. The format for this nanme 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 model (Mackay, 1982). The calculation of these
constants are an “add-on” calculation and do not affect the “weathering”
portion of the model.
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Table 8---1llustration of Input-Error Recovery. (Note error for cut 3
boiling tenperature.)

ENTER THE BOILING FOINTAT 1 ATMINDEG F FOR CUT S
283.
ENTER AFI GRAVITY FO R CUTS

37.4

ENTERVOLUME FERCENT FOR CUT 3

2.

CUuT TR AFI VoL
1 137.0 71.6 1.5
2 196.0 59,7 2.1
3 22.8 55.0 2.0
4 256.0 53.8 2.0
3 283.0 49.6 2.0

N0 70U WANT T O CHANGE ANYT

Y

ENTER THE CUT NUMBER TO BECHANGEDON 12

3

ENTER 1 TO CHANGE TB»2 FOR API»3 F(3R VOLX%
1
ENTER THE CHANGED LATA

228,
cuT TB AP T VoL
1 137.0 71.4 1.5
» 196*0 59*7 2.1
3 228,0 $5.0 2,0
3 256 4 0 53.8 2,0
S 283.0 49.6 2,0
DO YOU WANT TO CHANGE ANYT

N
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Table 9. --Illustration of Disk-file Input of TBP Distillation Data.

FENTER THE NUMBEROF TBP CUTS TO BE CHARACTERIZED GNIZ2
IF YOU HAVENODINFPUTDATA JUST ENTER. 99
A 99 ENTRY WILL USE ALIEBRARY EXAMPLE

5

7S THE CRUDE ON A FILE ?

Y

WHAT I53THE FILE NAME?

LFRSNAM DFEN unit 36 DSKIFOR3&6.LAT at HAIN.+156 (FC 140631)1

FRSEFS Enter correct file srecs]

AGASCUTLWOTIL

ouT TB AFI uoL
1 137.¢ 71.6 15.6
2 176.0 59,7 21.9
3 228.0 55.0 20.8
3 256.0 53. 8 20.8
5 283.0 49.6 ,20.8

00 (OU WANT TO CHANGE ANYT

N

G0 YOU WANT THE HMACKAY CONSTANTS?
N
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At this point the calculation can be stopped. The crude oil char-
acterization and, if desired, the Mackay Constants are all that will have been
cal cul at ed. However, in order to “weather the crude”, the user types “YES' in

response to DO YOU WANT TO WEATHER THI S CRUDE?

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

is then pronpted for the spill size in barrels.

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

nents” of possible oil weathering. These three conpartnents are:

1. Ol weathering in pools on top of ice.
G| weathering on the ocean surface in a broken-ice field.

3 Qpen ocean oil weathering.

The user is allowed to “mx and match” conbinati ons of these three

envi ronmental 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 compartnents can be ski pped and environnental paraneters
such as tenperature, wind speed, etc. can be changed from conpartment to com
partment. An exanple of user input for a scenario that involves all three

conpartments using a library crude oil is illustrated in Table 10. Fol | owi ng

the spill size specification the user is asked WLL THE WEATHERI NG SCENARI O
I NCLUDE SEA I CE? If the user responds with “N', the first two conpartnents are
not used and open ocean weathering follows, If the user enters ‘Y, asin the

exanple, all three weathering conpartments are offered.

For weathering of oil on top of ice the required input data are: the
nutb e r  of hours for oil weathering, the tenperature, the depth of the oil
pool s, the nmass-transfer coefficient code, the wind speed, and, if desired, new

viscosity constants.
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Table 10.--Illustration of User Input for GI-\Wathering Calcul ation
with a Library-Specified Crude.

ENTER THE NUMBER OF TBF CUTS TO BE CHARACTERIZEDONIZ

IF YOU HAVE NKOINFUTHDATA JUSTENTER 99
A 99 ENTRY WILL USE A LIBRARY EXAMFLE

7Yy
CHOQSE ACRUDE ACCORDING TO:

1 = FRUDHOE BAY» ALASKA

2 - COOKINLET» ALASKA

3 =sWILMINGTONs CALIFORNIA
4 = MURBANs ARU DHABI

9% - LAKECHICOT» LOUISIANA
& = LIGHT DIESEL CUT

i

YO CHOSE: FRUDHOE BAY s ALASKA

cUT TB AFI VoL
i 130,90 72.7 2.1
2 19G.0 44.2 2.6
3 235.0 36.7 3.5
4 280.0 S1.6 3.4
5 325.0 47.6 3.7
A 370.0 45.2 3.5
7 413.0 41.3 3,3
8 4460.0 37.8 4,8
Ed 505.0 34.8 S*O
10 554 0 30,6 2.8
11 60%.0 29*1 5.3
12 662.0 26.2 6.8
13 712.0 2400 6.0
14 764.0 22.3 7.4
13 830.0 11.4 346.3

U0 YOU WART TO CHANGE ANYT

N

U0 YOU WANT THE MACKAY CONSTANTS?
Y

AT WHAT TEMPERATUREs DEG F?

32
PLEASE WAI T

00 YOU WANT TO WEATHER THI' S 011.?

Y -

WHAT IS THE SPILL SIZE IN BARRELS?

1G00G

vILL THE WEATHERING SCENARI O INCLUDE SEA | CE?

WHEN THE O L REACHES THE o1L SURFACE

WILL IT WEATHER IN FOOLS ON TOFP OF THE ICE?
Y

27



Table 10. --(Conti nued)

AT WHAT TEMPERATURE» DEGF?

20.
FOR HOW MANY HOURS?

24,
HOW DEEF WILIL THE FPOOLS BE INCM? TRY 2

2
ENTER THE MASS~-TRANSFER COEFFICIENT CODE!1sy2y OR 3 WHERE?

1=USER SFECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2<=CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGU

3-INDIVIDUAL-FHASE ifASS-TRANSFER COEFFICIENTS
-

ENTEF\' THE WIND WEED INKNOTS

10
GO YQUWANTTOENTERNEWYISCOSITY CONSTANTS?

N

FILEASE WAIT
WILi. THE OIL NOW WEATHER IN THE BROKEN ICE FIELD?

i
FOR HOW MaNY HOURS?

100,

mT WHAT TEMFERATURE» BIEG F?

332,

ENTER THE FRACTION OF TCE COVER» I E+ Q.7

-1-)
L0 VOU WANT To ENTER NEW MOUSSE FORMATION CONSTANTS?

N
NOYOUWANT TO ENTER ANEWOIL-WATER SURFACE TENSION (DYNES/CM)?

N
ENTER THE MASS-TRANSFER COEFFICIENT CODE:1s2» OR 3 WHERE:

1-USER SFECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2-CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGU
3-INDIVIDUAL-FPHASE MASS-TRANSFER COEFFICIENTS

2
FNTER THEWIND SPEED IN KNOTS

1.5.
110 Y0OU WANT THE SLICK TO SPREAD?

Y
[QYOU WANT TO ENTER NEWVISCOSITY CONSTANTS?

N
UOYOU WANT THE WEATHERING TO OCCUR WITH DISPERSION?

T
[I0 YOU WANT TO ENTER NEWDISPERSION CONSTANTS?
N

FLEASE WAIT
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Table 10. --(continued)

WILL QOFEN OCEANBEATHERING NOW OCCUR®?

Y

FOR HOW MaNY HOURS?

240,

AT WHAT TEMPERATURE,» DEG F7?
40.

U0 YOU WANT TO ENTER NEW MOUSSE FORMATION CONSTANTS?
IN
DO YOUWANT TO ENTER A NEWOIL-WATER SURFACE TENSION(DYNES/CM)7?

N
ENTER THE MASS-TRANSFER COEFFICIENT CODE$1y2s0R 3 WHERE:

1- USER SFECIFIEL OVER-ALL iMASS-TRANSFER COEFFICIENT
2-CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY 2 MATSUGU
3-INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS

E?STER THE WIND SFEED IN KNOTS

5\6“(01" WANT THE 3ILICK TQ SFREAD?
EYIO‘(OUUANTTOENTERNEU VISCOSITY CONSTANTS?

gOYOU WANT THE FEATHERING TO OCCUR WITH DI SPERSI ON?
00 YOU WANT TO ENTER NEW DISFERSION CONSTANTS?

N

FLLERSE WAIT
CFU tine 19.73 Elarsed tLime 2:136.35
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The mass-transfer coefficient is for the evaporation weathering
process, not dissolution. There are three possible nass-transfer coefficient
input specifications, and the one recommended is 2 as illustrated in Table 10.

The wind speed, which is in knots, should be less than 40 knots be-
cause oil-weathering processes at and above this wind speed are not quantified.
Aso, the Iowest wind speed used in the calculation is 2 knots and any val ue
entered |ower than this is reset to 2.

For now, new viscosity constant are not entered. The procedure for
speci fying new constants will be detailed later in this manual.

After all of the required data have been entered, the user is asked to
wait while the numerical integration rout ine is executed. Following this
pause, the user is asked if broken ice field weathering will take place. In
the 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 (with one minor exception
noted below) so the follow ng discussion applies to both of these compartnents
of the nodel.

The required data at this point are: the nunber of hours for weather-
ing to occur, the tenperature, new nousse formation constants (if desired), new
oi | -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 values.

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 nechanistic 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 tine. 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
mechani 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 programmed information can be changed are presented in the followng dis-
cussi on. Altering the programred information allows other crudes or petrol eum

cuts to be entered into the calculation, or actual spills and experinents can
be analyzed to find the best physical properties or rate constants which pre-
dict observed data. Such alteration can be used in each of the three compart-
ments of the nodel so the follow ng discussion applies to each of those
conpart nents.

The first input information that can be changed by the user is the
nmousse-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 tine. This rate equation is (Mackay, et al., 1980).

T3.50 A
(1- KM) exp TR exp (-KKgt)
where Wis the weight fraction water is npusse. K is a constant in the
viscosity equation, K, is a coal escing-tendency constant, K, is a |unped water

2 3
incorporation rate constant, and Ky is the factor included in the equation to

increase the nousse formation rate in the broken-ice field. K, appears in a
stand-alone equation for the apparent viscosity of the enulsion as (Money,
1951),
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Table 11.--Illustration of User-Specified Musse-Formtion Constants.

U0 YOU WANT TOENTER NEW MOUSSE FORMATION CONSTANTS?
r

1. ENTER THE MAXIMUN WEIGHT FRACTION WATERIN OIL

é?OENTER THE MOUSSE-VISCOSITY CONSTANT» TRY 0.45

%f‘;NTER THE WATER INCORPORATION RATE CONSTANT» TR Y 0,001
4:}\)1I.ENTER THE BROKEN ICE FIELDMULTIPLIERFORMOUSSE FORMATION
EEI vou WANT TOENTERANEWOIL-WATER SURFACE TENSION (DYNES/CM)?
Y

TRY 30.
30,
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'2.5“
W= oy 8XPITTIRW

where u° is the parent oil viscosity. Ky is usually around 0.62 to 0.65 and
apparently does not change nuch with respect to different types of oils.

The constant K, must satisfy the relation KW< 1 in order for the
water incorporation rate to be > 0. Thus, Kis the inverse of the maxi mum
wei ght fraction water in nousse, K, is the water incorporation rate constant
and is a function of wind speed in knots. Currently the oil-weathering code

cal cul ates K from
Ky = 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 mousse formation constant
entered is the maxinmum weight fraction water in the nousse. The reciprocal of
this nunber is used for Klu The second constant entered is the viscosity con-
stant in Money's equation and this nunber should be 0.62 to 0.65 unless exper-
imental evidence suggests otherwise. The third constant entered is the multi-
plier of the (wnd speed)2 which then yields K. This nunber is around 0.001
as indicated. There is limted data available for K but some evidence points
to a typical value of about 10 for broken-ice fields, which is the default
value. In the open ocean, Ky is by definition 1.0 so input is not required for
this constant in the open-ocean section of the code, Note that mpst 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$1:2y0R 3 WHERE:
1=USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.
2-CORRELATION rASS~TRANSFER COEFFICIENT BY MACKAY & MATSUGU

3=INODIVIDUAL-FHASE MASS~TRANSFER COEFFICIENTS

1
ENTER THE WIND SFEED IN KNOTS

10.

00 YOU WANT THE SLICK TQ SPREAD?

‘f

ENTER THE OVER-ALL MASS~TRANSFER COQEFFICIENT» CM/HRs TRY 10

130,

[0 YOU WANT TO ENTER NEW VISCOSITY CONSTANTS?

ENTER THE MASS-TRANSFER COEFFICIENT CODE?!1r2+0R 3 WHERE?
[-USER SFECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2=CORRELATION MASS-TRANSFER COEFFICIENT BY HACKAY & MATSUGU
3-INDIVIDUAL-PHASE HKASS~TRANSFER COEFFICIENTS

ENTER THE WIND SPEED IN KNOTS

10.
U0 Y0U WANT THE SLICK TO SPREAD?

f

ENTER THE MASS-TRANSFER COEFFICIENT CODE: 1» 2y OR 3 WHERE:

1=USER SPECIFIES| QVER-ALL MASS-TRANSFER COEFFICIENT
2=CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGU
3-INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS

3
ENTER THE WIND SPEED IN KNGTS

;.Ig.‘u‘OU WANT THE SLICK TGO SPREAD?

IéNTER THE OIL-PHASE MASS~-TRANSFER COEFFICIENT INCM/HR» TRY 10
é;\;'}ER THE AIR-PHASE MASS-TRANSFER COEFFICIENT INCM/HRs TRY 1000
é::?g‘R THE MOLECULARWEIGHT OF THE COMPOUND FOR K-AIRABOVEs TRY 200
E;lg?{.OU WANT TO ENTER NEW UISCOSITY CONSTANTS?

N
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options for the evaporation mass transfer coefficient. The first input option
shown in Table 12 allows the user tp input the mass-transfer coefficient
directly, in contrast to the second input option where the coefficient is
calculated as a function of wind speed and slick diameter. In the third input
option the user can enter individual-phase mass transfer coefficients. In this
| ast option the entered coefficient is scaled according to the square root of
the nolecul 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 scaled
according to wind speed according to Garratt's drag coefficient (Garratt.
1977) .

After specifying the mass-transfer coefficient options the user can
specify if the slick is to spread or not. This option is illustrated in Table
13 by entering YES or NOto 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 1land.
Wien 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 remaining
thickness is used. In the illustration in Table 13 the entered thickness is
2 cm

The final physical property optional input that can be specified by
the user is the viscosity. The viscosity-prediction for the bulk weathered oil
is inportant when dispersion of oil into water occurs, since viscosity appears
in the rate equation for dispersion. The current methaod of viscosity pre-
diction is based on the viscosity of the initial crude at 25°C, a temperature-
scaling constant, and a fraction-oil-weathered constant. The viscosity
predicted at this stage of optional input is for oil only, and nust not be
interpreted as that viscosity when a water-in-oil enulsion is present. The
further change in viscosity due to water-in-oil emulsification (nmousse forna-
tion) was described on page 12.

The viscosity at 25°C is scaled to other tenperatures by the Andrade
equation (Gold and oige, 1969), which is
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M 1 1
] -8 -
=] A

and the tenperature-scaling constant is B. This viscosity of the weathered oil
is calculated according to exp(K4F) where F is the fraction weathered (Tebeau,
Mackay, et al., 1982) i.e., fresh crude oil has F = O As weathering proceeds,
the parent oil viscosity increases exponentially with respect to F.

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

Ow 5 -1
FB = (1 + Kbu 8x)

where F is the fraction of sea surface subject to dispersions per second, Uis
the wind speed in msec, and K is 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, K Is a constant, around 50, u is the viscosity in centipoise, X is the
slick thickness in meters, wis the surface tension in dynes/cm and Kc is the
constant which determnes the increase in dispersion for broken-ice fields.
Little experimental data is available for Ko however sone |imted data sug-
gests a value of 10, which is the default value. In open-ocean weathering, Kc
is by definition 1.0, so input for this variable is not required in the
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Table 13.--Illustration of the “No-Spreading” Option and Starting
Thi ckness Speci ficati on.

ENTER THE MASS- TRANSFER CCEFFI CI ENT CODE: 1s 2y OR 3 WHERE:
1-USERSFECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2=CORRELATION MASS-TRANSFER COEFFICIEKRT BY MACKAY & MATSUGU
3-INDIVIDUAL~-FHASE MASS-TRANSFER! COEFFICIENTS

el

ENTER THE WIND SPEED | N KNOTS

1o

DO YOU WANT THE SLICK TO SPREAD?

]

SINCE “THE SLICK DOES NOT SFREAD» ENTERA STARTING TH CKNESS IN CH

)

Table 14---1llustration of Viscosity-Constant Input Options.

GOYOU WANT TO ENTER NEWVISCOSITY CONSTANTS?
t ENTER THE BULK CRUDE VI SCOSITY AT 25 DEG C» CENTIPOISE, “TRY 33,
;?;ENTER THE VISCOSITY TEMPERATURE SCALING CONSTANT (ANDRADE),» TRY %000.
i(.NfEf\JTER THE VISCOSITY-FRACTION-O0IL~WEATHERED CONSTANTs TRY 10.3

;fng.*‘;ou WANT THE WEATHERING “T(J 0CCURWITH DI SPERSI ON?
trlovouuAN'r'mEN'rERm-:u DIS3PERSION CONSTANTS?

ii?NTER THE WIND SPEED CONSTANTs “TRY 0.1

l::_n}lTER THE CRITICAL DROPLET SIZE CONSTANT» TRY 50
E:\::I'ER THE BROKEN | CE FTELD DI SPERSION MULTI FLI ER
8.

o 7OU W&NT THE WEATHERING TO OCCUR WITH DI SPERSI ON?

37



open-ocean portion of the model., Ths mass fraction that |eaves the slick as
di spersed droplets is (Fb) .(F) and this fraction applies to each cut of oil.
Table 15 illustrates the user input of the constants K, L and K.

QUTPUT 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 forns. The OILICE.OUT file is
130 columms wi de and intended to be printed on an appropriate high speed
printer. The OILICE.TYP file is an abbreviated version of OILICE.OUT. The
OILICE.PLT i S 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 paraneters for the MACKAY

evaporation nodel

An exanpl e of the 0oILICE.oUT file (130 colum) is presented in Table
16 where the calculated results for an oil-weathering calculation for Prudhoe
Bay crude are presented. The first page of this output (page 40) is crude
characterization information for fresh Prudhoe Bay crude oil as cal cul ated
according to previous descriptions (Payne et al., 1983, 1984a). Page 41
presented the mass-transfer coefficients, the input parameters and constants,
and the beginning of the results of the calculations for weathering in pools on
top of ice. Pages 42 through 45 are the renmminder of these calculations. Page

46 presents characterization of the oil after “pool-weathering .* The
internmediate characterization 1is used automatically as input for further
weat hering as directed by the user. (Note that the volunme percents and bul k

APl gravity have changed.)

For the scenario presented in Table 16, weathering in the broken-ice
field at 32°F was chosen next. Page 47 presents the input constants and the
beginning 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 times is self
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Table 15. --Illustration of Dispersion Constants Input.

UOYOUWANT THE WEATHERINGTOGCCUR W TH DI SPERSI ON?
Y

00 VOU WANT TO ENTER NEW DI SPERSI ON CONSTANTS?

Y

ENTER THE WIND SPFEED CONSTANTs TRY 0.1

i

» A

ENTER THE CRITICAL DROPLET SIZE CONSTANT» TRY 3¢
3G.
ENTER ‘ THE BROKEN ICEE FIELD DI SPERSI ON MULTI PLI ER
89.

FLEASE WAIT
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Table 16.--11lustration of Qutput

Char acteri zati on.

from OI-Wathering Calcul ations:

SUMNARY OF TBE CUTS CHARACTERLVZATION Full: PRUDBOE BAY, ALASKA

CODE. VERSIUN IS CUTICA 0F NAY e

TEM vV, SAMPLE 7100
™ Al*l s
] 1. Juke02 7 2726401 6.01F-01L
2 1.90F+02 6.42E400 7. 11E-01
4 Z2UUOE+02 J.67E+08 7.349E-01
4 L.HoFt02 J.i6k+01 T.060K-00
§  U.23E02 4. TOeEW 7.77K-01
O H.70K02 4. .02E¢01 T .H7FE-0)
T 9.151002 4.15E+01  H.04E-91
B 4.00K402 3 .78E+0L 0.22E-01)
9 S.03K:02 B 40K+ B.06E-0)
10 5.04K+02 3. 00kr0l  0.G0FE-08
1 G 902 2. 9EH08  B.06E-0)
12 0.62E+02 2 62E+01 8.082E-81
18 7.12K402 2 .40k B.94k-01
14 T.631002 2. 2G5E+1 9. 0UE-@)
13 B.00KI02Z 1. 14E+0L 9. .7UE-@)
v K COBRELATION INDEX
3 1.24k0) 1.16Ev00
2 ). I.00LE+001
H Y 2.
4 1 2.2k 00
3 . 2.40K 00
6 | 2.8:2k 4010
7 4. 2,36k 400
8 1.108Ew0) 2. 90E+04
9 1.018Ew0) 4. 18E0)
18 1.17E01 8. 70Kr01
1t .0l .66k 001
12 1. 1000 4.02E+01)
13 1. 000 4.27001
19 1. .38KE01 4. d0k+00
1S 3.02E000 T.21Ew010
BULK AF) CHAVITY = 28.9

vol.
2R 00
L OUI 00
.G4E+00
. 64E +00
THE+00
. S4E+00
LASE+00
HoE+00
.OGE+0®

ONBRARD BRSNS

TR = NORMAL BOILIRC TEMPERATURE, BEG F

API = APFI GRAVITY
VOL = VOLURE PER CENT OF TOTAL. CRUDE
nw MOLECULAR WESCHT

Ve = CHETTECAL VOLUNE, CoonoLy

A ARD B ARE PARAMETENS IN THE VAPOR PHESSURE. FQUATITON

T16 18 PHE TEMPERATURE IN DEC B WHERE THE VAPOR PRESSURE
OSITY IN CENTISTOKES AT
ACTERTZATPLON FACTOR

VIS IS TiIlE KINEMATIC VIS
Uy b HE

TE = CHETICAL TEMEERATURE, BEC HANKIRE
: CRITHCAL PRESSURE, ATHOSPHENES

=
COMMELATION INDEX IS DEFINED IN CCOLENAN,

NG O RO C

W, SHOULD BE 1ESS THAN 20

N= - FHHOR COoBE . SHOULD 11t FQUAL TO |
TCNOKE, THE ERROR CODES O CONMPORENT NUNMKER 15 1 1§

MEAN MOLECULAR WEICHT OF TRE CHUbE
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{17 XT1T]
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-BE+02
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.45E+O0
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HESDUUN
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95+
$.70kEr01
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L BOED)
LOURET010
2.911201

Har 01

g IR
RS IT}]
K y{ AT
Ll6Er0)
.20
.00 +00
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122 DFLC ¥

v

. bbE+02
LOTEAIO2
LG 402
LOTH T2
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HHJ 15
COUBE 02
N Trd RT3
L2002
LO9E T2
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RS AY R
QUL OO

CreamESN2CROLeR

Fresh Prudhoe Bay Crude Ql

4.
HEB
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H
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A
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Table 16.—CQutput from O |-Wathering Cal cul ati ons (Continued): Prudhoe Bay Crude G|, Tinme versus
Calcul ated Results of Wathering in Pools on Top of Ice at 32°F.

WEATHERING OF a1 1IN Poals ON Ter oF 1cE

OVER -ALL BASS “THARSEER CORFFICIENTS BY INPUT CobE 2

OVER-ALL MASS -THANSFER COEFFICIENT FOIL CORENE - 2 079101 N/ MR
«ur M- GCHR-ROLES - (D LATH) (Mxx2)
] 2 1.0200r 1038
2 2 [ TR H ]
4 2. 9. 9944402
4 2. 1506k +001 9. 4TUur 02
5 2. 0000 9.767H 02
[ 2.1 802K08 9. 669K +02
7 2.895k 01 9.0vEre2
13 2. 0L+ 2. 02302
L] 2.009E+0) 9.974L+02
10 2.057K« 9. 449Ec02
" 2. 042K 101 9.3%1E 02
[ 44 Z.001E+0) 9. QUL 02
" 2.022K 1001 9.2070+02
ie 2.012K18) 9. 213L 42

FOH THES SPILL OF | . 0v0E+694 BARKELS, THE MASS IS 1. .495E 60 METHIC TONNES
VOLUHE PROH SUMMINM THE CUTS = §.6E+03 M3+, OR 1 .CL0FE+04 BARRELS
WIRD SPEED = 1. 000E+01 KNOUDS, OR 1 .808K+04 M/HR
IHETIAL SLICK BIARETER =  3.102:+02 B, O AREA = 7.900E+04 M*x2
THES SECK BOES NOT SPREAD FOR THIS CALCULATION
KINEMATIC VISUGSITY OF THE BULK CRUDE FHOMN TIE CUTS = 4 . 0ok+ob CENTISTUKES AT 122 DEC F
KINENATIC VISUCOSITY OF TiE BULK CRULE FMOR THE C UFS - 1 IE+00 AT T = 32.80 DEC K, SCALE FACTOR = 2.8E-91
VISCOSEIY ACCONRIRG TO NASS EVAPOIATED: VISEO0U - 3.G0E+08  ANDRADE = 9 . @OE+OR, FRACT WEATHERED = (. .65L+01, VSLEAD = 1 .23E+63 CP
HOUSSE CONSTANTS : BOUNEY= . 00E+100, M A X H20:-1.00, WIND¥x»2: 0. 00K +00
THE FRACTIONAL SLICK AUEA SURJIEUT TO DISPENSION IS 0. 0E«00 PEH HOUR
COURT THE GUTS TN PIE FOLLOWING OUTPUT FRON LEFT TO RIGHT
T A N IT | Al a6 | N 'vse s1.14:K Ase:
2. 7008405 U IBEr05 . 90THAOS B 060185 . AU0UE00 2. 928E+00  B.004F+05  U.J14E+00  3.U490K+03 1 .741E+05  {.576E+63
B.9020+00 2. T4IE0T  U.042E05 9. 420H 0D
TIHE INVPILAL HASSES (CRAMS) 1IN THE SLICK ANE.
2 2HBE T 2. 956K t07 4. 1INIKO7 4. 075507 4. 596H+07 4 . 407E+07 3. 54007 6 .300E+07 0. 690E107 . BAIETOT 9. 003K 187

9 3931 +07 8. 30507 1 G108 5. 0520
TIE CPUTAL. MASS FROM THESE CUIS 1S 1 U90GE 269 CNARS

STEE SIZ4E OF 3. 8047E-02 15 BASED ON CUT 1

TN @ 8100 HOURS . MASS FHACTION o FACH CUT BFEMAINING:

1.0Ly00 1L OEYBO § OHIO0 1 OEIO0 | BEIOB L DEr00 1 OEIB0 ) OEr00 | L OE+O0 ) OE00 ) OE00 1 OLTO0 ] OO0 | . 0K+
1.0 00

MASS HEMAITNING - 1LoHSEc00 . MASS BISPERSED - 0. 0001 +00, MASS FVAPORATED = ¢ QU0 +00, SUN - 1.395315¢09

FRACTIOUN (BASEDR ON MAS=? BEHATNINRG TN EHE SUICE D o0, AREA- 7 .95 v04 M542, PRCKNDS S.oOFr00 CH. HOLE WE- 2090

WEICIT FHACTION WATER IR OLL 0. O, VISCOSEEY - OE+00 CENTISTOKES, DISPEMSION FENM - 0. 0F+00 WEIGCITE FRACETON- IR

MASS. ANEA- ) . BETE4 GHS-MHR, SPCH- G0 00, TUONAL VOLUME - | 804 BB, BISFERSION: U 0100 CHS Mo 18, EVAEP HATE- 0.0k 08 UNS M. HK
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Table 16. --CQutput from OI-Wathering Calculations (Continued): Prudhoe Bay Crude O |, Tine versus
Cal cul ated Results at 32*F for Weathering in Pools on Top of Ice.

TIME © 1 .OFE+60 HOURS, MASS FRACTION OF FACH CUT BREMAVINING:

5.15::—0:. B.4K-01  9.6E-01 9.9E-01 1.0Ew0  (.0E+00  a.obo0 | etvon | okeoo 1 ervoo 1 coneon | eniee | ekies 1 ekee
1.6L+0

MASS HEMAINING = AT9OE+09. HASS DISPERSED = 0.000F+00, MASS EVAPORATED = 1.67akE+ww7. SUM = .395K+09

Fi )

7 IUN_ lll-\..\‘l‘lh ON HASS) REMAITNING IN VHE SLICE= 9. 98-01. ANEA 7 .98+04 M*x2, TIHCENSS: 2 0Ev00 CM, MOLE WE:=265.4
| T i'.ll.‘\l.'l IUI! WATER 1IN 011 = 0. 0Lw0, VISCOSITY - (. 4Fs8 CENTINTORES, DISUERSITON TERM = 0. 0E+00 WELCHT FRACTION LR
BASS/AREAZ §.7E+04 CMS/M4N, SIPCKR= B.UE-01, TUTAL VOLUME: 9 8E+00 BIM.. DISPERSION-: 0.0F 00 CHS, MEM/HI, EVAEF BATE: ). 7Er02 CHS /NN HR

TIHE = 2.1E+00 HOUNS, HASS FRACTION OF EACH CUT HEMAINING: %
D.UE-01 T.OE-01 9. 2E-01 9.0E-01 1.6EWWO | . OE00  1.0FE+00 ) .OLM00  1.0E100  1.01100  1.6E100 1 GF+00 | .UE+00 1 .0E 160
1.0E+00

MASN REMAINING = 1 . 367E+09, MASS DISPERSED = 0.00001+00,. NASS EVAFOUATED = 2 . 63K+07, SUM = 1. 395K+09

FRACTION (BASED ON MASS) REMAINING IN THE SIICE= 9. 8E-01, AREA: 7.90004 HE£2, THICENESS: | 9E+00 CH. MOLE WI=270.0

WEIGHT FRACTION WATER I8N Ol = 0.0E+00, VISCOSEITY = 1 _oF+04 CENFISTOEES, DISPERSION TENR = 0.00+00 WEICHT FRACTION-IIR
HASS/AREA= 1. 7E+04 CHS/N4M, SPCHE 8.8E-01, TUTAL VOLUME: 9. 2E+00 BB, DISPFEUSION: 0.0FE+00 GMS-H4h/lit, EVAP BATE= 1.3E+02 CHS/N*N/lIR
TIME = 4. (K08 HOUNS | MASS FIIACTIOB OF EACH CUT REMAINI KRG : 4
1.90-00 S.0K-61 B.0E-01 9.7E-01 9.9E-01 |.OE+00 |.0E+60 [.0Ft00 1.0E+00 |.0KE+00 1. 0L+00 ). OE+O0 1. 6E+00 1.0LE+00
1.0k« 00

MASS HEMAINING = | UGHE+0), MASS DISPERSED = 0.000E+00, MASS EVAFORATED =  4.756E+07. SUM = . -393E+09

FHACTION (BASED ON MASS) NEMAINING I N THE SLICK= 9 .7E-00. AREA= 7 .9E+04 H¥£2, THICENESS: | . 9KE+00 CN, NOLE WIE=274.4

WELCHT FRACUION WATER IN i1, =  @.0E+08. VISCOSITY = 1. 7E+00 CENTISTOEES, DISPERSION THEUN = 0.0F+00 NEICHT FRACTION/HR

MASS/AREA= | . TE+604 CHS-H:M, SPCR= B8.8E-01., TUTAL VOLUME: 9.7F+03 BBl., DISPFERSION: 0. 0K 100 CHS/M+N-HR, EVAP BATE= 9.3E+01 CHS/MN:N/UR

TIME = 4.20+00 HOUNS, MASS FRACTION OF FACH CUT REMAINING: 3
1.0E-01 4.8KE-01 U.9E-0) 9.06E-01 9. 9E-61 1.OE+00 (. OE+00 1 . OE+00 1. 0FE+00 1 . OF+00 1 .0L+00 | .OE+00 1 .0FK+0¥0 | .6)+00

L AL +éhid

MASS HEMAINING © 1. 051E+09, HASS INSPERSED = 0.000F+00, MASS EVAFORATED =  4.447K+07, SUN 1. %9 GE+09

FRACTION (BASED ON MASS) BENAINING 1IN THE SLICES 9. 7E-01, AREA= 7. .9E+0% N352, TIHCKNESS:= | . 9E+00 CH, MOLE WI'=276.0

WEICHT FRACFION WATER IN @l = 0. .0Ew00, VISCOSETY = I BE+O0 CENTINTOKES . UISI”ITISION TENN = 0.0F+00 WEICIHT FRACTION/HR

MASS/AREA= § . TE+04 CHS/MsM, SICH= 8. 0E-01, TOTAL VOI BN 9. 6E+0i mu., DISPERSION: 0. 0E+00 CHS/MEN/IR, EVAE HATE= 7.3E+01 CHS/N&N-IHR
TIME = 5.214+00 HOUUS, MASS FRACTION obF EACH CUT WEMAINING:

3.845-02 4. 6E-B1 H.O0E-O1 Y. 5E-01 9. 9EK-01 1. .OE+00 1 . OE+00 1 . OE+00 1 . 0E+00 | OF+00 1 .0E+60 1§ .0Ew00 | . OE+00 | .0E+00

1. 9E+00

MASS BEMAINING = | 45F+09, MASS DISPERSEDR = 0. 000F+00, MANS FVAFOHATED = 5. 0038407, SUM = (.395E+09

FRACTION (BASED ON MASS)Y REMAINING IN THE SLICES 9. 6K -01. ARFA= 7 .9E+04 Mx:2, THICKNESS: §.98+00 CM,. BOLE =27, 2

WEICHT FRACTION WATER 1IN 011 = 0.0F+00, VISCOSETY = 1 . 8E4+08 CENTINSTOEES, BISPERSION TERM 5 0.0F+00 Wi FRACTION/IIR

HASS-ANEA: 1 . TE+04 G Mo, SPPCH= 8. 96-01, 7 - VEIHLUNE: 9. 0E+00 B, DISPERSION: 8. .0E+00 CHS/NsN/HIE, EVAP HATE: 6.2F+01 CHS/MxN/HN
TINE = 6.3E+00 HOUNS, HASS FHACTION OoF FACGH CUT BEMAINING:

B.20-02 QJ.UE-®1 T7.7E-01 9. 4E-00 9.9E-01 L.OETOUD | OE+00 1. .OF+00 ) .OE08 ) OO0 ) OE+U0O | L OEtU0 | .OEDO | .OE+O0

1 .6Lk+00

MASS HEMAINING = 1.3 1E+09 , HASS DISIPREUSED = 9.0001+00, MASS EVAPOIATED = 5 .471FK+07, SUpN - 1.3920F+09

FRACYION (BASED ON MANS) HEMAINING IN ‘VHE SILICK: 9. 0F-03 . ARFA: 7 . 9K+04 H%+2, THICKNESS: (9800 CH, MOLE Wi-20.0

WEICHT FRACTEON WATER I8 01 = 0.0Ewe, VISC TY = 1. 9FE+00 CENTINTOKES, DRISPERSION TFRM = 0. 0E+00 WG FUACTION- 1IN
MASS- ABEA: 1. TED4 CHS /MM, SPCR= 8.9E-01, TOTAL VOLUNE.: 9. 5E+03 BUL., DISPERSION: @ 000 CHS-NEM IR, EVAP HATE=: 5.2E+01 CHS/Msn- 0l

TINE = T.00400 HOURS . HASS FUHACTION OF EACH COT BEMAINING:

. 8-02 27K T O0E-0) 9.4k 00 9.9 - FLOE+sGO ) O0FE+00 1 . OE00 1. .0F00 1. .OEt00 | gl 1. OO0 1. 0K 00 1. 000
1000

MASS HEMALNING - 1 U7Er09, NASS DISPEASED = 0. 000E00, MASS EVAFONATED - §.870E+07, SUN : 1 95K+0%
FUACTIION CBASED ON MASS) HERAINING IN THE SLICE: 9. 6E- 01, ANSA- 7 9Ee0d Masz, THICANESS: 1. 9E+00 CN. MOLE WF B
WEICHT FHACTION WATER IN 011 - 0.0Es00, VISCOSETY ¢ 2. 0F+0d CENTISTOEES, DISPERSION TERM = @ oF+00 WEICHT FRACTION/HR

MASS AHEA: §.72F¢04 GHS MM, SPCH: 0,90 -01, TOTAL VOLUNME 9 504 B, DISPERSION: 6. 0E+00 GHs M+M I, VAP BATE: 9.35E+01 CHS-MeM HR

STEE SEZF OF 2 6361 01 Is BaskEp ol Cd 2
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Table 16.—-CQutput from OI-Wathering Calculations (Continued): Prudhoe Bay Crude OI, Time versus
Calculated Results at 32°F for Weathering in Pools on Top of Ice.

TIME = 8.4E+00 NOURS, MASS FIACTION OF FACH CUT REMAINING :
9.7E-00 2.2E-01 7.0E-61 9.E-01 % K 01 1.0Ev00 1 ok+00 1 .6kr0s 1 .0ksev | .okewe 1 .oksee 1 .ekvee | .ekee 1 .eEeed
1. OE 00

RANNS lll‘:ﬂl\ININl.: = OOKE+09, MASS DISPENSED = .0V +00, MHASS EVAFORATEFD = 6. 29+ 07, SUN = §.395k 109

FHACTION (BASED ON MASS) NENAIHIRG UM THE SLICK: 9. 6E-01. AREA: 7.9E+04 Hes2 . MHICKNESS: 1. 9E+00 CH, BOLE WI=202. 0

WEAGUT FRACTION WATER EN O1L = -0.6Ev00. VISCOSITY = 2 0E+0l CENTISTOEES, DISPENSION TEIN = 6.0E+00 WEIGIT FIACE )OI

RASS/AIEA: 1. TE+04 GRS/MsH, SPCH: O.9E -1, TUTAL VOLUME: 9. 48+0:0 BN, DISPERSION: O.08 00 CHS/MsN/ R, EVAP BATE: 4. 0E«01 CHS-M*0-HAR

TIRE = 9.41+80 HUOUNS, NASS FRACTION OF EACH CUT REMAINING: 16
5.2:2-0:[ b.Ue-01 6 .7E-0f 9.28-01 9.8-01 § . OEI00 1.0E100 1 .OE+00 1.0E+00 1.0E+00 | .0L+00 1 .0L+00 1. GE«00 1 .OE+WQO
[ R

RASS REMAINING = 1. 300K+09, MASS DISPEASED =  0.000F¢00, MASS EVAPORATED = 6.345KE+07. SUN = 1.3958+09
FRACTVION (BASED ON HASS) REMAIBIRG IN THE SLICK= 2.58-01, AlNA: 7.9 04 M&:2, THICKNESS: 1. 95+¢00 CH. BOLE WE=-204.6
WESCHT FRACTION WATER I8 Ol = &.0E«GO, VISCOSITY = 2 15+08 CENTINTOEES, DISCERSION TEAH = @ 0E:00 WEIGHT FRACTION/NR

HASN/ANEA= 1. TE+84 GHS M, SPCR= 8.9E-01, TUFAL VOLUME: 9 9FE+04 M., DISPENSION: ©.0k1L0 CHS/ K4 N0, EVAEP RATE: 3.0E:98 CKS/HXN-HR

TINE = 1.0E+01 BUUNS, MASS FRACTIOR OF EACH CUT HEMAINING: Y}
2.805-00  1.3E-81 6.4E-00 9. 4E-@8 9.8E-9F 1 .OEt00 1.0E00 | .OE+00 .OK+00 1. .0K+90 1 .0L+00 §.0E8 | -SEC® 8. .OE+BO
§.eb edp

MANS HEMAINING = 3. Q27E+09, HASS DISPEISED = &.000E+0¢, MASS EVAPORATED =  0.819E+07, SUR = 1.395E+09
FRACTION (BASEL ON HASS) NEMAIRERG I8 THE SEICK= 9. 5E-01, ANEA: 7.9F«04 M2, THICKNESS: .90 o8, NOLE WP-205.1
WEACHT FHACTION NATER 108 000 = @.0E+0O, VISCUSITY = 2 1k+el CERVINTOKES, DISUEASION TERH = §.0E+00 WEICKT FHACTION R

HANS/AREA= 1.7E+04 CRS/MsH, SPCR= 8.9E-01, TUTAL VOLUME: 9.4E+0% BUl., RISPERSION: 0.0k+00 CHS/RSA/HE, BVAP HATE: 2.38+88 CHsS/ Nz HR

STEP SIZE w  2.619E-08 IS HASED ON CUr 2

TIRE = 3.20+61 BOUNHS, HASS FRACTION OF EACH CUT UEMAININCG: 12
08003 1.2K-00 O6.1E-91 9.9E-601 9.0E-91 1 .0E00 | . OE+OD |.0E+00 | .OE+00 | .0F+00 1 .8K+600 | .OE00 §.0EtD0 1.0E:68

I . OF+00

HASS DEMAINING = 1. 324E¢0%, RANS RISPEASED = 0.000F+0Q, HASS EVAFORATED = 7.076F+07, SUH = (.3958+09

FRACTION (BASED ON HASS) REMALHING 18 THE SLICK= 9.3E-00, ANEA: 7.98+04 M3, THICKNESS=: 1.95+00 CH. ROLE WT=206.0
WEICHT FRACTION WATHH IR BB = O.OE+O0, VISCUSITY = 2 1E+00 CERTINSTOXES, BISPERSION TERAN = 6.0E+00 NEIGIT FUACTION-MR
HASS-AREA= ) .7E+64 CRS--H*H, SPCH= 8.9E-08, TOVAL VOLUME: 9.45008 BBI., DISPERSION: ©.0L+00 CHS Rt /I, EVAP HATE= 3.0E+01 CRS- R/ HR

STEF SIZE OF 2.606E-01 IS DASED ON CUT 2

TIME = 1.3E+01 HUURS, HANS FHACTION OF FEACH CUT BEMAINING: 195
8.200-0% 9.9k-02 J.8E-61 L.9E-01 9. .uk- 1.OE+00 1 . OF+00 1. OF+00 1 .0E+60 | .0E+00 ) . QE+60 1.0£+00 | .0F«600 { .OE+60
1. 05200

MASS HUEMAINING = 1 . J22E+09, MARNS DISPEIUSED = 0. 000FE+00, HASS EVAFGHATED = 7.310K+07, SUH = §.395E+09
FRACTIOR (BASED ON HASS) HENAINING SN CFUE SLICK= 9. GE-00, ANEA: 7.9E+04 M¥x2, THICKNESS= §.9£+00 CH. BOLE WT:=206.9
WEAGCHT FRACTION WATEN 8 O30 = 0.9F+00, VISCOSITY = 2 3F+00 CERTISTOKES, DISPFERSION TERN = ©.0E+00 WEICHT FRACTION/HR

HANN/ANEA= §.TE+04 CHS/H3M, SrCih=. 8.9E-01, TUTAL VOLURE: 9.4E+08 BSL. DISEENSION= 0.0LE+08 CHS - M+sN-HR, EVAP HATE= 2.88+60 CHS-N&N-HR

STEF SIZ2E OF  2.594E-01 IS BASED ON CUT 2

TiME = 1. 4E+01 HOURS, MASS FUHACTION OF EACH CUT REMAINING: 14
4.40-04 U.IE-602 J5.3E-00 B OE-0) 9. .0E-01 1.OEA00 1 OF+00 | . OE+00 | . 0F+00 | . OEt08 | . 0K+00 1|.08+00 | .0E+08 | . 0L+00
1.9k vty

HASE WEHAINIRNG = ¢ H20E+09, MASS DISPERSED = 0. 000F+00, HASS FVAFONATED = 7. .525E+07, SUM = 1.3955+09

FUHACTION CHASED ON MASH) BEMAINING IN PHE BEICK: 9 5E-00 . ANEA- 7 .9E«04 K352, THICKNESS: | . 960 CKH, MOLE Wi=287.7

WEIGHT FHACTION WATER [N Q1L 2 @ eoFr0, VISCOSITY 2 2E+08 CENTISTOKES, DISPERSION TERN = o.ob+00 NFICHT ACTION- IR
BASS/AEA: 1. 7E+04 GHS-HHM, SPCKH: 6.9 01, TOFAL VOLUME: 9,310 BIEL, DISPERSION: 0. 0E00 CMS- M+M-BIE, EVAP BATE= 2.0Ev&1 CHS/M*N IR

SEEE SEZE OF 200028 o) IS BasEp on cuy “
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Tabl e 16.-output from Q| -Weat hering Cal cul ations (Continued): Prudhoe Bay Crude G I, Time versus
Calculated Results at 32°F for Weathering in Pools on Top of Ice.

’I‘Im‘.': 1 S5E401 jlouis . MASS FRACTION OF FACH CUT MEMAINING : 13
:.::,—:; G.OE-O2 5.RE-61 B.7E-01 9 7E-01  1.0EwW0 | 0E«00  Loks0s | okeoo | 0k wie 1 eksee 1 okeon | ok | okees
T .OF,
MASS REMAINING = [ I0E0%, HASS BISPERSIID = 0. 000E+00, HASS EVAPORATED = 7 . 793E+07. SUN = 1.995K 00

FHACTION (BASED ON MASS) REMAINING IN VHE S1ICE= 9. 4E-0), AREA: 7.90+04 M5£2, THICENESS: 1, 9K+00 G, MOLE Wi=5. 4

WERGIT FRACTION WATER IN OIL = 0.0E+0u, VISCOSEEY = 2.2K+08 CENTINTOKES, DISPFERSION TERM = 6.05+00 WELGIHT FRACTION-UR

MASS, AREA= 1 .7E+04 CMS/M¥K, SECR= .91 00, TOTAL VOLUME: 9 3E+08 BBLE. DISPERSION: 0.0 00 CM=-MEM/ Uit . EVAP RATE: 2. 4E+01) CHS/NsMN/HR

STEF S1VZE OF  2.372E-01 IS BAsSED ON CUT 2

TIRE - ). 61 +01 HOUINS, HASS FRACTION OF EACH CUT REMAINING: T8
18004 3.9L-92 5.0E-01 8.6E-01 9.7E-U1 9. 9E-01L 1. 0F100  1.0E+00  L.OE+00 | 01 +00 | . OE+00 | . 0E+00 | .0E+00 1 .0E+00
1.0 y00

MASS RENAINING = 1 . 316E+09, MASE DISPERUSED = 9. QUuF 00, HASS FEVAFOUATED = 7. 91 1E+07, SUM = §.395E+09

FRACTION (BASED ON MASS) HEMAINING IN THE SLICK: 9. 9801, AHEA= 7.90+04 MEL£2, THICENESS: | 9oE+00 CH. HOLE WE=209 )

SEIGCHY FRACTION MATER I8N 0L = 8.0E+08, VISCOSITY = 2 0E+8: CENVISTOLES, ISPERSION IFIRN 0. OE+00 WEICHT FRACTION/ IR

MASN/AREA= | . TE+O4 GHS-NsN, SPCR= 8.9E-01, TUVAL VOLUHE: 9 OE+08 BB, PISPERSION: 0. 0F 00 GHUS BB/, EVAIP BRATE= 2.2E+¢81 CMS-MNsN-HR

NTEY SIZE OF  2.362E-01 1S HBASED ON CUT 2

TINE = 1. 75E401 HOULS, MASS FRACTION OF EACH CUT REMAINING: 17
6. 901-05 4.4E-02 4. 8E-91 §.3E-61 9.7E-@1 9.9E-01 1 . OE/O0 1.OE+08 | .0E+00 1. OL100 1. 0100 1 .0K+00 | . QE+00 | .0E+00

I .6l +00

MASS NEMAINING = 1 J148+09, MASS DISPEUSED = 0. 000E+60, MANS EVAFORATED = 8. 006KE+07, SUM = | 3955 +09

FHACTION (BASED ON HASS) REMAINING IN THE SLICK= 9. 4E-01, AIFA= 7.9E+04 Hx32, THICKNESS: | .9E8+00 CN, MOLE WT=209 .8

WELCHT FRACTION WATER IN 011 = #.60E+00, VISCOSITY = 2.0K+09 CENTINTOKES, DISPERSION TEHUN = 0.0F+00 WEICHT FRACPION-NIR

MASS/AREA: ) . TE+04 CHRS/N*M, SPCR= 8.9E-01 ., TOTAL VOLUME= 9 _JE+038 BB, DISPERSION= 6. 0E 00 CHS/NEM/0I, EVAP RATES 215701 CHS-MEM-UR

STES® SIZE OF  2.558E-01 1S HASED ON CUT H

TINE = 1. 0E+01 BOUNS, MASS FRACTION oF EACH CUT REMAINING: "
I.7E-00 B.o0k-92 3.6E-0F U.4E-0) 9. 7r-01 9. 9E-0I 1.OE+00 1. OF+00 | .OF+00 | . OF+00 | . 0E+08 | .0E+00 1. .0E+) | . OFv00
1.6t +00

MASS REMAINING = 1. 308E+09, MASS DISPERSED = . 000F+00, MASS EVAFPORATED = H.200K+07, SUN = 1.39%5E+09

FRACTION (BASED ON HASS) REMAINING IR THE SLICK: 9. 4b-01, ANEA= 7 v MEEDZ, CTHICENESS:= 1 . 9E+00 CM, MOLE WI-290. 4

WEIGHT FRACTVION WATER IN 011 = 0. 0E+00, VISCOSETY = 2Z2.00+00 CENTISTOKES, DISPERSION TEHN = 0.0E+60 WEICHT FRACTION/ K

MASS/AREA= 1. 7E+04 CMS /MM, SIPCRE B.9E-01 . TOTAL VOLUME=: 9 0F+00 Bhl., DISPERSION= 0.0FE 60 CHNS-MNsM-HIl, EVAP RATE: 2.0F+0) CHS/N+M/MR

STEE S1ZE OF  2.543E-01 IS BASED ON COT 2

TINE = 1.9E+@1 HOURS, MASS FRACTION oF EACH CUT REHAINING: 19
2.05-05 B.0E-02 4.3E-01 U.4E-0F 9.7KE-01 9 _9E-0} 1.0E+00 | . QE+08 | . OF+00 | . 0K+00 ) . QET00 | . 0LV | .OF100 | .0E100
1.0+ 0b

MASS REMAINING = 1 01«09, NASS DISPEUSED = 0. 000E+00, MASS EVAFORATEDR = 8.4900E+07, SUM = 1. 495E109

FRACTION (BASED ON FIANS) REMAINING IN THE SLICK= 9.4 01, AREA= 7.9F+04 H¥£2, TINCENESS= | 9K+00 M. MOLE WE=291 . @

WEIGHT FRACTVION WATER IN 011 ¢ 0. 0F100, VISCOSETY = 2. 4E+08 CENTISTOKES, DISPERSTON TERM = 0. 0F+00 WEIGHT FRACTIONLIR

MASN/ABEAS | .0E+03 GHS. M+M, SICRE 8.9E-00, TOTAL VOLUME: 9. 0E+00 881, DISPERSION= 6. 0E 00 CMx-M2N- MIt, EVAER RBATE: 1.9E¢001 CHS/N*M/UR

STEF S1ZE OF 2. .547E-01 IS BASED ON CHT 2

TIME - 2. 0001 JOURS ., MASS FUACTION OF FACH CUT REMATRING:

P E-00 2.9E-02 .k 01 U.BE-01 92.0E-01L 2. 901 1 OEt00 1 OE+00 1. .BEYO0 | .OEI00 ) OE100 3 . 0100 ) . OFE:00 | . 8k'00
1.0t r00

MASS NEMAINING - )OBIOE 00, MASN DISEERSED V. 000E+0tr, MASS EVAFORATER = 8.05052H+07 , Supm - 1.895+09
FHACTION (BASED ON HASS )Y NEMAIKING IN FHE SLICE - 9 . 4F 01, AREA- 7 9«94 He42, THICKNESS . (300 CH, NOLE WI:-290 .8
WEICIEE FHACTION WATER IN 03). - 0.0 00, VISCOSIYY - S.HE100 CERVISTOKES, DISPERSION TN = 0. upcue WEICIE PRACTION- 1N

20
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Table 16.--Qutput from G I-Wathering Calculations (Continued): Prudhoe Bay Crude QI, Time versus
Cal cul ated Results at 32°F for Weathering in Pools on Top of Ice.

MASS/AREAZ 1 . 6F+04 GRS MM, SPCR= 8.95-01 , TOTAL VOLUME: 9.25+03 Bil., DISPERSION: 0 oE+08 CHS/HsM-lH, EVAP HATE: | HE+01 CHS/NSN/HR

STEP Sin’ O 2.530E~03 | S BASED ON CUT 2

TIME = 2.0KE+01 HOURS, NASS FHRACTION OF FACH CUT HEMAINING: ‘21
5.‘):'.-04- L.0E-82  J.9E-01 8.25-00 Y.0E-01 9.9E-01 1.OF100 1. 0E+00 1. OE+Y00 1 . OL+00 | .OE+00 | . OF100 1 .0K+0 1 .0E+00

B 0Lty

HASS HEMASNING = 1 . J00E+0%, MASS DISPERSED = 0.0001 00, BASS EVAFORATED = 0. 6981+07, SUH = |.293E+09

FRACFION (BASED ON MASS) HENALAIRG 1R THE SIICK= 9 3K -1, AREA: 7.95+04 HF+2, THICKENESS: §.8FE+00 CH., HOLE WT=292.0

WEICHT FRACEFIOR WATER 1IN 0L = @.2B+00, VISCOSITY = 2 4+ CFNCISTOVES, DISCERSION UFI = 0. 0E+00 WEICHT FRACTION/II

MASS AREA= 1 . OEs09 GHS/NEH, SPCR: 8.9E-01, TOTAL VOLUME: 9 28+00 B, DISPERSION: ©. 0800 CHS/HA/M0, EVAP BATE:S 1.7E+01 CHS HsH-HA

STEP S | 26 oF 2.522K-01 |s BASED O8 CUT 3

WM = 2L2E@1 HOUHS, MASS FRACTION QF EACH CUT UEMAINING: (3
$.20-00 . ob-02 . OE-01 8.05-08 9.6E-01 9.9E-01 1.0E+00 § . 0FE+00 1 . OET00 1 . OFGD ) . OE+00 P .OE+00 | .6E+88 | .OE+00

I uhkr00

MASS HEMAINING = § . B07FE+02, RASS DISPERSED =  O.000F+0480, RASS EVAPORATED = U8.0826FE+07, SUHM = §.395K+09

FRACTION JBASED ON MANS) REMAINRIRGC IH THE S81.1CK= 9. 4K-01, AREA: 7 98+ Mx42, THICKNESS: . H5+00 CH, HOLE WI=292. 5§

WESCHT FRACTION WATER N OIL = 9.0FE+08, VISCUSITY = 2 4F+00 CENVISTOEEN, BISPERSION IFHH = o . 0F+00 WEICHT PRACTION NI

RANS/ANEA= §.6E+04 CHS-HxN, SPCR= 8.9E-00, TUTAL VUOLUME: 9. 25+08 BB., DISPERSION: O.0FE+00 CHS/MH#N 0, EVAP BATES ).6E+®) CHS/HEN/IR

STEP SIZE OF 2.316k-01 1 s BASED ON CUT 2

TeMs = Z.U0E401 HOUNRS, MASS FRACTION OF FACH CUT REMAINING: 24
0.78-00 1 .3BE-02 U.6E-01 B.0E-98 9.GE-0) 9.9E-01 1. 0E+G6 ) OF+00 1 . ONI00 1. 0L+ 1. QEUS | VEtO8 [ LOE+0D 1. LEB0
1.0Ls00

MASNS HEMAINING = 1. .000E 09, MASS BISPEUSED = 0. 000F+00, MASS EVAFORATEDR = B.9534F+07, SUN = 1.3995E+09
FRACTION (BASED ON MASS) NEHAINIRG 1IN THE SILICK= 9.4K-0), ARKEA= 7. 9E+04 Mxs2, THICKNESS= 1.9E+08 CH, HOLE WI=293.0
WEICHT FHACTION WATER (N O = @.OE+00, VISCOSITY = 2 5E+00 CENTISTOUKES, BISPERSION TERH = ¢.8E+00 WEICHT FRACTION/HNR

MASS/ABEA= §.6E+64 CHMS-M2N, SPCR= 8.9E-08, TUTAL VOLUNE: 9 .2E+08 BUL, DISPERSION: 6.0E+890 GHS/Hxf/HI, EVAP RATE= 1. 6E+®1 CRS-Hsn/HR

STEE SVZE 0F 2.309E-61 IS DASED ON CUT 2

TIME = 2.4E+@1 HOUNS, HASS FIRACTION OF FACH GUT REMAINING: 24
Q. NE~-07 0. IE-92 H.4E-81 T.9E-01 9. 6E-81 9. 9E-0] | OE+00 t.OE+Q00 | . OE+00 1 OE+O0 | 6E+w8 1. OF+00 §.0E«00 | OE+d6

1 o080

MASS HEMATRING = L Q04 09, HASN MISPERSED = 0. 0RO E+ 00, MASS EVAFORATED = 9 .60706K+07 ., SUN = | 495E+09

FRACTION (BASED O N HASS) REHAINING IR THE SLICE= 9 3E-01., AlIFA= 7 . 9E+04 Hxx2, TRICKNESS: § . 8E+w00 U8, MILE WIr=294.4

WEJCHT FHACIHIUON WATER IN Gfl. = 0. 0FE+00, VISCOSETY = 2 . 5E +0 CENTESTORES | DISPERS 10N THNN = O. OE+00 HE TG FRACTET ON/lt
NASKR/ARFA= ) .6F+94 CGHS/N&M, SPCHE §.9E-00, TOTAL VOLUME:= 9 . ZE+03 BBL. . DISPERSTON= ¢ . 0100 GHMS/NAN- M0, FVAP RATE: §.3E+00 CMS- %0 0R

SEEE SIAE OF 2. 300E-01 I3 BASED ON CUY 2

TIHE CUT NURMBERING BECINS Wit | BASE B oN THE Ol 161 Ny ooy NUMBEDRS

FHE P INAL MASS FHACTIONS Foit LI SHICk AT 2040« HOosS . ARE: 23
O 1 W7 Y HHYE VUL G U444 01 7. 9061 01 9 G291 0 9.920F 01 9. 9UTE-01 9.990F @l 1.000F+00 | .O00E100 | . 008F 1006
.OWOEH»88 L OB0FE00 1 ooM 0 1 D0BE OV
FHACTION (BASKED UN MASS) ORHAITNING AN TVHE SLICE: 9 0F o1, AKEAN- 7 9F 004 Mz, THICENESS: 1 BEs00 M, NOLE Wi-294. 4
HASS BEMATRING - )OS E rind, MANS sIERsSLD - G 000k 10, MANS FVAPORATED = 9. 16k 07, SUM - [ L AL L)

RN AN N N N Y Y RN NN N NN YN N AR RY )
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Table 16. --Qutput from G I-Wathering Calculations (Continued): Characterization of Prudhoe Bay Crude Q|
After Weathering in Pools on Top of Ice.

SUMMARY OF TP CUTS CHARACTFRIZATIOR Folt: PRUDIIODE BAY ., ALASKA
AFTER :
1CE POOL WEATHERING FOR 2.406010008 HOUlS

CONF VERSION 1scuTtica oF VAY o4

| TEM 9, NANMPLE 710118
™ Al sich Vil Mw e (X% v A Tio vis K l NS
1 1.90K+02 7. .27E+01 6. 81E-01 1.58E-06 U.IQ3E+0} D I4EHO2 R 96E+01 Q. .606LE+02 A 17E+00 4.47E+02  J.0E-01 ¢ 1
2 1.90E+02 6. 42E+01 T .1E-01 2 8UK-02 Y 09K+ Q. 0REA2 L. TOE0L 4. 0TEOZ . 245100 4. TUE+02 4 _30E-61) ]
B Z2.05K+02 B.67E+0L T .A9E-01  1.29E+00 1 . QO6K+02 | 02E+0I  3.641001  4.54E+02 G IE+00 J.HIE+02 T 44001 ]
4 2.500K+02 TF.16E+01 T . 60F-01 J.10E+00 . 19E+02 1.OZE4+64 3. 40E+01 5. 07E+62 3. 41E+00 3. 49102 6.7RE-01 ¢ 1
S H.23E102 4. 76K 7 .77E-01 3.89E+00 (| .049E+02 1. 12k+08 5.460FE+02  1.532K+00 S.86E+02° 8.406E-01 3%
6 N.TOE+02 4.32K+010 7 . 4TE-01 J.02F4+00 [1.51E+02 l.10E+0% r  USEAO2 . OTE+OD . 6.20F+02 ) . OTE+0O ¢ ]
T 2.105K+02 4 15E+01  8.09E-01 4 T2E400 | .07EYO2 1. .21K+0% O Y02 I HOEY08 2 . SOE-01  6.06UF+02 | _UHAE+@0 ]
i 9.60K+02 . 70E«01  §.22E-01 8.20E+00 . USE+02 | . 2G6E100 2 T AOTEAOZ U .94F+00 2. 07E-01  6.9BE+02 | .BIEs6o0 0 |
9 5 0302 . 4UE+01 B.U6E-01 8. .30E+00 2 _00E+02 R0 2.ualou| B.2004+62 3 Ouk100 2 . 74F-91 T.HuF+02 ) . 7SE«00 3 |
10 5.045002 1.06E+01 8. JHE-01 J.00E+06 2 Z1EH02 1 ASEYGIN 2. 74Et01 9 09K 02 4 22E400 2 U2E-01  7T.77E+02 2 . 48E+09 ]
L 6. O9+02 2. 91E+01  0.66E-0) 7. 15E+e0  2.32E+02 1. 40E+83 2. 500} L.OUEAONL 4. 491400 2.920-01 §.20K+02 4.00E+00 t
12 6. U2FE+02 2 62E+00 U H2E-0L 7. 48Et90 2. 0I1EW2 . 43E+00 2 _ATE+0) 1A0E+08 4. 70E+080 2. 99E-01  §.7UE+62 T 10K+00 3
13 T.02K+02 2.40K+01 U.94E-01 6. GOE+O® J.13E 02 i .49+ 2. B6F 00 1.276408 G.00E+00  3.06FK-01 9. 19E+62 | . J0kv01 ¢ ]
14 T.04K+02 2 23E+01 9.00E-01 8.i4E+0 U .J1E+O2 1. .33E+03  2.25)+01 §.40K403 S5.U5HE4/00 B 1E-01 %.60E02 2 HIE«OL A 1
15 0.00KH02 (. 14E'01 9 TUE-@1 J.99E181 6. 00E+UZ 0 VOE+00 0. 00E+00 O . 00KV 0. OOEI00 U .VBE+00 0.6V 00 1 . BIEWW2 O @
uar v counu.lrrum INDEX

] 1.24K4010 .16Ev0)

2 ).22E01 |.60L00|

3 1.20K+101 2.12K+01

4 1.19E+01

S 1.19K+O1

6 1.19E0) .

7 1. 19E+01 2.56E+01

) 1. 0804000 .90k 101

9 ).18E4+01 $.13E+0)
19 1. 17F401 Q. 20k+0)
(1] §.10E+0) .60k r01

12 1.18E+01 4.020401
13 1.180K+0) 4. .278 401
4 1. 8800 +000 4.06E4+018
13 1.12E401 T.21E+0)

BULK APl GRAVITY = 26.4

TH = NMORMAL BOLLING TENPERATURE, DELC F

AlL = APL GCRAVITY

VOL. = VOLUME PER CENY OF TuTal. CRUDE

AV = MOLFCULAR WELCHT

T = CAL TEMPERATURE . DEA; BANK DI NE

P = CHI T i CAL PRESSURE | Alnu.s‘l'lll".lll'}i

Ve = CR T CAL VOLUNE Ct Z MELLE

A AND (i ARE l':\llMﬂ'lHls IN lll‘ VAFOI PRESSURE. FQUATTLON

T1o 15 THE TEMPERAT A Q0 WHERE PHE vAPoR PRESSURE (s 10 M I
VIS IS PIE KINEMATIC VISCOSETY I N CENTISTOKES AT 622 b F

BOP Y I STUEY 0. # K CHARACLEN | ZAT] UN FACTOR

CORBELATION INDEX IS DEFINED | N (COLEMAN, 19T

NC = BELIROR GODE . SIUED #E LESS THAN 29

NS = FHROR CORE . SHOULD #F FAUAL O |

LGCNORE TIE EMBOR CODES | OR COMPONENT NUBBER 1 S I F 1T i 85 A RES | buuN

AEAN MOLEGCULAN WE JCHT OF VUL CRUDE - 2 947E ol
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Table 16.--Output from Oil-Weathering Calculations (Continued): Beginning of Calculated Results for
Broken Ice Field Weathering at 32°F. (Note deletion of cut 1 and renumbering of cuts).

WEATHENIRG DATA FOR OLL 1IN A BROKEN 1UK FIELD
AFTEN ICE POUL WEATHERING FOR 2.400F+01 HOUNS

OGVER-ALL HASS-THANSEER COEFFICIENYS UBY IRCUT CODE 2

OVER-ALL MASS-THANSEFER COEFFICIENT FOR CUNENE = 1.957F+01 M-l
ooy M/ GH-BOLES/ CHID (ATH) (R332
1 2.012E+01 9. 44002
2 2. 0020+010 L ILU LAY
H) 2. 034K 08 9. 17HE+02
4 2.029E+00 %.661E02
3 2.607K+01 8.9635+02
[ §.OUTE+0 8B 070202
7 1.97 180y 8.0k c02
4 1.93T7E+0) 8. 7440 +022
9 §.94T7TE+) B.69TE+02
1 1945001 8. 606K +02
LB} 1.9225+010 8. 8840+02
2 1.901F+08 8.847K+062
(K} §.202E101 8. 497K 02
(K3 1. 89UE+91 8.487TE02

FOI TULIS SPILL OF 9 193E+03 BARRELS, THE MASS I8 1.13045+01 METRIC TONNES
VOLUME FRONM SUNHING THE CUTS = 1 .0E+600 M3xd, OB 9. 1958+03 BANRELS
Wikh SPEED = 1. Z200k+0) KRUTS, OR  2.224E+603 M/
1RITIA) SLICK DIABETER =  3.502E+@2 N, O AREA = 7.930L+0¢ Mxx2
KINENATIC VISCOSITY OF TUYE BULK CHUBE FilON THE CUTS = 6.9K+00 CENTISTOKES AT 122 e ¥
KIRFHATIC VISUCOSETY OF THE DBULK CRUBE FRON TUkE CUTS - CREre AT T = U2.0 BEGC F, SCALE FACTOR = | .BE+06
VISCOSITY ACCORDIRG TO MASS EVAFORATED: VISZGC = 3.00H+01, ANDRABE = 9.00E+8i, FRACT NEATUERED = 1 .05E+01, VSLEAD = 5.36E+02 CP
HOUSSE CONSTANTS: MMINEY= 6. 208-08, AAX N20= 0.70, WINDx*2= | . 00E-02
THE FRACTIONAL SLICK AREA SUBJECT TO DISPERSION IS 3.5K+00 PER HOUR
COUNT 'THE CUTS 1N THE FOLLUWINCG OUTIPUT FIOR LEFT TO RICHT
THE INPFIAL GHRAR MOLES 1IN THE S1LICK ANE:
B.OT0E-91 . 1LHEr0U 1 OTEA006 2.9000+03 3. 270E400 2 HIVEYO0S B3.299E+00  J3.413E+05 3 .309E+05 1 .741E+05 4. 3T76k+@5
Q.9120463 2. 745E+003  U.042E+053  9.4926L 0]
THE IRUTIAL MASSES (GCRAMS) 1IN TIE SLICK ARE:
1.5060 01 2.920F+00 1. UB4K0OT B ASBEOT 4. 0UVEUT 4 . 372E+07  J.520K407 6. .U0TEYOT  6.6U9E+ET 4. HABEIOT  92.003E+07

9.394E+07 8.JUSE+O7 4 . 0690 +00 3.6321+08
TUE TUTAL HASS FROM 1NESE CUTS IS 1. 309E+99 CRARS

CUT 1 COES AWAY IN MEINUTES, TIEREFORE 1’V WAS DBELETTED AND TilE CUTS RERURNBEALED

STEE N1ZF OF  1.437E-01 I8 BASED ON U7 1

vimt - Y. 0L 108 HOUlS, MASS FHACTION 9 EACH CUT BEMAINING :

.0Er00 1 U0 ) OFI00 1 OFE 08 1 0Rs00 1 .OEr00 1 0100 1. alr00 1L OESOD ) . OE100 | OB | . H1It0d | BE100 ) Ok+00
MASS HEMAIRING = §AO4E 09, MANS RISPPNSED - O 0001+, MASS EVAIFOUATED = 9. 900K, NUM = 1.30034 409

FRACTION (BASED O MASS) HEMAINING 1N CVHE SEICE - 0 0F 00, ARFA- 7 9Ev03 M¥&2, THICKNESS: 1. 8Fw00 CH, HOLE WI-2934.7

WEICHY PRACTIOR WATERL TN OfL 6.9 0G ., VISEOREYY 1.0 CENVESTOEES, DISPFEASION TERM = 4. 6F-0 WEICIHT FRACTION-WW

AASS AIEA: 1. 0Er04 CHS MO, SPCH: 890 08, TOVAL VOLUNE- 9.2E0nb B, IISPERSTON: 7. 0Ee0] GHS. HAH. M, EVAP BATE: O.0F 100 GHS/HeM HR
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Table 16.--CQutput from O |-Wathering Calculations (Continued): Prudhoe Bay Crude G|, Time versus
Calculated Results at 32°F for Broken Ice Field Weathering.

'|6'| ME = l‘ -OF 100 HOURS . MASS FRACTY .{;N OF EACH CUT HEMAINING : 2
.Ok-e | . 9E-01 9 . T7E-01 9.9 O L9k -0 1.OE100 1. 0E4600 |  0E+00 | . OE+00 ] 0F+00 | . BE+00 | .OE+086 1.0E+00 3

MASS REMAINING = 1. 20GK+09. MASS BDISPEISED = 6. 121E+06, MASS EVAPORATED = 2 ,650F+06, SUM = | H04E+09 ' oEreo
FRACTVION (BASED ON MASS) BENAINING | N THE SLICKS 9. 9E-00, AREA= | 1E+00 MEF2 . i ICKNISS: ). OE+00 CH, NOLE Wr=244 . ¢

WEICHT FRACTION WATER IN OIL =  Q.6E-ul, VISCOSITY = | .2E+04 CENTISTOKES, MSPERSTON TERH =

Lo ERACT L OR ? e ! ’ ' 6.3E-01 WEICHT FIACTION/
HASS/AREA= |.2E+84 GHS/NsM, SPCH= 8.9L-01, TUFAL VOLUME: 9. IE+0 BBI., DISPERSIONS 7.0E+01 GAS/HiN /MR, EVAP HATE- 2f:n;¢w|‘ CHS/HSH HR

TIME = 2.0F+00 HOURS . MASS FRACTION OF FACH CUT RENAINING:

A.UE-01  7.7E-01 9. 3E-01 9. UE-61 9.9E-01 9. 9E-01 4%-9E-0 1 9. 9E-01 9.9E -01 9. 95-0f 9.9E-01 9. 9E-01 9.9:-01 9. 94 |

MASS REMAINING - 1 .204E+09, NASS DISPENSED = I .4397E+07, MASS EVAPORATED =  §.7:44Et06, SUN =  {.064E+09 -

FHACTION (BASED ON HASS) REMAINING IN THE SLICK= 9.8E-01, AREA= 1 . 4E+00 M3 42, I ICKRESS= 1. IE+00 CM, HOLE WT=295.8

WEICIHT FUACTION WATER 1N OIL = 4.9E-81, VISCOSITY = H4.2K+03 CENTISTOEES, DISPERSION TFRH =  4.7E-08 SEICHT FRACTION/HR
HASH/AREA= 9.3E+81 CMS/M*M, SPCR= 8.9E-01, TUTAL VOLUME: 9.6E+00 BBL, BISPENSION: 4.4E+01 CMS/MsM/IH, EVAP RATE= 2.3E+@1 CHS/MsN/HR
TIME = 3. 10400 BOULS . MASS FRACTION OF EACH CUT REHAINING:

2.0E-L £ K01 9.0F-61 9.TE-O1 0 QL1 9.BE-01 9.BE-0) 9.UE-01 9.UE-01 9.8E-01 9.UE-01 9.GE-01 9.8E-01 9 8E-01

HASS NEMAINING = - .274E+09, nass DISPERSED - "5 4q5ke07, MANS EVAFPORATED = 0 0055+06, SUR =  1.304E+09

FRACTION (BASED ON MASS) REMAIRING IN THE SLICK= 9. 8E-0), AREA= |.0E+05 M*22, THICKNESS: 9.2E-01 CH, MOLE WI=-267.@

WESCUT FRACTION WATER iN 011, = 6.0E~01, VISCOSITY = B.0E+84 CENTINTUOKES, DISPERSION TERE = 3 4E-03 WEICHT FRACTION/HR
HASS/AREA= 8. 2E+0U GMS MM, SPCR= 8.9E-01., TOTAL VOLUME: 9 OE+0% BB1., DISPERSION: 2 HE+01 CMS/N&N/HR, EVAP  HATE= 2.1E+¢1 CHS/MsN/HR
TIME = 4. 15400 HOURS, MASS FRACTION OF EACH CUT REMAINING: 5
9.6F-92 5.4F-01 0.6kE-61 O.SEO1 9.HE-81 9.8E-01 9. 80E-€1 9.0E-01 9.8E-01 9.0E-01 9.8E-91 9.0F-01 9.4E-61 9.0E-61

MASE REMAINING - .267E+09, MASS DISPERSED = 2 _a00E+07, MASS EVAPOHATED = 1 . 282E+07, SUN = |.304E+09

FHACVION (BASED ON HASS) HEHAIRING I8 T U E BSLICK= 9.7E-01, AREA= | .7E+05 532, THICKNESS: §.2E-01 CH, MOLE WE=290.2

WEICHT FHACTIOR WATER IN Oli. = 6.7E-08, VISCOSITY = |.7E+04 CENVISTUKES, UISPENS1ON ‘FEMM = 2. ok-0i4 WEICHT FRACTION/HR
HANN/ANEA= 7.3E+03 CHMS/M*N, sSPCH= 0.9E-01, TUTAL VOLUME: 8.9E+03 BUL., DISPERSION= 1.9E+01 CHS/HsM/HR, EVAP BATE= (.9E+01 CMS/MsM/HR
TIME = 5.15+08 HOURS, MASS FHACTION OF EACH CUT REMAINIRG:

4.0F-02 4.0E-81 B.1E-01 9.4E-61 9.7E-01 9_0E-01 9.0E-01 9.8E-01 9.8E-01 9.08-81 9.8£~81 9.8E-01 9.UE-01 9.UE-01

HASS MENAINING = 1.200£+09, MASS DISPERSED = 2 _829E+07, MASS EVAPONATED = | . 359F+07, SUM =  1.304E+09

FRACTIOR (BASED ON MASS) BEAAIRING I8 THE SLICK: 9. 7E-01. AREA= 1.9E+05 H&*2, THICKNESS: 7.4E-0) CH, KOLE Wi=294.9

WESCIT FRACFION WATER 1IN ©fh = ©6.9E-61, VISCOSITY =  2.7F+04 CENTINSTOKES, DISPERSION TERM = 2. 3E-03 WEICHT FRACTION/UR

MASS/AREA= &.78+08 CES/HaR, SICH: 8.9E-01, TUTAL VOLURE: §.9£+03 BRL., DISPENSION: | .5E+01 CHS/N+H/HR, EVAP HATE= 1.7E+@1 CHS/N3N/HR

TIHE = 6. 1E+68 HUUNS, MASS FRACTION OF EACH CUT NEMAINING:

$.0F-02 B.GE-81 T.7F-61 9.4E-08 9. 7E-01 9.7E-01 9.8E-01 9.8E-01 9.8E-01 9.0E-0) 9.0E-01 9.8E-01 9.8E-0; 9 gg-g)

MASH REMAIKING = 1. 254E+09. HANS DISPFEHSED = 3. 121E+07, MASS HEVAPORATED = 1 . 876E+07, SUM =  |.004E+09

FRACTION (BASED ON MASS) REMAIRIRG 1N THE SLICK= 9. 0E-01, AHEA: 2.0E+05 H&s2. THICKNESS: 6.9E-01 CH. ROLE WI=400.7

WEICHT FHACTION WATERW IR OIL = 7. 0FE-0f, VISCOSITY = 4.5E+04 CENTISTOKES, DISPERSION TERM = 2.2E-04 WELGHT FRACY on-um
HASS/ANEA: ©.8E+0i CHS/HaM, SICI: 8.9E-01, TOTAL VOLURE: 8.0E+03 BBL.. DMISPERSION= 1 GE+81 CHS/M*M/HH, EVAP HATES | 5E+01 CMS-Hsm-UR

STEP SIZE OF  2.008E-01 IS BASED O CUT 2

PIME = 735190 HOUNS, MASS FRACTION OF FACH CUT WEMATNING:

6.2K-03 Z2.6K-8F 7.2K-01 9.20-01 %.0E-0) 9 .7E-01 9.7E-61 9.7F-01 9.7E-01 9.7kE-6t 9. .7E-0! 9.78-01 4.7K-01  9.T7E-0}
MASS REMATHING = 1 . 2476+09, HASS DISPERSED = 3. 4UZE+07, NHASS FVAPOUATED = 2. 2048407, SUH = 1.304K109

FRACUTON (BASED ON HASS) REMAINING IR FHE SLICK: % . 6F-01. AREA: 2. 20+05 M%42, THICKNESS: 6. 4E-0) €N, KOLE Y

WEIGHT FHACTION WATER I8 @l = 7.0E-00. VISCOSITY = $.9F+04 CLNTISTOKES, DISPERSION TFERH = 2 2E-03 WEICHI TIaN-iR

RASS/AREA: 5. 7E+94 CAS/M+M. SPCR: 8.9E-01, TOTAL VOLUNE: 8. 8E«08 WL, DISPERSION= | . UEO1 CHS-MeN/UR . EVAP RATE= 1. .UE/01 GRS/MsN/HR

STEP SIZE OF 1 .960kE-01 IS5 HASED ON CUT 2

TIME = 13, 4E+80 HOURS, MASS FHACTION OF EACH €O HEMAINENG: .
Soobt-0d 1,901 G TE 81 9.005 68 2.6E-01 2 T7FE 41 9.7 0L 9 7¢ 01 9.7E-01 9. 7E-01 9. 7p-v1 9. 7F-01 9.7E-0) 9.7F-01t
AASS REMAINING 5 8 240F 09, HASS BISPFRSED - 3. 701807, MASS pVAPOHATED = 2. 547E¢07, SUM - | _ilodb o9

FHACTION (BASED OF MASS) BERAINING IN THE SEICL: 9.0F 0b, ANEA 2 3Kv0s Mesz, THICKNESS: 8,95 01 CH, MOLE WE-iou. 2
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Table 16.--Qutput from QI-Wathering Cal culations (Continued): Prudhoe Bay Crude Q I, Tine versus
Cal cul ated Results at 32°F for Broken Ice Field \Wathering.

WE LG FRACT | ONWATER | N 4)11. - .00 01, VISCOSITY - 4. 2F+04 CENTINTOEES, DISPERSION TEFRN = 2 3 -03 WEICHT FRACE) ON-1I0
RASS-AREA: §.5E+08 GRS/ MM, SICR: 9.0k 0, TUIAL VOLURLE: . 7E+08 B, RISPFFEUSION: § . 2E100 CGHS/HEN/ZNR,  EVAP QATE: §.2E+01 CHS/ N8 /HR

STEEF SIZE oF 1.8 E-08 1S BANED ON €Ut 2

TIME - 9. 60100 HOUNS. MASS FHACTION 01 EACH CUT REMAINENG: 1a
S0 1. 8K-01 0 .8E-01 H.9E-01 Y. .5K-0) 9.7E-01 %.7E-01 9.2K-0F 9. 7E-01 $.7¢-01 9.7E-61 9.7E-01 9.7¥-61 9.7E-0) i
PASS BEMAINING = 4 2U45F+09, MASS BISPENSEDR = 4. 000107, MANS EVAFPORATED = 2. 043E+07 ., SUN = 1.304E+89

FHACTION (BASED ON MASS) NESAIRING I8 TUE S1ICK= 9.5 01, AREA= 2. GEr0% HE+2, THICKNESS: 5. 0F-04 CH., NMOLE WT=(104 .

WEIGHT FRACTION WATER 10 Ol = 7.0E-0). VISUOSITY = 4. 4K+04 CENTISTOEES, DISPERSION TERN = 2.48-03 WEICHT FRACTION 1

RANS/AREA® 3. 0E+Q1 GRS/ HEM, SPCNE 9. 0E-¢1, POrAL VOLUME: 8.TE+GH BB, BISPERSION: § . 2E+0§ GHS-N*R/708, EVAP RATE: 1.1E+¥1 CHMS HsM/HR

STEF SIZE OF 1. 73406-0) IS UBASED ON CUT 2

TIME = L. 1E+v00 BOUNS, MASS FRACTION OF EACH CUT UEMAINING: 1
) AN-04 1 OE-01 5. UK-01 B.TE-01 9.3E-d8 9.6E-0, 9.7F-01 9.7FE-01 9. 7E-#1 9.7E-01 9.7E-01 9.7F-01 9.7E-01 9.7E-01
MASS NEMAINING = 8. 229E+09, MASS BISPRRSED = 4 .0MIE+07, HASS EVAPORATED = S, 10007, SUM = ). 3038409

FRACTION (BASED ON MASS) HERAIRING IN THE SLICK: 9.3 -08, AREA: 2. 6E+05 H%+2, THICKNESS: S.:0E-01 M. NOLE WI=365.21

WELCHT FRACTION WATER IN Ol = 7 .0E-01, VISCUSITY = 4, 0K+04 CENTISTOEES, DISPERSION TERN = 2. 45-03 NEICHT FHACTION-/HR

BASS/AREA: 3.UE+S] CHS/MsR, SFCR= 9.0E-@), TUTAL VOLUME: 8.0E+00 B, BISPEASION= §.2FEt010 GHS/H+B-00, EVAP BATE: 9.6E+00 CHS/H*N/HR

STEE SIZE OF  1.647E-00 IS UASED ON CUT 2

TImE = 1 BE+0) HOUSS, MASS FUHACTION OF EACH CUT BEMAINING: 13
4.00-03  7.21-02 3.4K-01 B.5E-01 9.9E-01 9.06E-01 9.0F-01 9.6E-G1 9. 0-01 9.0E-01 9.6E-O1 9.6F-01 9.6E-08 9.0F-b1
HANS MEMAIRING = 0 2208409, MASS BISPERSED = 4. 7068+07, MASS EVAPOUATED = 3. 055+07, SUH = 1. 304E¢0Y

FRACTION (BASED ON MASS) REMAINING IR THE SILICK= 9 48 -00. ANEA: 2. 7H+005 Hex2, THICENESS: 5. 15-00 M, KIE WI=106.4

WESCHT FRACVION WATER 18 008 = 7.08-01. VISCOSITY = 4. 9F+009 CERTISTORES, DISUERSION TFIN = 2. 5K-03 WEICHT FRACTION/IN

HANS, AREA= 3. 58O CHS/R+H, SPGCH=" 9. 0E-01, TUTAL VOLUME: U.0E+08 BI., DISPEESION= (. IE+01 CHS/HeN 8. EVAP HATE:S 8.7Hr00 CHS/H*R/ 30

STEP SUZE OF  1.5306E-81 IS BASED ON CUT 2

TIME = 5. 0E00 BOUNS . MASS FUACTION OF FACH CUT REMAINING: K}
.00-03 J3.0K-92 4.9K-020 $.4E-08 2.4K-01 9. 6E-01 9. 0E-01 9.6k~ Y.O0E-0F 9.608-00 9. GE-9I 9.6K-01 Y.6E-U1 9.06E-01
HANN REMAINING = L2ITEA09 . BASS BDISPENSED = §.0740+07, MASS FVAPORATED = G.600K+07, SUH = . 38409

FRACTIOR (BASED ON MASS) REMAINING IN THE S1ICK= 9. 4E-08, AREA: 2. 0FE+05 A%32, THICKNESS: 4. 08-01 CRH, BOLE WP:=307.3

WEICHT FRACTION WATER IN @1) = 7.0E-01, VISCOSITY = §.2F+04 CENTISTOXKES, DISPERSION TEHN = 2. 6E-03 WEICHT FRACUION-NN

MASS/AREA= 9.3E+60 CMNS-MN¥i, SICH= 2. 0E-01, TOTAL VOILUNE: 8.5£+03 BBL., DISPERSION= 8 1E+91 CHS/HEN-HE, EVAP RATE: 7.9E+00 CHS MK/ BR

STEF SIZE OF 1 .490E-03 IS DBASED ON CUT 2

TINE = 1.4481 HOUNS, MASS FRACTION OF FACH CUT REMAINING: 149
2.98-06 U.0E-02 4. ek-61 B .2E-01 9. .3KE-01 9.5E-01 9. 06E-01 9. 6FE-01 9.06KE-01 9. 06L-01 9.0K-01 9.06F-01 9.65-01 9.6E-01
MASS WEMAINING = 1. 2006409, MASS DBISPERSED = 3.402E+07, NASS FVAPUIINTED - 3. 0645107, SUM = ). B04E+09

FRACTION (BASED ON MASS) HEMAINING 1IN THE SLICK= 9 0F 01, AREA: 2 . 98+05 M%22 . THICANESS: 4. 0k-08 M, MOLE WT=i08.2

WEICHT FRACTION WATER IN 0l = 7.0H-01, VISCOSITY ©  5.4E+04 CENTINTOEFS, DISPERSION PFERN = 2. ob-03 WEIGHT FHACTION- BN
MASSZAREA: 9. Z2E+6i0 CAS/H4M, SICR:= 9. 0F-01, TOTAL VOLUNE: 8.038+03 BB, DISPENSION: 1. 1E+0) CHS/NH-HHE, EVAE RATE: 7.0E+08 CHS MM K

STEEP S1ZF OF  1.491E-01 1IN BASED ON CHT 2

Tiny LS00 HOUNS ., MASS FRACTION OF FACH Ul BEMAITNING: K . . 15
7.0 07 2.0 82 4 .21 91 .l oy 9 N vl LY A T 9 61 o) K RN ] ] 9.0k S0l 0y B.6r-01l 9.6 -0} 9. 6F-01 9.0F-8)
MASS BEMAITNING 1 20081009, MASNS DISPENSEDR O 7200007, NASS FVAIFORATEDR - 4.074 107, SUH - 1000

FMACTION (BASED ON MANH )Y HREMAINING DN T SELCR- 9 28 03, AlFA 0 OFr0d H#+2 0 THICANESS- 4. 50F 0 CH, MOILE WI 2.0
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Table 16. --Qutput from Q| -Wathering Cal cul ations (Continued): Prudhoe Bay Crude G|, Time versus
Calcul ated Results at 32°F for Broken Ice Field Wathering.

WEICNT I"II‘\C’I‘IU!! WATER IN OlL  7.08-01 . VISCOSITY = §6.7E+04 CENTISTOEES, DISPERSION TERN - 2. 6F-04 WELICHT FRACTLON/UR
MASB/AHEA: 4. 0E+03 CHS/HEM, SPCR: 9.0E -0, TUVAL VOLUME:

U.5E+004 B, DISPERSION= §.1E+01 CHS/NsM /IR, EVAP RATE: o.0E+00 CHS/MeN-HR

STEP SIZE OF  1.090L-81 3 BASED 4. cur 2

TiINE =7 L. 6[2: Uz..ll()l:llb; . MASS FRACTION OF EACH CUT WEMAINING: 16
f.oF-¢ 1.61-02 . 0FE-61 T.9E-0t 9.2E-01 9. 3E-01 9 .5E-01 9.5E-01 9.5E-01 9.5K-01 9.5E-01 9.56-01 9.0E-0 —@1
MASS ‘Ill".HA IN) '!b: =2 1. JOUE+09, HASS DISPENSED = 6.07UE«07, MASS EVAIFORATED = 4.295E+07, SUM = 1.304E+09 * Lo
FHACTION (BASED ON MASS) SEMAINING IN THE S1LICKS 9.2E-00., ARFA: 3. 1E+05 M52, THICKNESS: 4.:3FE-01 N . MOLK. WT=309 .4

WELCHT FRACTION WATER IN OIL = 7.0E-01, VISCOSITY = 6.0F+04 CENTINTOEES. DISFERSION 'l'l']lll. = 2.7E-08 WEICHT FRACTION/HR
MASS/AREA= J.9E+8U GMS-H+M, SPCHR= 9.0E-01, TUTAL VOLUME: H0.4E+08 BB, DISPERSION: § . 0F 01 CHMS- BEN-NIR . EVAF HATE=: 6.0E+08 CHNS/MeM-HR

STEF SI1ZE OF  1.34¢E-61 | S UBASED OR CyT 2

TIRE = 1. 7E+01 owns, MASS FIIALTION OF EACH CUT HEMAINING: T
Q.E-08  1.1E-02 U.3E-61 T7.7E-61 9.(E-61 9. .4E-01 9.3E-01 9.5E-01 9.5E-01 9. 5F-01 9.5E-61 9.5K-01 9. 38-01 9. 5E-91
MASS NENAINING = 1. 196E+09, MASS DISPERSED 1 6.416E+07, NASS EVAPORATED = 4.500E+07, SUM o | .304E+09

FHACTION (BASED O N MASS) REMAINING IN THE BLICK= 9 2E-01, AREA= 3.2K+05 M**2, THICKNESS: 4.2E-01 CH, BOLE WT=310.6

WEICHT FRACTION WATER IN 0L = 7.0E-01, VISCUOSITY = 6.4E+04 CENTISTOEES, MISPERSION THRN L. TR~ WELGCHT FRACTION/NR

MASS/AREA= 3, 8E+00 CHS/MsM, SPCR: 9 .0E-01, TUTAL VOLUME: 8.4E+03 BBI., DISPERSIONS | . 0L0) CMS/M«N-/HIt, EVAP RATE= 3.9E+60 GCHS/MxN/NR

STEP SIZE OF 1.295E-01 Is BASED ON CUT 2

TINE = 1.86+401 BoUuns, HASS l-luu.'lum OF EACH Cur nmumm.

6.9E-09 7 _3E-04 .l ap-01 7.5E-6) 1E-01  9.4E-01 LGE-01 9 .5E-01  9.5E-01 9.5E-01 9.3E-01 9.5FK-061 9.G5E-01 9.5E-01
HASH REMAINING = L 190E+09, NASS ulsl'l-.llaw c 6.740F m? HASS EVAFORATEDR: 4.690F+07, SUH = 64K +0Y

FRACTION 1&\520 OoN Mss» REMAINING IN THE SLICK= 9.1E-00, AREAS 3.3E+05 Mxx2, THICKNESS: 4 1E-01 CH, MOLE WI=i081.3

WEICHT FRACTION WATER (N Ol). = 7.0E-01, VISCUSITY = 6.6F+04 CENTISTOKES. DISPERSION THERN . 2 7E-vi WEICHT FRACFION-NN

MASB/AREA: 3.6E+@ CMS-/MxH, SPCH= 9.0E-01. TUTAL VOLUNE:= 6.3E+00 B3L, DISPERSIONS 9 UBE+00 CHS/NEN/UK, EVAF RATE= 5.3E+600 CHS/NM:N HR

TINE = 1.9E+61 HOURS, MASS FRACTION OF EACH cur NEMAINING:

19
O. 6L+ 4 W -03 2 .9F-0, T.4E-01 2. 0K-01 9.9FE-01 9.3E-01 9.4FK-01 9.9F-0) 9.4K-0) 9. 4E-01 9.4F¥-0) 9. 4E-01 9. .4F-0)
MASS HEMAINING = 1.184E+09, MASS DISPERSED = 7.001E+07, HASS EVAFORATED = 4.4872E+87, SUN = 1.304E+0Y9
FRACTION (BASED ON MASS) SEKAINING 1IN THE SLICKE=: 9. 1E-01, ARFA= 3.468+03 M*x2, THICKNESS: $3.96-01 CH. BOLY WI=312.0
WEIGHT FRACEION WATER IN OlL = 7.6E-01, VISCUSITY = 6.9E+04 CENTISTOKES, DISPERSION TERN = 2 7E-080 WEICHT FRACTION-II
MASS/AREA= 3.8E+88 CHsS/NxM, SPCH= ¢ _pE-01, TOTAL VUOLUKE= 8. 3E+0 8B)., DISPERSION= 9. 0L+00 CRS/NSM/HR, EVAF HATE= §.2E+080 GHS/HsN-/HR
TiME - 2.0E+61 nouns. HASS FRACTION OF EACH CUT mn/umm- 20
@.01+00 B, 1K-00 2 .oE-01 T.2K-G1 92.0F-01 9. 0E-0 ). 4F-0 ) 9.4K 01 9.4FK-0) 9. .4F-01 9.4F-01 9.4E-01 9.4FK-01 9 .4E-01
MASS REMALINING = I 1THE 0D, HA\S DISPERSED = 7 41 ‘ﬂ‘ +07, MASS EVAFORATED = 3.048E+07, SUN = 1 .04k 09
FRACTION (BASED ON MASS ) REMAINING [N TOF SLICK: 9 0k-01, AKEA: 3 _4E+00 M*x2, THICKNESS: (. 0FK-08 CH, MOLE WI=3412.7
WEIGHT FRACYIOR WATTER IN O11. - T.0E-01 . VISCOSITY = 7.2FK+04 CENTISTUKES, DISPERSION TEHM . 2.7E-08 WELGHT FRACTIONZHU

MASN/AREA: J.4E+8 CHS/M+H, SPCH:= 9.0E-01, TOTAL VULUME: 8.3F+00 BB, DISPENSION= 9 . 4E+00 GMS/NEMN-HIR, EVAP BATE: 4.9E+00 CHUS/NEM- MRk

TIME = 2. 15001 HOURS, MASS FRACTION oF FACH CUT REMAITNING:

24
@.0E+00  2.08-0 2 UF-01 7.0F-08 B.9E-01 9 0E 01 9. 4E-01 9. 3E-01 9.4K-01 9. 4E-01 9. 3E-01 D.4E-01 9.2E-01 9 .4E-01
MASS BEMAINING - L I74E 209, HASS BISPERSED = 7.7475H+007, NASS EVAPOUATED = §.212H+07, sUN = 1,804 109
FRACTION (BASED ON NAS:S) BEMAINING IN THE SELICK= 9 OFE-083, ARFEA: 3. 9K+00 M2 THICKNESS: 3.7E-00 CH. ML WE-S013.9
WEHAIT FRACYION WATER 1IN 081 @ T.0FE-01, VISCOSENY = 7.6E104 CENTISTOEES, ISUFNSTOR TERM = 2. 78-03 WEICHT FRACFION-Z IR

MASS/ANCA: O CHS/-MH, SPCH= 2. 0M-00, TOTAL VOLUME: B.2FK«03 BUL, DISPENSION= 9 . 2E+00 CHS/H+M- L, EVAP RATE: 4.0KE+00 CAS/NEn- UK

TIME - 22K HOUUS . MASS FUACTION @8 EACH CUT BEMAINING : @3
@ 000 B 2 0 6ol o B0 9 L 9 K- 9 4K 9.0 9 400 9 -0l 9. 4K-01 2.3E-0 9. 4L-0)
MASS HEMAINING - 1L ek 0, BASS BIESEEISED B 0HOE 107 . HASS FVAFORATED = 5. 3001007, SUNM g o4l 09

FUACTION (BASER ON PASS) HEMASNING IN VIE SEICE - 9. 0F ot AREA - 3 ol et M242 0 THICENESS: b ob-01 CH. MILE W14 6

WELGHE FRACEION WATER BN 011, - 7. .08 01, VISCOSETY - 7.9E+04 CENVISTOLES, DISPERSION TEUN < 2. 78 o WEICIHT FRACTION- W
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Table 16. --Qutput from O |-Weathering Calculations (Continued): Prudhoe Bay Crude G|, Time versus
Cal cul ated Results at 320?? for Broken Ice Field \Wathering.

MASSARFA= 4.0E+64 CHAS/HEN, SPCR= 9. 0K-01 . TUTAL VOLURE:  § 25 +004 BBl . DISPERSION: 9 0F+00 GMS/NxM/HR, EVAP RATE: 4.3E+00 CHS/MeM-HR

TIME = 2. !llif.tﬂ HOUNS, MASS FHACTION OF FACH CUT HEMAINING: 2%
0.‘!!2100‘ ILUI'."O‘O 1.9E-81 0. 7E-Q1 B.UE-0) 9. 2E-01 9. 3E-01 9.30E-01 9.3K-061 9.3E-08 9.3K-01 9.3E-01 9.34K-01 9. 3kK-91
HASS REHAIRING = 1. 104E+09, HASS BISPERSED = 8. 4120+07, MASS EVAPOUATED - 5.G47E+07. SUN = 1.304E+09

I"II_M."I"I‘HN' ( B'-\;SKD UN. HASS) HEMAINIRG IN THE SLICK= 8. 9E-01, ANEA: 3.76+05 Msx2, TRICKNESS: 3.5E-01 CH, ROILE WIr=di4.0
L1 I‘QE!H I'_NAL‘I 59"‘ WA'L I':li IR O35 = Z.0E-0), VISCOSITY = $.4E+04 CENVINTOEES, DISPERSION TERM = 2.8K-03 SEICHTT FRACTIOR-HI
HASS/AREA= 3.28+@0 GHS/H2H, SPCR= 9.0E-01, TUTAL VOLUME: O.18+0:0 BIL, BISPERSION: O.0E00 CHS-HeM I, EVAF RATE: 4. 15«40 CHS - Pixh/ HR

TIME = 2.4E+81 HOURS. MASS FRACTION o8 FACH CUT REHAINING: 24
0.0 06 S.0k-94 | . TE-0§ 0.0E-001 H.7E-61 9 .2E-81 9. 3E-01 9.3E-01 9. .8F-01 9.4F-91 ‘).:!E-QN 9.3E-01 2.2E-61 92.3E-8)
HASS IFHAIRING = §.)6OE+09, NASS DISPERSED = 8.740K+07, HASS EVAFGRATED = 3. 0UHE+07, SUR = 1. 304K +09

FilA 'l'l.(lN (BASED ON MASS) NEHAINIRC 1IN THE SLICK= 8.9E-01, AREA: 8.7E+05 H*%2, THICKNESS: 3.58-90 CH, NOLE Wi=:415.

WEICHT FRACTION WATER EN OIL = 7.8E-018, VISCOSITY = §.7E+64 CENTISTOYES, DRISPERSION TERM - 2. .85-03 WEMCHT l'llACTlON/HDl
BASS/AREA= 3. 1E+@3 CHS-/H:MN, SPCR= 9.8K-00., TUTAL VOILUME: U.I1E+00 BBL., DISPERSION: B.0E«W CHS/Han/lm, EVAP HATE= 3.9E+®® CRS/MxH/ IR

TIHE = 2.3E+81 HOUNS, NASS FRACTION OF EACH CUT REMAINIRNG: 25
O . obled 3. 4E-09 1 .BE-G) 6. 4E-G) HB.TE-08 9.2E-65 9.0E-01 9.4FE-01 9. 49E-01 9. 8E-01 9.3F-01 V. .3E-01 9.3E-81 9.38-81
RASS HEMAINIRG = 8 130E0%, HASS DISPERSED = 9.074K«07, HASS EVAFORATED = 5.0:045+07, SUR = 1.004K+09

FRACTE UM (H—\‘SED OGN MASS) REAAINING IW THE SLICK: 8. 98-01. ANEA= 3. .8E+«05 Mz, THICKRESS: $.9E-01 CH. MOLE Wr=3.5.8
WEAGCUT FRALT EON_ WATER IR ML = 7.@E-01, VISCUSITY = 9 sk+0¢ CENTISTOKES, DISPERSION TERN = 2. 8E-04 YEICHT FRACTION/UH
HASN/AREA= $.0F+08 CHS/NisH, SPCH= 9.8E-01, TUTAL YOLUNME:= 4. 1E+08 BBL., DISPENSION: §.9E+00 GHS/M&HR-NR, VAP RATE: 3.7E¢60 CHS B R

Tinmk = 2.6H+9) HOUMS, NMASS FRACTION OF EACH CUT RERAINING: 24
©.0K00 §.9E-96 1 .4K-00 6.20-88 O.08-01 9. 1E-920 9.2E-01 9.4E-01 9. 8E-0! 9. 4E-08 9.3E-01 9.35-01 9.3E-61 9.3k-91
HASS HEMAINIRG = 4 150E+02, MASS DISPENUSED = 9 .400E+07, MANS EVAPOBATED =  5.974E+07, SUN =  §.309E+09

FRACTIOR (BASED OR HABS) HERAIRING IN THE SI0CK= 8. 8E-01, ARFA= 3.98:05 Mxxl, THICKRESS: B.800-05 CMH, MOLE WE=316.3

WEICHT FHACTION WATER IH 0. = 7.08-0), VISCOSIUTY = 9 5He0¢ CENTISTOKES, DISPERSION TERN = 2.8E-04 SEIGHT FUACTIOR-UR

HABS/AREA: J3.6E+OH CHS/MsH, SPUH= 9.0E-00, TOTAL VOLUME: #.0E+03 8., DISPENSION: 8.2E:00 CHS/NSH/UN, EVAP HATE: 3.5E+06 CHS- KN HR

TIRE = 2.7E+01 HOUNS, HASS FHACTION ¢F EACH CUT NFMAINING: 27
6.0Lt00 1.1E-0% § 2E-61 O6.1E-GF §.3K-01 9. 1E-0) 9.X-444 o 2r-08 9.2E-03 9.20-08 9.-&0 9. 2x-010 9.28-61 9 206
HASE REMAIHIRG - | 140E+99, HASS DISPENSED = 9.701E+07, HASS EVAPGRATED = 6.1108+07, SUN =  1,064E+09

FRACTION (BASED OGN HASS) REMAIHING | N THE SI0CK= 6.88-01, AREA: 3. 98 +03 H**... TICKNESS = 3.2E-01 CR, NOLE

HEICHT FRACTION WATER 0N 081, = 7.8E-01, VISCOSITY = 9. 9k+04 CERTISTOKES, BISPERSION TERN = 2. UL-O-I L ALY Hll\l:'l‘lON/llll

HASS/AREA= 2.9E+08 CHS/ NN, Sren: 2.oE-91, TUTal. YOLUNE: B.0E+00 BHL, DISPENSION= 8. 0E+00 UHS/NaR/BH, EVAEL RATE= 3.3E+80 Cis B Hn

STEE SIZE OoF 4. .0346E-01 IS BASED OR CuUt it

TIME = 2.9E+@1  HOURS, RASS FIACTION OF FACH CUT RFHAITNING : 28
©.0H: 00 6.UF-405 t. I1E-&1 S.98-00 . 3k-01 9. 1E-0} $.2E-81  9.28-01 9. .2E-01 9.2¢- 9.:.'.!-1—0! Q. 2K-01 9.20K-61 9 .28-¢1
HASS HEMAINING = 1. 141E+09, HASS DISPERSED © 1. .009E+08, MASS EVAFPORATED =  6.252E+07, SUR =t J04K+09

FHACT ION (BASED on MASS) mmumm. IN i SLICK= 8. 7E-01, AllFA=: 4.08+05 Mx32, TWICKNESS: 3.28-09 CH, ROLE WI=417.4

WEICHT FRACTION HATENR 1K 01, = G-, VISCOSITY = I LOE+65 CENTINSTOKES, DISPERSION THRM . 2.7E-04 WEIGHT FRACTION/N

MASH/AREA= 2.9E+03 CMs Hadh, 311,“ q,uy_ v, TUTAL VOLUKE=- 8.0E+03 BBL., DISPERSION= 7. 8E+00 CHS-MsM MH, EVAP RATE= 3. 1E+89 CHS M*N-HR

STEP SEZE OF  4.247H-01 |s BASED ON CUT i3

TIHE = 3.0H+01 HOURS, AMASS FIACTION OF EACH CUT REMAINING: 29
6.8E+00 3. .UK-03 9 1F 02 S5.7TE o) W.4FE-091 9. 0E 01 9. 2E-61  9.2E-01 9.2K-01 9. 2501 9 2E-0f 9.2F-041 9.2E-81 9.2K-01
MASS REMAINIRG = ) 140K «09, NASS DISPERSED = 1. 039k v0h, MASS EVAPORATED = 6. 40TE+07, SUM = | 404E+09

FHACTION (BASED ON HASS) HEMAINING IN THE SBLICK: B.7E of, AREA- 4. 1E+95 Mxs2, THICKNESS: 1K -1 CH., BOLE WI- 0.0

WEIGCHT FRACIION WATER TN O1). - 2. 0F 03, VISCOSEEY = ) 1E+005 CENUINSTOKES, DISPERSION TERM = 2 7800 WEICIHT FRACTION Bl

MASS - AREA: 2.85+0:4 CHS MMM, SIGH: 9,08 00, TOTAL VOLUME: 7.9E«030 BBL., DISPERSION: 7 OE+00 GMS-MAN- UL, EVAER BATE: 2.98+:00 GAS/Map/ )R]
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Table 16. --Qutput from GOl -Wathering Calculations (Continued): Prudhoe Bay Crude G|, Time versus
Calculated Results at 32°F for Broken Ice Field \Wathering.

STEF SIZE OF 4. 107E~01 IS BASED ON CUT 4

TIME = 3.1E+81 NOUNS, MASS FHACTION OF EACH CUT HEMAINING: ae
€. BE+00 | .TH-03 7. .0E-62 5.5H-01 B.UE-01 9. 0E-61 9. 1E-01  9.1E-01 9.1E-01 9. 1E-01 Y. 1E-01 9.1E-61 9.1E-01 9.1E-@f
HASE REMAINING = & JH0E+09, HASS DISPERSED = 1. 0IME+0B, MASS EVAFONATED = 6.558E+07, SUM = 1.304E+09 ’
FHACTION (BASED ON MASS) REMAINING IN THE SHICK: B.7E-01, ANEA= 4. 1E+05 M3 2, FHICKNESS: 3.0E-01 CH, MOLE WF=316.6

SELICHT FRACFION WATER 1IN OIl. = 7.0E-0f, VISCOSITY - ) Ty :

i \ S LL2EA00 CENTISTOKES, MISPERSION TEMN = 2 7E-834 WEICHT FRACTION ANt
MASS/AREA: 2.7E+03 CHAS/ MM, SI'CH= 9 .0E-0L, TUFAL VOLUNE: 7.9E+03 BIN., DISFERSION: 7.4E 100 CHS- M&f/NiR . EVAP RATE:= 2. HE+60 CMS-M*N-HR

STEP SIZE OF 4.045E-61 | S pasen oM cur o

TINE = 3.20+01 HOURS, MASS FRACTION OF EACH CUT WEMAINING: LY}
O.0L+00 O.7KE-906 6.TE-02 J3.3E-01 0B.3E-01 )AF-Ql 2.0E-01 9. 1F-0t 9.1K-01 9. 1E-01 9_(E-01 9.1E~01 9.1E~61 9. 1E-01
MASS HEMAINING = 1. 124E+09, HASS DISPERSED = 1. 120E+00H, MASS EVAFPORATED = 0. 0U9E+07, SUM = | Q04E+09

FHACTION (BASED O N HMNASS) REMAINEING IR THE SLICK: D.oE-0t, ARKEA=: 4.2K+05 MF&2, THICKNESS: 3.0F-01 CH, MOLE WE=319. §

WEICHT FHACTION WATER IN O8I, = T.0E-01, VISCUSITY = CLZETOL CENTISTORES, ISPERSION TERN = 2 7E-03 WEICHT FRACTION/HR

HASS AREA= 2.7E+0} CHS/NsM, SPCR= 9.0E-01, TUTAL VOLUNME: 7.9E+03 BBL, DISPERSION= 7.3E+00 CHS/M+M-HR, EVAP RATE: 2.6E+606 CNS/MsN HR

STEPF SIZE OF 3.960E-0) |s BASED ON QUT a
TINE = G.4E+01 HOURS , MASS FRACTION OF EACH cur REMAINING:

a2
0.0L+00 4 .5k-06 J.8F-02 O$.1E-01 B.2E-601 U.9E-01 Y.0E-01 9.1KE-01 9. 1FE-01 9.1FE-61 9.1F-61 Y.1F-01 9.1E-¢1 9 I1E-61
HASS RENAIRING = 1. 120E+09, MASS DISPENSED = 1. 162E+0l, BASS EVAPOIATED = 6. BITE+OT, SUN = | .304K+0Y

FHACTION (BASED ON MASS) HEMAINING | N THE SLICK: 8.0E-01, ANFA= 4.3E+05 M2, THICKNESS: 2. 9E-01 CH. MOLE WT=119.7
WEICHT FRACTIOR WATER IN 011, = 7.8E-01. VISCOSITY = 1 .0E+05 CENTISTOEES, DISPERSTON TENR |, 2.7E-03 WEIGHKT FRACTION/HR
MASS/AREA= 2.6E+63 GMS-M*M, SPCH= 9.0E-01, TUTAL VOLUME: 7. BE+O: BBI. . DISPERSION= 7. 1E100 CNS/Msn Hit, EVAP HATE= 2.5E+00 CNS-HaN-HR

STEPs | 2E OF 3.881E-01 1s BASED ON CUT 3

TINE = #.36+0) HOURS, HASSs FRACTION OF FACH CUT UEMAINING:
0. 0EH00  2.04K-06 J.6E-02 JI.UE-01 ii. 1E-@1 H.9E-01 9. 0E-01 9.0E-01 9.IFE-01 9.1FE-61 9 _1E-861 9.1E-61 9.1E-01 9.1E-01

R R

MASS HEMAITRING =  § 1 15E+09, MASS DISPENSED = 1. 197E+00, MASS EVAIMMIATED =  6.949E+07, SUM = | 304E+0Y
FHACTION (BASED ON MASS) REMAEINING I N TUE SLICK= B.58-00., AHEA= 4. 4E+05 M3x2, THICKNESS: 2.8E-01 CH, MOLE WT=i20.1)
WEJCHT FRACTION WATER IN 0L =  7.0E-01, VISCOSITY = 1 .3E+05 CENTISTOKES, DISPERSION TERH . 2.7E-04 WEICHT FRACTIONANR

MASS AREA: 2. 68+08 CHS/MEN, SIFCR= 9.oE-0p. TUTAL VOLUNE: 7.0E+00 BBI., DISPERSION=: 0. 9E+00 CMS/N3M/HR, EVAP BATE= 2.3E+60 CHS/N*N-/HI

STEP SIZE OF 3.808E-0) 1s BASED ON cur 4

TIHE = 3.6E+0) HOURS, HASS FHACTION 0F FACH CUT HEMAINING: 24
0.0E+00 1.10-06 4. JE-82 4. BE-01 U.0E-01 0B.0E-01 9.0E-61 9.0E-01 9.0E-0I 9.0E-01 9.0E-61 9.0£-01 9.0E-06t 9.@E-61
MANS REMAINING = | L10E+09, BASS DISFERSED = 1.202E+08, MASS EVAFORATED = 7 .054E+07, SUN = | .004E+09

FRACTION (BASED UN MASS) REMAINING IK THE Bl 1€K= B.5E-01, AHEA= 4 _4F+05 M¥x2, THICKNESS: 2.HE-61 CH, NOLE wT=:126.6

WEICIT FRACTION WATER IN G1). = 7.0E-001, VISCOSITY = 1.4E+06 CENTISTOKES, DISPERSTON TEUNM = 2 7E-03 WEICHT FRACTION- MR

NASE. AHEA= 2.3E+03 CHS/H&M, SICH: 9. 0E-01, TUTAL VOLUNE: 7.7E+08 BIM., DISPERSION: 6. UE+60 CMS/RsM IR, EVAY JATE: 2.3E+@0 CAS/MsiN-WR

STEE SIZE OF 3 .7T425-01 I3 BASED ON CUT R

FTIME = 3.7E001 HOURS. MASS FHACTION OF FACH CUT REMAINING:

G.0L100 0. .2F-07 A.TE- 02 4 . oF-01 H.0F 01 B.UE-01 92.0FE-0) 9.0E-0) 9.0E-U1 9.0FE-0) 9 0F-01 9.01-0) 9.9E-01 9.0E-¥)
MASS REHAINING = 1. 100K e009, MANS DISPERSED - 1.265K 108, MASS EVAFOUATED = 7160507, SUM - [ Iy AL L

FRACTION (BASED ON MASS) REMAIRING IN THE SLICK: 3.5F 01, AREA: 4 .5E+05 M, VHICKNESS: 2. 70-08 CH. MOLE WE:21 .0

WETCHT FRACTION WATER IR 011 - 7. 0K o1, VISCOSITY = 1.5E+05 CENTISTOKES, DISPERSION TERM = 2. 7E-03 WEICHT FRACTION- MR

BASS ABFA: 2. 3E+000 GNS MM, SPCI: 9,08 03, TOTAL VOLUME: 7. 7«04 B, DISPERISION: 6. 0100 CMs. MM N, FVAE BATE: 2.2E100 CHS/Mean-nn
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Table 16.--Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude °il, Time versus
Calculated Results at 32°F for Broken Ice Field Weathering.

STEY SIZE OF  3.675E-01 13 BASED ON CUT 4

TINE = B.40000 HOURS, MASS FHACTION OF FACH CUT HEHAINING: a6
O.0Lr06 4. 2E-07 B 1E-O82 4. .08-01 7.9E-01 B.BE-01  1.9E-01 9.6F-01 9.0K-01 9.0E-01 9.0F-01 9.0E-01 9.0E-91 9.0E-@1
HASS HEMAINING = 1 1OIE+09, BASS DISPERSED = | 290F«0i8, BASS EVAFORATEDR = 7.267E+07, SUM = 1 .309E+09 .

FUACTION (BASED OK MASS) HEMAINING N THE SLICK: . 4E-08 . ANFA: 4.5E+05 M+#+2, TUICKNESS: 2. 7E-01 CH. MOLE WT=u21.4

WELCHT FRACTION WATTER I8 001, = 7.0F-61, VISCOSITY = 1 . SE+05 CENTISTOKES, DISPERSION TERM = 2.7E-03 WEICHT FRACTION IR

MASS/AREA: 2. 3E+60 CHS/NsH, SPCR= 9.0E-00, TOTAL VOLUME: 7.7E+00 BIN., DISPERSION: 6.5E+00 CMS/HXN IR, EVAP BATE: 2. 1Fcuob CHSI/HKH/HR

STEP SIZE OF 3.614E-01 IS BASED OR CUT a3

TIME - G.9E+61 HOUNS, MASS FRACTION OF EACH CUT HEMAINING:

O GEH08  ) TE-OT 2.TE-62 4. BE-O8 T.0K-00 B .7E-01 B.9F-01 8.9K-01 B.9K-01 0.95-08 8$.95-01 .9F-01 80.9E-81 8.9E-81
HASS UEMANNIRG = 1 .097Ee09, HASS DISPEASED = 1 .380K+0l, HASS EVAFORATED = 7 .2025+07, SUH = 1 .304E+09

FHAUCTION (BANED OR MASS) REBAINING IR THE SIICK: B.4E -0, ANEA: 4. 6E+05 Mxx2, THICKNESS- 2. 7K-01 CH, RNE WE=321.8

WEICHT FRACPEON WATER IN GIL = 2.0E-61, VISCUSITY = 1.6H+05 CENTISTOEES, DISPERSION FFEIRM = 2. 0k-03 WEICHT FRACTIOR-NH

RASS/AREA= 2.45+00 CHS/HEM. SPCR= 9.0E-01, TUTAL VOLUME: 7.7E+08 BB, DISPERSION- o.4Ee00 CMS/HEM I, EVAP RATE: 2.0E+68 CHS/ HxA-HR

STEP S1VZE @F  B.857E-08 IS BASED ON CUT R

TIAE = 4.60+@1 NOURS, NHASS FRACTICN OF EACH CUT REMAINING: a8
@ b+t H.5E-08 2.0E-02 4. 2E-0) 7.8E-01 0.7E-001 8.9F-01 H.9F-01 H.9E-01 H.9V-0! 8B.9E-01 8.9F-01 8.95-61 8B.9E-¢i
MASS UEHAINING = 1 . 00UE«99, HASS BISPEASED = 1 . 361E+08, MASS EVAFOIRATED =  7.402FE+07, SUM = 1.204k+0%

FHACTION (BASED ON HASS) RENAINIRG I8 THE SIICK= B.4E-01., AREA: 4 . 6E+05 M2, TRICKNESS: 2 pk-01 CM, 8OLKE Wr=322.2

HEICHT FRACTION WATER IN Oil. = 7.60-01, VISCOSITY = 1 . 7E+00 CENTISTOKEN, DISPERSION TERN = 2. 6E-03 HEICHT FRACTIOR-MR

MASS/AMEA= 2.48:00 CHS/HxN, SICH: 9.0E-¢i1, TOTAL VOLUAE: 7.o6k+0l B, DISPENSION: 6.2E+00 CMS/HER N, EVAP BATE: § . 2E«00 CHS/-MsR-HA

STEE SEZE OF  3.503E-01 s BASED ON CUT G

TINE = 4. 08+01 BOUAS ., MASS FRACTEION OF EACH CUT REMAINING: 39
@.6L+00 S .4k-08 2. O0E-02 4.9E-@0 T.7F-01 O.7E-01 8.9E-01 B.9K-01 B.9E-01 8.9F-01 §.9E~0! H.9F-01 8H.9F-01 0.9E-01
HASS REHAINING = 1  OH9E+09, MASS DISPREISED = 10928 +008, HASS EVAFORATED = 7.358E+07, SUR = 1.304K+09

FRACTIOR (BASED ON MASS) REMAIHIRG IN THE S1UCK: 8,48 -01. AllEA: 4. 7E+00 Mxx2, TIMCKNESS: 2 6E-01 CH, NOLE WT=1322.6

REIGHET FHACTION WATER (N 010 = Z.0F-88, VISCOSETY = 1 . 7E+00 CENVISTOKES, DISPERSION TENR = 2. 6E-93 WEICHE FHACTION/NN
MNASS.AREA= 2,.BE+00 CRS/H*N, SIei= 9.0E-01, TUTAL VOLUME: 7. 6F+03 BUL., DISPERSION: o.1E+08 CHS-M*N-UR, EVAP RATE: 1 .8E+60 CHNS-MsM/HR

STEEP SEZE oF  3.451E-68 1S BASED ON CUT K}

TINE = 4.20+01 HOUNS, HASS FUACTION OF EACH CUT BEMAINING:

G . OE+00  2.0KE-08 1 .TE-02 . .9E-01 7. 0K-01 B.6F-01 B.UE-01 H.9E-01 0. .9F-01 8.9E-01 8.9E-01 8.9E-01 §.9¥-01 8.9F-91
MASS BEMAINING = 1 OUSE+0Y, MANS DISPENSED = 1. 420F+0l, MASS EVAPORATED = 7.641E+07, SUM = 1.404L+09

PRACTION (BASED ON MASS) HEMAINING TN VHE SLICK: B0 -01, AIEA: 3. 7E+05 Max2, TRICKNESS: 2.58-01 CH, ROLE WI=322.9

WEICHT FUACTION WATER 4N O1. = 7.0E-01, VISCOSITY = ) UE+05 CENTISTOKES, IMSPENSION TERN = 2. 6k-03 NEICHT FRACTION IR

MASS-AIEA= 2. 8E+O1 CHN MM, SPCK: 9. 0E-01, TOTAL VOLUME: 7.06E+808 HBUBL, DISPEASION= 6.0E+08 CHsS/ MsB/Hit, EVAP BATE: | . UE+00 CHS/HsM/HR

STEP S1LZE OF 3 402E-01 1IN BASED ON CUY R}

TIME - 4000 HOUNS, MASS FHRACTION OF EACH CUT REMAINING :

O .Ok0n 1 .2E-0H 1.3E-02 G HE- 0L T o6l 9 6K 01 B BE O D HE-01 B UE-81 B .0E-0) U BE-o1 B8k -0 B.BE-0) B LE-0)
HASS HEMAINING = QHZE+8Y . HASS DISPENSED - L. 2000 v, MASS EVAPORATEDR = 7.720K+07, SUN - t .04k 09

FMACTION CBASED ON MASS) HEMAINING IN THE SHICK: 8.0 8. AREA- 3. UF+03 Mex2, THICKNESS: 2 5E-01 CM, MOLE WI-020.08

WEICHT FHACTION WATER IN 011 - 7 6k 01, VISCosSErY - 190000 CPNCISTOKES, DISPERSION TREIIM = 2 oF-0id WEICHT FHACTION. N

MASS. ARKA: 2 88003 GMS/MEN, SPCH: 9. 0F 01, TOFAL VOLUNE - 7. .0FE @i B, BDISPERSTON= 3 . 0E100 CHs- MM HitE, EVAEP RATES 1700 CHS- =M~ nl
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Table 16.--Output from Oil-Weachering Calculations (Continued): Prudhoe Bay Crude °il, Time versus
Calculated Results at 32°F for Broken Ice Fielo Weathering.

STEP SIZE OF  4.4560E-01 1S BASED ON Ut 4

TINE = 4.4L+01 HOUKS, MASS FRACTION OF EAGH CUT HEBAINING: 2
O.UEY00 6. 1E-99  1.E-82 W ZE-0) 7 SE-01 . 6FE-0t B .0E-01  B.8E 0 B.8E-01 8.05-01 §.0E-01 08.8F-01 #.4E-01 §.0E-01

MASS HEMALNING = 1 OZHDEv09, MASS BISPEUSED = 1 470E+08, HASS EVAFORATED = 2 007E+07. SUM = 1. 304K+09

FRACTION (BASED ON MASS) REMAINING 1N VHE SLICK= 3.36-00 . ANEA: 4. 0E+05 %2, TITCEND 2USE-08 CH. MOLE WP e

WELCHT FRACTION WATER N O = 7.0E-01. VISCOSEIY - 2 0E+05 CENTISTOEES, BISPERSION TEHM = 2 6F-0: WEICHT FRACTION-HR

MASS,AREA= 2.2E+08 GHS/MsM, SPCR= 9.0E-00, TOTAL VOLUME: 7.5E+03 BBL. DISPERSION= 5. TE00 CHS-H&M K, EVAF HATES §.7E¢00 CHS/MEN-HA
TINE : 4.55+01 HOURS, MASS FHACTION OF FACH CUT UEMALNING: : 43

Q. 0L V. OE+08 1. 1E-02 G.5E-01 7.4E-01 B.6E-01 O BE-01 H.0E-01 B.08E-01 $.8F-01 8.8E-01 B.8HE-01 #.8E-61 8.0E-01

MASS REMAINING = 1.074E+09, MASS DISPENSED =  1.506E+0, MASS EVAFORATED = 7 M7E+07, SUM = 1.004E+0%

FRACTION (BASED ON HASS) RFHAINING IN THE SLICY: B5.2E-00, ARFA: 4,900 Me2 0 THICKNESS: 2 . 3E-00 CH,. HOLE WI=3423.9
WEIGIT FRACTION WATER IN OIL = T7.8E-0), VISCOSYTY = 2 0400 CENCISTORES . BDISPERSTON THEHM = 2. 6E-03 WEIGHT FRACTION/ IR
MASS. AREA= 2.2E+083 CHS/NNM, SPGR: 9.0E-01, TOTAL VOLURE: 7. .0KE+03 BN., DISPERSION: $.6E 100 GHS/MEMN/ IR, EVAER BATE: |.0E+80 CHS/MeN/LIR

TINE = 4.6k+01 OUNS, MASS FRACTION OF EACH CUT NEMAINING: 44
V.OLT00 B.OFTO0 Y. 4FE-03 H.4E-¢1 T.4E-01 H.0E-01 W.7E-01 B.0E-01 B.0E-01 B.HE-O00 B.BE-9 B.01-01 B.8E-61 8.8E-01)
MASS REMAINING 5 1 . OTIE+09, NASS DISPERSED = 1. .34 +08, NASS EVAPORATED = 7. .9645+07, SUM = 1. 404E+09

FRACTION (BASED ON HASS) REMAINIRG IN THE SLICK=: B.2E-01. AlEA: 4 HOD MFEFL, THICKNESS: 2.3E-01 CH, MOLE Wi=l24.2

WEICHT FRACPION WATER 1IN 01 = 7.0E-81, VISCOSETY = 2. 1E+00 CENVINSTORES, DISPERSION TEMH = 2 GE-08 WELCHT FRACTION- MR

HASS/AREA: 2.2E+08 GHS/H* N, SPCR= 9.0E-91, TUTAL VOLUME: 7.3F+03 BBL, DISPFEUSION= 3.GE+00 CHS/MHeH/0R, EVAP RATES |.6E+00 GCHS/MEN/lIR

TIME = 4.7E+01 HOUNS, MASS FRACTION OF EACH CUT REMAINING: 5
@.0L00 V. .VEHO  H.OE-00 B.0E-01 7. 0E-68 8.JE-00 0.7E-01 8.7F-01 W.8E-01 8.0E-01 8.8E-01 8.0E-01 J.0BE-61 8.8E-61
NASS REMAINING = 1. 067E+0W9, HASS BISPFERSED = 1. 501E+08, MASS EVAPORATED = B.041E+07, SUN = 1. 003E+09

FHACTION (BASED ON MASS) REMAINING IN THE SLICK= §3.2E-01, ARKEA= 5.0Er03 Mxx2, THICKNESS= 2 3E-01 CN. NOLE 24.0

WEICHT FRACTION WATER IN Ol = 7.6E-01, VISCOSETY = 2. 2E+00 CENFISIOEES, DISPEASION TERN = 2. 5E-03 SEICHT FRACTIONAHIR

MASS/ANEA= 2. 1E+8 CHS/NsH, SPCR: 9.0E-01, TUTAL VOLUME: 7.4E+00 BB, DISPERSION: $.4E 100 CHS/MsN/HR, EVAP HRATE= 1.3E+00 CHS/H¥N-/HR

TINE = 4.8E+91 HOURS, MASS FRACTION OF EACH CUT HEMAINING:

0.0E+0U ©0.0K+80 6. 8E-81 4.2E-01 7.4K-01 0.5E-01 #.7E-01 8.7F-01 8.7E-01 8.7E-61 0.7E-61 8.7F-01 0.7E-01 B.7E-01

MASS REMAENING = | .064E+09, MASS BISPERSED = 0 . GIMIE+0I, MASS EVAPORATER = 8. 115E+07, SUM = 1.304E+09

FRACTION (BASED ON MASS) REMAITHING IN THE S11CK= §.2E-01, AREA= 5.0FE+05 Ne32, TIICKNENS: 2.3E-01 €N, MOLE WT=3424.9

WEICHT FHACFION WATER I O1f. = 7.0L-01, VISCOSIUTY = 2.3E+05 CENTISTOKES, DISPERSION TEMM = 2_5E-03 WEICHT FRACTION-UM

MASS/AREA® 2. 15403 CHS/M&M, SPCHRE 9. 0E-01, TUTAL VOLUNE: 7.4E+00 BUI., DISPERSION= 5._3E+00 CHS/HeN/BR, EVAP HATE= |.5E+00 GHS/ MM iR

TIME = 4.96+01 HOURS ., MASS FUACTION OF FACH CUT REMAINING:

G.0L+00 O.0E+O0 G BE-81 . 1E-0) Cop-91 B E-01 B.7E-#1 B.7E-01 B.7E-01 B.7E-01 8.7E-¢0f 8.7E-01 8.7FE-01 0.7E-¢)
HASS BEMAINING = 1. 06OE+09, MASS BISPERSED = 1. 615KE+00, MASS EVAPORATED = 8. 109E:07, SUH = 1.304E109

FRACTION (BASED ON HASS) REMAINING IN PHE SLICK: 8. 0E-01, AREA= §.1E+00 Mxx2, TIICKNESS:= 2 3E-01 CH. #OLE WT=025.2

WELCIET FHACTION WATER IN @1l = 7.0E-01, VISCUSITY = 2. 3E+05 CENTISTOKES. DISPERSION TERM = 2.5E-03 WEIGHT FRACTION I

MASS/AIEA= 2. 1E+08 GHS /BN, SIFCR= 9.0E-01, TOTAL VOLUME: 7.48£+08 BLL., DISPEUSION= §.2E«00 CHS/MEM-HK, EVAP RATE= 1. 3E+80 CHAS/M*N/II0

CINE = 5.0E+61 HOUNS, MASS FRACTION OF EACH CUT REMAINING: P
0.0Ft00  0.0E+60 4. 90-00 0.0E-01 7.1E-01 B.4E-01 0 6E-01 B.7E-01 B.7E-01 B.7E-0) B.7E-01 B.7E-01 U.7E-01 8.7E-01
MASS REMAINING = 1.@57E+09. MASS BISUERSED = 1. 64250010, MASS EVAPORATED = 8. 261F107, SUN = §.004E+0%

FHACTION (BASED ON MASS) NEAATNING IR THE SLICE: 1 0E 01, AREA: 5. 1E+05 M2x2, THICENESS: 2 3E-01 CH, HOLE W1-026. 4

WELGIT FRACTION WATER IN O1) =  7.0E-01. VISCOSITY @ 2.3E+05 CENTINTOKES, BISPERSION TERN = 2 5E-03 WEICHT FRACTIONAM

MASS-ANEA= 2. 1E+0 CHS/M+N, SPCRE 9.00 00, TUTAL VOLUNE: 7. 4E+08 BRI, DISPERSION= 3. 1E+00 CHS/M+N N, EVAP RATE: 1.4 ¢00 CHS/MHEN- QR

TIME = 510101 HOURS, MASS FHACTION OF EACH CUT REMAINING: ‘ 49
QOO0 ©.0EF00 4 20 -0i 2. 9F-0F T 1E-00 . 4E 01 BoF-91 B.7E-01 W.TE-01L B.7E-01 B.7E-01 B.7E-01 B.7E-01 B.7k-01
MASS BEMAINING = 1 0G0E+0%, BASS BISFERSED - 1 oot 0, MASS EVAPORAITED = 8. 301E107, SUM = 0409

FRACTION (BASED ON MASS) REMAINING IN THE SHICE: 35 1k-01. AREN- 5. 2Fe03 MEs2, TIHICENES LOHE-01 CH. BOLE WE-U20.7
WEICIE FHACTION WATER IN 011 - 7.0F 01, VINCOSEIY 2 2. 50005 CENNINTOKES, DISPERSTON TERN - 2 5E-0i WETCIE PRACTION -

MASE ANEA- Z2.0Ee@id GHS - HIM, SPGIR- 92.08 01, TOTAL VIH UM - 70800 Bk, DISPERSTON- S.0E100 CHs Min- i, EVAY NAVES 1. 3000 CRS- Men )i
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Table 16.--Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude 0il, Time versus
Calculated Results at 32°F for Broken Ice Field Weathering.

TINE = 6.20E+01 HOURS, NASS FRACTION OF EACH CUT NEMAINING:
Q.0EH 00 ©.UFEIOY 7.3 T.0E-01 6. 3E-01 8. IE-01 H.el-01 H.4F-01 B.5K-01 H.3FE-01 U.5E-01 U.5E-01 8.5k-u) 0.58-014
HASE REHADNMING = 1. SEY09, MASS DISPEASED = 1 .920F 08, BASS EVAFORATED = 8.972K+07, SUN = 1.304E+09

PHACTION (BASED ON MANS) HEMAINIRG I8 THE SILICK: 7. 0FE-01. AREA: 3. 6E+05 M2, THICKNES 2. -0t CA. NOLE wi=i2e 4
WELGHY FRACTION WATESE IN O = 2,.0F-91. VISCOSITY = 3 .7K+05 CENTISTOVES, BISPEUSION TERM = 2. 3E-038 WEICHT FRACTION/IIR

HASS/AREA= 8. BE+80 CHS/KxR, SICH: 9.0E-01, ‘TUFAL VOLUNE= 7.1E«00 BB, DISPERSION= 4.2FEr080 GHMS/ N8R, FVAP RATE=S 1.0E+00 CHS/HsM/HA

STES SIZE OF 5.000E-0) IS BASED ON CUT 2

TIMY, = 7.2E+01 RUURS, MASS FRACTION OF FACH CUT WEMAINING: 1]
O.0N00 O .08 1. 0E-04 1. BE-0) 3.9E-01 T.0E-01 0.2F-01 8.2F-01 B.3E-01 B.0FE-01 8.0F-¢1 B.UE-01 8.3E-¢1 8.3FK-61
HASS NEHAIRING = 9. 920E 68, MANS DBISPERSED = 2. 10180, HASS EVAIFORATERD = 9, 322K+07, SUN = 1.303K+09

FHACTION (BASED ON MASS) REMAINEIRG 0N THE SILICK=: 7.6E-08, AREAN: G.90+00 H¥:2, TRICKNESS: | 8E-08 CH, Mok Wi=dle.7

WEACEHT FRACVION WATER 1IN 010, = Z.6E-91, VISCOSITY = 5.2H+00 CENTISTONES, DISPERSTON TEUN = 2. 0E-08 WEICHT FRACTION/1IR

MASS/AREA= §.7E+00 CHS/NeN, SPGR= 9.0E-01, TUTAL VOIUNLE: 6.9E+08 BI., BISPERSION= 3. 58+00 CHS/N&M/HR, EVAP BATES 8.4E-68 CHS/R¥H/IR

STES SIZE OF  5.600E-0) IS BASED ON CUT 4

TINE = 8.28+00 HOUNRS, MASS FRACFION OF EACH CUT IIEMAINING: 52
G.OF00 6. .0F09 | .BE-05 $.2E-62 5.4E-01 7.5E-01 H.0bE-01 $.58-01 8.1E-01 H.b-or B.iE-6t B.ikE-o1 B.1E-01 8.1E-&1
HASS IEMAINING = 9. 074E ¢}, HASS DISPRENSED = 2.067E«00, RASS EVAFPORATED = 9.979F+07, SUN = | . 30409

FHACTION (BASED ON MASS) REMAIRING 86 THE S1L1GCK:= 7.45-01, AHEAS 6.8E+00 Na42, TRICKNESS: 1.78-01 CH, BOLE WT=432.7
WESCHT FHACTION WATER 18 010, = 7Z.8E-01, VISCOSITY = 7.1E+05 CENTISTORES, DISUERSICH TERN = 2.6F-0i WEICHT FHACTION/HNR
MASS/AREAR= 0. 3E+0 CHS/M*M, SPCR= 9 1E-01, TOTAL VOLUNE: 6.78+08 BBI., DISPEASION= 3.0L«00 CHS/HFR/ZDID, EVAP BATE: 6.HE-81 GRS/RxN-IR

STEF SIZE OF 5.000FK-01 1S BASED ON CUT L]

TIAE = 9.20+61 HOURS, NHASS FUACTION oF EAGCH CUT BEMAINING: 99
G.OFI00 O.6GFB® . BE-00 5.0E-02 4.0F-01 7.3E-01 7. 8E-¢1 7. 9E-01 7.9F-01 7T.90-01 7.9E-01 7.9K-01 7.9¢-01 7.9K-01

MASS HENAINIRG = 9. 440K+0H, HASS ISP 2 Z2.054K 100, HASS EVAFORATER = 1 . 0U7E«O08, SUM = 1. 304k +09

FHACTION (BASED N MASS) NEMAIRING 1IN PUE SLICK: 7 .2F-01, AREA: 6. 6E+00 Mexl, THICKNESS= 1. 6E-01 CM, HULE WI=dd4.4

HELCHT FBACFION WATEN IN 018, = 7.0K-01, VISCOSITY = 9. 3E+05 CENPISTOKES, DISPERSION THEUN = 1. 8E-0% WEICHT FHACTION-IR

MASS, AREA= 1.4E+03 CHs-MxM, SPCH: 9. 1E-00, TOTAL VOLUME: 6.06E+03 BBL., DISPENSION: 2. 0E+00 GHS/HEN/BIR, EVAP BATES 3.0E-01 CHS/NsM/HA

STEP SIZE OF  5.000FE-81 IS BASED ON CUT 4

THE CUT NUMBERING BEGENS WETH 2 BASED ON CFHE OR LG | NAL CUT NUMBERS
THE FINAL MASS FRACTIONS FOR CTHE SEICK AT | 0«02 HOUIS ARE: . 54
0. 000K N0 G BVOELBY |1 G177 07 S 0E-02 $RHIE-01 7 604k 01 7 K- T.7808-01 7002 el 7 O000E-01 7. HuiE -0l

7 008F -9 7.8OUE-03 7. Hoik 01
FHACTION (BASED ON MASS)Y REMAINING EN THE SEICKR - 7 08 01, AL 6 BEe0S ME2 0 THICENESS: 1 GF-01 CH, MOLE Wi=id . 4
MASS HEMAINING - 9. 2064E+04, MASS DISEERSED - 2.706E«h, MASS EVAPUHATED = 1. 00BE10l, SUN = 1 041109

Y YRR N PR N R NN Y XX NN WAL T L A A N A XS
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Table 16. --CQut put
After Weathering in Pools on Top of Ice and Weathering in a Broken Ice Field.

SUMMARY OF THP CUTS CHARACTERIZATION FON:

from O |-Wathering Calculations (Continued):

Characterization of Prudhoe Bay Crude Q|

FRUDMOE BAY, ALASKA
AFTER:
TCE Pool, WEATHERING FOIL 2. 400E+01 HOURS
BROKEN 1CE FILELD WEATHERIN FOR 1. 000E+02 HOUNS
CODE. VERSION 1S CUTICA OF MAY U4
1'TEN 9, SANPLE 710018
™ AP sSrGi \TUR MW ¢ re A Ti10 vis NC NS
I 2.801402 J.166E+01 7.60FE-01 6. 79E~07 1 I9EY02 | L OTE4+0R 4. SUEYOL 5.07E+02 3 .31F+00 .49 +02 6.7UHE-01 U
2 H.25Ke02  4.76E0 7 .77E-01 t.77K-01 1GAEH02 1 IZEOE BUH2E0) 5058402 UL G2 +00 J.06F+02 8.46E-01 ¢ ]
G B.70EY02 4 .32E+00 7T . HTE-OL  2.37E400 1 .SFEHO2 ] 16E+00 G 16Er0) 6. U2EI02 4. 6700 O 202 1. OTEO0 )
4 2.15E402 4.13K4+01 1. 04E-0) 4 .T7EA00 | . GTEVOZ | 21E+00 . 0UE+0) O .M HOZ2 L UL 00 6._60F+02 1 .08E+00 [}
3 4.60E102 3. 7TOE+01  8.225-03 3. 80E+00 | .05E+02 | 20E+00 2.91E+01 7.07E+02  1.94E100 X O.90E+02 1 BIEW® 1
6 G.0GHWO2 . 40E01 B.36E-01 6. 1Z2E+08 2 . 00ErO2 | BIE10H 2. UKt01 B.20E02 4. 00k 00 3 7.06E:02 1. 7500 4
7 S.041402  B.OGE+OL H.50F-01 3.44E+00 2 .21E+02 1 AGE+0U 2. 74H+01 9 0902 4 221 +08 28, T.P?7F+02 2 480E+00 )
B 6. U022 . 9E+01 5. 66E-01 T.90E+00 2 _SZ2E+02 | .40F+0U 2. 58E+00 1.+ 4. 49E+00 2K B.20K1+02  4.00E+00 ]
9 G.02E02 2. 62KE+0) B .H2E-01 S8.33E+00 2. HIE+02 | A0E+00  2.47E+01 L IGEAON 4 ZUE+00 X B.270K+02 T 18E+00 34 4
10 T 12402 2.40K401 B.94FK-01 T.36E+00 3.13E«02 | 49E+60 2. 006E+01 1 .27E108  5.00E+00 3 9. 192E+62 | .Q6F01 3 ¢
Il 7.031402 2. .205K+01 9. ONE-01 9.0HE+00 8§ .51E+02 1 . JUE+0H  2.25E+01  1.48E+ON 5.00F+00 ar 9. 6IE+62 2 MEO1 3
12 0.50E+02 1. 14E+01 9. 7IE-01 4.496E+01 6.00E+02 . 43E+00 2. 47E+01 1. I0E100 4. .7:0400 2. 995-01 B.27E-01  1.81E+wW2 3 |
vor K CORRELATION I NDEX
[} 119K 01 2.92k+08
2 119K 00 2.408E01
3 ). 19K 24200
4 1.19K+01 2.56K+0)
3 1.10K01 2.90K01
6 1.1UK201 S. 030100
O I k{27 ] $.7UKr0)
4 1.18E+0) d.6oks0g
9 . 1UE+e1 4.028+01
10 1. 1kE+0) 4.278+01
it 1.10E+010 4.36Kt0)
12 1. 12E+00 7.21Ev01
MILK AP) CHAVITY = 23.u

™ =
Arl

TC -

A AND B ARE
TIo IS THE TEMPERATURE
VIS I8 CTHE KINEBATIC VISCOS1PY

uor

NS -
TUNORE. TIE FUROR CODES POl COMPONENT NUNBERL 12 08 1F

MEAN MOLECULAR WEIGCIT OF THE CHULE -

K

NORNAL DOLLINC TEMPERATURE.,

AP CRAVITY
VOLUNE PER CENT OF TOTAL CRUDE

ry

HOLEC
[M1]]

ULAR WEICHT
CAL TEMCERAVTURE,

bEC ¥

DESC RANK I NE

CRITICAL PHESSURE, ATHROSPHERES
CRITICAL VOLUNE,

IS THE V. 0. P, K

CORREI VTLON INDEX IS PEFINED 1IN (COLEMAN,
WROR CODE |
Fiittor CObE. .

sSHOUL
siiou

. HE
BB FabAlL ‘o

CE/7MOLE

PARARETTENS IN THE VAFOIL PRESSURE FQUATTON

IN BEA I WHERE CTIHE VAPOR. PRESSURE.
IN CENVINTOFEES AF 122
CHABACTERIZATION FACTOR

17

IS 10 MM G
[TT X o

LESS THAN o

IN A RENSIDUUN

I MY LR
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Table 16.--Qutput from O -Wathering Calculations (Continued): Beginning of Calculated Results for
Open- Ccean Weathering at 40°F.
WEATHER | RC DATA rFoli o1, UN THE OPEN CFAN
AFTER:
TCE oDl WEATHERING FOB 2 400K +0) HOUKS
BROKEN ICE FIELD WEATHERING FOR 1. 000F+02 HOURS

OVER-ALL MASS-THANSFER COEFFICIENTS BY INPUT CODE 2

OVER-ALL BASS-THANSFER COEFFICIENT FOR CURENE = 2. .590K+01 B/70R
«ur Mm CR-ROLES” (1) (ATH) «Mk32)
L} 2. 65k +01 1. Lok +0d
2 2. 03065401 1. 168K +03
H] 2. 6ok 01 . 1006100
4 2.609K+08 §.14TE 0
9 2. 590K +01 ). 0908
[ 2. [P R AL ]
7 2. 1. 136K +0%
i HLN i 10K
L 2. 1.012E«03
10 2.5178+01 1. 107E+003
[ ¥ 2. 300k+01 1.1 1E+00

FOR THIS SPILL OF 6. 420E+08 BARRELS, THE MASS IS 9.204K+62 METRIC TONNES

VOLUNE FRUM SURBMING THE CUTS = ). .QE+OR Mexld, OH 6.4 8K+08 BARNELS

HIND SPEED = 2.000E+01 KRUITS, OR  3.706E+049 NN

SNITIAL SLICK DIANETER = 9. 310E+02 M, it AHEA = 6. 41IE+05 M*xx2

NKINEMATIC VISCUSITY OF THE BULK CRUDE FROH THE CUTS = 1. 1E+8) CENTISTOEES AT 122 DEC F

KINENAT I VISCOSETY OF THE BULK CRULE FROM TIE (;U'IS 2 L.9E400 AT T = 40.0 BEGC F, SCALE FACTOR = |.7F+08

VISCOSETY ACCSMIDING TO HASS EVAPORATEB: VIS23UL = 3.30E+01, ARRDHABE = 9.00E+@0, FRACT WEATHERED = § . @3E+01, VSLFAD = 3.24E+02 CP
HOUSNE, CONSTANTN: MOUNEY= o.20E-01, MAX 020- 0.70, WIND*x2:= 1. .08E-83

THE FRACTIONAL SLICK AREA SUBJECT TO BISPERSIOR IS 1 .48+01 FER HOUNR

COUNY THE CUTS IN TIE FOLLOWING oUTPUT FROM LEFE T RicHr

TUE LRUCIAL GRAR MOLES 18 THE SLICK ARE:

4.900L-92 ) . OANEIGS 1 .2508E+05 D A2TESOD 2.0221°000 2 60000 1 OBBEAOT  2.79004+03 2, 062E+05 2. J42E+05 2. A74E+03
7.351Ev08

TUE INITIAL MASSES (CHAMS) IN ik SLICK AR

9.2370200 ). 390EH00 ) L HYTEA0T . USGE0T7 3. BIBEO7 5. 200E+07 2. 09BE6T 7. 02TEOT 7.4U7E+07  6.699E+07 U045 07

4.4100¢08
THE PUTAL HASS FROM THESE CUTS IS 9. 264K +08 CRAMS

STEEP SUAE OF 9. 070F-02 15 BASER G CUt )

TIME = 0.0 08 HOUIS, MASS FHACTION oF FEACH CUT REMAITNING:

PO T DR T YT SV 1 oy 1 O T Y R ¥ Y S 1Y DR V7T S IO P T O X L L SR T T DR X PV I I T} e 3 11 1) L.OE+O0 1. OFE00 | . 008 | . OF+00 | . 0K 00

MASS HEMAINING = 9 . 2648+08. MASS RISPERSED - Q. 000F ¢, HASS FVAFPOHATEDR = 0. 000E«00, SUM = 9, 264K 000

FHACTION (BASED OGN MASS) REMAINING IN CHE SEICE:S 1 0kroo, AREA: 6. OBE+0D Mx+2, THICANESS: ) . 3E-61 CH. Holk WI=005.8
WEICHT FRACTION WATER IN UL 7.00-01 . VISCUSETY - AR 04 CENTISTOKES, DISPERSTON i - 2 oE-0i WELCHT FRACTION-HR

MASS/AREA: 1. 4E+03 GMS-M4M, SIGIH:= 9 0k 01, TOTAE VOLUME: .30 BBL., DISPENSION= 3. 3Ee00 CHS- MM 0L, EVAEP RBATE: 0.0E100 CHS/MeN HR

TIME - L0 v HOUNRS, MASS FHACTION OF FACH GO aEMAITNING: i
Fo 4 B T W TRRLY T S T W I I & S TN SR BT S 1Y} YT Y L L T 1 T S 1Y T S SO T S VT S S Y B CT U S ST YO T i B L T O I T T R T LT S O 1 a1 1)

MASS BEMAINING - 2. 200E+0ib, NASS BISPLUSER - 2 547606, HASS EVAFORATED = 7.7005000, SUM = 9, 204hr0l
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Table 16.--Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude 0il, Time versus
Calculated Results at 40°F for Open-Ocean Weathering.

FRACTION (BARED ON MASS) HEMAINING IN PHE SEICK: 1. 0E+00, AREA= 6. 9E+05 M**2 . TIICKNESS: | . SE-01 CM HOLE W=
LAL.1 | ' A, N . . . g -OF - JHNESE - ok M., A+ SdidG
NI-_I‘Q:III‘ r.lll‘\(.l ‘3"‘. WATER IN OIL. o T.0FE 01, VISCOSETY - H.4E+04 CENTISTOKES, DISFERSION TERN = 2. 6E-03 WEICHT ¥ l:‘;ll’l’lllﬂ/llll
MASS/AREA:= | OE+00 CHS/NsM, SPCR: 9. 1K 01, TOTAL VOLUME: 6.4E+0il BB, DISPERSIGN: 3. 4K 00 UMS/M3M/MIL, EVAP RATE: | .0E+00 GNS/N*M-HA

TIME = 2000000 BOUIS, MASS FHACTION O EACH CUT REMAINING: a
B.AE-0L T UE-81 9. TE-01 9.9E-01 9. 9F-01 9 9E-01 9. 9E-01  9.98-01  9.9E-0F  9.915-01 9. 9E-01 9.9FE-0f k
MASS REMAINING = 9. 199E+08. MASS BISPFERSED = S.0198+006. MASS EVAFPORATED = § . 5342KE+06, SUN = 9,.264E+08

FHACTION (BASED ON MASS) REMHAINING IN THE SLICK: 9. 95-01, AUFA: 7.0E+05 M&2 . THICKNESS= 1.5E-0) CN. MOLE WT=316.5

wWEICHT l':llACl"lf”! WATER IN Of) = Z.0E-01, VISCOSITY = 4 .3E+04 CENTISTOEES, DISPERSION TEIM = 2. 5E-03 WEICHT FRACTION/ IR
MASS/AREA= 1. BE+00 CHS-M5N, SPCGR= 9.1E-01, TUTAL VOLUME: o.4E+03 BB, DISPERSITON= 3.3E+00 CHS/ MM AL, EVAP RATE: 1.0E+60 CHS/ N3N UR

TIME = 4.20+000 HOUNS, MASS FHACTION OF EACH CUT MEMAINING: Py
$.00-01 6. 9K-01 92.30E-01 9. HE-01 9.9E-01 9. 9E-01 9. 9E-01 9. 9F-0) 9.9E-01 9 . 91-04 9. .9F-0l 9.9¢-01

MANSS HEMAINING = 9. 167E+08, BASS DISPERSED = 7.504E+06, MASS EVAFOUATED - 272K 106, SUM = 9 _264E+010

FHACTION (BASED ON MASS) REMAINING IN THE S1ICK: 9. 9€-01, AREA= 2 1E+05 M2 THICKNESS: 1.4E-01 CH, NOLE WI=416.8

WEICHT FRACTION WATER I8 O)) = 7. 0E-61, VISCOSITY = 3.75E+04 CENTISTOEES, DISPFRSION TEIRM = 2. 5E-03 WEICHT FRACTION/HR

MASS7AREA= ). BE+08 CAS-MN+M, SPCR= 9. 1E-01, TUTAL VOLUNE: 6.4E+08 BBk, DISPERSION= 3.UE+00 GHS/MsM/IA, EVAF RATE= 9.HE-61 CHMS/N<N- LR

[N

TIME = 4.30¢00 HOURS, MASS FRACTION OF EACH CUT REMAINING: '3
L.OE-01 6. 1E-01 9.0E-61 9. TE-01 9.9E-01 9. 9E-01 9 .9E-01 9. 9E-01 9. 9FK-01 9.95-01 9.9E-01 9_95-01

MASS RENAINING = 9 10GE+08, NHASS DISPEISED = 9. 970E+06, MASS EVAPOURATED = 2 .997E+006, SUM = 9, 264E+04

FRACTION (BASED ON MASS) REMAINING IN THE SLICK: 9. 9E-01, AREA: T.1E+00 M&s2, THICKNESS= 1. 3E-01 CH, MOLE WE=3347.1

WEICHT FRACTION WATER IN OLLL = Z.0E-01, VISCOSITY = 0. 0KE+04 CENTISTOUEES, BISPERSION TENM = 2.5E-03 WEIGIHT FRACTION/HR

NASS/AKEA= §.UE+8H CHS/N*N, SPGIH: 9.1E-03, TUFAL VOLUME: 6.83E+08 Bl., DISPERSION= 3.2K00 CHS/H+M I, EVAP BATE: 9.3E-01 CNS/M*M/ UK

Tigk:. = $.3E+00 HOURS ., MASS FRACTION OoF FACH CUT NEMAINING: ©
S.o0t-02 B.UK-01 H.OE-81 9. 7E-01 9.8E-0)] 9 9E-¢1 9. 9E-01 2.9E-01 92.9E-01 9.9E-01 9. 9E-01 9.9F-01}

HASN WENAINING = 9 100E«BI, NASS DISPERSED = 1. 242E+07, MASS EVAPBIATED = 3.706KEt00, SUN = 9. 264E+08

FRACPION (BASED ON MASS) REMAINING IN THE SLICK: 9. 8E-0L, AREA: 7 _2E-03 M*E+2, TIICKNESS= §.4E-01 CH, MOLE WI=U437.5

WEICHT FRACTION WATER IN O1L = 7.0E-01., VISUOSIETY = (.9E+04 CENTISTOKEN, DISPERSION TERN = 2,.5E-0: WEIGIHT FRACTION- I
MASS-AREA: 1. BE+9I0 GHS/NxH, SICIH: 9. 1E-01, TOTAL VOLUNME=: o.3E+03 BB, DISPERSION= 3.2E+00 CHS/NEN/HG, EVAP NATES 9.2E-01 CHS/M*N-HR

TIRE = 6.4E+00 HUOURS, MASS FHACTION OF FACH CUT HEMAINING: 7
F.1E-02 4.70-01 B.3K-601 9.0E-065 9. 0E-01 9. BE-01 9 QE-01 9.0E-061 9.0E-01 9.0E-01 9.8E-01 9.8F-01
HASS REMAINING = 9. 072E+01l, MASS DISPERSED = 1. 906K 107, MANS EVAPORATED = 4 .401E+06, SUN = 9. 204E+08

FRACTION (BASED ON MASS) REMAINING IN THE SI.0
WEIGHT FRACTION WATER IN 011 = 7.6E-01. VI
MASH/AREA= |, 2E+80 GHS/M2M, SICHR: 9.1E-03,

CK= 9. 8k-01, ANEA= 7 _SE+05 Me&2, TRICKNESS= § . 4E-61 CM, NOLE WF=447.8
OSETY = 4. 1E+04 CENTINSTOKES, DISPFERSION TERN = 2. .3E-08 WEICHT FRACYION-IN
TUTAL VOLUNE: o.3E+03 BB, DISPERSION: 3. 1E+00 CHS/NSN/IIL. EVAP RATE: 8.9E-01 CHS/Hxn-UR

TINE = 7.45E+90 HOUNS, MASS FHACTION 6F EAGCH CUT BEMAINING: 0
1.70-02 4.1E-08 8. 3E-61 9 _GE-01 9. UE-01 92.8FE-01 9. UE-01 9. .40F-01 9. 8BE-61 9.8E-01 9.8E-01 9.8E-0)

MASS RENMAINING = 9 . 041F+010, HASS PISPERSED = 1 . 727E+07, HASS EVAIFOHATED = J.0U2N«006, SUM = 9. .204E+00

FRACTION (BASED ON MASS) HEHAINING IN THE SLICK= 9 UE-01, AREA: T7.4F+03 N&22, THICKNESS= 1. 4E-00 CH, NOLE WT:=id. 4

WEICHT FRACUVION WATER 1N 011 = 7.0E-01, VISCOSITY = 4. .2KE+64 CENTISTUKES, PERSTON TERN = 2. 5E-04 WEICHT FRACTIONAHR
MNASS/AREA= §.2KE+00 CHS-MxM, SPCH= 9.1E-01, TUTAL VOLUME: 6.0F+03% BBL.. DISPERSION: 3. 1E+00 CHS NN/ NI, EVAP HATE: B.0E-01 CHS/N*M-UHR

STEF SUZE OF 3. .929E-01 1S BASED ON CUF 2

TIME - 00500 HUUKRS, MASS FHACTION oF FACH CUT REMAITNING: 9
T.00-00 U501 B.OE-U1 9. 368 9. T 9.8k -1 D.UE-01 9 -0 9. 8E-0 9.08E-01 9 GE-01 9. 0K -91

MASS UEMAINING = 9 . 002E:04, NANS DISPERSE 2 2 00407, MASS EVAPORATED = 5. 9431100, SUN = 9. 264k +00

FRACTION (BANED ON MHAS:) WEMAITNING IN TUHE SUICE: 9. 7F-01 . AREA: 7 _SE+05 M$+2, THICKNESS: §_ GE-01 €M, MOLE W80 4

WEITCIT FHACFION WATER IN O30 = 7 .08 01, VISCOSETY = 4. 3E+04 CFEVISTOEES, DISPERSION TERM = 2 GF-00 WEICHT PRACTION-HR

MASS AREAZS 1. 2E«00 GMS MM, SECKR: 9. 0E 0L, STOTAL VOLUMEL- 0. 2E 00 BIL., DISPEASION: 3. 000 CHS MEN U, EVAP RATE: B.34E-01 GHS/ M0 14

NULP SEZF OF 3 001500 IS BASER ON U 2
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Table 16.--CQutput from OI-Wathering Calculations (Continued): Prudhoe Bay Crude G, Tine versus
Calculated Results at 40°F for Open-Ccean Weathering.

TINE = 1.1+01 HOURS . HASS FRACTION OF FACH CUT REMAINIRNG: [T}
G800 G0k e T0E-00 9. 4E-01 9 .TE-01 97K 81 9.0E-01 9. BE-01  9.8K-01 9.081-01 9.8E-01  9.0E-0)

MASS UEBARMING = 4. 9GIE+0I, BASS DISEFERUSER = 2 2956+07, HASS EVAFOUATER = 6. 650K SUN = 9 260+l

FRACTION (BASED ON HASS) REMAINING IN THE SLICK: 9 . 7E-0f, AREA: 7.5K+05 Me+2, THICH NSNS 1. OE-0t CH, MOLE WE=100. 0

HELGHT FHACTION WATER IN @)L = 7. .0K-01., VISCOSITY = 4. 6H204 CENTISTOEES, DISPERSION TERM = 2. SE-0U WEIGIHT FRACTIONAII

AASS/AREAS 1. 2E+O8 CAS-H:N, SICH> 9. 0E-08, TUFAL VOLUME: 6.2E:03 Bisl.. DISPERSION: 2. 9F100 CHS, MER. Hit, EVAP WAVE= 8.1E-01 CHS/H*N/HR

STEE SIUZE OF 4. 803E-01 IS BASED ON CUT 2

TINE = 1. aE+00 HUNS . HASS FRACTION OF EACH CUT REMAINING: 1
§.9-0  2.0l-08 7.0K-48 Y UE-01 9.7TE-01 9.7E-01 9.7E-01 9. 7E-01 9.7E-01 9.7F-61 9.7F-0) 9.7F-01

HANS HEHAIRINCG = 0. 200E+08, MASS DISPESSED = 2.530E07, MASS EVARGIATED = 7.:049E+06. SUM = 9. 204E+08

FHACTIOH (BASED ON MASS) REBMAIRING 1IN THE SLICKS 9. 6E-00, AREL: 7.6E+05 Be+2, THICKNESS: | O8-08 CH, MOLE Wi=AR9 .1

WEAGHY FRACTION WATER IN O1) = 7. @E-€0, VISCOSITY = 4. 8E+69 CENTINTOFES, DISPERSION FEUN = 2.56-08 WEIGIET FRACT 10K/
AASS/AREA: 1.2E+08 CRS/H3N, SPCH= 9.8E-¢0, TUTUAL VOLUMES 0. 2E+00 B, DISPERSION: 2. 9K00 CHS/ MBI, EVAEP RATE= 7.9E-61 CHS MM NN

STEEPS | ZE OF . 7H3E-01 IS BASED ON CUT 2

TIME = 1.2E+00 BOURS, MASS FRACTION OF EACH CUT HEMAINING: 12
9.30-04  2.21-01 T UE-01 9 2E-81 9.6E-61 9.TE-0GI 9.7E-01 9.7E-0F 9.7E-01 9.7E-01 9 .7E-0f 9.7¥-01

FAASS NEMAITNING = 3. 904E+08 . HASS DISPENSED = 2 _000E+07, MASS EVAIFORATED = 8.020 000, SUH = 9, 264K 00

FUACTION (BASED OR MASS) HEMHAINING IN THE SIICK= 9. 6F 91, AREA: 7.7E+05 Mx£2, THICKNESS: § . 34E-01 CH., BLE WF=319 .4

WEAGCHE FRACTION WATER I8 O1). = 7 .6F-01, VISCOSITY = 5.0FE+09 CENTINTOEES, BISPERSION TERM = 2. 4E-08 SEICHT FRACTION /IR
RASH/AREA= 1. 2E+00 GHS/RASH, SPCH= 9. 1E-01, TOTAL VOLUMIE: 6.2E:00 HUL., DISPERSIOR= 2 000 CHS KN/, EVAP RATES 7.0E-00 CHS/HEA-HR

STEEP SIAE OF  3.742E-01 1S UASED ON CUT 2

TINE = LR +@1 HOURS, MASS FHACTION OF FACH CUT BEMAINING : [H
4.28-04 1. 9K-01 T.1k-01 9.0E-01 9. 0E-01 9. 7E-01 B 7E-0F 9.7E-0) 9. T7E-G) 9.TL-0) 9.7E-01 9.7F-01

FANS HERAINING = 8. 870E+00, HASS DISPEISER = 3. 035E+07, MASS EVAPORATED = B.677F+06, SUM = 9. 2648E¢08

FRACTION (BASED ON PHASS) HEMAIHING 1N THE N1ICES 9.0 01, ANEA: 70«05 M2, THICKNESS: §.3E-0¢ CH, BOLE Wi=8i49.7

HELGHT FRACTION WATER 30 001, = 7.0E-01, VISCOSITY = 5. 28404 CENTINTOKES, INSPERSION TERR = 2.4E-03 WEICHY FRACFION-IN

MASS-AREA= 8. 1E+00 CHS/H:H, SICHR= 9. 1E -0, TUTAL VOLUME: 6. 1F+08 BHL, DISPENSION: 2.0 00 CHS/ /NN /RIL, FVAP RATE: 7.4F-08 CHS/BeN-BR

STEE STLE OF . 6H4kE-01 IS5 BASED ON CUT 2

TIME = 1.5E+@1 HOURS, MASS FRACTIOR oF EACH CUT REMAINING: 14
2.40-0¢ 1.60-00 0. 9E-O1 .1 -01 % . 0F-01 92.6F-01 2. 6E-0) 9.6E-01 9.61-01 Y. 6F-01 9.6E-61 9.6F-01

HASS REMAINING = 0. 840808, NASS DISPERSED = L2090 207, MASS EVAPURATED = 9. 301FK+006, SUM = 9 _264E+0)
FRACTVION (BASED ON MASS) NEMANNING 1N THE SLICK: 9 GE-01, ANEA= 7 .9E+05 H3x2, THICKNESS: §.28-01 CH, HOLE Wi=i40.0
WELCHT FRACTION WATER IN 015 = 7.0F-01, VISCOSITY = G.4E+84 CENTISTOEES, DISPERSSION THERN = 2. aE-03 WEICHT FRACTION/IR

MASS/AREAZ J. 1ECOS GMS/M5M, SPCR= 9. 18-, TUIAL VOLUME: 6. 1E+00 BB, DISPEASTON: 2 . TH00 CHS-MHM-L, EVAEP RATE: 7.8E-01 CHS/M*R-/HK

STEE s | ZEOF 3. 630k-01 IS BASED ON b 2

TINE = 1. 61+81 HOURS, MASS FHACTION 6 EACH CUT BEMATNING: 15
§.21-04 ) . 2E-010 0. TE 00 9.0k 2. 0E-010 9 0l 01 9 b 01l ok 01 9GR8 9. 0FE B 9. 6F-01 9.61-01

MASS HEMAINING = . Q30E0i, HANS DISPERSED - 3 .517E+07 . MASS EVAFORATED = 9. 9271E100, SUN = 9 2363k+08

FHACTION (BASER ON MASS) NEMAINING 1N THE SEICK: 9. 0F 0f. ARFA- 7. 9F+«a5 M2, THICKNESS: | 2K-01 CH. MOLE Wi=iH40 2

WEIGIHE FRACTIOR WATTEIL IN 001 = 7.0 08, VISCOSIETY = 5. ob+03% CENTISTOEKES, IMSPERSION ‘FERM = 2 44 -0 WEITCHT i‘l(l\d:’l'lﬂl!/llll .
MASSZAMEA= § . IE+00 GMS/MeN, SIPCH: 9. 0E O, TOTAL VOLUNE: 0. 1Ev00 BB, DISPERSION= 2. 7E 080 GHMS. MM . EVAP BATE:S 7. 1E-01 GHS/Men Bl

STES SEAF OF 094 0 IS BASED ON GO o9
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Table 16.--Output from Oil-Weathering Calculations (Continued): Prudhoe Bay Crude 0il, Time versus
Calculated Results at 40°F for Open-Ocean Weathering.

TIME = 1.70+01 SIOMUS, MASS FRACTION ol EACH CUT REMAINING: 16
S.9E~-03  1.2K-81 6.05E-01 U.9E-01 9.0F-01 9. 0E-01 9.0E-61 9.6E-61 9.0F-01 9. 0FE-01  9.0F-01 9. 6F-01}

HASS BEMAINING = B .7U4E+0l, MASS RISPERSED = 3.746E+07. MASS EVAPORATED = 1.OGUEFT07, SUM = 9 _264E+01

FHACTION (BASED ON MASS) MEMAINING IN THE SLICK: 9.5E 00, AREA: 3. 0FE+05 M43, THICKNESS = 1.2E-01 €M, MOLE WI=H40.5

WEICHT FRACIION WATER IN O = 2. .0E-01, VISCOSITY = G.8F+04 CENTISTOVES, BISPERSION TERM = 2 4E-08 WEICHT FRACTION/HR

MASS. AHKA= 1. 1E+OU CHS/NsN, SICH= 9. 11-00, TOTAL VILUME: 6. 1R+ .. DINPERSION=

2.0E 00 CMS/NENUHIE, EVAP RATE= 6.9E-61 CHS/M&N/HR

STEF SIZE OF  4.852K-01 IS5 BASED ON CUT 2

TIMEL = 1 0E100 HOURS . MASS FRACTION OF EACH CUT REMAINING: 17
2.90-00  1.0K-01 6. 0E-01 B.9E-01 9.5E-01 9.6E-01 92.6FE-01 9.0F-01 9.6F-01 9.60-01 9. 0F-0} 9. 6F-01
MASS REMAINING = 0.756E+00, MASS BISPERSED = 3.970E+07, MASS EVAFORATED = 1. 011E+07, SUM = 9. 204E+01

FRACTION (BASED ON MASS) REMAINING IN THE SLICK= 9.5E-01, AREA: 8. 1E+05 M*£2, THICKNISS: §.3E-08 CM . MOLE WIi=40.8
WELGHT FRACFION YWATER IN O1) = 7.0E-6@1. VISCUSITY =  6.0E+04 CENTISTOKES, DISPERSION TERN = 2. 4E-04 WELCHT FRACTION/HR
MASS ARFA= 1. 1EVOS CHS/NEN, SPCR= 9.1E8-81, TUTAL VOLUME: 6.1E+03 Bil.. MISPENSION= 2. ok +00 CHS /MM /01, EVAY BATE: 6.8BE-61 CAS /MM uR

STEP SIZE OF 3.311E-¢1 IS BASED ON CUT 2

TIML = 1.98+01 HOLKS, MASS FHACTION OF EACH CUT REMAINING: m
1.56-03 8.9E-92 6.1E-01 U.8E-01 9.4E-@1 9.5E-61 9.5E-81 Y9.5E-01 9.5E-01 9.5E-01 9.5E-01 9.58-61

MASS HEMAINING = 8.720E+08, MASS DISPERSED = 4_100E+07. MASS EVAPUIATED = § . 160E+07, SUM = 9.264E+08

FRACTLON (BASED ON MASS) UEMAINING IN THE SLICK= 9.4E-01, ABEA= 8. IE+05 MX£2, THICKNESS: 1.2E-01 CN. NOLE WT=941.0

WELGCHT FRACTION WATER IN 011 = 7.6E-01, VISCUSITY =  6.2E+04 CENTISTOEES, DISPENSION TERM ©  2.4E-053 WEMCIT FHACTION MK
NASS/ANEA= 1. LE+83 GAS/NEN, SPCH= 9. 1E-08, TUTAL VOLUME= G.0E+03 BUL., DISPERSION: 2 GE+60 CMS/N#M/lR, EVAP RATE: 6.0E-01 CMS/ MM UH

STEF SIZE OF  3.472E-01 IS BASED ON CUTY 2

Tint = 2.0E+401 HOUNS, MASS FRACTION OF FACH CUT WEMAINING:

T7.95-06 T7.06E-02 J5.9E-01 D.7E-01 9% . 4KE-01 9. .5E-01 9.5E-0F 9.5E-01 9.5E-01 9.5K-01 9.5E-08 9.58-01

MASE REMAINING = §.702K+08. MASS INSPENSED = 4. 400E+97, MASS EVAFGIATED = | .220E+07, SUN = 9.364E+00

FHACTION (BASED ON MASS) HEMASHING IN THE SLICK= 9 4E-03, AREA: 8.2E+05 Hx%2, THICKNESS= 1.2E-08 CN, BOLE WE=i441.3
WEICHT FRACTION WATEN IN 01l = 7.0E-01, VISCOSIETY = 6.4FK+04 CENTISTOEES, DISPERSION TENM = 2.38-03 WEICHT FBACTION/NR
MASS/AREA= §. 1E+00 CMS/ NN, SPCR= 9.1E-01, TOTAL VOLUME: 6.0F+03) BBL, DISPERSION: 2 _SE+00 CHMS/NsM/URR, EVAP BATE: 6.3KE-01 CNS /NN HR

19

STER S1ZE OF . 445E-91 15 hasER ON CUT 2

TIME = Z2.0E+60 HOURS ., MASS FRACTION oF FACH CUT REMAINING:

3.70-006 6.6K-02 G.7F-01 WB.TE-OL1 9. 4F-01 2. .3E-01 9 . SE-01 9.5FK-01 9.3F-01 9.55-01 9.5F-01 9.5F-01

MASS REMAINING = 0. 670K+, MASS DISPERSED = 3. 0106E+07, MASS EVAPORATED = 1 .2775107 . SUN = 9.264K+08

FRACFIUN (BASED ON HASS) REMAINING IN THE SLICK: 9 4F-08, AREA= B.3E+05 M52, THICKNESS= (.2E-08 CH. MOLE Wr=341.5
WEICHT FRACTION WATER 1IN 01l = 7.0E-01, VISCOSITY = 6.0E+84 CENTISTOEES, DISPENSION TRRN = 2 3E-03 WEICHT FRACTION-HN
MASS/AREA= 1. 1E+O0 CHS/H&M. SPCHE 9.1 -0, TUTAL. VOLUHE: 0. 0FE+0R BRI, DISPERSION: 2 GE+00 CMS/NSN/HI, EVAF BATE: 6.3E-01 CHS/NEM/ Lk

STEE SIZE OF  3.09F-01 IS BASED ON CUT 2

TIME = 220000 HOUNS, NHASS FRACTION OF EACH CUT BEMAINING:

24
1. 8E-06 5. 061-02 5.58-01 H.ob-01 9 S0 9. GE-01 9 .8E-01 9 .5FE-01 9 .5E-01  9.3F-01 9 .SE-01 9. .5K-01
MASS UEMAINING = . 049k ¢l MASS BISPE N L F H2HE+07 | MASS FVAPORATED = 1.3300+07 ., SUN = 9 264k c0di
FRACTION (BASED ON MASS) BEMAITNING 1N THE SHICE: 9 0K 01, AREA- B.0FE«05 M2, FTHICENESS: (. 1F-01 N, MObE WE=U441. 8

WELCHT FRACTION WATER IN 011 7.0 01, VISCOSITY = G 004 CENTINTOKES, BEISUFERSION TEUM = 2 4F -0 WEICHT l‘lll\l:‘l‘lul!zun
MASS/AMMEA: 1. 0Es03 CHS. H4M. SPCH: 90K 0, TOrAL VOLUNE - 6. 0F+104 BBL., DISPERSION= 2. 3E000 GHS- MM, EVAP BATE: 6.2E-01 GNS- M58 01

SUE SEZE OF 0 ol o) s BASER ON Gl 2
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Table 16.--Qutput from O |-Wathering Cal cul ati ons (Continued): Prudhoe Bay Crude G|, Tine versus
Calculated Results at 40"F for Open-Ccean \Wathering.

TIME = 2.3F+91 UOUIS, MASS FRACTION OF FACH CUT REMAITNING: 22
D.A0-07 S 91-02 5.4E-0F B.0E-01L 9 UF 91 9. 3E-01 9.5E-01 9 .53FK-01 9. 5E-01 9.51-91 9 . 5K-01  9.5E-01

MASS HEMAINING = U ol4aksolh, HASS MISPEHEED = 5. 0260 +07 , HASS EVAFORATED - 1. 302K -07 ., SUH = 9. 208K

FRACTION (BASED ON HASS) REMAINIRG IN THE SLICES 9 0E 01, AREN: 8. 4805 M#&2, THICKFNESS: | 1 E-08 CH, NOLE WE=842.0

WEICHY FRACTION WATER I8 O8). = 7. .0E-01, VISCOSITY = 7. 1E+0% CERPISTOEES, DISPERSION TEUM = 2 OE-03 WEICHT FHACTION-IR

HASS/AMEA= | 0k e GHS/KEN, SPCR= 9.0F 01, TOTAL VOLUME: 6. 0F«03 BB, DISPERSION: 2. .4E+00 CHS/N+R/IME, EVAEP NATL: 6. 1E-01 CHS-HsN HR

STEP S| ZE O $.330E-0t1 IS BASED ON CUt 2

TIME = 2.4E+00 BOURS, MASS FHACTIOR OF EACH CUT HEMAINING: 28
4.060-07 4.20-02 5.32K-81 8.58-01 9.3E-91 9.4E-01 9. .4k-01 9. .40l 9.4¢-014 9.41-0t 9 . 4E-0F 9.3F-0)
MANS HEMAENING = 0. 399E+00, MASS DISPENSED = 3.200K+07, MASS EVAFGHATED = 1 . 432507, SUM = 9 2064E+08

FRACTION (BASED ON MASS) UEMAIRIRG 1080 THE SI1CK= 9.09E-0), AREAS B.3E+03 M*L£2, THICKNESS: 1.1E-080 CH, MOLE Wi=142.2
WELGCHT FRACTION WATER IR O8). = Z.0E-01, VISCOSLYY = 7 .3E+04 CENTINTONES, BISPERSION TERM = 2.08-03 WEICIT FRACTION/HR
HASS/AREA= §.0E+00 CHS/R*N, SPCH= 9.0E-81, TOTAL VOILUNE: 6.0E+00 BB, BISPERSION: 2. HE 00 CHS-HER/II, EVAP RATE: ¢6.08-01 CHS-MEE/IIR

STEE SIZE OF 3. .297E-01 18 BASED ON CUT 2

TIgE = 2.08+01 HUUNS, MASS FHACTION OF EACH CUT UEMAINING: 24
1. BE-07 3.2K-92 5.0E-8) H.9E-9L 9.Z2E-81 9.4F-01 2. 4E-01 9. 4E-01 9.4E-01 9.aF-098 9. .AL-01 9.4F-0}
BASYS REMAIRING = 0.360Ec08, HASS DISFERSED = 3.4850+87, MASS EVAPORATED = 1.490K+07, SUM = 9. 268K+

FUALCTION (BASEDR ON NASS) REMAIRING N THBE SI.0CK= 9.20-01, AREA: §.358+00 M2+, TIHICKNENS= 1. 15-00 CH, MALE WI=li42. 6
WEACHT FRACTION WATER IN OI). = T7.QE-01. VISCOSITY = 7. 0F+v64 CENTINTOKES, DISPERSION FEMH = 2 3E-068 WEIGCHTT FRACTION/HR
HASS AREA: 1. OE+03 CHS/N+M, SPCH= €. 1E-00, TUTAL VOLUME: §.9E+08 BHi., IISPENSION= 2.4E+00 CHs/MHeM /0, EVAP NATE: 5.8K-01 CRS/HSM/HAR

STEF SIZE OF  3.205K-01 IS BASED ON CUT 2

TIME = 2. 7E+@1 NOULS ., HASS FRACTION OF EACH CUT REMAINING: a5
Z7.00-00 Z2.0K-92 4.BE-O1 B.UE-O1 9.2K-00 93K 01 9. 3E-01 9.48-@1 9.9K-01 9. 4F-03 9. AE-8L 9. .9F-01
MASS RENASHING = 0. 3U49E+0, HASN DISPERSED = J3.709KE+07, MASS EVAFPORATED = 1 .362K+07, SUR = 9. 263K +008)

FHACTION (BASEDR ON MASS) REMAINING IR Ttk SLICK: 9. 2E-01, ANEA: 8. 6E+00 Bx32, THICKNESS: 1. 1£-80 CN., BOLE WT=042. 0
WELCIET FRACTION WATER 6N O, = 7.0E-01, VISCOSITY = 7 .9E+04 CENPINSTOKES, DISPERSION TENN = 2 3E-03 WEICHT FRACTION/NIR
HASS/AREA= 9.9E+02 GHS/M4H, SPCR:= 9. 1E-01, TUTAL VOLUME: 5. 9E+00 BB, DISPEUSION= 2. 2E+68 Crs NN 0K, EVAP BATE: §.78-0¢ CRS-/H:R/UHR

STEF S1ZE OF 3.210E~01 IS BASED ON CUT 2

TIAE = Z2.8E+00 HOURS . MASS FRAUTION 0F EACH CUT REMAINING: 26
-0 Z2.0E-02 4.6E-01 U.2E-01 9 .2E-01 98K 01 2.0E-01 9.3E-01 9. 8E-01 9 0E-01 9 _GE-01  9.5F-01

PASS REMATHING = 0. S0UEsl, NASS DISPEHSED = 3. 907E+07, HASS EVAFORATED = 1.624E«07, SUM = 9 _204Kt0H

FRACTION (BASED ON HASS) HEHAINING I8 THE SLICK= 9 2E-00, AREA: B.7F+00 Mex2, THICKNESS: ¢t 1E-01 CR. BOLE WI=344.1

SEICHT FRACTION WATER 1IN 011 = 7.0F-0), VISCOSITY = 3.2K+04 CENTINTOKES, DISPFRSION TERN = 2 2F-63 WEICHT FRACTION-UR

MASS-AREA= 9. 8E+82 GHS HeN, SPCRE 9 11-08 ., TOTAL VOLUME: $.9E+00 BBI., DISPERSTON= 2. 2K:00 CHS/R&N/HR. EVAP BATES 3.3FE-01 CHN/MEN/HR

STEEP S 1 ZE OF  8.176F-03 IS BaseEp ON cur 2

PIME = 291400 HOURS, MASS FHACTION 0F FACH CUT REMAINING: 27
P00 902 4 A0 2100 9 kol 90k ol 9 k-l 9 K-t 9.0K-010 9,001 9 E-v1L 9. UE-e1

PAASS REMAINING = 8 . 4TUFE 0l MASS BISPERSED = 6. .2000 +07, MANS FVAPWATED = 1.6041007, SUM = 9 _ 203F+048

FHACTION (BASED ON PIASS) HEMAITNING IR VHE STICR: 9 0F 01, AREA - B.7E»00 M4z, THICKNESS: | 1E-010 CH, MOLE WI=li4d8. 4

wEICHT FRACTIUON WATER 1N o), T.0FE 01, VISCOSTETY - 1 GErod CENTISTORES, WESPENS TENMM = 2 2 e WELGIY VRACTTONSUR
MASS, ANEA - 9. 7Ev02 CHS MMM, SPGH- 9.0k 00, TOTAL VOLUMES 3.9E+04 BB, DISPERSTON: 2 2E¢00 CHMS- MM Q. EVAEP BATE: 5. 4K -01 GHS/HEN- L

SUEE SIZF OF G 18ul-01 15 BASED ON U M
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Table 16, --Qutput from G I-Wathering Calculations (Continued): Prudhoe Bay Crude O |, Tine versus
Cal cul ated Results at 40°F for Open-Qcean WWat hering.

TiIME = 3.0E+81 HOUUS, MASS FRACTION OF EACH CUT REMAINING: 28
4.4K-09 1. .3KE-02 4 . 2E-01 B IE-01L 9 1E-00 2 4E-010 9. 0E-01 9 0E-01 9.8F-01 0 9508 9. 8E-08 9. 84E-01

BASS BEMAINING = 8. 440E+01, MANS DISPERSED = 0. 40061+07, MASS EVAFORATED - 1.7481K007 . SUM = 9 264K+

FRACTION (BASED ON MASS) REMAINING IN THE SLICE: 918 01, AREA: 8. 0Er05 M*+2, THICKNESS: 1. 1E-01 CH., MOLE WI:=143.7

WEICHT FRACTION WATER IN (ML T7.0FE-0f1, VISCOSETY = . 9E+04 CENTVISTOEES, DISPERSION FERM = 2. 28-0i WEICHE FRACTION-HR
MASS/ANEA= 9. 6E+62 CHAS/HN#M, SIPCH: 94K 01, TOVAL VOLUME: S UBE«0] BBL, DISPERSION=

2.0FEr00 CHS/HEMAHR, EVAP RATE: S.3E-01 CHS/NEN-HR

TIME = $.2K+01 HOUNS, MASS FRACITLON OF FACH CUT BEMAITNING : 29
O.OE+00 1. .2E-92 S4.1E-81 G.0E-O1 9. 1E-01 9. 2E-01 9. 0E-01 9.3E-01 95010 9501 9. 3E-01  9.3E-01

MASS UEMAINING ©  B.414E«00, MASS BISPENSED =  6.700L+07, MASS EVAFPORATED - | HOBE+O7 ., SUNM = 9.264E+08

FRACTION (BASED ON NASS) REMAINING IN THE SLICK=: 9 1E -1 . AREA: B.9E+05 M&Ex2, THICENESS: 1. 0FE-0( CH, NOLE Wi=144.0

WELCHT FRACTION WATER INM Oil. = 7.QE-00. VISCOSITY = 9. 3K +04 CENTISTOEES , Il Sreus1 UN el = 2.2E-08 WEICHT FRACTLON/UR

MASS/AREA= 9. SE+02 CMS/HsH, SPCR= 9.4E-81, ‘TUTAL. VOLUNE: 5. UBF+03 B, DISPERSION= 2. 1E+00 CMS/ MM/, EVAY RATE: 3.2E-01 CMS/HxN-HR

TIHE = 336000 HOURS, MASS FHACTION OF  EACH CUT BEMAINING:

O.08+00  1.0F-02 U .9FE-01 T .9E-01 9. 0E-01 9. 2E-0) 9. 2E-0) 9. 2K-01 9.25-01 9.2-01 9.2E-01 9.2£-01

HASS HEMAINING = 8. 300E+01, MASS DISPERSED = 6.900F+07, MASS EVAPORATED = 1. US7E+07, SUN = 9 264K +00)

FRACTION (BASED O N MASS) REMAINING IN THE SLICK= 9. 1E-01, ABEA: 8.9E1005 Mx+2, THICENESS: §.08-01 CR, NOLE WI=i44.2
WEICIT) FRACEFION WATER IR Ol = 7.0E-61, VISCOSITY = 9. 60E+04 CENTINTOEES , D I SPERS | UN THEIUN = 2_2F-03 WELCIT FRACTION/HR
MASS/ARFA= 9 . 4E+02 CHS/MEN, SPGR= 9.1E-91, TUTAL VOLUME= §5.0FE+08 DBUL, DISPERSION= 2. 0E00 CHS/MEM IR, EVAP RATES 3.0E-01 CHMS-/MaM-HR

B{]

TiME = G.4E+01 HOURS, MASS FUACTION OF EACH CUT REMAINING:

O .0bE+00 8. .3K-03 4. U8E-01 T.9E-01 9.0FE-01 9. 2E-01 9. 2E-01 9. .2F-05 9.2E-01 9.2E-01 9.2E-01 9.2kK-01

MASS NEMAINING = 8. 357F+60i, MASS DISPENSED = 7. 100E+07 . MASS EVAFORATED = 1.918E+07, SUH = 9, 204E+M)

FRACTION (BASED ON MASS) NEMAINING IN THE SLICK= 9. 0E-01. AREA= 9. 0E+00 Mx#2, THICKNESS: 1 . 0E-01 CH. MOLE WI=144.3
WEACHT FRACUVION WATER N O)). = 7.0E-01, VISCOSITY = 1. 0E+08 CENTISTOKES, DISPFERSTON TERM = 2.28-008 WEICHT FRACTION/UR
NASS-AREA= 9. 3E+02 GMS/MsN, SPCR= 9. 1E-01, TUTAL VOLUNE: S.0E+03 BBL, DISPENSION= 2. 0E+00 CHNS/HeM-IIl, EVAI BATES 4.9E-01 CHS/M*N-HR

111

TINE = 3.30+001 HOURS . MASS FHACTIOR OF FAGCH CUT WEMAINING:

Uz
@.0E+08 6 TE-Uil H.6E-61 T.UE-01 B.9E-81 9 .2E-01 9.2FK-01 9.2E-01 9.2E-01 9.2F-81 9.2E-601 9.2F-0)

MASS BEMAINING = 8.329E+01, MASS DISPERSED = 7.004E+07, BANS EVAFORATED = 1.96HE+07, SUN = 9 _2064E+08

FRACTION (BASED ON HASS) HEMAINING IN THE SLICES 9 OE-01, AREA= 9. 1E+05 Mx*2, THICKNESS: (.0E-01 CH, MOLE Wi=iH44 .0

WEIGHT FRACTION WATER IN O1). = 7.0E-01, VISCOSITY = 1. 0E+05 CENTISTOKES, DISPERSION TERM = 2. 1E-03 WEICIHT FRACPION/HR
RASNH/AIEA= 9.2E+02 CHS/H+M, SPCH= 9.1E-01, TUTAL VOLUME: S5.0E+«0:3 BB, DISPERSION= 2.0E+00 CHMS/NSN/HHR, EVAP RATE= 4.8E-91 CAS/HEM-HA
TIME = 8.7E+01 HOURS , MASS FRACTION OF  EACH  CUT  UEMAINING } a9
0.0E+08 3.4E-03 . 4E-01 7.7E-01 U.9E-01 9.1E-01 9 2E-01 4 S3PL¢y §.26-61  9.2k-0) 9.ZE-01 4 ap_gg

MASS HENAINING = 8.301E+011, HASS BISPERSED = 7.607E+07, MASS EVAPOBATED - 2.022E+87, SUN = 9 _264E+08

FRACTION CBASED ON HASS) REMATNING IN THE SLICE: 9. 0E -1, ABEA: 9. 1FE+00 MHes2, THICKNENS: 1. 0E~-01 CH. HOLE WI=145.0

WEICHT FRAGTION WATER IN OL). = 7.0E-01, VISCOSITY = §.1E+65 CENTISTOKES, DISPERSION TEHM | 2 1E-08 WEICHT FRACTION/UR

MASS/AREA: 9. 1E+02 CH MeM, SPGR: 2« 1k-0s, TOTAL VOLUME: §.7E+04 BBI.. DISPENSION: §.9F+00 GAS/MeM HH, EVAP RATE: 4.7FE-01 CAS/M*M 4R

TINE = 3.08+01 HOUNS, HASS FUACTION oF FACH CUT NEMAINING: KLY
O.01v00 4.49E-04 B .UE-01 7.6F-01 H.9F-01 2.1F-010 9. 1E-0F 9000 9.0E-01 9 1E-01 9. E~01 9. 1K-01)

MASS REMAINING = 8§.274E+08, MASS DISPENSED = 7. H27E+07, MASS EVAPORATED = 2. 076E+67, SUR = 9. 264E+08

FRACTVION (BASED ON MASS) HEMAINING IN THE SLICK: 0.98-01, AREA: 9. 28+05 M#£2, THICKNESS:= 9 9E-02 CH, MOLE WE=845.30

WEICHT FRACPION WATER IR O1l. = 7.0E-001. VISCOSEEY = 1. 1E405 CENTISTOEES, HISPFRSION TERM = 2 (¥-4d WEICHTT FHACTION -1

MASS-ANEA: 9.0FE1602 CHsS /MMM, SIFCIRE 9. 1K-01, TUTAL VOLUME: 5. 7E«08 BiL., DISPERSION= 1. 9E+00 CGHMS/N#N/ i, EVAF HATE: 4.6E-01 CHS/ NN/ HR

TIME 2 3.9E+01 BOURS, MASS FHACTION OF EACH CUT KEMAVINING: 4o

O b0 B.5F-00 U .2E O 7. .58 08 BN 81 9. 00l 9.kl 9. 0K 01 2FE-01 9.E-01 9 E-01 9. 11-00

MASS HEMAINIRC = 8. 247E1000, MASS DISPERSED - 8. 0450407, MASS EVAFPORATED = 21208007, SUN = 9 _ 204kl

FHACTION (BASED ON MASS) HEMAINING SN THE SEICE - 0.9E-01, AREA: 9. 4E+05 M%&2, THICRNESS: 9 4gE-02 M, MOLE WI-U445.5

WE LI FRACFION WATER IN O - 7. 0801, VISCOSETY - 120105 CENFISTOKES, BISPEASTON TERM = 2 18 ol WEICIHEY FHACTION/ IR

MASS. AHEA: 5. 9E+02 GBS MM, SPCi- 9. 1E-00, TOTAL VOLUME- 5. 78«00 BBL, DISPERSION: 1. 98«00 GHN- NeN-E, EVAP HATE: 4.00 01 CHN/MsN- Ul

PEME - 4 0L 101 BOURS | MASS FRACTION O0F EMCH Gl BERMVINING: HIN
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Table 16.--Qutput from O l-Weathering Calculations (Continued): Prudhoe Bay Crude GO l, Time versus
Calculated Results at 40"F for Open-Ccean \Wathering.

@ OF+00 2. BE-00 3. .0F-05 7.5FKE-01 B.0E-01 9. 1E-01 9 IE-01 9. 1FE-01 9. 1E-0F 9.1FE-01 9.tF-61 9. 1F-01

HANS HEMAININCG = 5. 220E+08, MASS DISPERSED = 8.201F¢07, HASS FVAFORATEDR = 2 180F+07, SUM = 9.263K+08
I"H_Aifl'lpl! { BA_SEI) UN' .P!I\SS ) REMAINING IN TUE SLICK: 8.9E 01, AREAT 9 . 8F+05 Mex2, THICKNESS: 9. 7E-02 CH, HOLE WI:=345.4
WEIGHT FHACTION WATER (1N @1l = 7 0FE-01, VISCOSITY = 1. 265 CENVINTOEFS, DISPFERSION TERR ¢ 2. 1E-03 WEICHT FRACTION/HR

RASS/AREA: 8. BE+02 GRS HIM, SPCR= 9. 1E-00, TUTAL VOIURE: 5.7F+004 UM, DISPERSION: | . 0E 90 CHS/HAM/UR, EVAF BATE: 4.4 81 CHS-MsN-/HR

TINE = 4.20+01 HOURS, NASS FHACTION OF EACH CUT REMAINING: a7
G.0Lt00 2.0 -00 2. 0E-81 T7.4E-91 8. 8FK-01 9.0H-01 9 1FE-01 9. E-01 9.1E-01 9. 1E-01 9.1E-01 9. 1k-6y

HASS REMAINIRG = 8. 194E+68, MASNS DISPERSED = B.47:145+07, MASS EVAFORATED = 2. 231E+07, SUM = 9 264E+008

FUACTION ¢ BANED ON MASS) BEMAINIRC IR TRE SLICK: 8 8E-01, AREA: 9 4F+05 M*+2, TINICKRESS: 9. 08-02 CH, MIE WI=146.0

WEICHT FRACTION WATER N @81, = 7.0E-01, VISCOSITY - 2R +00 CENTISTOEES, DISFERSION TERM = 2. 6E-093 WEICHY FHACTIOR/ MR
HASS/ANEA= 8. TE+Q2 CHN/HER, SPCR= 9. 1E-01, TOTAL VOILUNE: 5.7E+008 BB, DISPERSION= | . 8Er08 GNS/HsR I, EVAP BATE: 4.3E-81 GHS/N:M/HR

TEME = 4.0 +@1 BOUKRS, MASS FRACTION OF EACH CUT HEMAINING: 1y

O OET00 )L BF-83 2. gK-08 7.0E-00 .7E-01 2. 0KE-O1 % 0E-01 9. 0F-01 9. 1E-81 9. 1F-01 9.1E-01 9.iF-01

MASS HEMAIRING = B 1oeUK+0l, HASS DISPERSED = 8.083E«07, HASNS EVAFORATED = 2048007, SUM = 9, 2048E10H

FRACTION (BASED ON MASS) REMAINIRG 10 THE SLICK: 8.088-01, AREA: 9. $K+00 M2, THICKNESS: 9. 55-02 CM, ROLE WF=046.3

GESGHT FHACTION WATER (H 018 = 7.0E-00, VISCOSITY = | . 3E+80 CENTINTORES, DISCERSION TERM = 2 @E-93 §EICHY MHACTIOR /MR

HASS/AREA= 8.7E+02 GRsS/H3. SPCHR= 2.0E-01, TUTAL VOLUME- G.06E+03 BN, DISPEASION= 3. b0 CHS/N2M-/ N0, EVAP RATE: 6.2E-01 CHS/H2R-UR

TIRE = 4.4 +@1 ROUNS, MASS FRACTION OF FACH CUT MEMAINING: 49
O.OE+00 1. 4F-08 2L.68-81 T .IHE-61 B.T7E-O! 9.6E-01 9.0E-0! 9.0E-01 9. 0F-0) 9. 0F-01 9.0F-01 9.0K-01

MASS REMALINEINCG = B.332E+0, NASS DISPFERRSED = 8. 092K 07, RASS EVAFORATED = 2. 001E+07, SUN = 9, 204E+08

FHACTION (BASED ON MHASS) NEMATNERNG 10 THE SLICK= 8. .8E-01, AREA: 9.5M+05 M*%2, THICKNESS: 9. 48-02 CH, RLE WT=446.5

wEICHT FRACTION WATER I8 000 = 7.9E-00, VISCOSITY = (. .3E+05 CENTISTOXES, DISPERASION TEUR = 2. 0p~08 WEICHT FRACTION/MNR

MASE/ANEA: $.6E+02 CRS/HeM, SPCR= 9.1E-0), TUTAL VOLUME: 5.0E+0U4 BBL, DISPEUSION= 1.7Ee00 CHS/MeR/HB, LEVAPR BATE= 4.1E-81 CHS/MH*R-HR

TIME = 4. 30+@1 HOURS, HASS FHRACTION oF EACH CUT BEMAINING: EY)
G.vlro0 1 2E-00 2 .3E-01 T.20-¢1 B.7E-01 9. 0E-01 9 . OE-01 9. 0E-OF 9.OF-0) 9.0FE-0) 9.0E-01 9.9K-01

RHASS RERAIRIRG = B. 117808, MASS DISPERSER = 9. 090E+07, MASS EVAPORATED = 2.0800+07, SUR = 9,204E+04

FRACTION (BASED ON HASS) MEMAINOING 0M THE SLICK: B.08-01, ARKA: 9 ob+05 M3x2, THICKNESS: 9.0E-02 CH. MOLE WF=1406.7

WELGCHT FRACIION WATER EN Of). = 7 .0@E-01, VISCOSITY = 1, 3E+05 CENTISTOKES, DISPERSION TENM = 2. 0t-03 WEICHT FUACTION/IR

MASH/ANKA= 8. 3E+02 CMs/Nxi, SPCR= 9.1E-02, TUNAL VOLUNE: §.6E«03 BHEL., DISPENSION= 1. 7E+00 OMS-BeH/-HR. EVAP HATE= 4. 1E-81 CNS-MsH-HR

TINE = 4.7E+01 HOURS, MASS FRACTION OF BEACH CUT BENMAINING: a1

O .OL00 9. .2K-04 2. 4E-81 T.OAE-01 H.6E-4t U .9k-01 Y. 0E-61 9.6F-01 9.0E-61 9. .0k-01 9. .@E-61 9.0E-01

HASS RENAINING = B.091E+0l, MANS DISPERSED = 9 40IE+07, HANS FVAPORATED = 2. 428FK+07, SUR = 9. 264F+08

FRACTION (BASED ON MASS) AENAITNING 10 VIR SLICK: 8.7E-01, AlFA: 9. 0E+00 M#x2, THICKRESS= 9 . 3E-02 CM, NOLE WT=147.0

WEICHT FRACTION SWATER IN Of. = 7 .0E-001, VISUGSNITY = 1.4K+03 CENTISTOKES, DISPERSION THENN = 2. 8E-08 WEICHT FRACTIOR/NR

HASS/ARKA= B.4E+02 CMN N4N, SPCH= 9. 1E-0), TOTAL VOLUAL: §.6E+08 BBL, BISPEUSION: | .7E+80 CHMS/N*R/HH, EVAP RATE: 4.0E-01 CHS/M:N-HR

TINE. = 4. 8Ev0) HOUNS, HMASS FRACTIUON OF FACH CUT NFHAINIRG: 2
@.OE+00 T .UE-94 2. UE-81 T.0E-08 B.6l-01 U .9-01 9.0E-01 9.0E-01 9. 0KE-01 9G.0F-91 9.0E-01 9.0F-0}

KANS BEMATNING = 8.067Ee0ll, MANS DISFENSED = 9, 5020+87, MASS EVAPORATED = 2 478E+07, SUN = 9.2645+08

FRACTION (BASED ON MANS) HEMAINING 1N VRE SHICK: G.7E-01, AREA: 9 . TE+85 M*x+2, THICKNESS: 9 2E-02 CH, NOLE Wi=i47.2

WEIGCHT FHACTION WATER IN O = 7.6E-0J, VISCOSITY = 1. 0KE+65 CENTINTOKES, DISPERSION TERN = 2 .0F-00 WEILCHT FRACTION/UR

HASS/AREA= 8.8E+02 CHMS/HeM, SPCHR= 9. 1E-01, TOTAL VOLUME: S5.6E08 B, DISPERSIUN: 1. 6E+00 CHS-MeN/B0, EVAP HATE= 3.95-01 CHS/M*N/NR

TIME = 4.920+01 HOUHS, MASS FRACTION OF FACH CUT HEMAINING: a3
©.8E00 5. 0KE-04 2.2 01 7. 0800 B.OE-B1 B 9K -0 B.9E-81 3. 9E-01 H.9E-01 B .9E-01 B.9E-81  B.9F-0)

MASS HEMAIRING = 8 0420 r0id, MASS IMSPEUSED = 9 . TO1E+07 . HASS EVAFORATED = 2.522E+07, SUM = 9.204L 100

FRACTION (BASED OR MASS) REMAIRING 1N PHE SEICK: 1. 7E-0), ARFA- 9 7E+03 Bx+2, THICKRESS: 9 (1E-02 CM, NOLE WI=i47 .4

HELCIHT FRACTION WATER N O = 7 . 0E-01 . VISCOSErY - 1. GE+00 CENVISTOKES, DISPERSION THEUN = 1.9K-08 WEIGIT FIACTIONZNR

HASS. AltFA= 8. 3E+62 CHS-M+M, SIPCH- 9. 0E-01, 'TOTAL VvOLUNE: 5. 0E104 BB, DISPENSION= (. 6E+00 CHS/MaN I, EVAP HATE= 3. UE-01 CHS/KsM g

TINE - G.0L ) HOURS, MASS FHACTION OF EACH CUT NEMAINENG: 149
Q. VL0 4.6 84 2 I 1 G ok el B BE 08 H9E-00 1 9F G B9k o1 BL9F-00 .- 010 3 k-0 B9k
AASS BEMAITRNING = 3. 030Et0ds, MASS DISPERSED - 9 001 ra?, BASS EVAPORATER = Z.00BEYOT7, SUN - 9. 2040000
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Table 16. -—Qutput from QG | -Wathering Cal cul ati ons (Continued): Prudhoe BayCrude0il,Timeversus
Cal cul ated Results at 40°F for Open-Ccean \Wathering.

FHACUTION (BASED ON MASS) REMAINING IR THE S1ICK- B.7E-01, ARFEA: 9. 8KE+05 M2 THICKNESS: 9 _0K-02 CH. MOLE WF:347 7
Wk I.(.:ll'l' I':“e(:l'lf"! WATER IN oML, - . 7. Ok -ll.l  VESCOSETY 2 1. 6E+80 CENTINTORES, DISPERSION TENM = | 9E-uid WEIGHT l"lIM.Z'l‘H)N/llll
MASS/AREA= 8.2K+02 CGHS/M3H, SPCH: 92.0E 0L TOTAL VOLURE: S.5E+034 BHL, DISPERSION: | . 6E+00 CMS/H4M-HIR, EVAI RATE: B.7F-01 CHS/MeN-HR

TIME = 5.200+61 HUOUNRS, MASS FRHACTLION oF FACH CUT HEMAINING:
Q.00 G .GH-04 2. 0F-01 6. UE-01 B.5E-0)0 B.BE-91 B.9E-01 BL.Y9E-01 39501 3.9 01 3.9E-01  1.9FK-01

MASS REMAINING = 7. 904K +08, MARS BISPERSED = 1. 0091 +010, MASS EVAFORATED = 2. 618E+07, SUN = 9, 2045408

FHACTION (BASED ON MASS) NEMAINING (H THE SELICK: B 6E 01, AREA: 9. BE+05 H3+2, THICKNESS: B.98-02 CH. MNE WI=1347.9

WELGHT FUACTION WATER IN 01 = 7.0E-01, VISCOSITY @ 1. 7KE+05 CENTISTOEES, DISPERSION TERR =} 9E-03 WEICIT FRACTION-NR

NASE-AREA= 8. 1E+02 CHS-MIM, SICH= 9. 101, ‘TOTAL VOLUME - 3.5E+08 B, DISPERSIONS 1. GEr00 CMS/MEM-HIL, EVAP BATE< 3.7E-01 CHS/NsN/HR

43

NP SIZE OF  5.000E-01 1S BASED ON CUT 4

TINE = 0.20+01 HOUIS, MASS FRACTION QF EACH CUT REMAINING:

O.O1+00 4 .7E-05 | . BE-01 6.2E-01 8.3E-61 0.6E-01 B.7E-01 B.7E-01 H.7E-0)1 H$.7F-01 H.7E-01 B.7F-01

MASS REMAINING = 7 B04E+0Il, MASS DISPERSED = 1. 105E+0I, MASS EVAFORATED = 2 96OEAO7, SUH = 9.204K 08

FRACTION (BASED ON MASS) REMAINING IN TUE SLICK: 8.4E-01, ARFA: 1. 0E+00 M%#2, THICKNESS: §.3E-02 CH, HOLF Wi=349 .6
WEICHT FUACTION WATER IN OIL = 7.0E-61, VISCOSITY = 2.20+460 CENTINTOFES, DISPERSION TFERN = | . 8E-64 WEICHT PRACTION/BIR
NASS/ AREA= 7.6E+02 CMs- M, SPCR= 9,1E-01, TOFAL VOLUME- G.4E+00 BBL., BISPERSION= | .45+00 CHS/MEM/IIR, EVAER RATE: 3.1E-01 CHS-MsM/HR

46

STEP SIZE OF §5.000E-01 IS5 BASED ON CUT 3

TINE = 7.20+01 HOUS, MASS FHACTION OF EACH CUT REMAINEN : 47

V. .0F+00 S.4K-06 U.9N-02 5.7FE-01 UB.0FE-01 H.JE-01 H.0E-01 U.0F-01 B.6E-01 H.0FE-01 #H.6E-01 8.06FK-01

MASS RENMAINING =  7.60H6E+0l, MASS DISPERSED = ) . JOUE+0B, BASS EVAFPORATED = 3.263K+07, SUM = 9.264F+08

FHACTION (BASED ON MASS) HEMAINING IN TUE S1ICK=: B.2E-00, AREA= §.1E+06 Mex2, THICKKRESS= 7 _BE-02 CH, BOLE WT=051.

WEICIHT FRACTION WATER in oil. = 7.0E-0(, VISCOSITY = 2 8E+00 CENTISTOEES, DISPERSION TERE = 1.7 £-04 WEICHN FRACTI oN-UR

MASS/AREA= 7 1E+0:2 CHS/M*M, SPCH= 9 3E-01, TOTAL VOLURE: 5.3E+03 B, DISPERSION= | .2E+00 GMS/H+M/7HR, EVAP RATE: 2.7E-61 GHS/MeN/HR

STEN SIZE OF 5.600E-01 IS5 BASED OUN CUT 3

TIME = 8.2K+01 HOUWS ., MASS FRACTION OF FAUH CUT REMATNING: a8
Q.0L+00 6. .2K-07 . .TE-62 G.2F-0t 7.01-01 B .3E-01 H.4FE-01 0.4F-01 U.4E-01 8.4E-01 H.4E-01 H.4F-01)
MASS BEMAINING = 7. 4HZ2E+0U. MASS DISFERSED = 1. 429FE+088, MASS EVAPORATED = 3. .506F4+07, SUH = 9 264E+00

FRACTION (BASED ON MASS) REMAINING IN THE SILICK: B.IE-001, AFA= 1. 1E+06 Mx22, THICKNESS= 7 _4E-62 CH., MOILE WI=0562.6
WEIGHT FRACTION WATTER 1IN O = T.0E-01. VISLOSITY = 3.65+03 CENTINTOKES, DISPERSION FERN = 1. 6E-08 WEIGHTE FRACTION/NR

MASN/AREA= ©.BE+02 CHS /MM, SPCR= 9. 1E-01, TOTAL VOLUME= §.20+00 881, DISPERSION=: (. 1E+600 CHS/KsR/7HIR, EVAP RBATE: 2. 4E-01 CRS/R&n-HR

STEP S1ZE OF  §5.000FE-01 IS BASED ON CUT 4

TIME = 9_2E+01 HOUNS, MASS FRACTION OF FACH CUT REMAINING: 49
O.0E+00 3.0E-08 G.6F-02 4.7TE-01 T7.6F-01 3.2F 01 8.3F-01 B .04E-98 B.UF-01 B .UE-01 0.3E-91 $#8.3E-0)

HASS NEMAINING = 7 34 1E+08, NASN DISPERSED = 1. 0340E+01, NMASS EVAFORATED = 3. 7087E+07, SUM = 9. 2064F108

FHACTION (BASED ON MHANS) REMAINING IN THE SLICK: 7.9E-01, AREA= §.18+00 M322, THICKNESS: 7. 0E-02 CH, AOLE WI=434.9

WEICHT FRACPVION WATEN IN 01 5 7.0E-01, VISCOSETY = 4.5E+05 CENTISTOKES, DISPERSION FERM = § SE-00 WEICHT FRACTIONZMR
MASS. AREA= 6.4FE+02 CHS/M*H, SPCHR= 9 1E-01, TUTAL VOLUNE: $.1E+64 BBL, DISPERSION= 9 .4E-01 CMS/N+M/UH, EVAP HATE= 2.1E-01 CAS/M*N/HR

STEP SIZE O 5.800E-81 15 BASED UN €UY 4

TINE = 1.0F+92 HOURS ., MASS FRACTION OF FACH CUT REMAINING: 50
V.00 4. .9F-8% 2 2K @2 3.1 0t 7. 3K O (. oF 01 .20 1.2E-08 B.2K-6) 8.2F 01 8. 2K-a1 1.2F-01

MASS BEMAINING < 7 210Eal, MASS DESPERSED 16511 0t, MASS FVAFPORATED = 4. 0198507, SUN - 9 260400048

FHACEION (BASED ON MASS) REMAINING IN THE SLICK: 2.08E-01, AREA: | 20+006 M&*2, THICKNESS: 6. 7E-02 CH, MOLE WI=433.14

WELCHT FRACTION wWATERR IN O .o 00, VISCOSETY - G 6 +05 CENUISTOKES, DISPERSION THEHN - -0 WEIGHT PRACTION I

MASS  MEA: G 1 Ev02 CHS MM, SPCI: 918 OF, TOTFME VOLURE. § ok vl BB, DISPERSION: 15,48 03 CHS. NN M, EVAR RATE - ) 9E 01 CHS-Men- il
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Table 16. --Qutput from O-Weathering Cal cul ations (Continued): Prudhoe Bay Crude G, Tinme versus
Cal cul ated Results at 40°F for Open-Ccean \Weat hering.

TIME = 1. 1E+02 HOUKS, MASS FRACTION OF FACH CUT REMAINING: Y]
Q.0H+00 6. L8O | UE-02 U 9E-01 7 2008 T.9F-01 B.0F-01 H.E-01 B.0FE-01 BF-01 8.1E-01 . 1E-01

MASS HEMAINING = 7 091E+08, HASNS BISUERISED = 1700k 01, MANS EVAFORATED - 4. 28450+07, SUN = 9,204E+08

FHACTION (BASED ON HASS) HEMAINING IN THE SLICK: 7.70-00, AHEAN: ). 2E+00 B2, THICYNESS: 6.4E-02 M., MOLE WI=i56.2

WE TCHT b:IlAC'I'IUN- WATER N 018 = 7.6E -0, VISCOSITY = 7.0FE+05 CORTINTOLES, BISPERSION TERM = 1 8E-910 WEICHT FRACTION/HR
RASS-AIKA= 5.9K+02 CHS/M:N, SPCR: 9. 1E-01, TOTAL VOLUME: 2.9E+03% BBL.. DISPERSION: 7.0FE-01 CHS/MsH R, EVAP BATE: 1.7E-0) CHS HsM/HR

TIAE = 1. 2E+82 HOUNS, MASS FRACTION OF FACH CUT HEMAINING: 32

O .00 B.0E+0Y9 T . OK-08 U .BE-01 Z7.0K-98 T .8E-01 7 .9-01 B.0E-81 B.8E-01 8.00-01 B.0E-01 1h.0E-01

HASS HMFMAIRING = 0. SUBEsS8, NMASS DISPEASED = 0 . Q31He08, RASS EVAFPOBATED = 4. 90UE+07, SUR = 9 204k<08

FHAUCYION (BASED ON MANS) REMAIRIRG 08 THE SLIGK= 7.5k-00, AHEA: § . 2Nr00 B2, THICKNESS: 6.2K-92 CH, HOLE WI=837.4

WELCWY FRACYION WATER INM Ol = 7.0E-0f1, VISUOSITY = 8.5k+00 CENTINSTOFES, DISPERSTON ‘TERR = . 28-08 WEICHT FRACTION/HR

HASE/AEA= 3. 6E+02 CHAS-H*N, SPCHR= 9.1E-@4, TUTAL VOILUME: €.8E+6H BIN., DISPERSION: 0.95-91 CHS/N28/HR, EVAEP QATE= §.68-81 Cls-KeN A

TERE = 1. 30+02 HOURS. MASS FRACTION OF BEACH CUT NEMAINING: LY
O QL+ @ .OLRY G .oF-0N W IR-01 6. 8L-61 T.7E-01 T.UE-01 T.9K-01 7.9F-01 7.9F-81 7.90-91 7.9F-0)

MASS RENASRING = 6.870E+80, HASS DISPERSED = §.926E+00, HASS EVAFORATED = 4.6298+07, SUN = 9, 204E+008

FHACTION (BASED OR MASS) REMAINIRG IN TYHE SLICK: 7.4E-01, AHEA= 1. 0E+06 R¥22 . THICKNINS: §.9E-02 CH. ROLE Wr=450.4

WEICHT FRACTION WATER 18 O = 7.98-80, VISCUSITY = 1. ¢0F+006 CENTINTORES, DISPERSION TERN = 1. 28-08 WEICKT FRACTION/8

BASN/ANREA= 3.48+02 CHN/N*H, SPCH: 9.1E-08, TUTAL VOIURE:= ¢ .7H+¢i B81., INSPEASION: 6.1K-01 CMS/Rep /N, EVAFP BATE= (.JE-01 CHS/HsK /N4

TOHE = 1. 4E+02 NUUNS, MASS FRACTION OF EACH CUT REMAINING: 54
Q. ubk+08 V. GFE+OO 2 6E-0U 2. 8F-01 0.0F-O1 T.6E-0) T7.7E-01 7.8E-01 7 .8E-01 T.8E-01 7.8E-00 7.0F-01

HASS HERAINIRG = o 770K t0l), HASS DISPRERSED = 2. Q03E+0B, MASS EVAFCRATED = 4. 811E«07, SUN = 9 _ 204E+08

FRACTION (BASEN OGN MASS) NEMAINING IH THE 81 0CK= 2 .0E-06, ARFA: [ . U4FE+00 s, PTRICKMESS: B3.7E-02 CH, HOLE WT=1459.49

WEICHT FRACTION WATER IN 008 = 7.0E-01, VISCHSITY = §.2K+00 CENTINTUKES, DISPFRSION TEHN = 1 1E-00 WEIGCHDT FUACTION/UR

HASS/AMEA= 5.2E+$2 CRS/HEM, SPCH= 9. 0E-0), TOTAL VOLUNRE: 9.7E+04 BB, PISPERSION: §.7H-01 CHS/RsN/HN, EVAEY BATE: §.4E-©1 CHS-NxK/ MR

TiggE = §.50+@2 BOUNS, MASS FHACTION OF EACH CUT HEMAINING: 55
G.8ErO0 O . GELWO 1 .4F-00 2.05KH-08 b.aK-01 7. .3E-01 T7.7-01 7.7E-0G1 T7.7E-01 7.7F-91 7.7E-91 7.78-01

HASN ENAIRING = 6. 687E«08., HANS DISUENSEY = 2. 079F+018, RMASS EVAFGRATED = 4. 980E+07, SUA = 9 2049E+08

FRACYION (BASED ON HASS ) BIEMAIRING IN THE SI1Ck: 7.2E-01, AREA: 0. 0FE+006 Mx2, THICKNENS: §.5E-02 CH, KOLE Wi=lot .4

WEILET FHACTION WATER 1IN Wil = 7.0E-0f, VISUBSITY = 1.0k+00 CENTISTOKES, BISPERSION TERH = 1, 0F-03 WEICHT FRACTION R

nASS/ANREA= $.1E¢02 CRS/HM, SPei= 9.18-01, TUTAL VOLUME: 4. 0E+08 HBL., DISPENSLON= 3.3E-01 CHS-HsH/HH, EVAP HATE: 0.J0E-01 CES-/HzR-HR
TIRE = 1.6H+02 HUUHRS ., MASS FRACTIOR OF FEACH CUT REMAINING: 8¢
.+ O . 0N80T . BF-04 2. 2E-01 6 .2F-01 7.3E-01 T.ok-91 7.6F-01 7.6FE-01 7.6F-01 T7.6E-01 7.0E-01

MASS BEMAINING = 6. 602E+08, MASS DISPERSER = 2. 084 +08, MASS EVAPORATED = 3. 147E+07, SUN = 9 2e4kt0i)

FRACTIUOR (BASED ON MASS) HEMAINING IR THE SLICK: 7 0E-@1, AREA= §.3K+06 N#+2, THICKRESS: 5.48-02 CH, HOLE WI=llul .4

WEIGCHT FRACUION WATER IN OB = 7.0E-01, VISCOSITY = 1 . 7H+006 CENTISTOKES, DISPERSION TERM = 9. 98-04 WEICHT FRACTION/HR

MASS/AREA= 4. 9E+02 GRS/ M*H, SPCR= 9. 1E-01, TOTAL VOLUNE: 4.3E+08 800, DISPERSION= €. 0E-81 CHS/HxM- R, EVAEF RATE:= 1.2E-08 CHS/HsM/HR
TEME =2 1. 7E+02 HOUNS, MASS FHACTION @F FACH CUT REMAITNING: a7

O abrv O k88 4 . L2E-44 2 U0t b iE-ur T .OE-61 7 .5¢-61 7.5F-0) 7 .5¥-01 7. .5F-8) 7.3E-0) 7.5F-0)

MASS REMAINING = 6 J2UE+08. HANS ISPENSED = 2.212H+00, MANS EVAFOHATED = 3. 308E«07, SUN = 9 20aE00

FHACTION (BASED ON MASS) HEMASNING TN PR SEICK: 2 .08E-001, ANFA: 1 3K +00 M32, THICERESS: §.28-02 CN. MLE W62

WEIGHT FRACTION WATER IN O1). - 7.0F-01, VISCOSTIY = 2. 0F+06 CENTINTOLES, DISPERSION TERH = 9. 9F-04 WEICIHT FRACTION I

HASS/AREA: 4.7FK+02 GHS. MM, S1FCK: 9.20 08, TOTAL VOLUME: 4.5k «04 HUL., DISPFERSION: 4.5F 01 CMS M+ U, EVAP RATE= §.1E-01 CHS/MsM/UR

STEE SIZE OF  3.000K-01 IS5 BASED ON CUT 4

PIME - FoBE402 HOURS . MASS FHACTION oF FACKH GO QEMATNENG 31}
O 000 O OFrBe 2 28 0d L.TL O S 9 e 728 01 7.4 e 0 ol 75K T.GE 0L 7.3KE-e1 7.9F 0
MHASRS BEMAINING 2 o 4bab t0lb. TIASS BISEPFRSER D700t MASS FVAPORATEDR - 3. 45107, SUM - 9 2634008

FUACTION CBANED ON MASSS BUMAITRING IN CTHE SERCE S 7 ok 040 ALY 1. 3506 MR, THICENESS - 5. 0K 02 cN, NOLE WI-ieid .2
Wi HGHY FRACHION WATER JN 00 7.0 0, VIsCOsERY 2401006 CENVISTORES,, DISPERSTON TERH 2 9,08 04 WEIGIHTE FRACTTON, W
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THE FINAL MASS FHACTIONS Vol Ve SEICE A 2. 31002 HOUUS AR

Table 16.--Qutput from O |-Wathering Cal cul ations (Continued): Prudhoe Bay Crude O |, Time versus
Calculated Results at 40°F for Open-Ccean \Weathering.

MASR/AREA= 4.6E+02 CAS /MM, SPCR: 9.2E-01, TOTAL VOLUNE= 4. 4F+63 BBL. , DISPERSION: 4. 1E-01 CHS- MMl » EVAP NATE= §.0k-61 CHS/NsM/HR

STEP SiZe OF  5.0001-01 IS BASED ON CUT 4

Vvine = [ AL lllTUlls MASS FHACTIOR O EACH CUT REMAINING:

6 ULTOD U, UEr8e 104 1 5E-61 5.7E-01 7.0E 01 7.4K-01 7. 4K 01 7 .4E-01 7.4E-01 7.4E-01 7.4E-01
HASS HERAINING® 6. i474E+00, MASS BISFENSED = 2:111Ev0l. MASS EVAPORATED = 5. 5910107, SUN = 9 204108
FHACT 1UN (BASED ON MASS) HEMAINING [N THE SLICK= 6 9E-01 , ANEA= | . 4E+06 MEX2, THICENESS: 4.9E-02 CH, MIE WI=164.0

WEICHT FRACTION WATER IN OIL. = 7.8E-01, VISCOSITY = 2.7E+00 CENTISTOKES, DISPERSION TERR . g ok-04 WEICHT FRACTION IR
MASS/AHEA: 4. 3E+82 GNS/MEM, SPCIE 9.2E-601 | TUTALVOLUNME: 4. 48400 11111, pISPERSION: 3. 8E-01 CHMS/MEM AL, EVAI RATE:= 9.7E-62 CNS-H&M-HR

39

STEP SIZE OF 3.000L-01 1S BASED ON CUT 4

TIME = 2.0F+82 HOUNS, HASS FHACTION OF EACH CUT NEMATNING ot

6. UF+00 0 .6E+#8 8.6E-05 1. .3E-01 s 6E-81 7.0E-61 T7.0E-61 7.4E-81 7.9KE-01 7.4E-01 7.3E-01 7.3E-01

MASS HEMAINING =  6.307£+601, MASS DISPERSED -~ 2 HUSE+0U, MASS EVAFORATED =  § Z96K+07 , SUM = 9. 264E+00

FHACTION (HASED ON MASS) HEMAINING [N THE SILICK= 6.8E-01, ABEA: | .4E106 Mex2, THICKNESS: 4. 8E-02 CH, MOLE WI=164.8

WEICHT FHACTION WATER IN 01). = 7.0E-®1, VISCOSITY = i#.2E+66 CENTISTOKES, DISPERSION TERM = 8. 2E-04 WEIGIT FRACTION/HR
MASS/AREA= 4.4E+02 CMS/ MM, SPCR= 9.2E-@1, TUTAL VOLUME: 4 . 3E+03 BBL. DISPERSION: R.0E-01 CHS/HXH MR, EVAP RATE= 9.0E-02 CMS,MsM/HR

STEF SIZEOF $.000E-601 1s HBASED oN CUT 4

TIME = 2.1Ev02 uouus MASS nm'non OF EACH c.urnwumm:.

0.0E+00 @ _uL10e Z. L2E-81 4E-01 6.9E-01 LE-01 7.4E-01 7.3E-01 7 .4K-01 7.4E-61  7.1F-61

MASS REMAINING = '4 ﬂzﬂm HASS lblsl'l-libhb 2.4%0E +uu NASS EVAPORATED =  5.052E+07, sun = 9.2064E+08

FHACTION (BASED ON russ» HEMAINING | N THE SLICK= 6.7E-01, ABEA® 3. 5Ee06 W62 THICKNESS: 4. 0E-02 CH, MOLE WT=165.6

WE LCHT FRACTION WATER | N OI L = 7.ek-ul, VISCOSITY =  §.0FK+06 CENTISTOKES, DISPFEASION THEHM = 7 .8E-04 WEICHT FHRACTION/NR
RASS-ANEA= ©.3E+02 CHS/M*M, SPFCH= 9.2E-01, TUOTAL VOLUME:= 4.3E+03 BBL., DISPENSION: $.3FK-01 CHS/H&N/HI. EVAP RATE: 8.5E-02 CHS/N+N/HR

61

STEP SIZE OF 35.600E-91 IS BASED ON CUT 4

TIME = 2.2E+62 HOUUS, MASS FHACTION OF FACH CUT HEMAINING: 62
Q.UEYUY O .6F+00 1 .4E-03 1. 0F-01 G.0E-U1 6. 9E-0) 7 .2F-01 7.2¥-01 7.2E-01 T7.2F-01 7.2E-00 7.20-01

MASS REMAINING 5 6. 1O2E«0i, NASS DISPERSED = 2. 305K +0H, MASS EVAFPORATED = 3.970E+07, SUN = 9. 264E+0H

FIAUTION (BASED ON MASS) REMAINING IN THE SLICK: 6.7E-01, AREA: 1. .3E+06 M%32, THICKNESS: 4.5E-02 CH, HOLE WI-l066. 4

T FRACTION WATER IN Q). = Z.0E-01, VISCOSITY = 4.2040006 CENTISTOKES, DISPERSION TENM = 7.5E-04 WEICHT FHACTION/UIR
MASS. AMEA= 4.20+02 CHS-M+M, SIPCH= 9.2E-01, TUTAL VOLUME:> 4.2E+00 8BL., DISPERSION: B.1E-01 GCHS/N3N/HR, EVAP HATE: T.9E-02 CHS/MM-HR

STEP SIZE OF 5.000E-01 IS BASED ON CUT 4

TIME = 2.3E102 HOUHS, MASS FRACTION OF FACH CUT MEMAIRING: 63
0. OFEt00 O.0F+00 6.3F-V6 9. 0K 02 . 1E-01 6. HE-0) T7.1E-01 7.2E-00 7.2E-61 7.2F-01 7.2E-60) 7.2K-01

MASS REMAINING = 6. 124R+08). HASS DISPERSED = 2. 581E+0H, MASS FEVAPORATED = 6.008F+07, SUN = 9 263LE+00
FRACTION (BASED ON MASS) REMAINING N THE SHICK: 6. 0E-01, AIFA= 1. .0K+06 M¥E+2, THICKNESS: 4.4E-02 (M, MOLE Wi=i67.1

WEICHT FHACTION WATEN IN G}, = 7.0E-001. VISCOSITY = 4. 7E+06 CENTISTOKES, BISPENSION TERM = 7.28-94 WEICHT FUHACTIONZIR
MASSZAREA: 4.1Ev02 CHS/MEN, SPCIRE 9.2E-001, TUTAL VOLUME: 4.2E+04 BBL, DISPERSION: 2 . 9E-61 CMS/NHsM/Il, EVAY RATE: 7.3E-02 CHS/HsN- IR

STEE SIZE OF  5.000E-01 IS BASER ON CUT 9

THE CUT NUMBE 00 NG BEA | NS w1 < 1 BASED ON THE Ol 1C | NAL CUT NUMBENRS

. (1]
© VOVEIO0 U . BU0E 00 1. 919 V6 74975 02 4. 907E 01 6 7UdE ) T 972K-81 7. 1idk-00 7.6k w1 7. 0ITE-0) T.147k-0)
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Table 16.—CQutput from O |-Wathering Cal cul ati ons (Continued): Prudhoe Bay Crude OI, End of Calculated
Result, Including Final Mass Bal ance.

T . 117E-6}

FRACTION (BASED 011 KASS) REMAINING 1M THE SLICK= 6.66-01, AHEA= 1 .5E+06 M$x2, THICKNESS= 4. 3E-02 CN, BULE WT=367. 4
HASS REMAINING = 6. OT77E+0B, NASS DISPERSED = 2. .569E+08, HASS EVAFORATED = 6. 1BIE+07, SUN = 9 So4b+od

BEEFEEFLXFXFEEEBE R R R EEBRE SR BB R KRR R R B R B KRR R EEF R R R R F RS R RR KRR KRR KRR &

EEFsTFRFE FINAL OVERALL MASS BALANCE FUR PARENT OIL*35%15%%%x%%

FINAL HASS FHACTIONS OF CUTs:
G 000108 ©.000E+H0 6 . VOVE+00 6. 000LEI00 V. VUBETU0 1. 471E-06 5.619E-02 3.030F-01 5.243E-01 5.518E-01 5.551E-@1
3.654FK-01  3.350k-01 5.350k-41 8$.330E-6)
FRACTION (BASED OK MASS) HEMAININC= 4 .0336E-01
MASS RENAINING= 6. 077E+08 MASS DISPENSED: 3.275E+08 MASS EVAFORATED: 2.600E+08 MASS DELETED: 1.566F+01 TUTAL: 1.193E+89

OGRIGCINAL HASS- 1 .393E+09



expl anatory but sone 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 (less than 1 hour). In this case the cut(s)
will be deleted from the calculation and the remaining cuts renunbered.

Page 47 illustrates the output where a cut has been del eted because
it evaporates too fast to be considered in the calculation. The cut
renunbering occurs imediately before the tine integration begins and wll
al ways be noted on the output before the tine - 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 fina
mass fractions are printed by telling the user the nunber of the first cut
printed. This is illustrated on page 55 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 56 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 weat hered away.
The remaining cuts are renunbered and characterized in the usual manner
Thus , if a user desires to follow a particular cut through a scenario, care
must be taken to correctly identify the desired cut. This is nost easily
acconpl i shed by followi ng the boiling point of the conmponent (which does not
change) through the various output.

As with the tw previous weathering "compartments ," the oi
characterization data are followed by the input constants and the results of
the weathering cal culations (pages 57 through 67). Page 67 presents the end
of the weathering calculations and the final overall mass balance for the
parent oil. This nmass bal ance serves as a neans of checking that the sum of
the nmass evaporated, nass dispersed, mass remaining, and mass del eted (very
volatile cuts) is equal to the original nass

An example of the 80-colum output is presented in Table 17. This
output was generated at the same tinme as the output in Table 16. Note that the

68
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Table 17--1llustration of 80-Colum Qutput from Ccean-1ce O -Wathering
Code :  Prudhoe Bay Crude G|, Weathering of G| in Pools on Top of Ice
at 32°F.

WEATHERING OF OIL IN POOLS ON TOP OF | C E

OIL: PRUDHOE BAY., ALASKA

TEMPERATURE= 732.6 DEG F, WIND SPEED= 16.6 KNOTS
SPILL SIZE= (.069E+8%4 BARRELS

MASS-TRANSFER COEFFICIENT CODE=z 2

FOR THE OUTPUT THAT FOLLOWS., MHOLES=GCRAM MOLES
GMS=CRAMS, VP=VAPOR PRESSURE I[NATMOSPHERES
BP=DOILING POINT INDEGF, API=GRAVITY
MW=MULECULAR WEIGHT

CuT HOLES GMS ve BP API MW

| 2.74E+853 2.29E+67 <4.069E-62 1.36E+e2 7.27E+01 83
? J.I3E+63 2.96E+07 |.38E-02 1.99E+62 6.42E+01 093
3 3.921E+63 4.14E+97 J.28E-63 2.385E+92 35.67E+01 103
4 1.67E+053 ¢.3TE+07 7.63E-04 2. 89E+982 3.16E+61 119
3 3.43F+63 9.68E+07 1| .40E-64¢ J3.23E+92 4.76E+81 133
6 2.92E+63 4.41E+87 2.44E-%3 3.76E+92 4.32E+@1 156
v G.18E+83 J.33E+«@7 J.98E-96 4.18E+92 4.15E+81 167
8 J3.41E+83 6.31E+07 §.86E-67 4.66E+82 3.78E+61 184
9 U4.34E+63 6.6%E+97 B5.22E-08 $.63E+92 3.4BE+01 209
16 1 .74E+063 3.84E+07 8.24E-99 J.354E+062 3.066E+91 220
11 3.058E+e3 9Y9.01E+9? <4.(12E-1% 6.09E+02 2.91E+01 25t
12 J3.1E+63 9.59E+67 2.02E-11 6.62E+02 2.62E+91 281
13 2.73E+¢3 8.39E+0? B8B.60E-13 7.I12E+82 2.40E+61 312
14 J3.04E+a3 (.Q7TE+08 1.96E-14 7.64E+02 2.23E+01 351
13 9.42E+83 3.63E+08 ©.00EZ+6® 8.59E+62 |.14E+81 609

MOUSSE CONSTANTS: MOONEY= ©.09E+980, MAX H26=-1.66, WINDxx2: 0.00E+00
DISPERSION CONSTANTS:KA= (.68E-¢1, KB= 3.08E+61., S-TERSION= |.00E+00
VIS CONSTANTS: VIS23C= 0.30E+61, ANDRADE = 9.90E+83, FRACT = 1.03E+01

FOR THF. oUTPUT THAT FOLLOWS, TIME=HOURS
BBL=BARRELS, SPCGR=SPECIFIC GRAVITY, AREA=MxN
THICKNESS=CH, W=PERCERT WATERIN OIL (fIOUSSE)
DISP=DISPERSION RATE IN GMS/MxH/HR
IFRATE=EVAPORTIOR RATE [N GMS-/MxM- HR

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

[=FIRST ¢UT WITH GREATER THAN 1% (MASS) REMAININC
J=FIRST CUT WITH GREATER THAN 30% (MASsS) REMAINING
DISPERSION was TURKED QFF

SPREADING WAS TURKED OFF

TIME BBL

SPGR AREA THICKRESS W DISP ERATE MsA | J

® | .0E+94 .88 7T.9E+64 2.90E+69 ? 0.0E+99 92.0E+00 | .8E+¢4 1 1
t 9.8E+@83 6.88 7.9E+849 2.8E+99 6 0.0E+09 | . TE+62 | .TE+04 1 1
2 9.TE+%3 .88 7.9E+69% 1.9E+68% ® 6.9E+99 1.3E+62 {.TVE+94 § 2
3 9.7E+83 .88 7.9E+84 1t .9E+90 ® 5.9E+906 9. JE+6t 1 . 7E+084 1 2
4 9.6F+03 6.88 7.9E+8% t .9E+99 8 8.0E+20 g.55+01 { . TE+04 1 3
3 2.6E+@3 6.89 7.9E+64 1| .9E+69 % ©0.9E+09 O 2E+61 {.7E+04 | J
6 9.3E+93 ©.8% 7.2E+94 (| .9E+69 @ 8.0FE+08% 3.2E+0( 1.7E+04 1 4
7 9.3E+063 .89 7.9E+94 1.9E+8@ ® 90.0F+88 4. 3C+01 { . TE+04 | 3
8 9.4E+93 9©.89 7.9E+G4 1 .9E+6® 2 0.0L+08 4.0E+01 { . TE+04 2 3
9 9.4E+93 .89 7.%E+94 1 .9E+89 9 6.0E+66 3.6E+91 {.TE+94 2 3
19 2.4E+93 6.89 7.92E+94 i .9E+09 8 6.0E+88 3.3E+91 | . 7E+04 2 3
1l 9.4E+93 .89 7.%9E+04 1 .9E+69 6 0.9E+89 3.61+¢1 . TE+94 2 3
12 9.4E+63 0.89 7.92E+94 1 .9E+69 @ 0.6E+99% 2.8BE+0t | . TE+04 2 3
13 9.3E+83 .89 7.9E+94 1.9E+@¢ % 0.0E+98 2.0E+6t | .TE+94 2 3
t¢4 9.3E+93 .89 7.%9E+94 {.9E+09 ® 0.0E+60 2.4E+06t | .TE+904 2 3
t3 ¢.3E+63 .89 7.%9E+84 { .9E+69 ® 9.6E+99 2.2E+81 . TE+04 2
16 4.3E+63 ©.89 7.9E+84 1| .9E+90 9 0.0E+69 2.I1E+0! | 7E+94 2 4
17 9.3E+93 9.89 7.9E+@4 {.9E+88 ©® 9.0E+08® 2.0£+01 1.7E+04 2 4
18 9.3E+03 ©.89% 7.%E+94 1 .9E+99® ® 6.0E+6© 1.9E+01 | .6E+904 2 4
19 ©.2E+93 ¢.89 7.9E+94 t .BE+08 ® @.9E+68 | 8E+01 1.6E+84 2 4
2¢ 9.2E+63 ©.8% 7.9E+9%4 {.8E+e9 ® 6.8E+9® 1.75+61 1.6E+04 2 4
21 9.2E+83 6.89 7.9E+04 {.0E+0® ® ©.VE+09 (.6E+61 1.6£+04 2 4
22 9.2E+93 ©.89 7.9E+Q4 | .BE+0® ® B.6E+69 1.6E+81 |.6E+04 2 4
23 9.2E+83 6.8% 7.9E+@¢% 1 .8E+8® @ @.0E+89 1.3E+H61 1.6E+04 2 4
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Table 17 .--(Conti nued)

WEATHERING oF OIL IN A BROXEN ICE FI!ELD

AFTER ICE POOL W%EATHERING FOR 2.48@E+@® i HOURS
OlL: PRUDHOE BAY., ALASKA

TEMPERATURE= 32.€ DG F, WIND SPEED= (2.6 KNOTS
SPILL SI{ZE= 9.1935F+03 BARRELS

MASS-TRANSFER COEFFICIENT CODE=2

FOR THE OUTPUT THAT FOLLOWS. MOLES=CRAM MOLES
GMS=CRAMS, VP=VAPOR PRESSURE IN ATHOSPHERES
BP=BOILING POINT IN DEG F. AP{=GRAVITY
Mw=MOLECULAR “EIGHT

CuT MOLES CHMS
1 37E-9{ 1 .57E+0t
LLE+63 2.92E+63

MW
83
93

BP AP1
i.36E+@2 7.27E+81
1.36E+92 6.42E+01

ve
8.9%E-902

i,
4. 2.96E-82

1
2]

3
-

s

i

N
b:.uo-—:cm-qaubaa -

%]

3.
3.

a.

3
2
3.
9

LAME+GS
.98E+63
28E+03
.96E+63
JOF.+63
.$1E+03
34E+63
.74E+63
78E+03
.41E+63
.73E+63
O4E+0F
.42E+063

1 .38E+67
3.46E+67
4.39E+07
4 .3TE+07
3.32E+07
6.31E+07
6.6%9E+07
3.84E+87
9.81E+07
9.39E+87
8.39E+67
1.67E+08
3.63E+68

§.42E-03
1.24E-83
2.3%E-04%
4.81E~-03
8.33E-66
1.31E-86
1.95E-87
2.12E-068
1.17E-89
6.39E-11
3.83E~-12
?.87E-14
6 .00E+060

2.38E+82

5.67E+01

2.80E+62 3. 16E+61

3.25E+62
3.76E+02
4.13E+02

4.60E+02 3.78E+01

3.93E+02
3.54E+062

6.899E+02
6.62E+92
7.12E+02
7.64E+02

8.30E+62

4.76E+61
4.32E+9¢
4.13E+01

3.48E+01
3.066E+01
2.9%1E+81
2.62E+01
2.40E+31
2.23E+01
1.14E+01

1

108

119

113
{39
167
8 4
200
220
231
281
312
351
600

MOUSSE CONSTANTS: MOONEY=6.20E-81, HAX H20=0.70, WIND%*2=1 ,00E-02
F4=1.000E+61
DISPERSION CONSTANTS: KA= 1.0BE-81,
KC=1.000E+01
FRACTION OF ICE COVER=6.6Q0E-61
VIS CONSTANTS: ViIsS23C= 3.30E+@!. ANDRADE =

KB= 5.00E+&t. S-TENSION= 3.00E+01

2.60E+93, FRACT = 1.03E+0!

FOR THE OUTPUT THAT FOLLOWS, TIHE=HOURS
BBL=BARRELS, SPGR=SPECIFIC GRAVITY, AREA=M*M
THICKNESS=CM, W=PERCENT WATER IN OIL (MOUSSE)
DISP=DISPERSION RATE IN GHS/MxM/HR
ERATE=EVAPORT ION RATE IN GMS/HxM-HR

M/A=MASS PER MxM OF OIL IN THE SLICK

[=FIRST CUT WITH GREATER THAN 1% (MASS) REMAINING
J=FIRST CUT WITH GREATFR THAN 36% (MASS) REMAINIRG

CUT | GOES AWAY IN MINUTES, THEREFORE IT wAS DELETED aND THE CUTS RENUMBERED
TIME BBL SPGR AREFA THICKNESS W DISP ERATE M-A 1 J
9 9.2E+03 6.89 7.9E+94 1.8E+80 6 7.6E+81 ©.9LE+60 1.6E+064 1 1
t 9.1E+83 9.89 1.IE+93 1.3E+6@ 29 7.3E+61 2.3E+81 1.2E+84 1 1
2 9.0E+93 6.89 1.4E+03 | .1E+00 48 4.4E+01 2.3E+91 9.5E+63 1| 2
3 9.6E+063 .89 1.6E+83 2.2E-9f 68 2.8E+0:t 2.1E+81 8.2E+63 | 2
4 8.9E+03 6.89 1| .7E+05 8.2E-81 66 1.9E+0% |.9E+6¢ 7.3F+88 1 2
5 B.9E+63 6.89 (.9E+93 7.4E-61 69 {.5E+@i {.TE+®1 6.7FE+83 | 3
6 0.8E+863 €.89 2.0E+83 6.9E-0t 7@ 1.3E+@t 1.3E+01 6.1E+@3 1 ¢
7 8.8£+063 6.89 2 .2E+@8 6.4F-01 76 1 .3E+61 1.3E+61 3.7E+68 2 3
8 8.7E+03 6.990 2.3E+03 5.9E-6t 79 (.2E+@f1 (.2E+91 3.3FE+83 2 3
9 8§.7E+83 ¢.99 2.3E+08 3.6E-01 70 {.2E+&1 {.!E+®1 3.6E+03 2 1
19 8.6E+63 ©.99 2.6E+03 3.3E-01 76 {.2E+31 9.6E+06 4.8E+63 2 3
1t 8B.6E+63 ©.99% 2.7E+08 3.1E~9t 7€ 1.1E+&1 B.TE+¢¥9 4.5E+63 2 1
12 8.5E+836.99 2.8E+63 4.8E-81 70 1.1E+@1 7.9E+0¢ 4.3E+63 2 4
13 8.3E+03 .99 2.9E+03 4¢.6E~6! 76 1.1E+9] 7.3E+086 4.2E+63 2 4
14 8.5E+636.99 3.9E+98 4.3E-81 76 1.IE+@1 6.BE+00 4.6F+03 2 4
16 8.4E+630.96 3.1E+63 4.3E~-61 79 1.0E+®1 6.3E+06 3.9E+63 2 <
17 8.4E+63 .99 3.2E+03 4.2E-61 78 1.9E+61 T.9E+90 3.8E+63 2 4
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.3E+03
.QE+83
.QE+@3
.2E+@3
.2E+03
. 1E+83
.1E+03
.1E+93
.0E+03
.OE+€3
.0C+63
.9E+€3
.9E+83
.9L+03
.8E+063
.8E+83
.TE+63
.TE+63
.ZE+08Q
.TE+063
.6E+83
.6E+63
.6E+63
.JE+03
.5E+6e13
.3E+83
.5E+63
.4E+63
.4E+03
.4E+63
.4E+63
.QE+83
.1E+83
.9E+863
.CE+83
.6E+€3
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.3E+03
.4E+08
.4E+88
JE+08
.H6E+03
CE+353
.TE+93
.O0E+93
.QE+03
.OE+038
.OE+93
.1E+838
. AE+@3
.2E+835
.AE+85
.4E+85
SE+85
.3E+@3

JE+03

.6E+938
.6E+65
.7E+@53
7E+08
.8E+053
.BE+03%
.9E+03
.9E+65
.0E+63
.OE+03
.1E+65

LE+03

.2E+03
.SE+885
.9E+853
J3E+8]

6E+@3
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.9E-01
.BE-01
.7E-01
"oE-ot
.SE-91
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.3E-01
.2E-01
.2E-01
. LE-@1
.9E-01
.OE-01
.9E-01
.BE-01
.8E-01
.7E-01
.7E-81
.7E-01
.6E-@1
.6E-@1
'SE-el
.3E-01
.3E-01
.4E-01
.4E-01
.4E-01
.3E-01
.3E-01
.3E-01
.3E-01
.0E-01
.8E-901
.7E-01
.6E-01
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9 .8E+69®
9. 6E+00
9. 4E+09
9.2E+08
9 .QE+C®
8.8E+00
8.6E+08
8.4E+09
8.2E+09
8.9E+99
7.8E+66
7.6E+99
7 .4E+09
7.3E+09
7.1E+0@
6.96+68
6.8E+0¢@
6.6E+09
6.5E+86
6.3E+0%
6.2£+69
6.1E+0@
6.9E+68
3.8BE+96
S.7E+0®
3.6E+08
5.5E+66
3.4E+09
3.3E+99
3.2E+86
3.1E+08
3.8E+9¢
4,.2E+00
3.3E+66
1.0E+09
2.6E+98

A Qe mrmmmmmmm e e RDRIRRMNRIRR2R2200 3o

.SE+99®
.2E+90
.QE+00
.OE+89
JQE+0®
A EvQe
.9E+90
.TE+09
.3E+06
.JE+00
.LE+066
.9E+09
.BE+008
.6E+08
.3E+90
.4E+90
.3E+09
.2E+660
.1E+00
.OE+00
.9E+99
.8E+09
.8E+09
.TE+60
. TE+90
.6E+09
.6E+88
.3E+06
.3E+60
.4E+00
.4E+09
.SE+590
. IE+886
.4E-01
.BE-9O1}.
.0E-01

.6E+83
.3E+03
.4E+03
.3E+83
.JE+03
2E+03
. 1E+08
.OE+90
.O0E+03
. 9E+03
.9E+03
.8E+02
.7E+03
.7E+83
.GE+08
.6E+83
.3E+@3
.3E+83
.4E+63
LAE+93
.4E+983
.3E+@3
.3E+683
.3E+03
.2E+03
.2E+03
.2E+93
. 1E+03
.1E+903
.1E+63
. lE+03
.OE+@3
.8E+93
1 .7TE+03
{1 .3E+93
1.4E+63
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Table 17. --(Continued)

OPEN OCEAN WEATHERING

AFTER :
ICE POOL WEATHERING FOR 2.400E+@1HOURS
BROKEN ICE FIELD WEATHERING FOR 1 .000E+@2 HOURS

OIL: PRUDHOE BAY, ALASKA

TEMPERATURE:s 40.6DEG F, WIND SPEED= 26.0 KNOTS
SPILL SIZE= 6.428E+83 BARRELS

MASS-TRANSFER COEFFICIENT GODE= 2

FOR THE OUTPUT THAT FOLLOWS, MOLES=GCRAM MOLES
CMS=CRAMS, VP=VAPOR PRESSURE IN ATMOSPHERES
BP=BOILING POINT IN DEC F, API=GRAVITY
Mw=MOLECULAR WEIGHT

CuT MOLES CMS VP BP AP1 MW
I 4.49E-02 §.23L+08 1 .77E-03 2.80E+02 S.16E+01L 119
2 |.94E+64 | .490E+06 J.84E-04 0J.23E+82 4.76E+01 133
a4 (.26E+63 |.90E+07? T.40E-03 3.70E+02 4.32E+0| 130
4 2.33E+63 3.90E+07 { . 33E-035 4.13E+02 4.13E+01 1 6 7
3 2.62E+63 4.84E+07 2.18E-06 4.60E+02 3.78E+0t 1 8 4
6 2.60E+63 J.21E+07 3.40E-67 35.03E+02 3.48E+081 200
7 1.36E+93 3.00E+67 3.86E-08 3.34E+082 J.06E+0t 220
8 2.79E+03 7.63E+07 2.29E-09 6.09E+02 2.91E+01 231
9 2.66E+83 7.49E+07 1.33E-10 6.62E+02 2.62E+81 281

10 2.(4E+03 6.70E+07 6.76E-12 7. 12E+92 2.49E+01 312
1t 2.97E+03 8.34E+07 1.91E-13 7.64E+02 2.23E+01 331
12 7.313E+03 4.41E+08 ©0.00E+00 8.30E+62 | .14E+01 600

MOUSSE CONSTANTS: MOONEY=6.20E-81, MAX H20z 0.70, WIND**2=(.00E-03
DISPERSION CONWANTS: KA= 1.08E-@1, KB= 5.00E+01 ,S-TENSION=3.00E+01
VIS CONSTANTS: VIS23C= 3.350E+81, ANDRADE = 9.00E+¥3, FRACT = 1.03E+01

FOR THE OUTPUT THAT FOLLOWS, TIME=HOURS
BBL=BARRELS, SPGR=SPECIFIC GRAVITY, AREA=M*M
THICKNESS:=CM,w=PERCENT WATER IN OIL (MOUSSE)
DISP=DISPERSION RATE IN GMS/M*M/HR
ERATE=EVAPORTION RATE IN GMS/M*M/HR

M-A=MASS PER MxM OF OIL [N THE SLICK

[(=FIRST CUT WITH GREATER THAN 1% (MASS) REMAINING
J=FIRST CUT WITH GREATER THAN 30X (MASS)REMAINING

TIME BBL SPGR AR EA THICKNESS W DISP ERATE M-A 1
6.4E+63 6.91 6.8E+053 1 .3E-61 70 3.3E+00 0.90L+00 (. .4E+03 1|
6.4E+03 06.%1 6.9E+03 1.5E-01 70 31.4E+900 1 .0E+00 | .3E+03
6.4E+03 $3.91 7.0E+831.3E-01 70 3.4E+90 | .0L+00 |.1E+03
6.4E+03 0.9t 7.1E+05 1.4E-01 7@ 3.3E+06 9.8E-011.3E+03
6.3E+063 0.91 7.1E+831.4E-01 7 0 Q3.2E+00 9 53E-01 | .3E+03
6.3E+03 9.91 ?.2E+031.4E-901 70 3.2E+90 9 . 2E-01 1.3E+0Q

6.3E+93 0.91 7.3E+83 1| .4E-01 79 3.1E+08 8.9E-01 1.2E+03
6.0E+03 9.91 7.4E+03 | .4E-01 70 3.(E+6@ 8.6E-01 (.2E+08
6.2E+903 .91 7. SE+08 | ,3E-91 70 3.0E£+0€ 8.3E-01 [.2E+03
6.2E+03 6.91 7. SE+05 | 3E-01 70 2.9E+00 B.!1E-01 1.2E+03
1t 6.2E+03 @.91 7. 6E+63 { 3E-61 76 2.9E+08 7.9E-01 (.2E+03
12 6.2E+83 ¢ .91 7 7E+03 | .1E-6t 76 2.8E+06 7.6E-01 |.2E+03
13 6.1E+03 0.91 7. BE+03 { .3E-61 79 2.8E+66 7.4E-01 1.1E+93
14 6.1E+83 0.91 7. 9E+03 | 2E-01 76 2.7E+60 7.3E-01 1.lE+@3
153 6.1E+63 0.91 7. YE+03 t 2E-01 7% 2.7E+0@ 7.1E-0t 1.!E+83
6.1E+03 0.91 8.0E+03 {.2E-81 70 2.6E+00 6.9E-0{ |.lE+03

6.1£E+03 6.91 8. LE+03 1 .2F-01 70 2.6E+0€@ 6.8BE-01 1.1E+03
6.0E+83 091 8.1 E+65 1.2E-01 70 2.35E+00 6.6E-91 1.1E+03
6.0E+630.91 S 2E+03 { 2E-0tf 70 2.35E+09 6.3E-91 1.1E+03
6.0E+63 0.91 B8.3E+05 1 2E-6t 70 2.3E+00 6.3E-01 1.1E+03
1
{

QWO yONNRIN=OONOTARIN—O

1
1
1
1
2
21 6.0E+03 0.9%1 B.3E+03 |, .Fot 76 2.4E+0® 6.2E-01 |.0E+03

22 6.0E+93 0.91 B.4E+63 | .1E-01 7@ 2.4E+08 ¢.1E-61 |.9E+83
236.9E+03 0.91 8. 4E+03 t.1E~01 70 2.3E+0@® 6.0E-v! 1.0E+03

RIS N 12 N RIS N RO R RN IR NIt oot pm o B e
T RCELFI PSPPI R TP T FLPLRT RIS LETRIRTE LY LY LY LEEpey
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Tabl e 17.--(Conti nued)

2% 5.9E+93 8.91 B.3E+983 {.1E-01
26 5.9E+83 ©.9) B.6E+05 | .1E~-0t
27 5.9E+83 .9t 8.TE+03 {.1E-91
29 5.9E+03 ©.9¢ B.TE+83 1 .1E-91
30 3.8E+03 .91 8.8E+63 1.1E~9}
31 5.8E+93 6.9t 8.9E+85 1.6E-91
32 3.0E+93 .91 8.9E+63 1.8E-91
34 5.0E+63 ©.91 9.9E+083 1.0E-9t
15 53.0E+83 6.91 9. |E+9S {.0E-01
26 53.7E+03 0.%91 9.1E+65 1 .0E-~-0t
37 5.7E+03 .91 9.2E+83 9. 3E-62
39 3.7E+€3 .91 9.3E+63 9 8E-92
49 3.7E+93 9.91 9.3E+93 O 7E-62
41 3.7E+03 0.91 9.4E+63 9. 6E-02
42 F.6E+83 9.91 9.4E+98 9. SE-%12
44 5.6E+93 9.9t 9.3E+¢3 9. 4E-02
43 3.6E+63 @.91 9.6E+63 9. 3E-02
46 53.6K+03 0.21 9.6E+®3 9. 2E-62
47 5. 6E+03 9.9 9.7E+83 9. 2E-82
49 5.6E+93 6.91 9.7E+88 9.1 E-€2
53¢ 5.3E+63 ©.%91 9.8r+63 O BE-€2
51 5.3E+83 6.91 9.8E+8%5 8 9E-82
62 5.4E+983 .91 1.9E+66 8.3E-62
72 3.3E+83 .91 1.1E+@6 7 .8E-62
82 5.2E+63 6.91 1.|E+866 7. 4E-02
92 3. 1E+83 6.91 1 IE+®6 7. BE-92
162 5.0E+83 6.91 2E+06 6.7E-92
112 4.9E+63 6,91 1.2E+06 6.4E-82
122 4.8E+¢3 6.9%91 1 .2E+06 6.2E-92
132 4.7E+63 0.91 | .3E+86 5.9E-62
14 2 4 .7E+83 0.91! QE+06 5.7E-62
+03 9.9t + .3E-
% 4. gE+0? ®.91 l 3 +8g g,g%-g%
17° 4%.3E+63 ©.92 1 .2E+96 J.2E-902
182 4.4E+903 .92 1 .4E+06 3.9F-6
192 4.4E+03 @.92 1. 4E+06 4.9p-0
202 .3E+e3 0.92 1 .9E+06 4. as-ez
212 4.3E+03 6.92 L SE+86 4.6
222 4.2E+63 0 g2 .BE+06 4. E 02
232 4.2E+63 .92 1. 5£+®6 4.4E-62 79

3

2.3E+9@ 5 E-Oll .BE+03
2.2E+80 9 -9t 9 9R+02
2.2E+0@ 5. SE-91 9.8E+02

2.2E+89® 3.4E-63 9.7E+82
2.1E+@9® 3.3E-01 92.6E+62
2.1E+69 5.2E-81 9.3E+62
2.QE+06 5.6E-01 9.4E+02
2.0E+9% 4.9E-61 9.3E+62
2.6E+60 4.8E-61 9.2E+02
1.9E+00 4.7E-01 9.1E+02
1.9E+00 4.6E-061 9.0E+62
1.9E+8¢ 4.3E-91 8.9E+02
1.8E+09 4.4E-01 8.8E+62
1.8E+09 4.3E-61 8.7E+82
1.8E+09 4.2E-81 8.7E+02
1.7E+6® <4.1E-®1 B.6E+82
1.7E+99 <.1E-91 8.3E+02
1.7E+69® 4.0E-61 8.4E+92
1.6E+06¢ 3.9E-61 8.3E+62
i.6E+€@ 3.8E-¢1 8.3E+02
1.6E+¢0 3.7E-01 8.2E+62
t.6E+0@ 3.7E-61 B8.1E+62
1.4E+6@ 1.1E-81 7.6E+02
1.2E+00 2.VE-01 7.1E+82
1.1E+680 2.4E-¢1 6.8E+82
9.4E-9t 2.1E-91 6.4E+62
8.4E-0t 1 .9E-01 6.1E+02
?7.6E-81 1 .7E-®1 3.9E+02
6.9E-91 1 .6E-01 3.6E+02
6.3E-91 t .3E-0! 3.4E+02
3.7E-01 1 .4E-81 3.2E+02
3E-@t 1t .3E-@1 3. 1E+02
4.8E-61 1 .2E-61 4.9E+02
4.3E-911.1E-01 4.7E+02
4. 1E-911.0E-61 4.6E+02
J.B8E-21 9.7TE-62 4.3E+82
3.6E-61 9.0E-02 4.4E+02

20 1 3F-<e1 8.5E-62 4.3E+02
76 ‘3. 1£-61 7.9E-024.2E+82
2.9E-81 7.3E-02 4. |E+02

A PRRARNRARARNDDRLOWDUEWRNRNNDWHNNWNDIWRANWRWNDNNIIN
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output in Table 17 is essentially a condensed, self-contained, version of the
calculated results in Table 16.

Table 18 presents the results of the calculations of the input
parameters for the Mackay evaporation equation

AHv

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 75 represents the beginning of the results of a one-plate batch
distillation of Prudhoe Bay crude oil. The results of this distillation are
data for fraction distilled vs. tenperature as presented on page 81. A linear
correlation of these data plus values for bulk oil density, bulk nolar vol ume,
and nean Trouton's Rule constant are all conmbined to give the final Mckay
evaporation nodel equation (all on page 81).

COVPUTER | NSTALLATI OV ACCESS

Currently the ocean-ice oil-weathering code resides on a VAX 8650
conputer at SAIC in San Diego, CA and has been delivered to the NOAA OCSEAP
office in Anchorage. Due to frequent changes in operating conmands and
sof tware upgrades, it is not practical to set up open access to the nodel
Interested parties can call SAIC to obtain username, password, and code
execution information.

4



Table 18. --Illustration of Qutput
Cal cul ati ons,

Mackay Paranet er

From Ccean-| ce

Q| -Wathering Code

Beginning of One-Plate Batch Distillation

Results Using TBP Data as Input.

EXXRXRXRBREXRZDRRORRE

THE MACKAY EVAPORATION MODEL IS DESCRIBED

(MACKAY, 1982 )

MACKAY PARAMETER CALCULATIONS £EZRXAXRRXKKRXAKKR

THE FOLLOWING ARETHE RESULTS ©F A CALCULATION OF THE
INPUT PARAMETERS FOR THE MACKAY MODEL FOR PRUDHOE BAY, ALASKA
AT .206E+91 DEGREES F

SIMULATED ONE-PLATE BATCHDISTILLATION:

F TEMP (F)
0.000E+08 2.918E+92
{ MOLES I VP(1)
1 2.740E+84¢ 8.107E+08
2 3.148E+04 4.38%E+09®
3 3.997E+@4 2.37BE+0@
4 3.658E+84 |.202E+68
5 3.413E+84 3.837E-6t
6 2.923E+@¢ 2.T16E-61
7 3.304E+94 1.189E-81
8 3.414E+64 4.918E-62
9 3.349E+84 1.937E-62
19 1.741E+84 6.139E-83
11 3.576E+@4 1.363E-03
12 3.412E+0¢ 2.942E-04
13 2.743E+@4 3.937E-6S
14 3.042E+64 2.12BE-€6
F TEMP(F)
2.334E-62 3.088E+82
\ MOLES 1 VP(I)
1 1.734E+@4 9.879E+08
2 2.418E+84 5.6818+9@
3 3.398E+64 3.002E+66
4 3.414E+64 1.352E+00
5 3.313E+94 7.763E-01
6 2.874E+84 3.764E-81
7 O 279E+84 1.688E-061
8 3.493E+@¢ 7.201E-02
9 3.338E+@4 2.940E-02
10 1.799E+34 1.014E-02
1t 3.375E+¢4 2.381E-¢3
12 3.412E+64¢ B5.414E-09
13 2.743E+@4 1.166E-04
14 3.042E+84 1.919E-05
F TERP (FJ
4.734E-62 3.293E+02
| MOLES | VP( 1)
1 9.992E+83 |.24@E+81

1

Y SUH

.00QE+0®

Y(I)

4.128E-81
2.683E-61
t.?27E-01
. 197E-82
.736E-62
.472E~-92
. 308E~-83
139588
.983E-04
.B84E-05
.B889E-938

.039%9E-96
. 160E-87

A O =l =0

v SuFi

1. 60GE+00

1

Yo

.396E-81
. 687E~01
.293E-61
.O37E-01
.936E-82
.682E£-82
.678E-82
.793E-83
.918E-83
. 449E-949
.663E-84
.614E-88
.2649E-86
. 1$2E-96

~R R D=~ NRA=- D

Y SUH

. G09E+90

Y(I)
2.33%E-01

(53



Tabl e 18. --Mackay Paraneter
Distillation Results.

Cal cul ations (Continued):

One-Pl ate Batch

3 1.703E+04 T.262E+00 2.334E-01
3 2.807E+64 3.921E+90 2.272E-01
4 3.087E+04 2.080E+00 | .i23E-01
5 9.147E+049 1.0T7IE+00 6.936E-02
6 2.803E+04 35.287E-01 3.060E-02
7 3.241E+04 2.490E-01 1 .666E-02
8 3.083E+04 L.LI1E~01 7.769E-03
9 §.328E+64 4.730E-62 3.2350E-93
10 1.798E+904 1.740E-02 6.245E-04
1t 3.373E+94 4.311E~03 3.329E-04
12 3.412E+04 | .093E~03 7.698E-903
13 2.743E+04 2.3(7E~04 1.427E-03
14 3.042E+04 4.492E-~-03 2.821E-96
F TEMP(F) Y SUM
7.226E-02 J3.338E+02 | .000L+00
1 MOLES | vP(I) Y (1)
1 S.9(1F+03 1.397E+81 1{.730E-01
2 1.038E+04 9.336E+00 2.206E-91
3 2.189E+904 §5.272E+00 2.463E-0!
4 2.662E+04 2.872E+00 1|.672E-01
5 Z2.910E+04 |.3526E+60 9.T06E£-902
6 2.694E+94 7.816E-061 4.603E-02
7 3J.179E+64 J.831E-01 2.663E-02
8 3.335E+04 1.70TE~01 1.3(1E-62
9 3J3.3I15E+94 7T .964E-02 J.7T2E-03
10 1.736E+64 3.089E-062 t.172E-03
11 3.373E+64 9.123E-63 7.(27VE-94
12 1.411E+04 2.370E-03 1.768E-04
13 2.743E+04 35.878E-~04 (3.328E-9035
14 3.042E+84 1.148E-04 7.632E-06
F TEMP(F) Y SUm
9.848E-02 3.807TE+02 1.000E+00
MOLES | VP([) Y
1 2.442E+03 2.079E+0t 1.179E-01
2 3.386E+03 1.266E+01 1.643E-01
3 1.439E+04 7.173E+00 2.398E-01
4 2.1285E+04 4.016E+00 1 .983E-01
S 2.S73E+04 2 200E+06 1.313E-01
6 2.324E+04 1.169E+00 6.836E-02
7 3.076E+04 J5.966E-01 4.263E-02
8 3.302E+64 2.911E-01 2.233E-02
9 3.290E+64 | .339E-01 1.939E-02
10 1.731E+64 35.373E-02 2.240E-03
11 3.370E+04 1.8(8E-02 1.507E-03
12 3.410E+94 3.273E-03 4.179E-04
13 2.743E+¢49 1.412E-03 9.003E-03
14 3.042E+04 J3.023E-04 2.138E-93
F TEMP(F) Y SUn
1.26lE-01 4.1{1TE+02 1.000E+00

76



Tabl e 18. --Mackay Paraneter
Distillation Results.

I MOLES I VBl
t B8.3354E+82 2.739E+0t
2 2.646E+¢3 (.7I10E+81
3 8.239E+63 9.9H8E+8®
4 1.320E+84 3.748E+9@
5 2.127E+@4 3.232E+08
6 2.273E+94 t.7YSE+66
7 2.910E+e4 9.348E-01
8 3.21tE+64 ¢.873E-91
9 3.246E+64 2.389E-91
10 1.720E+84 1.032E-91
11 3.3562E+6¢ 3.668E-02
12 3.4¥8E+64 1.233E-02
13 2.744E+94 3.388E-63
14 3.042E+0% B.484E-04
F TENMP (F)
1.536E~91 9.437E+82
1 MOLES 1| VP(1)
1 6.865E+61 3.680E+61
2 1.101E+63 2.34(E+81
3 4.014E+83 1.396E+61
4 9,233E+63 B.271E+@0
3 1.579E+084 4.827E+09
6 1.917E+84 2.764E+98
7 2.630E+04 {.S28E+908
8 0.936E+64 8.162F-@1
9 3.165E+84 4.197E-061
1@ 1.701E+84% 1.934E-01
tt 3.547E+84 7.3649E-92
12 3.403E+84 2.687E-62
13 2.743E+@4 9.139E-83
14 3.941E+@4 2.392E-03
F TEHP(F)
1.874E-81 4.794E+02
| MOLES 1 VP(I)
1 ©.000E+6@ 4.794E+01
2 1.833E+62 3.112E+81
3 2.903E+03 1.89%2E+8}
4 4.648E+83 1.135E+91
3 9.963%E+03 6.931E+69
6 1.432E+04 4.099E+00
7 2.261E+@é¢ 2.347E+8Q
8 2.799E+64 1.383E+6@
9 3.020E+64 6.981E-91
1@ 1.663E+64 2.388E-981
11 3.314E+684 1.383E-01
12 3.3%1E+84 $5.4i2E-62
13 2.73%E+84 2.041E-02
14 3.640E+64 6.1235E-93
F TEMP (F)

77

Cal cul ations (Continued):

Y(I)

.848E~082
.126E-01
-942E8-01
- 163E-01
.Ci3E-81
.011E-81
.879E-€2
.877E-92
.922E-02
.4929E-63
.231E-83
. 843E-@3
.446E-84
.394E-63

QN LR E LR~ =

Y SUH

. 080E+0®

Yo

.TG6E-~-03
.931E-62
.487E-61
.83ZE-01
.024E-01
. 967E-61
.@73E-61
.621E-082
.327E-02
. ?34E-93
. 934E-063
.427E-63
.662E-04
.931E-04

= QRIADWS = =N —NR

Y SUH

.00QE+80

Y (1)

9.0C0E+00
1.648E-62
{.688E-~01
1.834E-01
t.973E~-61
1.702E-01

1.3L7E-81

t.842E-01

6.029E-62
1.6186E-02
1.389E~-02
$.243E-83
t.398E-03
3.323E-64

Y SUH

One-pl ate Batch



Tabl e 18. --Mackay Paraneter One-Plate Batch

Distillation Results.

Cal cul ations (Continued):

78

2.213E-01 3.143E+02 1| .000E+00
I MOLES | VP(1) Yo
{ O0.0N0E+090 6.194E+01 0.000E+00
2 9.000E+00 4.100E+01 0.000E+00
3 5.399E+02 2.360E+9t 4.280E-02
4 2.206E+03 1.3Y3E+01} | .089E-01
5 35.207TE+0Q3 9.833E+00 | .3586E-01
6 9.468E+03 3.993E+00 |.738E-01
7 1.7T99E+64 J.343E+00 1.920E-01
8 2.416E+04 2.039E+00 | .326E-01
9 2.784F+04 1.i136E+00 9.791E-02
to 1.396E+04 3.778E-01 2.833E-02
1t 3.433E+64 2.318E-01 2.692E-02
12 3J3.366E+64 1.033E-01 1.098E-02
13 2.731E+04 4.260E-02 3.603E-03
14 3.937E+04 1.482E-02 1.394E-03
F TEMP (F) Y SUM
2.377E~-91 3.3506E+902 1.000E+90
|  MOLES | VP([) Y (1)
1 O0.000E+@0 7.910E+01 0.000E+00
2 0.9090E+00 J.340E+01 0.000E+00
3 0.000E+90 J3.407E+01 0.000E+00
4 T.493E+02 2.173E+06t 3.433E-02
3 2.436E+03 1 .374E+01 1.131E-01
6 5.072E+063 8.622E+00 1 .477E-01
7?7 1.167E+94 3.232E+00 2.070E-01
8 1.894E+04 3.123E+00 1.998E£-01
9 2.421E+64 | .801E+00 1 .472E-01
t0 |. 4982E+04 9.564E-01 4.789E-02
11 3.338E+064 4.428E-91 4.992E-902
12 3.316E+04 1 .970E-01 2.207E-02
13 2.714E+64 8.512E-02 7.802E-03
14 3. 0HOE+¥4 J.202E-62 0J3.277E-03
F TEMP(F) Y SUM
2.967E-91 3.878E+92 1.000E+00
I MOLES ! VP(]) YD)
I €. 000E+00 1|.001E+02 ©.000E+00
2 9.000E+00 6.873L+01 . 000LE+09
3 0.9000E+ve 3.336E+8l 0.000L+00
4 9.394E+00 2.920L+01 | ¢ 9£-03
s O9.130E+02 1.891E+01 6.429E-02
6 2.339E+03 1.219E+01 l .069E-91}
7 6.341E+63 7.637TE+00 | .799E-9!
a 1.276E+904 4.681E+00 2. 219E-01
9 1.9(0E+04 2,.78B6E+08® 1 .977E-61
10 1.301E+04 1.339E+00 7. 443E-92
t1 3.134E+04 7.332E-61 8.770E-82
12 3.220E+904 3.347E-01 4.243E-02
13 2.678E+04 1.630E-01 1.621E~02
14 3.0({3E+04 6.601E-02 7?7.391E-03



Tabl e 18.—-Mackay Paraneter

Distillation Results.

e v oo D

- om gm pe

- e

F TERP(F)
3.386E-9t &6.266E+02
4 MOLES | VPC(L)
I ©.989E+6® 1.237E+62
2 0.600E+69 B.T92E+61
3 U.00GE+08 3.816E+81
4 0.992E+69 3.898E+61
S S.994E+@1 2.379E+@1
6 9.216E+02 | .767E+H1
7 2.921E+«03 (.998E+@1
8 6.991E+03 6.923E+080
9 1§ .284E+84 4.296E+00
@ |.613E+64 2.433E+66
1 2.787E+84 |1.254E+06
2 3.939E+64 6.230E-61
3 2.604E+84¢ J3.03tE-01
4 2.97TE+84 1.317E-61
F TEMP (F)
3.839E-01 6.670E+62
1 MOLES 1 VP(I)
I 0.098E+8® [.367E+62
2 0.099E+9@ (.|I13E+62
R Q.099E+98 7T.340E+81
4 OQ.999E+00 3I.I132E+91
S ©.008E+6® J.480E+91
6 4.8L4E+@1L 2.361E+01
7 1 .140E+88 1.338E+01
8 3.129E+63 1{.010E+01
9 6.783E+@3 6.369E+09
@ 6.931E+83 J.776E+0@
it 2.291E+64 2.042E+00
2 2.714E+64 1 .8606E+00
3 2.458E+84 3.476E-01
4 2.9¢98E+84¢ 2.338E-01I
F TEHP(F)
4.328E-61 7 .683E+92
i HOLES 1 VRLD)
1} o.oeeg+ge l.zggz+g§
. + i.9 +
g g_gggg,og 2,629%9E+21
4 ©.008E+0@ 6.686E+@1
5 @.058E+@8 +4.632E+01
6 ©.990E+¢8 J.219E+81
7 3.032E+86t 2.176E+01
8 1.133E+82 1.4947E+91
9 3.956E+83 9.367E+08
@ 3J3.6ITE+93 3.732E+0@
1 1.5t7E+@4 3.240E+80
2 2.192E+04 1.77G0E+80

79

1

1

Cal cul ations (Continued):

Y SUM

. 000K +00

Yo

.008E+00
.000E+06
.0Q0E+00
.O0QE+80
.327E~-03
.492E~02
.324E~01
.973E-01
.239E-01
.@39E-01
.443E~01
.816E-02
.258E-02
.618E-02

RN e RDDD D

ySUM

.QGOLE+08

Ycn

.00OE+00
.000E+00
.OQOE+00
.006E+00
.GO@E+00
.278E-93
.248F-02
.467E-01
.006E-01
.213E-01
. 1285E-01
.343E-21
.244E-02
.417E-02

RA—N~N~PASSS IO

Y SUM

.096E+9®

Y (1)

.008E+00
.008E+80
.000E+60
.60@F.+06
.000E+00
.6Q0LE+06
.301E-63
.B6BE-02
.319E-91
. LOBE-81
. 698E-@1
.e38E-91

W~ =DLOPPOSS

(One-plate Batch



Table 18.--Mackay Parameter Calculations (Continued):

Batch Distillation, Heat of Vaporization and Trouton's Rule Cal cul ations.

{3 2.192E+94 9.3541E-01
14 2.792E+864 4.703E-01
F TEMP/F)
4.831E-0t 7.524E+02
I MOLES I VP( 1)
1 O0.000E+00 2.380E+02
2 0.000E+99 | .T45E+02
3 0.9V0E+09 | .227E+02
4 0.940E+#9Y B8.688E+91
3 0.u80E+00 6.147E+0!
6 O.UVOE+09 4.374E+01
7 0.0¥6E+09 3.029E+01
8 O0.000FE+609 2.066E+01
9 {.013E+@3 |.372E+01
10 1.631E+03 B.634E+00
11 7.922E+063 5.107E+00
12 1.483E+64 2.9|3E+00
{13 1.778E+64 |.646E+00
14 2.346E+04 8.604E-01
F TEMP (F)
3.413Z-01 8.932E+02
I MOLES | VP(1)
1 ©0.0V0E+90® 2.993E+02
2 0.000E+00 2.238E+02
.3 ©0.090E+900 1|.603E+02
4 9.000E+00 1.161E+02
5 ©.000E+90 8.406E+01
6 O.090E+00 6. 140E+01
7 0 .000E+00 4.363E+01
8 O0.000E+00 3.062E-+01
9 ©.000E+09 2.091Lk+01
10 4.36LE+02 1.364E+01
tt 3.467E+03 8.433E+00
{2 7.013E+03 3.638E+08
13 1.094E+04 2.993E+00
14 1.000E+94 1|.666E+00
DELTAH DELTAH/TB
1t 1.203E+94 1.976E+01
2 1.324E+904 2.040E+01
3 1.448E+04 2.086E+0!
4 1.364E+04 2.1{7E+0!
5 1.678E+04 2.141E+01
6 L.791E+04 2.160E+01
7 1.994E+04 2.179E+01
8 2.019E+04 2.197E+01
9 2.098E+04 2.176E+01
WHERE :

DELTAH IS THE
DELTAH/TBIS TEE

1

1.110E-01
6.843c-02

Y SUM

.000E+00

Y(I)

. 00OE+00
.000E+00
.000E+09
.000E+00
. 000E+00
.000E+00
.000E+00
. 000E+00
.594E-02
.7T30E-02
. 303E-01
.672E-01
. 790E-01
.302E-01

=B OPIOOPOSO

Y SUM

.000E+00

Y (1)

.000E+00
.000E+00
.000E+00
.000E+00
. 0QOLE+00
.000E+00
. 000LE +00
.000E+00
. 000E+00
.612E-02
. 168E-01
.620E~-01
.429E-01
.322E-01

NN LIOSISPISIOSSS

80

End of One-plate

ENTHALPY OF VAPORIZATION [N BTU/LBMOLE
TROUTONS RULE CONSTANT [N BTU/LBMOLE*DEG R



Tabl e 18. --Mackay Paraneter Calculations (Continued): Distillation Curve
Correlation, Bulk O Properties, Final Mckay Evaporation Equation.

LEAST SQUARES OF B.P.VS. FRACTION EVAPORATED:

SLOPE: 9.690E+62DEG R/FRACTION EVAPORATED
INITIAL B.P.: 2.912E+62 DEG r
CORRELATION COEFFICIENT: 9.99tE-01

BULK O L DENSITY: 8.820E-01 GRAMS-/CC
BULK HOLAR VOLUME OF OfL: 2.94@E+082 CC/MOLE
MEAN TROUTONS RULE CONSTANT: 2.(19E+61 BTU/LBMOLE*DEC R

AFTER SIMPL[F[CATION AKD COMBINING TERMS. THE
MACKAY EVAPORATION MODEL BECOMES:

DELTA-F = DELTA-THETA * EXP{ 6.460E+00 - 2 . 324E-82 ( 7.302E+82
CR
DELTA-F = DELTA-THETA #* EXP( -1.163E+@e1 - 2.231E+81(F))

81

+

9.698E+82(F))
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APPENDI X

CCDE LI STING FOR OCEAN-| CE
O L- WEATHERI NG MCDEL
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100 c sssea QILICE.FOR »ese¢e

208 INCLUDE 'VARI.FOR’

Joe c

490 c THIS IS THE OPEN-OCEAN CIL~-WEATHERING CODE AND

566 o] THE OIL PHASE IS CONSIDERED WELL-STIRRED ALL THE

600 Cc TIME.

700 o]

800 o] THIS CODE ALSO ALLOWS FOR WEATHERING IN THE PRESENCE OF
ge9 o] SEA ICE.

1000 c

1100 c ANOTHER OPTION AVAILABLE IN THIS CODE IS THE CALCULATION
1200 C OF THE INPUT PARAMETERS FOR THE MACKAY EVAPORATION
1300 (o] MODEL.

1400 c

1500 Cc AUGUST, 1988

1600 Cc

1708 C GET YOUR QUTPUT FROM OILICE.QUT/FILE:FORTRAN

1800 (o4 THE PLOT FILE IS OILICE.PLT

1900 C THE TYPE FILE IS OILICE.TYP/FILE:FORTRAN

2000 C THE MACKAY CONSTANTS GO INTO MACKAY.DAT
2100 c
2200 DIMENSION FMF(SO;
2306 DATA (ANAMEL(1,d),J=1,5)/'PRUDH’ ,'OE BA’,'Y, AL’,’ASKA *
24080 1, '

2500 DATA (ANAMEL(2,d),J=1,5)/°COOK *,° INLET’,", ALA’,’'SKA °
2600 1,° *
2700 DATA (ANAMEL(3,J),J=1,5)/"WILMI', *NGTON',’, CAL’, IFORN’
2800 1,'IA ’

2900 DATA (ANAMEL(4,J),J=1,5)/"MURBA’,'N, AB','U DHA’,'BI *
y1-1] t,° ’
3100 DATA (ANAMEL(5,J),J=1,5)/'LAKE ’,'CHICO’,'T, LO’,'UISIA"’
3200 1, "NA '

3300 DATA (ANAMEL(6,J),J=1,5)/ ' LIGHT',' DIES','EL CU','T ',
3400 1’ '
3500 DATA APIBL/27.,35.4,19.4,40.5,54.7,38.9/
3609 DATA ITEML/9,7,94,99999,221,1/
3700 DATA ISAMPL/71011,72025,71052,99999,54062,2/
3809 DATA NCTS/15,16,13,16,16,11/
3900 C
4000 c FOR CRUDE O1L THE RESIDUUM CUT IS ASSIGNED A NORMAL
4100 C BOILING POINT OF .
4209 [
4300 DATA (TBL(1,J),J=1,30)/150.,188.,235.,280.,325.,37@.
4400 1,415, ,460.,505. ,554.,609.,662.,712.,764.,850.,15+0./
4500 DATA (TBL(2,4),J=1,20)/110.,145.,180.,235.,280.,325.
4600 1,.370.,415. ,469.,505. ,554.,609.,662.,712.,764. ,850.
4700 2,449,/
4800 DATA (TBL(3,J).J=1,20)/195.,235.,280.,325.,37@.,415.
43800 1,460.,505.,554.,609.,662.,712.,850.,7+0./
5000 DATA (TBL(4,J),J=1,20)/11@.,145.,190.,235.,280.,325.
5100 1,37@.,415.,4608.,505.,554.,609.,662.,712.,764.,850.
5200 2,449,/
5300 DATA (TBL(5,J),J=1,20)/110.,145,,1980.,235.,280.,325.
5400 1,376..415, ,460.,505. ,554.,609.,662.,712.,764. ,859.
5500 2,4%0./
5600 DATA (TBL(6,J),Jd=1,11)/313,,342.,366.,395.,415,,438. ,461.
5790 1,479.,501.,518.,538./
5800 DATA (APIL(1,J4),J=1,30)/72.7,.64.2,56.7,51.6,47.6,45.2
5900 1,41.5,37.8,34.8,30.5,29.1,26.2,24.,22.5,11.4,15+8./
60900 DATA (APIL(2,J),J=1,20)/89.2,77.2,65.,59.5,55.4,50.8
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6100 1,46.5,43.,39.6,37.,32.8,31.3,28.7,26.6,25.,11.6,4+0./

6200 DATA (APIL(3,J),J=1,20)/68.6,58.7,53.,48.1,43.2,38.8
6300 1,35.4,32.3,26.8,24.5,22.3,20.3,8.9,7+0./

6400 DATA (APIL(4,J),J=1,20)/96.7,86.2,70.6,62.3,55.7,51.6
6500 1,48.5,45.6,43.,40.,35.8,34.,30.,28.4,26.6,16.7,4+9./
66800 DATA (APIL(5.J).J=1,20)/92.4,81.,68.9,62.1,57.2,52.5
6700 1.48.8,45.2,41.7,38.2,34.4,33.2,30.6,28.9,26.1,18.1,4+0./
6800 DATA (APIL(6,J),J=1,11)/49.6,47.3,46.,44.,38.6,38.8,37.2
6900 1,35.4,33.9,33.1,32.2/

7000 DATA (VOLL(1,J),J=1,30)/2.1,2.6,3.5,3.6,3.7,3.5,4.3,4.8
7109 1,5.,2.8,6.5,6.8,6.9,7.4,36.3,15¢0./

7200 DATA (VOLL(2.J).J-1.20)/2.4,2.5.5.9.6 1,5.1,5.2,4.9

7300 1,5.1,5.2,5. ,5.2,7.,4.2,4.2,25.6,4+0./

7400 DATA (VOLL(S J) J=1.20}/2. 3,2.4,2.4,2.5,2.8,3.6,4.4
7500 1.5.3.4.7,6.3.4.1,5.5,53.3.7¢0./

7600 DATA (VOLL(4 J) Jm1 ,20)/1.7,2.9.4.9.,6.,6.8,6.5,5.7

7700 1,5.6,6.,4.9,5.7,5.6,6.5,6.,5.6,19.3,4:8

7800 DATA (VOLL(S J),J=1 ze)/7 5.8.2,9.7.11..9.1,8.3,7.2

7900 1,7.2,7.4,6.9,3.5,3.,1.6,1.4,1.9,2.,4¢0./

8000 DATA (VOLL(S J), Ju=t, 11)/4 78,9.57,9.09,9.57,9.57,9.57
8100 1,9.57,9.57.9.57.9.57,9.57/

az200 C

83e@ C C1L, C2L, AND C4L ARE THE MOUSSE FORMATION CONSTANTS.
8400 C Ci1L IS THE VISCOSITY CONSTANT.

8500 C C2L IS THE INVERSE OF THE MAXIMUM WATER IN OIL WEIGHT
asee ¢ FRACTION. C4L IS THE WATER INCORPORATION RATE.

8700 ¢

8800 DATA C1L/0.62,0.62,0.63,0.64,0.65,0.65/

890e DATA C2L/1.42,3.33,1.43,5.,~1.,-1./

9000 DATA C4L/0.001,0.001,08.01,0.001,0.,08./

g1ee ¢

9200 ¢ FOR THE DISPERSION PROCESS, KA IS THE CONSTANT IN THE
9300 C SEA SURFACE DISPERSION EQUATION, KB IS THE CONSTANT IN
940¢ ¢ THE DROPLET FRACTION EQUATION. STENL(6) IS THE LIBRARY
9500 ¢ OIL-WATER SURFACE TENSION IN DYNES/CM.

960¢ C

9700 DATA KA,KB,STENL/0.108,50.,30.,30.,30.,30.,30.,30./
9800 DATA VISZL/35.,35.,195.,15.,13.5,11.5/

9900 DATA MK3L/9000.,9000.,9000.,9000.,9000.,3000./

10000 DATA MK4L/10.5,7.4,15.3,10.5,2.,2./

10100 OPEN{UNIT=32,filem'OILICE.OUT' ,status="new’)

18200

10300 0PEN§UNIT-34.fi|e-'OIL[CE.PLT'.stotus-'new';

10400 OPEN(UNIT=35,file="OILICE.TYP' ,status=’'new’

10500 10U=32

10600 [PU=34

19700 ITY=35

19888 ¢

tesee ¢ FILL IN SOME LIBRARY IDENTIFICATIONS.

t1eee ¢

t1190 teo TYPE 20

11200 20 FORMAT(1X, *ENTER THE NUMBER OF TBP CUTS TO BE CHARACTERIZED
11300 1 ON I2')

11400 TYPE 30

11500 30 FORMAT(1X,*IF YOU HAVE NO INPUT DATA JUST ENTER 99')
11600 TYPE 40

11720 40 FORMAT(1X,’A 99 ENTRY WILL USE A LIBRARY EXAMPLE')
11800 ICODE=1

11900 ACCEPT 50, NCUTS

12000 50 FORMAT(12)
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12190 LSWTCH=NCUTS

12200 c

12300 c LSWTCH=99 IS USED TO INDICATE THAT A LIBRARY CRUDE WAS
12400 c CHOSEN.

12500 c

12620 IF{NCUTS.NE.99) GO TO 120

12760 c

12800 c USING A LIBRARY CRUDE.

12900 c

13000 IFLE=2

13100 TYPE 60

13200 60 FORMAT (1X, 'CHOOSE A CRUDE ACCORDING TO:')
13300 00 8@ I=1,6

13400 TYPE 70, I.(ANAMEL(I,J;.J=1.5)

13500 70 FORMAT(1X,11,’' = ’ 5A5

13660 8¢ CONTINUE

13700 ACCEPT 990, IC

13800 90 FORMAT(I1)

13900 APIBnAPIBlec

14000 ITEMmITEML(IC

14100 1SAMP=I1SAMPL(IC)

14200 NCUTS=NCTS(IC)

14300 ICODE=2

14400 DO 180 J=1,5

14500 ANAME (J )=ANAMEL(IC,J)

14600 100 CONTINUE

14700 TYPE 110, (ANAME(J),J=1,5)
14800 110  FORMAT(/,1X,’YOU CHOSE: ',5A5)
14900 GO TO 250

15000 C

15108 ¢ USER IS ENTERING THE CRUDE DATA OR READING HIS OWN FILE
1520¢ C

15300 120 TYPE 130
15400 130 FORMAT(1X,'IS THE CRUDE ON A FILE ?')

15500 IFLEa1

15600 ACCEPT 14@, ANS

15700 148  FORMAT(A1)

15800 IF(ANS.EQ.'N') GO TO 170

15900 TYPE 150

16000 150 FORMAT(1X, 'WHAT IS THE FILE NAME?')
16050 ACCEPT 151, FNAME

16075 151  FORMAT(A1@)

16100 OPEN(UNIT=36, file=FNAME,STATUS='0LD")
16200 IFLE=2

16300 READ (36,55@) (ANAME(J),J=1,5)
16400 READ (36,560) ITEM, ISAMP,NCUTS
16500 READ (36,57@) APIB

16600 DO 160 Jm1,KNCUTS

16700 READ (36,588) TB(J),API(J),vOL(J)
16800 168 CONTINUE

16900 GO TO 33@

17000 C

171e0 170 TYPE t8@
17200 180 FORMAT (1X, 'ENTER THE NAME OF THE CRUDE’)

17300 ACCEPT 190, (ANAME(1),I=1,5)

17400 190  FORMAT(1@A5)

17500 TYPE 200

17600 206 FORMAT(1X,'ENTER AN IDENTIFICATION NUMBER FOR
17700 1 THIS CRUDE ON IS')

17800 ACCEPT 218, ITEM
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17900
18008
18100
18200
1830
18400
18500
18600
18700
18800
1890
19000
19100
19200
193¢0
19400
19500
19620
197¢0
19800
19980
20000
20100
20200
20300
20400
20500
20600
20700
20890
20900
21900
21100
21200
21300
21400
215¢0
21600
217¢e0
21800
21900
22000
22100
22200
22300
22420
22500
22600
22700
22890
22998
23000
23100
23200
233e0
234090
23500
23600
23700
23800

21@
22e

230

240

[+ XeXeXe) 3000
()

[eNo Xo¥ N
N
L]

279

289
29@

300

HOOO

33e
340

350
36@

370
380
Joe

FORMAT(I5)

TYPE 220

FORMAT(1X, 'ENTER A SAMPLE NUMBER ON I5°)

ACCEPT 210, ISAMP

TYPE 239

FORMAT(1X, '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 CUuT
2 AND GOING TO THE BOTTOM OF THE BARREL',/)

CALCULATE THE BULK DENSITY OF THE CRUDE AT 60/6@.

DCRUDE=141.5/(APIB+131.5)
DCRUDE=8.983+DCRUDE

TRANSFER CRUDE INPUT DATA TO THE VARIABLES USED IN
THE CALCULATIONS.

DO 320 I=1,NCUTS
GO TO (26@,31@), ICODE
TYPE 270, I

ENTER THE CRUDE CUT DATA.

FORMAT(1X,'ENTER THE BOILING POINT AT 1 ATM IN DEG F
1 FOR CUT’,I3)

ACCEPT 280, TB(l)

FORMAT(F10.8)

TYPE 280, I

FORMAT (1X, "ENTER API1 GRAVITY FOR CUT',13)
ACCEPT 288, API(I)

TYPE 300, I

FORMAT(1X, ENTER VOLUME PER CENT FOR CUT',I3)
ACCEPT 280, VoL(I)

GO TO 320

TRANSFER CRUDE CUT INPUT DATA FROM THE LIBRARY.

TB(1)=TBL(IC,I)
APIEI}-APILEIC.x;
voL(I}=voLL(IC,1
CONTINUE

DISPLAY THE CUTS BACK TO THE USER.

TYPE 348
FORMAT(/.1X,'CUT",5X, 'TB', 10X, *API',8X, 'VOL')
DO 360 I=1,NCUTS

TYPE 358, I,TB(I),API(I),vOL(I)

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 398, ANS

FORMAT (A1)

IF(ANS.EQ.'N') GO TO 47@

ALLOW THE INPUT TO BE CHANGED.
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23900 C

24000 TYPE 400

24100 400 FORMAT(1X,'ENTER THE CUT NUMBER TO BE CHANGED ON [2')
24200 ACCEPT 5@, N

24300 TYPE 41@

24400 419 FORMAT(1X, 'ENTER 1 TO CHANGE TB, 2 FOR API, 3 FOR VOL%')
24500 ACCEPTY 420, IC

24600 420 FORMAT(I1)

24700 TYPE 430

24800 430 FORMAT§1X.'ENTER THE CHANGED DATA')
24900 GO TO (440,450,460), IC

25000 440  ACCEPT 280, TB(N)

25120 GO TO 33@

25200 450 ACCEPT 28@, API(N)

25300 GO TO 33e

25400 460  ACCEPT 280, VOL(N)

25500 GO TO 330

25602 470 DO 488 I=2,NCUTS

25700 IMimI~1

25800 IF(TB(I).LT.TB(IM1)) GO TO 490
25900 480 CONTINUE

26000 GO TO 510

26100 4990 TYPE 500, I[,IMi
26200 500 FORMAT(/,1X, THE BOILING POINT OF CUT ', (12

26300 1,* 1S LESS THAN CUT ',12,/,1X,'AND THIS ORDER IS NOT
26400 2 ACCEPTABLE, SO START OVER'./)

26500 GO TO 1@

26600 C

26700 C ALWAYS RENORMALIZE THE INPUT VOLUMES TO 100%.
26800 C

26968 510 VTOTAL=0.

27000 DO 528 I=1,NCUTS

27100 VTOTAL=VTOTAL+VOL(1)

27200 520 CONTINUE

27300 DO 530 I=1 NCUTS

27400 VOL(1)=10@.sVOL(1)/VTOTAL

27500 530 CONTINUE

27600 C

277e@ C IF YOU READ IT IN, DO NOT RESAVE IT
27800 C

27900 IF(IFLE.EQ.2) GO TO 598

28000 TYPE 549

28100 548  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(A18@)

28300 OPEN(UNIT=38, f i | e=FNAME, STATUS="'NEW" )
28400 WRITE (38,558) (ANAME(J),J=1,5)

2850@ 558 FORMAT(S5A5)

28600 WRITE (38,560) ITEM, ISAMP,KNCUTS

28708 568 FORMAT(315)

28800 WRITE (38,570) APIB

28908 570 FORMAT(1X,F6.1)

29000 DO 590 J=1,NCUTS

29100 WRITE Esa.sao) TB(J;.API(J).VOL(J)
29200 580 FORMAT(3(1X,1PE18.3))

29360 590  CONTINUE

29400 C

29580 C NOW CHARACTERIZE THE PARENT OIL
29600 C
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29760
29868
29969
Joeee
30109
36209
30308
30400
38598
30600
30708
30800
36969
31609
31108
31266
31308
31408
31500
31600
31700
31869
31909
32080
J216@
32200
32300
32409
32509
32600
32708
32800
32909
33009
33109
33200
33300
33408
33506
33600
33768
33gee
33960
34000
34108
34200
34300
34460
34569
34600
347060
34800
343980
35600
35100
3520¢@
35360
35400
35500
35600

[eXoXe]

660

610
628

630

rs
®

w
L]

OO0 OO00O000m OO0O00O

O OO0

CALL DOCHAR
CALCULATE THE INITIAL MASS, MOLES, DENSITY FOR EACH CUT

BBL=1000.
BM=9 . 159¢BBL
TMOLES=8.

DO 666 I=1,NCUTS
AMASS=1582. 2 SPGR(
MOLES (I )=AMASS /MW
MOLS(I)=MOLES(I)
TMOLES=TMOLES+MOL
RHO(1)=10@<MOLES(
CONTINUE
WTMOLE=0.

DO 610 I=1,NCUTS
WTMOLE=WTMOLE+MW( 1) «MOLES(I)/TMOLES

CONTINUE

TYPE 62@

FORMAT (1X,'DO YOU WANT THE MACKAY CONSTANTS?')
ACCEPT 398, ANS

IF(ANS.EQ. 'N') GO TO 65@

TYPE 630

FORMAT(1X,'AT WHAT TEMPERATURE, DEG F?')
ACCEPT 288,TE

TE=TE+459.

CALL VPIF(TE,NC1)
OPEN(UNIT=40, f i | =’ MACKAY.DAT’ ,STATUSs 'NEW’)
TYPE 540

FORMAT(/, X, 'PLEASE WAIT')

SUBROUTINE MACK CALCULATES THE PARAMETERS NEEDED FOR INPUT
INTO THE EVAPORATION MODEL OEVELOPED BY DR. MACKAY
THIS DATA IS PUT INTO A FILE CALLED MACKAY.DAT

BBLsVOL(1)

- T P~ pet

1)
(BMaVOL(1))

CALL MACK
CONTINUE

NZSWI=@ INDICATES THAT NO PREVIOUS WEATHERING HAS TAKEN
PLACE SO A NEW INITIAL OIL THICKNWESS IS NEEDED.

NZSWI=1 INDICATES THAT PREVIOUS WEATHERING HAS TAKEN
PLACE SO THE PREVIOUS THICKNESS CAN BE CARRIED OVER

NZSWI=9

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 WEATHERINT HAS
TAKEN PLACE

NIP=@
NBl=6

NG COUNTS THE NUMBER OF CUTS THAT HAVE BEEN WEATHERED AWAY

NG=@

92



35700
35800
35900
J6e0e
36100
36200
36300
36400
3585¢0
36600
36700
36800
36980
370090
371090
37200
37300
37400
37500
37609
37700
378080
37900
38900
38100
38200
38300
38400
38500
38609
38700
3880e
38900
39008
3910@
39200
39300
39400
39500
39600
39700
3s8ee
3s9ee
40000
492100
40200
40300
40400
48500
40600
407009
40800
40900
41000
41100
41200
41300
41400
41500
41600

66e

678

(e XeXe]

[+ -]
[

OO0 O0O0O0OOm

AOOO OO0O0O0 OO0

690

700
710

NQUIT=@ MEANS SLICK HAS NOT DECREASED TO 18% OF ORIGINAL MOLES
NQUIT=1 MEANS SLICK HAS DECREASED TO 10% OF ORIGINAL MOLES

NQUIT=0

TYPE 66@

FORMAT(1X,'DO YOU WANT TO WEATHER THIS OIL?’)
ACCEPT 390, ANS

IF(ANS.EQ.'N') GO TO 4550

TYPE 67@

FORMAT (1X, *WHAT IS THE SPILL SIZE IN BARRELS?')
ACCEPT 28@,BBL

CALCULATE AND SAVE INITIAL MASSES FOR OVERALL MASS BALANCE

BM=. 159+8BL

MOLSAV=Q .

TMASAV=0

DO 680 I=1,NCUTS
MASSAV(1)=1582.«SPGR(1)sBBLs+VOL(1)
MLSAV(1)=MASSAV(I)/MW(I)
MOLSAVaMOLSAV+MLSAV(I)
TMASAV=TMASAV+MASSAV (1)

CONT INUE

DELMAS IS THE MASS OF CUTS THAT ARE DELETED BECAUSE THEY
EVAPORATE TOO QUICKLY

DELMAS=9.

TME IS THE TOTAL MASS EVAPORATED
TMD IS THE TOTAL MASS DISPERSED

TME=0.
TMD=0 .

FE 1S THE FRACTION (BASED ON MASS) EVAPORATED
FE=®.

MOUSWI=0 INDICATES THAT MQUSSE FORMATION HAS NOT BEEN STARTED
MOUSWI=1 INDICATES THAT MOUSSE FORMATION HAS STARTED SUCH THAT
NEW MOUSSE CONSTANTS MUST MATCH THE EXISTING CONDITIONS

MOUSWI=@

HOUMOU IS THE NUMBER OF HOURS THAT MOUSSE FORMATION HAS BEEM
IN EFFECT

HOUMOU=@ .

TYPE 6€9@

FORMAT(1X, "WILL THE WEATHERING SCENARIO INCLUDE SEA [CE?')
ACCEPT 390,ANS

IF (ANS.EQ.'N’) GO TO 3@69

TYPE 700

FOE:AT(1X.’WHEN THE OIL REACHES THE OIL SURFACE, ')

TY 710

FORMAT(1X, 'WILL IT WEATHER IN POOLS ON TOP OF THE ICE?')
ACCEPT 390,ANS

IF(ANS.EQ.’N') GO TO 166@

TYPE 72e
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41700
41800
419082
42000
42100
42209
42300
42400
42500
42600
42700
42800
42900
43000
43100
43206
43300
43400
43500
43600
43700
43800
43900
44000
44100
44200
44300
44490
44500
44600
447900
44800
44900
45000
45100
45200
453¢0
45400
45500
45600
45700
45800
459900
46000
461900
46200
46300
46400
46509
46600
46700
46800
46900
47000
47100
47200
47300
47400
47500
47608

720

OO0

730

o0O0

740

OO0 OGO

759
760
770

780

7990

800

AGOOO

819

DTOOGO0

FORMAT(1X, 'AT WHAT TEMPERATURE, DEG F?°)
ACCEPT 28@,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(XSAVE,NCC1)

TYPE 730

FORMAT (1X, *FOR HOW MANY HOURS?')
ACCEPT 280,X2

NHIP IS THE NUMBER OF HOURS OF ICE POOL WEATHERING

NHIP=X2

TYPE 740

FORMAT (1X, "HOW DEEP WILL THE POOLS BE IN CM? TRY 2')
ACCEPT 280,2

NZSWI=1

7=2/100

SET C2=m—1. SINCE MOUSSE CANNOT BE FORMED
C2=-1.
SET STEN TO 1. TO AVOID DIVIDE BY ZERO PROBLEMS LATER

STEN=1.0

TYPE 770

FORMAT (1X, 'ENTER THE MASS-TRANSFER COEFFICIENT CODE: 1
1, 2, OR 3 WHERE:’)

TYPE 78¢@

FORMAT (1X, ' 1=USER SPECIFIED OVER-ALL MASS-TRANSFER COEF
1FICIENT')

TYPE 790

FORMAT (11X, ' 2=CORRELATION MASS-TRANSFER COEFFICIENT BY

1 MACKAY & MATSUGU')

TYPE 80@

FORMAT(1X, ' 3mINDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS’)
ACCEPT 420, KMTC

NOW ENTER THE WIND SPEED IN KNOTS AND CONVERT TO METER/SEC
AND METER/HOUR.

TYPE 810
FORMAT(1X, 'ENTER THE WIND SPEED IN KNOTS')
ACCEPT 288, 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
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47790
47860
47900
48000
48100
48200
48300
48400
48500
48600
48700
48800
48900
49000
4910@
49200
45300
494060
49500
49600
49708
49896
49909
50000
50100
50200
S5e3ee
50400
50500
S5eceo
50700
50800
50900
51000
51108
51200
51366
51400
515¢0
51600
S1700
51800
Stgee
52000
52100
52200
52300
52400
52500
52620
527680
528600
52909
53000
5316@
53208
53300
5340e
5350
53660

WOOOO0

(eXeXeNoXeleNeNeXeXeXelv X NoNoNoNoXe]

NOW CALCULATE THE INITIAL GRAM MOLES FOR EACH COMPONENT 70O
GET THE INTEGRATION STARTED.

BM=0 . 159BBL

TMOLES=0.

DO 83@ I=1,NCUTS
AMASS=1582. »SPGR( 1) «BBL#VOL(1)
MOLES ( I)=AMASS/MW(I)
MOLS(I)=MOLES(1)
TMOLES=TMOLES+MOLES (1)

RHO IS THE DENSITY IN GM MOLES/CUBIC METER.

RHO(1)=100.«MOLES(1)/(BM+VOL(1)})
CONTINUE

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE CRUDE

WTMOLE=0.

DO 840 I=1,NCUTS

WTMOLE=WTMOLE+MW{ 1) +MOLES(I)/TMOLES

CONT INUE

WRITE Elou.ase) WTMOLE

FORMAT(/.1X, 'MEAN MOLECULAR WEIGHT OF THE CRUDE = ', 1PE18.3)

SET SPREADING TO ZERO.
SPREAD=®.

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(1)
CONTINUE

CALCULATE THE INITIAL AREA AND DIAMETER.

AREA=VOLUM/Z
DIA=SQRT(AREA/2.785)

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, Vi@5,
P815-926.

TEMP IS Re¢T AND USED TO CHANGE THE UNITS ON THE MASS~
TRANSFER COEFFICIENT.
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5370¢ C
53800 890 TEMP=(8.2E-05)«TK

53900 GO TO (900,950,1040), KMTC

S4000 C

54100 C USER SPECIFIED OVER-ALL MASS—-TRANSFER COEFFICIENT.
54200 c

54300 900 TYPE 910
54400 gt1e FORMAT(1X, 'ENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT

54500 1, CM/HR, TRY 10')

54600 ACCEPT 280, UMTC

54700 WRITE(IOU,920)

54800 920 FORMAT(1H1, 'DATA FOR WEATHERING OF OIL IN POOLS ON ICE')
54900 WRITE (I0U,93@) UMTC

55000 s3e FORMAT(/. OVER-ALL MASS-TRANSFER COEFFICIENT WAS USER
55100 1-SPECIFIED AT ’',1PE10.3,’ CM/HR BY INPUT CODE 1°)

55200 C

55300 C CONVERT CM/HR TO GM-MOLES/(HR)(ATM)(Mes2) SINCE VAPOR
55400 C PRESSURE IS THE DRIVING FORCE FOR MASS TRANSFER.
5550¢ C

55600 UMTC=UMTC/TEMP/100.

55700 DO 948 [=1,6NC1

55800 MTC(I)=UMTC

55900 9490 CONTINUE

56000 GO TO 1120

58100 C

56200 C USE THE MACKAY AND MATSUGU MASS-TRANSFER COEFFICIENT.
56300 C

56400 g9s5e@ TERM1=0 . @15¢WINDMH++0 .78

56500 c

56600 c THE SLICK DOES NOT SPREAD, SO BASE THE DIAMETER DEPENDENCE
56700 c ON 1000 METERS AND DIVIDE THE RESULT BY 0.7

56809 C

56900 969 TERM2=0.65

57000 c

57100 c KH INCLUDES THE SCHMIDT NUMBER FOR CUMENE.

57200 c

57300 97e KH=TERM1+TERM2

574e0 WRITE(IOU,980)

57600 WRITE (I0U,990@) KMTC

57700 990 FORMAT(/,1X, 'OVER-ALL MASS-TRANSFER COEFFICIENTS BY INPUT
578080 1 CODE’,12)

57900 WRITE (IOU,1000) KH

58000 1008 FORMAT(/,1X, 'OVER-ALL MASS—TRANSFER COEFFICIENT FOR CUMENE = °
58100 1,1PE10.3,' M/HR',/)

57500 98e FORMAT§1H1.'WEATHERING OF OIL IN POOLS ON TOP OF ICE’)

58200 WRITE 5100.1010)

58300 12180 FORMAT(3X, 'CUT', 12X, "M/HR',7X, 'GM-MOLES/(HR) (ATM) (M#s2)*)
58400 DO 1039 I=1,NC1

58500 C

58680 C THE MASS-TRANSFER COEFFICIENT IS CORRECTED FOR THE
58760 C DIFFUSIVITY OF COMPONENT I IN AIR. THE SQRT IS USED
58800 C (1.E. LISS AND SLATER), BUT THE 1/3 POWER COULD ALSO
58908 C BE USED (I.E. THE SCHMIDT NUMBER).

59800 C

59100 MTCA(1)=KHe®.93+SQRT( (MW(I)+29.)/MW(I))

59208 C

59300 C MTC(1) IS THE OVER-ALL MASS-TRANSFER COEFFICIENT DIVIDED
594¢0 C BY ReT. R=82.06E-06 (ATM)(Mes3)/(G-MOLE)(DEG K)

595¢0 C

5960 MTC(1)=MTCA(1)/TEMP
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59708
598600
59g9ee
602008
60100
60200
60360
604060
60599
606060
60700
60800
603900
619000
61100
61200
61300
s14ee
61500
61600
61700
61800
61900
62009
62100
62200
62300
62400
62500
62600
62700
62800
62900
63000
63192
6320e
63300
63400
63500
63680
63700
63800
83900
64000
64100
64200
64300
64400
64500
64600
64700
64800
64908
65000
651e0
85200
65300
65400
655068
65388

1269

187¢

e X e X o] [eXeXeNoXe]

O0O00

1080

1290
1100

O0O0O0

OO0 0000

WRITE &zou.1eze) I.MTCA(I) ,MTC(T)
FORMAT(2X,13,2(10X,1PE10.3))
CONTINUE

GO TO 1120

USER SPECIFIED INDIVIDUAL-PHASE MASS~TRANSFER
COEFFICIENTS.

TYPE 1850

FORMAT(1X, 'ENTER THE OIL-PHASE MASS~TRANSFER COEFFICIENT
1 IN CM/HR, TRY 1@')

ACCEPT 28@, KOIL

TYPE 1060

FORMAT(1X, 'ENTER THE AIR-PHASE MASS-TRANSFER COEFFICIENT
1 IN CM/HR, TRY 100@°)

ACCEPT 280, KAIR

TYPE 1070

FORMAT(1X, ' ENTER THE MOLECULAR WEIGHT OF THE COMPOUND

1 FOR K-AIR ABOVE, TRY 20@')

ACCEPT 288, DATAMW

SCALE K—=AIR ACCORDING TO WIND SPEED (GARRATT, 1977),
SO THAT AS THE WIND SPEED GOES UP THE MASS TRANSFER
GOES UP, [.E., THE CONDUCTANCE INCREASES.

KAIR=KAIRs{1.+0.089+WINDMS)
RKAIR=1./KAIR

CALCULATE Re¢T IN ATMsCMs+3/GM-MOLE

RT=82.06+TK
HTERM=WTMOLE/(DCRUDEsRT)
WRITE (I0U,990) KMTC

WRITE THE USERS INPUT, WIND SPEED, AND HENRYS LAW
TERM TO THE OUTPUT.

WRITE 510u.1eao) KAIR,KOIL,DATAMW

FORMAT(/,1X, K-AIR = *,1PE1@.3,’, AND K-OIL = ' ,1PE1@.3
1,' CM/HR, BASED ON A MOLECULAR WEIGHT OF ',1PE1@.3)
WRITE (I0U,109@) WINDMS

FORMAT(1X, "WIND SPEED = ',1PE1@.3,' M/S')

WRITE (I0U,1108) HTERM

FORMAT(1X, * THE HENRYS LAW CONVERSION TERM FOR OIL = °
1,1PE10.3,* 1/ATM")

WRITE (I0U,1010)

CALCULATE THE OVER~ALL MASS—-TRANSFER COEFFICIENT BASED
ON GAS-PHASE CONCENTRATIONS FOR EACH CUT.

DO 1110 I=1 NC1
HLAwglg-HTERMoVP(I)
MTCA(I)=RKAIR+HLAW(I)/KOIL

NOW TAKE THE INVERSE TO OBTAIN CM/HR AND THEN MULTIPLY
BY @.81 TO GET M/HR.

MTCA(1)=8.01/MTCA(I)

CORRECT FOR MOLECULAR WEIGHT ACCORDING TO LISS & SLATER,
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1e@ C 1974, NATURE, V247, P181-184,

200 C

308 MTCA(1)=MTCA{I)+SQRT{DATAMW/MW(1))

400 MTC(I1)=MTCA(1)/TEMP

506 C

608 C AND WRITE THE OVER-ALL MASS-TRANSFER COEFFICIENT
780 C IN M/HR AND MOLE/HR»ATMsMsM.

gee C

900 WRITE (I0U,1820) I ,MTCA(1),MTC(1)
1000 1118  CONTINUE
1100 1128 SPGRB=141.5/(APIB+131.5)

1209 MASS=0.1582«BBL*»SPGRB

1300 WRITE 5100.1130) BBL,MASS

1400 1130 FORMAT(/,1X,’FOR THIS SPILL OF ',1PE18.3,’ BARRELS, THE
1500 1 MASS IS *,1PE10.3,’' METRIC TONNES')

1600 VOLUMB=VOLUM/®. 159

1700 WRITE gIOU.1140) VOLUM, vOLUMB

1800 1142 FORMAT(/,1X, 'VOLUME FROM SUMMING THE CUTS = ' ,1PE8.1,"' Ms+J
1960 1, OR ',1PE10.3,' BARRELS')

2000 GO TO (1170,115@,1178), KMTC

2100 1150 WRITE (10U,1160) WINDS,WINOMH

2200 1168 FORMAT(/,1X, 'WIND SPEED = ',1PE10.3,' KNOTS, OR ’',1PE10.3

2300 1, M/HR')
2490 1178 WRITE (I0U,1180) DIA,AREA
2500 1188 FORMAT(/,1X, " INITIAL SLICK DIAMETER = ', 1PE18.3,' M, OR AREA

2600 1 = ', 1PE18.3,’ Ms#2"')

2700 WRITE E:ou.11so)

2800 1190 FORMAT(/,1X,’'THIS SLICK DOES NOT SPREAD FOR THIS CALCULATION')
2900 C

3000 C CALCULATE THE KINEMATIC VISCOSITY OF THE CRUDE AT 122
3108 C DEG F AND THE ENTERED ENVIRONMENTAL TEMPERATURE.

3206 C USE THE VISCOSITY MIXING RULE OF (MOLE FRACTION)s(LOG),
3300 C SEE PAGE 460 OF REID, PRAUSNITZ & SHERWOOD IN

3400 C THE BOOK 'THE PROPERTIES OF GASES AND LIQUIDS®

3500 C

3600 1200 VISMIX=0.

3700 00 1218 I=1,NCUTS

3800 VISMIX=VISMIX+MOLES(1)*VLOGK(1)/TMOLES

390@ 1210 CONTINUE

4000 VISMIX=EXP(VISMIX)

4100 WRITE 510u,1220) VISMIX

4200 1220 FORMAT(/,1X, KINEMATIC VISCOSITY OF THE BULK CRUDE FROM
4300 1 THE CUTS = ',1PE8.1,' CENTISTOKES AT 122 DEG F')

4400 VISMIX=0.

4500 C

4600 C SCALE THE VISCOSITY WITH TEMPERATURE ACCORDING TO
4708 C ANDRADE .

4800 C

4900 XSAVE=XSAVE+459 .

5000 EXPT=EXP(1923.¢(1./XSAVE-0.001721))

5100 DO 123@ I=1,NCUTS

5200 VIS(1)=VISK(I)«EXPT

5300 VLOG(T)=ALOG(VIS(I))

5400 VISMIX=VISMIX+MOLES{1)«VLOG(1)/TMOLES

5500 1230 CONTINUE

5680 XPRINT=32.

5700 VISMIX=EXP(VISMIX)

5800 WRITE (IOU,124@) VISMIX,XPRINT,EXPT

5900 1248 FORMAT(/,1X, KINEMATIC VISCOSITY OF THE BULK CRUDE FROM THE
6000 1 CUTS = ',1PE8.1,” AT T = ',8PF5.1,' DEG F, SCALE
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6100
6200
6390
6400
6500
6600
6709
6800
6900
7000
7100
7200
7300
740
7500
7660
7700
7800
7900
goae
81ee
820e@
83ee
8400
8s5ee
8600
8700
ggee
89900
9000
9100
9200
9300
9400
8500
9600
9708
9800
9900
10000
10100
10209
10300
10408
10500
196908
18700
1e800
10900
119000
111090
11200
11300
11400
11508
11600
11700
118090
11900
12000

QAN O0

1256

1260
1270

128¢e

1250

1300

1310

O0O0O0O0

133@
1348

2 FACTOR = ' ,1PES.1)

IMPORTANT NOTE: THE VISCOSITY PREDICTION OF THE WHOLE
CRUDE FROM CUT INFORMATION IS NOT GOOD AT ALL. SO THE
VISCOSITY INFOMATION CALCULATED ABOVE IS NOT USED IN

THIS VERSION QOF 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.99) GO TO 1260

TYPE 1250

FORMAT(1X,*SINCE A LIBRARY CRUDE WAS NOT USED
1,*,/.1%, "ENTER THE FOLLOWING THREE VISCOSITY CONSTANTS')
GO TO 1280

TYPE 1270

FORMAT(1X, DO YOU WANT TO ENTER NEW VISCOSITY CONSTANTS?’)
ACCEPT 398, ANS

IF(ANS.EQ.'N’) GO TO 1320

TYPE 1299

FORMAT(1X,’1. ENTER THE BULK CRUDE VISCOSITY
1 AT 25 DEG C, CENTIPOISE, TRY 35.°)

ACCEPT 280, VISZ

TYPE 1300

FORMAT(1X,’2. ENTER THE VISCOSITY TEMPERATURE SCALING
1 CONSTANT (ANDRADE), TRY 980@.')

ACCEPT 280, MK3

TYPE 1310

FORMAT(1X,'3. ENTER THE VISCOSITY-FRACTION-OIL
1-WEATHERED CONSTANT, TRY 10.5')

ACCEPT 288, MK4

GO TO 1330

USE THE LIBRARY VISCOSITY DATA

VISZaVISZL(IC)
MK3-MK3L§(C;
MK4=MK4L(IC

INSERT VISCOSITY CALCULATION ACCORDING TO MASS
FRACTION EVAPORATED. THIS IS THE VISCOSITY
MODIFICATION RELATIVE TO CUTVP1

VSLEAD=VISZEXP(MK3«(1./TK~8.003357))

WRITE §IOU.134G) VISZ , MK3 ,MK4 VSLEAD

FORMAT(/,1X, 'VISCOSITY ACCORDING TO MASS EVAPORATED:
1 VIS25C =" ,1PE9.2,"', ANDRADE =',1PE9.2
2,', FRACT WEATHERED =', 1PES.2°, VSLEAD =',1PES.2
3,' CP*)

C2P=1 . /C2

WRITE (IOU,1580) C1,C2P,C4
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12100
12200
123ee
12400
12560
12609
127¢@
12800
12900
13800
13100
13200
13366
13400
13500
13688
13700
13800
13906
14000
14100
14200
14300
14408
14508@
14600
14708
14800
14906€
15000
15100
15288
1530@
15408
15500
15600
15700
15809
15909
16609
16100
16208
16369
16400
16500
16609
16700
16800
16960
17000
17100
17200
17368
17409
17500
17668
17700
17860
17900
180069

c
C
c
1350
13690

OO0 0

376

(e XeNoXe]

138@
1380
1400

1419
1426
1438

1440
1450
1460

1478

1480

1490

15060

1516

152¢@

153e

NEQ=NCUTS
FRACTS=9.

SPEC

WRITE
FORMAT

IFY NO DISPERSION

§IOU.1366) FRACTS
/.,1X,'THE FRACTIONAL SLICK AREA SUBJECT 1O

1 DISPERSION IS ',1PEB.1,’ PER HOUR')

PRINT EVERY XP TIME INCREMENT (HOURS).
X1 IS THE STARTING TIME = @.
X2 IS THE NUMBER OF HOURS FOR WEATHERING TO OCCUR.

XP=1.
X1m@,

MOLS (NCUTS+1)=AREA

PRINT AN OUTPUT FILE FOR 88 COLUMN OUTPUT, THIS IS
THE OILICE.TYP FILE.

WRITE(ITY, 1380)

FORMAT (1%, "WEATHERING OF OIL IN POOLS ON TOP OF ICE')
WRITE (ITY,1390) (ANAME(J),J=1,5)

FORMAT(/,1X,'OIL: ’,b5A5)

WRITE (ITY,1400) XPRINT,WINDS

FORMAT (1X, ' TEMPERATURE= ' ,F5.1," DEG F, WIND SPEED= *
1,F5.1,° KNOTS')

WRITE (ITY,1410) BBL

FORMAT(1X,'SPILL SIZE= ’,1PE16.3," BARRELS')

WRITE (ITY,1428) KMTC

FORMAT (1X, *MASS~TRANSFER COEFFICIENT CODE=',13)
WRITE (ITY,1432)

FORMAT(/,1X,'FOR THE OUTPUT THAT FOLLOWS, MOLES
1=GRAM MOLES')

WRITE (ITY,1440)

FORMAT(1X, ' GMS=GRAMS, VP=VAPOR PRESSURE IN ATMOSPHERES')
WRITE (ITY,1450)

FORMAT(1X, 'BP=BOILING POINT IN DEG F, API=GRAVITY')
WRITE (ITY,1460)

FORMAT (1X, ' MW=MOLECULAR WEIGHT')

WRITE (ITY,1470)

FORMAT(/,2X, "CUT" ,3X, ‘MOLES’,6X, 'CMS* ,8X, VP’ ,8X, 'BP’

1,7X, "APL " 5%, "MW*)
DO 1499 I=1,NCUTS

GMS=MOLES (1) eMW(I)

T MWW ( 1

WRITE (1TY,148@) I,MOLES(I).GMS,VP(I),TB(I1),API(1), MW
FORMAT (3%, 12,5(1X,1PE9.2),1X,I3)

CONT INUE

WRITE

FORMAT

§ITY.1560) C1,C2P,C4
/. 1%, 'MOUSSE CONSTANTS: MOONEY=',6 1PES.2

1,', MAX H28=',8PF5.2,', WINDss2="',6 1PEY.2)

WRITE
FORMAT

gITY,1510) KA,KB,STEN
1%, "DISPERSION CONSTANTS: KA=',1PES.2

1,’, KB=",1PES.2,", S—TENSION=',61PE9.2)

WRITE ngY.1529) VISZ,MK3,MK4

FORMAT (1X,'VIS CONSTANTS: VIS25C=',1PE9.2

1,', ANDRADE =',1PES.2,’, FRACT =’,1PE9.2)

WRITE §ITY.153G)

FORMAT(/,1X, FOR THE OUTPUT THAT FOLLOWS, TIME=HOURS')
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18100 WRITE (ITY,1542)
18200 1549 FORMAT(1X. ' BBL=BARRELS, SPGR=SPECIFIC GRAVITY, AREA=MsM')

18300 WRITE (ITY,155@)

18400 1550 FORMAT(1X, THICKNESS=CM, W=PERCENT WATER IN OIL (
18500 1MOUSSE) * )

18600 WRITE (1TY,1568)

18708 1560 FORMAT(1X, 'DISP=DISPERSION RATE IN GMS/Me¢M/HR’)
18800 WRITE (ITY,1570)

18900 1570 FORMAT(1X,'ERATE=EVAPORTION RATE IN GMS/MeM/HR')
19009 WRITE (1TY,1580)

19100 1580 FORMAT(1X, 'M/A=MASS PER MsM OF OIL IN THE SLICK')
19200 WRITE (ITY,1599)

19309 1598 FORMAT(1X,’ I=FIRST CUT WITH GREATER THAN 1% (MASS)
19400 1 REMAINING')

19500 WRITE éITY,1660)

1969@ 160@ FORMAT(1X, 'JaFIRST CUT WITH GREATER THAN 50X (MASS)
19769 1 REMAINING®)

19800 WRITE (ITY,161@)

19900 1618 FORMAT(1X,'DISPERSION WAS TURNED OFF')

20000 WRITE (I1TY,1620)

20100 1620 FORMAT(1X, 'SPREADING WAS TURNED OFF')
20200 1630 TCODE=KMTC

20300 TYPE 1640

20400 1649 FORMAT(/,1X, 'PLEASE WAIT')

20599 c

206090 c SUBRQUTINE BRKG4 DOES THE INTEGRATION

20700 c

20800 CALL BRKG4(MOLS,X1,X2,XP,NEQ,NDEL)

20900 c

21090 C ND IS THE NUMBER OF CUTS THAT WEATHERED COMPLETELY AWAY
21100 c '

21200 NO=0

21300 DO 1650 I=1,6NEQ

214060 IF (YM(1).NE.®.) GO TO 15580

21500 ND=ND+ 1

21600 1650 CONTINUE

21709 c

21800 c NDEL IS THE NUMBER OF CUTS THAT WERE DELETED BECAUSE THEY
21900 c EVAPORATE TO QUICKLY

22000 C

22100 NEW=NDEL+ND

22209 IF(NQUIT.EQ.1) GO TO 4450

22300 1666 TYPE 1679
22400 1670 FORMAT(1X, 'WILL THE OIL NOW WEATHER IN THE BROKEN ICE FIELD?")
22590 ACCEPT 39@,ANS

22600 IF(NIP.EQ.®) GO TO 1710

22700 TVa®.

22800 C

22908 C NOW CALCULATE NEW VALUES FOR VOLUME PERCENT FOR EACH
23009 C CUT AND SHIFT THE ARRAYS FOR VOLUME PERCENT, BOILING POINT,
23108 C AND API TO ELIMINATE CUTS THAT ARE GONE

23200 C

23300 DO 1680 I=1,NEQ-ND

23400 TVsTV+(YMEND+I;OYMSAVE(ND+I)/SPGR(NEW+I))

23500 VOL(1)=YM{ND+I)sMOLES(NEW+1) «MW(NEW+I)/(SPGR(NEW+1)
23600 12(BBL21582.))

23700 TB(1)=TB(NEW+])

23800 API(1)=API (NEW+1)

23900 1680 CONTINUE

24000 BBL=TV/158200.
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24100
24200
24300
24400
24500
24600
24700
2480¢
24900
25000
25100
25200
2530¢
25400
2559¢
25600
25700
25800
25900
26000
26100
26200
26300
26400
26500
26620
26700
26800
26900
27008
27100
27200
2730e
27400
27500
2760e
27700
2780e
2790e
28000
28100
28209
28300
28400
28508
28600
287090
28800
28900
29000
29190
29200
29300
29400
28500
23600
29700
29809
29909
30000

OO0

1690

1700

1710

1720

1730

1740

[eXeXoNoReXo Xy

1750
1760

1770
1780

Qoo

NCUTS=NCUTS~{ND+NDEL)
NEQ=NCUTS

ALWAYS RENORMALIZE THE INPUT VOLUMES TO 100X%.

VTOTAL=0.

DO 169@ [=1,NCUTS
VTOTAL=VTOTAL+VOL(I)
CONTINUE

DO 170@ I=1,NCUTS
VOL(I)=1008.+VOL(1)/VTOTAL
CONTINUE

1S=9

APISWIm1

CALL DOCHAR
IF{ANS.EQ.’N') GO TO 3060
NG=NG+NEW

NBI=1

TYPE 1720

FORMAT(1X, 'FOR HOW MANY HOURS?‘)
ACCEPT 28@,X2

NHBI IS THE NUMBER OF HOURS OF BROKEN ICE FIELD WEATHERING

NHBI=X2
TYPE 1730

FORMAT(1X, *AT WHAT TEMPERATURE, DEG F?')
ACCEPT 280,XSAVE

TYPE 1740

FORMAT(1X, "ENTER THE FRACTION OF ICE COVER, 1.E. 8.7')
ACCEPT 280,FRACIC

TK=(XSAVE-32.)/1.8+273.

XPRINT=XSAVE

XSAVE=XSAVE+459.

NCC 1=NC 1

CALL VPIF({XSAVE,NCC1)

TEMP=(8.2E-05)+TK

FACMOU=1 .

THE FUNCTIONAL DEPENDENCE OF MOUSSE FORMATION RATE WITH
FRACTION OF ICE COVER IS NOT KNOWN. FOR NOW THE VARIABLE
FACMOU WILL BE THE FACTOR WHICH WILL DETERMINE THE
AMOUNT OF INCREASE OF FORMATION RATE. IF MOUSSE
CONSTANTS ARE NOT INPUT BY THE USER, FACMOU=t@

IF(LSWTCH.EQ.99) GO TO 1770
TYPE 1750

FORMAT(1X,*SINCE YOU DID NOT USE A LIBRARY CRUDE,')
TYPE 1760

FORMAT(1X, *YOU MUST ENTER THE FOLLOWING FOUR MOUSSE
1 FORMATION CONSTANTS')

GO TO 1790

TYPE 1780

FORMAT(1X, DO YOU WANT TO ENTER NEW MOUSSE FORMATION CONS
1TANTS?’)

ACCEPT 390, ANS

IF(ANS.EQ.'N’') GO TO 1860

TO SPECIFY NO MOUSSE, ENTER C2 = @
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Jo10e
30200
30300
30400
30599
30600
30700
3e808
30900
31000
31100
312ee
31300
31400
31500
3160@
31700
31800
3t190@
32000
32100
32200
32380
32400
32500
32600
32700
32809
32908
33000
33180
33200
33300
33400
33500
33600
33700
33800
J3g0e
34000
34100
34200
34300
34400
34500
34608
34700
34800
34g0e
35006
35100
35200
35300
35408
36500
356088
35700
35800
35900
36008

1790
1800

OO0

1810

182¢
1830

1840

1850

1866

1879

1880

1890

1900
1910

1920
1930

19490

1850
1960

1970

TYPE 1800

FORMAT(1X,'1. ENTER THE MAXIMUM WEIGHT FRACTION WATER
1 IN OIL")

ACCEPT 280, C2

1F(C2.6T.8.) GO TO 1820

SET C2==1. IF A MOUSSE CANNOT BE FORMED AND LOOQP OQUT.

C2a-1,

TYPE 1810

FORMAT(/,1X,'SINCE A @% WATER CONTENT WAS SPECIFIED
1, THE REMAINING THREE MOUSSE’,/,1X, CONSTANTS ARE NOT
2 NEEDED')

GO TO 187¢

C2=1./C2

TYPE 1830

FORMAT(1X,'2. ENTER THE MOUSSE-VISCOSITY CONSTANT

1, TRY @.65')

ACCEPT 28@, C1

TYPE 1840

FORMAT(1X,'3. ENTER THE WATER INCORPORATION RATE CONSTANT

1, TRY ©.0801")

ACCEPT 280, C4

TYPE 1850

FORMAT(1X,'4. ENTER THE BROKEN ICE FIELD MULTIPLIER FOR MOUSSE
1 FORMATION')

ACCEPT 28@,FACMOU

GO TO 1870

Ci1=CIL(IC
C2=C2L{IC
Ca=CaL(IC
FACMOU=18@.

CONT INUE

C4=C42FACMOU

IF(LSWTCH.EQ.99) GO TO 1900

TYPE 1880

FORMAT(/, 1X,'YOU MUST ALSO ENTER AN OIL-WATER SURFACE
1 TENSION (DYNES/CM*)

TYPE 1890

FORMAT(1X,'FOR DISPERSION, TRY 30.')

GO TO 1930

TYPE 191@

FORMAT(1X, DO YOU WANT TO ENTER A NEW OIL-WATER SURFACE
1 TENSION (DYNES/CM)?')

ACCEPT 390, ANS

IF(ANS.EQ.'N’) GO TO 1948

TYPE 1920

FORMAT(1X, 'TRY 30.°)

ACCEPT 28@, STEN

GO TO 1958

STEN=STENL(IC)

START THE MASS-TRANSFER COEFFICIENT SPECIFICATION.

TYPE 1960

FORMAT(1X, 'ENTER THE MASS-TRANSFER COEFFICIENT CODE: 1
1, 2, OR 3 WHERE:')

TYPE 1970

FORMAT(1X,* 1=USER SPECIFIED OVER-ALL MASS-TRANSFER COEF
1FICIENT")
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36100
36209
36300
36400
36500
36600
36700
36809
36900
37000
37100
37200
37300
37400
37500
37600
37700
J78¢ee
37900
38000
3g10@
38200
38300
38400
385909
38600
38700
38800
38900
39009
391¢0
39280
393e0
39400
39509
39600
39709
39800
39900
40000
401080
40200
40309
40409
49500
40600
49709
40800
40900
41000
41100
41200
41300
41400
41500
41600
41700
41800
41900
42000

TYPE 1980
1980 FORMAT(1X, ' 2=CORRELATION MASS-TRANSFER COEFFICIENT BY
1 MACKAY & MATSUGU')
TYPE 1990
1992 FORMAT(1X,  3=INDIVIDUAL-PHASE MASS—-TRANSFER COEFFICIENTS')
ACCEPT 420, KMTC

c NOW ENTER THE WIND SPEED IN KNOTS AND CONVERT TO METER/SEC
c AND METER/HOUR.
c

TYPE 2000
2000 FORMAT(1X, ENTER THE WIND SPEED IN KNOTS')
ACCEPT 280, WINDS

c
c NEVER LET THE WIND SPEED DROP BELOW 2 KNOTS. A ZERO WIND
c SPEED DESTROYS THE MASS—TRANSFER CALCULATION AND WILL

c YIELO A ZERO MASS—-TRANSFER COEFFICIENT.

c

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.

NOOOO

2190 BM=9. 159+8BL
TMOLES=9.
D0 2020 I=1,NCUTS
AMASS=1582.¢SPGR(I)*BBLsVOL(I)
MOLES (I)=AMASS/MN(1)
MOLS{1)=MOLES(I)
TMOLES=TMOLES+MOLES(I)

RHO IS THE DENSITY IN GM MOLES/CUBIC METER.

RHO(1)=10@.+MOLES(1)/(BMsVvOL(I))
CONTINUE

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE CRUDE

QOO OO0
[
[N
[~

WTMOLE=9©.

D0 2030 I=1,NCUTS

WTMOLE=WTMOLE+MW(1)sMOLES(I)/TMOLES
2030 CONTINUE

WRITE 2IOU.2040) WTMOLE
2049 FORMAT(/,1X,"MEAN MOLECULAR WEIGHT OF THE CRUDE = ',1PE10.3)
c

c SPECIFY SLICK SPREADING.

c
2050 SPREAD=@.
TYPE 2060
2060 FORMAT(1X,'DO YOU WANT THE SLICK TO SPREAD?')
ACCEPT 39@, ANS
IF(ANS.EQ.'N') GO TO 2070
SPREAD=1 .
GO TO 2100

CALCULATE AN AREA IN SAME WAY IT WILL BE CALCULATED
AS THE SLICK WEATHERS. Z=THICKNESS IN METERS.

QOO0
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42100 2070 IF (NZSWI.EQ.1) GO TO 2090

42200 TYPE 2080

42300 2080 FORMAT(1X,'SINCE THE SLICK DOES NOT SPREAD, ENTER

42400 1 A STARTING THICKNESS IN CM')

42500 ACCEPT 288, Z

42600 2090 Z=Z/100.

42700 GO TO 2110

42800 C

42908 C THE SLICK ALWAYS STARTS AT 2-CM THICKNESS.

43000 C

43102 2100 IF (NZSWI.NE.@) GO TO 2119

43200 Z=0.02

43300 2110 VOLUM=O.

43400 DO 2120 I=1,NCUTS

43500 VOLUM=VOLUM+MOLES (1) /RHO(I)

43600 2120 CONTINUE

43700 NZSWI=1

43800 C

43900 C CALCULATE THE INITIAL AREA AND DIAMETER.

44000 C

44100 AREA=VOLUM/Z

44200 DIA=SQRT{AREA/@.785)

44309 C

44400 C THE FUNCTIONAL DEPENDENCE OF SPREADING WITH FRACTION OF ICE
44500 C COVER IS NOT KNOWN. FOR NOW, A LINEAR DEPENDENCE 1S ASSUMMED
44600 C

44700 SPRFAC=1.~FRACIC

44800 C

44900 C THE MASS-TRANSFER COEFFICIENT CAN BE CALCULATED ACCORDING TO:
45000 C

45108 C 1. A USER-SPECIFIED OVER-ALL MASS—TRANSFER COEFFICIENT.
45200 C

45300 C 2. THE MASS-TRANSFER COEFFICIENT CORRELATION ACCORDING
45400 C TO MACKAY AND MATSUGU, 1973, CAN. J. CHE, V51,
45500 C P434-439.

45600 C

45700 C 3. INDIVIDUAL OIL- AND AIR-PHASE MASS-TRANSFER COEFFI-
45800 C CIENTS BASED ON SOME REAL ENVIRONMENTAL DATA SUCH
45900 C AS THAT OF LISS AND SLATER. SCALE THE AIR-PHASE
46800 C VALUE WITH RESPECT TO WIND SPEED ACCORDING TO

46100 C GARRATT, 1977, MONTHLY WEATHER REVIEW, V105,

46200 C P915-920.

46300 C

46400 C TEMP IS ReT AND USED TO CHANGE THE UNITS ON THE MASS—

4650¢ C TRANSFER COEFFICIENT.

46600 C

46700 2130 TEMP=(8.2£-85)eTK

46800 GO TO (2140,2180,2290), KMTC

46900 C .

47000 C USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

47106 C

47209 2148 TYPE 2150
4730 2156 FORMAT(1X, 'ENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT

47400 1, CM/HR, TRY 1@°)

47500 ACCEPT 286, UMTC

47600 WRITE EIOU.2166) UMTC

477090 21680 FORMAT(1H1, 'OVER-ALL MASS~TRANSFER COEFFICIENT WAS USER
478080 1-SPECIFIED AT ' ,1PE10.3,’' CM/HR BY INPUT CODE 1')

47909 c

48000 c CONVERT CM/HR TO GM~MOLES/(HR)(ATM)(Me¢2) SINCE VAPOR
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48190 c PRESSURE 1S THE DRIVING FORCE FOR MASS TRANSFER.
48200 c

48300 UMTC=UMTC/TEMP/100.

48400 DO 2170 Im1,NC1

48500 MTC(1)=UMTC

48600 21780 CONTINUE

48700 GO TO 2370

48800 C

48300 C USE THE MACKAY AND MATSUGU MASS-TRANSFER COEFFICIENT.
49008 C :

49190 2180 TERM1=9.015¢WINDMHe+0.78

49200 IF(SPREAD.EQ.@.) GO TO 219@

49300 TERM2=DIAse(—-2.11)

49400 GO TO 2200

49500 C

49600 C If THE SLICK DOES NOT SPREAD BASE THE DIAMETER DEPENDENCE
49700 C ON 1000 METERS AND DIVIDE THE RESULT BY 0.7

49800 C

49900 2190 TERM2=0.65

50000 C

50100 C KH INCLUDES THE SCHMIDT NUMBER FOR CUMENE.

50200 C

50380 2200 KH=TERM1«TERM2

50400 WRITE(IOU,2210)

50500 2210 FORMAT(1H1, 'WEATHERING DATA FOR OIL IN A BROKEN ICE FIELD')
50600 IF(NIP.NE.1) GO TO 223@

50700 WRITE(IOU,2220)NHIP

50800 2220 FORMAT(1X,'AFTER ICE POOL WEATHERING FOR ',1PE9.3,' HOURS')

50900 2230 WRITE (10U,2240) KMTC
51000 2240 FORMAT(/,1X,’'OVER-ALL MASS—TRANSFER COEFFICIENTS BY INPUT

51100 1 CODE’,12)

51200 WRITE grou.zzse) KH

51300 2258 FORMAT(/.1X,'OVER-ALL MASS-TRANSFER COEFFICIENT FOR CUMENE = '
51400 1.1PE10.3.' M/HR',/)

51500 WRITE grou,zzse)

51600 2260 FORMAT(3X, 'CUT', 12X, 'M/HR’,7X, GM=MOLES/(HR) (ATM)(Mse2)")
51700 DO 2280 I=1,NC1

51800 C

51980 C THE MASS-TRANSFER COEFFICIENT IS CORRECTED FOR THE
52000 C DIFFUSIVITY OF COMPONENT I IN AIR. THE SQRT IS USED
52108 C (1.E. LISS AND SLATER), BUT THE 1/3 POWER COULD ALSO
52208 C BE USED (I.E. THE SCHMIDT NUMBER).

52300 C

52400 MTCA(I)=KH+@.93¢SQRT((MW(1)+29.)/MW(1))

5250¢ C

52600 C MTC(I) IS THE OVER-ALL MASS-TRANSFER COEFFICIENT DIVIDED
52700 C BY RsT. RmB82.06E-06 (ATM)(Mse3)/(G-MOLE)(DEG K)

52800 C

52900 MTC(1)=MTCA(I)/TEMP

53080 WRITE EIOU'227°) 1,MTCA(1),MTC(1)

5318@ 227 FORMAT(2X,I3,2(10X,1PE10.3))

53200 2288 CONTINUE

53300 GO TO 2370

53400 C

5350¢ C USER SPECIFIED INDIVIDUAL-PHASE MASS-TRANSFER

53600 C COEFFICIENTS.

5376@ C

53800 2299 TYPE 2300
53900 230@ FORMAT(1X,’ENTER THE OIL-PHASE MASS—TRANSFER COEFFICIENT

54000 1 IN CM/HR, TRY 10’)
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54100
54200
54300
54400
5450@
54600
54700
54800
54900
55060
551¢e0
55209
55309
55400
55500
55606
557e@
55809
559080
56000
56100
56200
56300
56400
56500
56600
56700
56809
5690@
57000
5716e
5720e@
57300
57400
57500
57600
57700
57800
5798e
58000
58100
58200
58300
58400
58509
58600
58700
588@0
58500
59000
59100
59200
59300
55408
5956
59600
59769
59800
59900
60900

ACCEPT 28@, KOIL
TYPE 2319
2310 FORMAT(1X, 'ENTER THE AIR-PHASE MASS~-TRANSFER COEFFICIENT
1 IN CM/HR, TRY 100@°)
ACCEPT 280, KAIR
TYPE 2320
2320 FORMAT(1X,'ENTER THE MOLECULAR WEIGHT OF THE COMPOUND
1 FOR K-AIR ABOVE, TRY 208')
ACCEPT 280, DATAMW

c
c SCALE K~AIR ACCORDING TO WIND SPEED (GARRATT, 1877),
c SO THAT AS THE WIND SPEED GOES UP THE MASS TRANSFER
c GOES UP, I1.E., THE CONDUCTANCE INCREASES.
c
KATR=KAIRs (1.+@.089+«WINDMS)
RKAIR=at1 . /KAIR
c
c CALCULATE ReT IN ATMsCMes3/GM—MOLE
c
RT=82.086«TK
HTERM=WTMOLE/(DCRUDE*RT)
WRITE (I0U,2248) KMTC
c
c WRITE THE USERS INPUT, WIND SPEED, AND HENRYS LAW
c TERM TO THE OUTPUT.
c

WRITE §IOU.2330) KAIR,KOIL,DATAMW

2330 FORMAT(/,1X,'K-AIR = °,1PE10.3,°, AND K-OIL = *,1PE19.3
1,' CM/HR, BASED ON A MOLECULAR WEIGHT OF ’,1PE10.3)
WRITE élou.234e) WINDMS

2340 FORMAT(1X,’WIND SPEED = ',1PE10.3,’ W/S’)
WRITE élou,zzsa) HTERM

2350 FORMAT(1X,'THE HENRYS LAW CONVERSION TERM FOR OIL = °
1,1PE18.3,° 1/ATM")
WRITE (I0U,2268)

CALCULATE THE OVER-ALL MASS-TRANSFER COEFFICIENT BASED
ON GAS~-PHASE CONCENTRATIONS FOR EACH CUT.

OO0O0

D0 2360 I=1,NCt
HLAWEI;-HTERM-VP(I)
MTCA(I)=RKAIR+HLAW(I)}/KOIL

NOW TAKE THE INVERSE TO OBTAIN CM/HR AND THEN MULTIPLY
BY ©.01 TO GET M/HR.

MTCA(1)=@.01/MTCA(I)

CORRECT FOR MOLECULAR WEIGHT ACCORDING TO LISS & SLATER,
1974, NATURE, V247, P181-184.

OO0 OO0

MTCA(1)=MTCA(1)«SQRT(DATAMW/MW(I))
MTC(1)=MTCA(I)/TEMP

AND WRITE THE OVER-ALL MASS-TRANSFER COEFFICIENT
IN M/HR AND MOLE/HRsATMsMsM.

OO0

WRITE (10U,2279) 1,MTCA(I).MTC(I)
2360 CONTINUE
2370 SPGRB=141.5/(APIB+131.5)
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60100
60200
60300
60400
60500
60600
60700
60800
60908¢
61000
61100
61200
61300
61400
61500
616080
61700
61800
61900
62000
62100
62200
62300
62400
62500
62600
62700
628090
62900
63000
63100
63200
63360
634080
635@0
63600
63700
638e0
63900
64000
64100
64200
64300
64400
64500
64600
64700
64800
64900
65000
65100
65200
65300
65400
65508

238e

2399

2400
2410

2420
2430

440

NOOOOOOON

459

2460

2470

OO00

2480

2490

[eXeXeNeNo Yol

MASS=0.1582+BBL+SPGRB
WRITE glou.zsae) BBL,MASS

FORMAT(/,1X,'FOR THIS SPILL OF ’,1PE1@.3,’' BARRELS., THE
1 MASS IS ',1PE10.3,' METRIC TONNES')

VOLUMB=VOLUM/@ . 159

WRITE slou.zsso) VOLUM, VOLUMB

FORMAT(/,1X, ' VOLUME FROM SUMMING THE CUTS = ' ,1PEB.1,° Mes3
1, OR ',1PE10.3,’ BARRELS')

GO TO (2420,2400,2420), KMTC

WRITE (IOU,2410) WINDS,WINDMH

FORMAT(/,1X, 'WIND SPEED = ',1PE19.3,' KNOTS, OR ',1PE10.3
1,' M/HR')

WRITE Elou.24sa) DIA,AREA

FORMAT(/,1X, ' INITIAL SLICK DIAMETER = *,1PE10.3,’ M, OR AREA
1 = ', 1PE1@.3," Mes2’)

IF(SPREAD.GT.@.) GO TO 2450

WRITE 2IOU.2440

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)e(LOG),
SEE PAGE 469 OF REID, PRAUSNITZ & SHERWOOD IN

THE BOOK ‘THE PROPERTIES OF GASES AND LIQUIDS®

VISMIX=0,

DO 2462 I=1 NCUTS
VISMIX=VISMIX+MOLES(I)eVLOGK(1)/TMOLES

CONTINUE

VISMIX=EXP(VISMIX)

WRITE EIOU.2470) VISMIX

FORMAT(/,1X, 'KINEMATIC VISCOSITY OF THE BULK CRUDE FROM
1 THE CUTS = ', 1PEB.1," CENTISTOKES AT 122 DEG F')
VISMIX=0.

SCALE THE VISCOSITY WITH TEMPERATURE ACCORDING TO
ANDRADE.

EXPT=EXP(1923.+(1./XSAVE-2.001721))
DO 2488 I=1,NCUTS

VIS(I)=VISK(I)«EXPT

VLOG( T1)=ALOG(VIS(I))
VISMIX=VISMIX+MOLES{1)«VLOG(I)/TMOLES

CONTINUE

VISMIX=EXP(VISMIX)

WRITE $IOU.2490) VISMIX,XPRINT ,EXPT

FORMAT(/,1X, *"KINEMATIC VISCOSITY OF THE BULK CRUDE FROM THE
1 CUTS = ',1PEB.1,' AT T = *,@PF5.1," DEG F, SCALE
2 FACTOR = ’',1PE8.1)

IMPORTANT NOTE: THE VISCOSITY PREDICTION OF THE WHOLE
CRUDE FROM CUT INFORMATION IS NOT GOOD AT ALL. SO THE
VISCOSITY INFOMATION CALCULATED ABOVE IS NOT USED IN
THIS VERSION OF THE CODE, BUT IT COULD BE IF A GOOD
MIXING RULE IS EVER DETERMINED.
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109

200

300

400

500

6oe

700

8ee

900
10ee
1100
1200
1300
1400
1500
1600
1700
1800
199¢
2000
2109
2200
2300
2400
2506
2609
2700
28090
2900
3000
3100
3200
3300
3400
3500
3600
3700
38@0
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
500e
51ee
52¢0
53ee6
5400
5500
5600
5709
5800
59¢@
coee

[eXeXoXeXeXeXeRrNoXoXoNel

2500

2510
252@

2530

2540

2550

2569

NOOO

S7e

OO0O000

258@
259¢

AOO0O0

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.S9) GO TO 2510

TYPE 2500

FORMAT (1X, 'SINCE A LIBRARY CRUDE WAS NOT USED
1," ./, 1%, "ENTER THE FOLLOWING THREE VISCOSITY CONSTANTS')
GO TO 253@

TYPE 2520

FORMAT(1X, DO YOU WANT TO ENTER NEW VISCOSITY CONSTANTS?')
ACCEPT 390, ANS

IF(ANS.EQ.'N’) GO TO 257@

TYPE 2549

FORMAT(1X,'1. ENTER THE BULK CRUDE VISCOSITY

1 AT 25 DEG C, CENTIPOISE, TRY 35.°')

ACCEPT 280, VISZ

TYPE 2550

FORMAT(1X,*2. ENTER THE VISCOSITY TEMPERATURE SCALING
1 CONSTANT (ANDRADE), TRY 39008.°)

ACCEPT 280, MK3

TYPE 2560

FORMAT(1X,'3. ENTER THE VISCOSITY-FRACTION-OIL
1-WEATHERED CONSTANT, TRY 10.5°)

ACCEPT 28@, MK4

GO TO 258@

USE THE LIBRARY VISCOSITY DATA

VISZ=VISZL(IC)
MK 3=MK3L{IC
MK4=MK4L(IC

INSERT VISCOSITY CALCULATION ACCORDING TO MASS
FRACTION EVAPORATED. THIS IS THE VISCOSITY
MODIFICATION RELATIVE TO CUTVP1

VSLEAD=VISZ2EXP(MK3s(1./TK-0.003357))

WRITE Elou.zsso) VISZ,MK3, MK4, K VSLEAD
FORMAT(/,1X,'VISCOSITY ACCORDING TO MASS EVAPORATED:
1 VIS25C =',1PE9.2,"', ANDRADE =',1PE9.2

2,', FRACT WEATHERED =',1PES.2', VSLEAD =',1PES.2
3,' ¢cP")

C2P=m1 . /C2

WRITE (IOU,2850) C1,C2P,C4

NEQ=NCUTS

SET UP THE DISPERSION PROCESS CONSTANTS.
CALCULATE THE FRACTION OF THE SEA SURFACE SUBJECT TO
DISPERSIONS/HOUR.

THE FUNCTIONAL DEPENDENCE OF DISPERSION RATE WITH FRACTION
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6109 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 190.

6400 c

6509 FACDIS=10.

66060 TYPE 2600

67090 26860 FORMAT(1X,°'DO YOU WANT THE WEATHERING TO OCCUR WITH
6800 1 DISPERSION?')

6900 ACCEPT 39@, ANS

7009 FRACTS=0.

7100 IF(ANS.EQ.'N') GO TO 267@

7200 IF (LSWTCH.NE.99) GO TO 2620

7300 TYPE 2610

7400 2610 FORMAT(1X,'DO YOU WANT TO ENTER NEW DISPERSION
7500 1 CONSTANTS?')

7600 ACCEPT 390, ANS

7708 IF(ANS.EQ.'N’) GO TO 2669

7800 26206 TYPE 2630
7900 2630 FORMAT(1X,'ENTER THE WIND SPEED CONSTANT, TRY @.1')
8000 ACCEPT 2890, KA

8100 TYPE 2640
8200 2648 FORMAT(1X, ENTER THE CRITICAL DROPLET SIZE CONSTANT
8300 1, TRY 50°)

8400 ACCEPT 288, KB

8500 TYPE 2650

8600 2650 FORMAT(1X,'ENTER THE BROKEN ICE FIELD DISPERSION MULTIPLIER')
8700 ACCEPT 28@,FACDIS

g8gee 2660 FRACTS=KA#(1.+WINDMS)se2

89080 2679 CONTINUE

3000 FRACTS=FRACTSsFACDIS
9100 WRITE ixou.zsee) FRACTS

9200 2680 FORMAT(/.1X,’'THE FRACTIONAL SLICK AREA SUBJECT TO
9300 1 DISPERSION IS *,1PES.1,’ PER HOUR')

9400 IF(ANS.EQ.'N’) GO TO 2700

9500 WRITE Exou,zssa) KA ,KB,STEN

9600 2690 FORMAT(1X,'THE DISPERSION PARAMETERS USED: KA = °
9700 1,1PES.2,', KB = ',1PE9.2,', SURFACE TENSION = ', 1PE9.2
9800 2,’ DYNES/CM')

9900 C

10000 C PRINT EVERY XP TIME INCREMENT (HOURS).

10100 C X1 1S THE STARTING TIME = .

10200 C X2 IS THE NUMBER OF HOURS FOR WEATHERING TO OCCUR.
10300 C

10408 2700 XP=1.

10500 X1=0.

10600 MOLS(NCUTS+1)=AREA

10700 C

10800 C PRINT AN OUTPUT FILE FOR 8@ COLUMN OUTPUT, THIS IS
10900 C THE CUTVP2.TYP FILE.

11000 C

11100 WRITE(ITY,2710)

11200 2718 FORMAT(1H1, 'WEATHERING OF OIL IN A BROKEN ICE FIELD')
11300 IF(NIP.NE.1) GO TO 2730

11400 WRITE(ITY,2720) NHIP

11500 2728 FORMAT(1X,'AFTER ICE POOL WEATHERING FOR ',1PE9.3,°' HOURS')
1160@ 2730 WRITE (1TY,274@8) (ANAME(J),Jw1,5)

t170e 2740 FORMAT(/,1X,°'OIL: *,5A5)

11800 WRITE (1TY,2750) XPRINT,WINDS

11800 2750 FORMAT(1X,’'TEMPERATURE= ' ,F5.1,' DEG F, WIND SPEED= °

12000 1,F5.1,* KNOTS')
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12180 WRITE (1TY,2760) BBL
12200 276@ FORMAT(1X,'SPILL SIZE= ' ,1PE1@.3,' BARRELS')

12309 WRITE (I1TY,277@) KMTC
12408 2770 FORMAT(1X, 'MASS-TRANSFER COEFFICIENT CODE=",13)
12500 WRITE (1TY,27880)

12600 2780 FORMAT(/,1X,'FOR THE OQUTPUT THAT FOLLOWS, MOLES

127060 1=GRAM MOLES’)

12800 WRITE (ITY,2790)

12909 279@ FORMAT(1X, 'GMS=GRAMS, VP=VAPOR PRESSURE IN ATMOSPHERES')
13000 WRITE (ITY,2800)

13109 2809 FORMAT(1X, 'BP=BOILING POINT IN DEG F, API=GRAVITY')

13200 WRITE (ITY,2810)

13300 2816 FORMAT{1X, MW=MOLECULAR WEIGHT")

13400 WRITE (1TY,2826)

13500 2828 FORMAT(/,2X,'CUT',3X,'MOLES’,6X, 'GMS’,8X, 'VP',8X, 'BP"
13600 1,7X, AP’ ,5X, "MW")

13700 DO 2849 I=1,NCUTS

13800 GMS=MOLES (1) sMwW(I)

13900 IMW=bMW ( 1)

14000 WRITE (ITY,2830) I.MOLES(I),GMS,VP(I),TB(I),APTI(I), IMN
14100 2838 FORMAT(3X,12,5(1X,1PE9.2),1X,13)

14200 2849 CONTINUE
14300 WRITE (ITY,285@) C1,C2P,C4
14400 2859 FORMAT(/,1X, 'MOUSSE CONSTANTS: MOONEY=',6 1PE9.2

14500 1,°, MAX H20=',8PF5.2,', WIND##2=' 1PE9.2)
14600 WRITE(1ITY,2B86@) FACMOU

14700 2860 FORMAT (20X, 'Ké4=', 1PE9.3)

14800 WRITE (ITY,2870) KA,KB,STEN

1499@ 287@ FORMAT(1X, DISPERSION CONSTANTS: KA=' 1PE9.2
15000 1,', KB=" ,1PE9.2,"', S-TENSION=',b1PE9.2)

15100 WRITE(ITY,2880)FACDIS

152e0 2880 FORMAT(24X,'KC=',1PE9.3)

15300 WRITE(ITY,2890@)FRACIC

15400 2890 FORMATETX.'FRACTION OF ICE COVER=',1PES.3)

15500 WRITE (ITY,2908) VISZ,MK3,MK4

15600 2900 FORMAT(1X,'VIS CONSTANTS: VIS25C=', 6 1PE9.2

1570¢ 1.', ANDRADE =’ 1PE9.2,’', FRACT =',1PE9.2)

15800 WRITE (ITY,2910)

15800 2910 FORMAT(/,1X,'FOR THE QUTPUT THAT FOLLOWS, TIME=HOURS')

16200 WRITE (1TY,2920)

16190 2920 FORMAT(1X, 'BBL=BARRELS, SPGR=SPECIFIC GRAVITY, AREA=MsM’)
16200 WRITE (ITY,2930)

16300 2930 FORMAT(1X, ' THICKNESS=CM, W=PERCENT WATER IN OIL (
16400 1MOUSSE) ')

16500 WRITE (ITY,2940)

16680 2940 FORMAT(1X, DISP=DISPERSION RATE IN GMS/Ms¢M/HR')
16700 WRITE (ITY,2950)

16800  295¢ FORMAT(1X, ' ERATE=EVAPORTION RATE IN GMS/MeM/HR')
16900 WRITE (ITY,2960)

17008 2960 FORMAT(1X, 'M/A=MASS PER MsM OF OIL IN THE SLICK')
17100 WRITE (ITY,297¢)

17200 2970 FORMAT(1X,'I=FIRST CUT WITH GREATER THAN 1% (MASS)
17300 1 REMAINING')

17400 WRITE 2ITY.2980)

17500 2980 FORMAT(1X,’'J=FIRST CUT WITH GREATER THAN 50% (MASS)
17600 1 REMAINING’)

17700 IF(FRACTS.NE.Q.; GO TO Joe0

17800 WRITE EITY,ZSQG

17908 2999 FORMAT(1X,'DISPERSION WAS TURNED OFF')

18000 3008 IF(SPREAD.NE.O®.) GO TO 3020
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18100 WRITE gITY.3010) .
18200 3018 FORMAT(1X,'SPREADING WAS TURNED OFF’)

18300 3020 TCODE=KMTC

18400 TYPE 3030

18580 3030 FORMAT(/,1X,'PLEASE WAIT')
18600 CALL BRKG4(MOLS,X1,X2,XP,NEQ,NDEL)

18700 IF (C3.€Q.-1.) GO TO 3040

18800 C

18900 ¢ CHECK TO SEE IF MOUSSE HAS BEEN MADE. IF IT HAS, SAVE THE
19060 C RATE CONSTANT SO THAT FURTHER WEATHERING CAN TAKE THIS INTO
19120 ¢ ACCOUNT

19200 C

19300 MOUSWI=1

19400 C3SAVE=C3

19500 3048 CONTINUE

19600 ND=9

19700 DO 3050 I=1,NEQ

19800 IF (YM(I).NE.@.) GO TO 3050

19900 ND=ND+1

2000@ 3050 CONTINUE

20100 NEW=NDE L+ND

20200 IF(NQUIT.EQ.1) GO TO 446@

20309 3060 TYPE 307¢
20420 3070 FORMAT(1X,'WILL OPEN OCEAN WEATHERING NOW OCCUR?")

20500 ACCEPT 390,ANS

20600 1F(NBI1.EQ.2) GO TO 3t1@
20700 TV=9.

20800 DO 3080 I=1,NEQ-ND

20900 TV-TV+(YM2ND+I;nYMSAVE(ND+[;/SPGR(NEW+I))
21000 VOL(1)=YM({ND+1) «sMOLES (NEW+I ) «MW(NEW+1)/(SPGR(NEW+1I)
21100 19(BBL*1582.))

21200 TB(1)=TB(NEW+I)

21300 API(1)=API(NEW+I)

21400 3080 CONTINUE

21500 BBL=TV/158200.

21600 NCUTS=NCUTS~(ND+NDEL)

21700 NEQ=NCUTS

21800 C

21900 C ALWAYS RENORMALIZE THE INPUT VOLUMES TO 100%.
22000 C

22100 VTOTAL=0.

22200 DO 3090 I=1,NCUTS

22300 VTOTAL=VTOTAL+VOL(1)

22400 3090 CONTINUE

22500 DO 3188 I=1,NCUTS

22600 VOL(1)=100.«VOL(1)/VTOTAL

22700 3100 CONTINUE

22800 1S=0

22900 APISWIm=1

23000 CALL DOCHAR

23168 3110 CONTINUE

23200 SPRFAC=1.

23300 [F(ANS.EQ.'N’) GO TO 4460

23400 NG=NG+NEW

23500 TYPE 3120

23600 3120 FORMAT(1X,'FOR HOW MANY HOURS?')

23700 ACCEPT 280,X2

23800 TYPE 3130

23900 3130 FORMAT(1X,'AT WHAT TEMPERATURE, DEG F?°*)
24000 ACCEPT 288, XSAVE
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24100
24209
24300
24400
24500
24600
24700
24800
243960
25000
2510€
252920
25300
25400
25509
25600
25700
25800
25999
26000
26100
26200
26300
26400
28500
26600
26700
26800
269080
27900
27100
272060
27300
27400
275090
27600
2770@
27800
2790@
28000
28100
28200
28300
28400
28500
28600
28709
28800
28900
29090
29109
29200
29300
29409
2g5ee
29600
2979e@
298¢0
29900
30000

3140
3150

3160
3170

OO0

318¢
3199

OO0

320e

3210
3220

323@

3240

3259
32889

3270

3289
329@

XPRINT=XSAVE

XSAVE=XSAVE+453 .

NCC 1=NC 1

CALL VPIF(XSAVE,NCC1)

TK=(XSAVE-491.)/1.8+273.

IF(LSWTCH.EQ.99) GO TO 316@

TYPE 3140

FORMAT(1X, 'SINCE YOU DID NOT USE A LIBRARY CRUDE, ')
TYPE 3159

FORMAT(1X, *YOU MUST ENTER THE FOLLOWING THREE MOUSSE
1 FORMATION CONSTANTS')

GO TO 3180

TYPE 3170

FORMAT(1X,'DO YOU WANT TO ENTER NEW MOUSSE FORMATION CONS
1TANTS?")

ACCEPT 390, ANS

IF(ANS.EQ."N") GO TO 3240

TO SPECIFY NO MOUSSE, ENTER C2 = @

TYPE 319¢@

FORMAT(1X,'1. ENTER THE MAXIMUM WEIGHT FRACTION WATER
1 IN OIL")

ACCEPT 289, C2

IF(C2.GT.9.) GO TO 3210

SET C2=-1. [F A MOUSSE CANNOT 8E FORMED AND LOOP QUT.

C2=-1,

TYPE 3200

FORMAT(/,1X, SINCE A 0% WATER CONTENT WAS SPECIFIED

1, THE REMAINING TWO MOUSSE’,/,1X, ' CONSTANTS ARE NOT
2 NEEDED')

GO TO 3250

C2=1./C2

TYPE 3220

FORMAT(1X,'2. ENTER THE MOUSSE-VISCOSITY CONSTANT

1, TRY 9.65')

ACCEPT 280, C1

TYPE 3230

FORMAT(1X,'3. ENTER THE WATER INCORPORATION RATE CONSTANT
1, TRY @.001')

ACCEPT 280, C4

GO TO 3250

Cl=C1L(IC
c2=C2L(IC
C4=CaL(IC

IF(LSWTCH.EQ.99) GO TO 3289

TYPE 3260

FORMAT(/,1X, 'YOU MUST ALSO ENTER AN OIL-WATER SURFACE

1 TENSION (DYNES/CM’)

TYPE 3270

FORMAT(1X,'FOR DISPERSION, TRY 30.')

GO TO 3318

TYPE 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
Jo400
30500
30608
30760
50800
Jog0e
31000
31100
31200
31300
31400
31500
31600
31760
31800
31ge0
32000
321e0
32200
32300
32400
32500
32600
32700
328060
3290e
33000
33100
33200
33300
33400
33500
33600
33700
33800
33900
34000
34100
34200
34300
34400
34500
4600
34700
34860
34500
35e¢0
35100
35200
35300
35400
35500
35600
35700
35800
35900
36000

J3ee
3310

332@

3330
3340

3350

3360

AOO00

LUOOOO

390

DAL OO0
.
[+
[

3410
3429
C

FORMAT(1X, ' TRY 30.')
ACCEPT 288, STEN

GO TO 3330
STEN=STENL(IC)

START THE MASS-TRANSFER COEFFICIENT SPECIFICATION.

TYPE 3340

FORMAT(1X, 'ENTER THE MASS—-TRANSFER COEFFICIENT CODE: 1
1, 2, OR 3 WHERE:')

TYPE 3350

FORMAT(1X, * 1=USER SPECIFIED OVER-ALL MASS-TRANSFER COEF
1FICIENT")

TYPE 3360

FORMAT(1X, * 2uCORRELATION MASS-TRANSFER COEFFICIENT BY

1 MACKAY & MATSUGU')

TYPE 3370

FORMAT(1X, * 3= INDIVIDUAL-PHASE MASS~TRANSFER COEFFICIENTS')
ACCEPT 420, KMTC

NOW ENTER THE WIND SPEED IN KNOTS AND CONVERT TO METER/SEC
AND METER/HOUR.

TYPE 3380
FORMAT(1X, 'ENTER THE WIND SPEED IN KNOTS')
ACCEPT 288, 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=@.514sWINDS
WINDMH=1853 . «WINDS

NOW CALCULATE THE INITIAL GRAM MOLES FOR EACH COMPONENT TO
GET THE INTEGRATION STARTED.

BM=@. 159+BBL
TMOLES=0.

DO 3400 I=1,NCUTS
AMASS=1582 . +SPGR( 1) «BBL*VOL(I)
MOLES ( I)=AMASS/MW( 1)
MOLS(1)=MOLES(1)
TMOLES=TMOLES+MOLES (1)

RHO IS THE DENSITY IN GM MOLES/CUBIC METER.

RHO(1)=100.+MOLES(I)/(BM=VOL(1))
CONTINUE

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE CRUDE

WTMOLE=®.

00 3410 [=1,NCUTS

WIMOLE=WTMOLE+MW( 1) sMOLES(1)/TMOLES

CONTINUE

WRITE (I0U,3420) WTMOLE

FORMAT(/,1X, 'MEAN MOLECULAR WEIGHT OF THE CRUDE = °',1PE190.3)
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36100
36200
36300
36400
36500
36600
36760
Jegaee
369@¢
37¢00
37100
37200
37360
37400
37500
37609
37700
37800
37909
38000
38100
38200
38300
38400
38500
38600
38700
38800
38900
39009
39100
392080
3e3ee
35420
39500
39600
39700
39800
39900
40000
40100
40200
40300
40400
405080
40600
40706
40800
40900
41000
41120
41200
41300
41400
41500
41600
41700
41800
41900
42000

3430
3440

[eXeNeXe)

34590
3460

3470

3480
3490

3500

A0 OO0 OOOO0

(%]
9
N
[

353@

SPECIFY SLICK SPREADING.

SPREAD=0 .
TYPE 3440

FORMAT(1X, 'DO YOU WANT THE SLICK TO SPREAD?’)
ACCEPT 398, ANS

IF(ANS.EQ.'N’') GO TO 3450

SPREAD=1 .

GO TO 3480

CALCULATE AN AREA IN SAME WAY IT WILL BE CALCULATED
AS THE SLICK WEATHERS. Z=THICKNESS IN METERS.

IF (NZSWI.EQ.1) GO TO 347@

TYPE 3460

FORMAT(1X, 'SINCE THE SLICK DOES NOT SPREAD, ENTER
1 A STARTING THICKNESS IN CM')

ACCEPT 280, 2

Z=2/100.

GO TO 3490

THE SLICK ALWAYS STARTS AT 2-CM THICKNESS.

IF (NZSWI.NE.®) GO TO 3490
I=0.02

VOLUM=@ .

DO 350@ I=1 ,NCUTS
VOLUM=VOLUM+MOLES (1) /RHO(I)
CONTINUE

CALCULATE THE INITIAL AREA AND DIAMETER.

AREA=VOLUM/Z
DIA=SQRT(AREA/Q.785)

THE MASS—-TRANSFER COEFFICIENT CAN BE CALCULATED ACCORDING
1. A USER-SPECIFIED OVER~ALL MASS-TRANSFER COEFFICIENT.

2. THE MASS-TRANSFER COEFFICIENT CORRELATION ACCORDING
TO MACKAY AND MATSUGU, 1873, CAN. J. CHE, V51,

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 IS ReT AND USED TO CHANGE THE UNITS ON THE MASS-
TRANSFER COEFFICIENT.

TEMP=(8.2E~@5) ¢ TK
GO TO (3520,3560,3710), KMTC

USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

TYPE 3539

FORMAT (1X, *ENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT
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42100 1, CM/HR, TRY 10’)

42200 ACCEPT 286, UMTC
42300 WRITE (I0U,3540) UMTC
42400 3540 FORMAT(1H1, 'OVER-ALL MASS-TRANSFER COEFFICIENT WAS USER

42500 1-SPECIFIED AT ’*,1PE19.3,' CM/HR BY INPUT CODE 1°)

42600 C
42700 C CONVERT CM/HR TO GM~MOLES/(HR) (ATM)(Mes2) SINCE VAPOR
42800 C PRESSURE IS THE DRIVING FORCE FOR MASS TRANSFER.
4290¢ C

43000 UMTC=UMTC/TEMP/100.

43100 DO 3558 I=1,NC1

43200 MTC (1)=UMTC

43300 3556 CONTINUE

43400 GO TO 3790

43508 C

43600 C USE THE MACKAY AND MATSUGU MASS-TRANSFER COEFFICIENT.
43700 C

43800 3560 TERM1=@.015«WINDMHe+0. 78

43900 IF(SPREAD.EQ.@.) GO TO 3570

44000 TERM2=DIA*s(-0.11)

44100 GO TO 3580

44200 C

44300 C IF THE SLICK DOES NOT SPREAD BASE THE DIAMETER DEPENDENCE
44400 C ON 100@ METERS AND DIVIDE THE RESULT BY ©.7

44500 C

44600 3570 TERM2=0.65

44700 C

44800 C KH INCLUDES THE SCHMIDT NUMBER FOR CUMENE.

449500 C

45000 3580 KH=TERM1sTERM2

45100 WRITE(IOU, 3590)

45200 3590 FORMAT(1H1,'WEATHERING DATA FOR OIL ON THE OPEN OCEAN')
45300 IF(NIP.NE.1.AND.NBI.NE.1) GO TO 3650

45400 WRITE(10U,3600)

45500 3600 FORMAT(1X,’'AFTER:’)

45600 IF(NIP.NE.1) GO TO 3620

45700 WRITE(IOU,3618) NHIP

45800 3612 FORMAT(9X,'ICE POOL WEATHERING FOR ',1PE9.3,' HOURS')

45900 3620 CONTINUE

46000 IF(NBI.NE.1) GO TO 3640

46100 WRITE(IOU,3630) NHBI

46200 35630 FORMAT(9X, 'BROKEN ICE FIELD WEATHERING FOR ',1PE9.3,' HOURS')
46300 3640 CONTINUE

46400 3650 WRITE gIOU,JBSO) KMTC

46500 3660 FORMAT(/,1X, OVER—-ALL MASS-TRANSFER COEFFICIENTS BY INPUT

46600 1 CODE’,12)

46700 WRITE 210U.3670) KH

46800 3670 FORMAT(/.1X,'OVER-ALL MASS—TRANSFER COEFFICIENT FOR CUMENE = °®
46900 1.1PE10.3," M/HR'./)

47000 WRITE slou.sssa)

47100 3680 FORMAT(3X, 'CUT', 12X, 'M/HR',7X, ' GM—MOLES/(HR) (ATM)(Ms92)")
47200 DO 3700 I=1,NC1

47300 C

47400 C THE MASS-~TRANSFER COEFFICIENT IS CORRECTED FOR THE
47500 C DIFFUSIVITY OF COMPONENT I IN AIR. THE SQRT IS USED
47600 C (I.E. LISS AND SLATER), BUT THE 1/3 POWER COULD ALSO
47700 C BE USED (I.E. THE SCHMIDT NUMBER).

47800 C

47900 MTCA(1)=KHs@.93¢SQRT((MW(I1)+29.)/MW(1))

48000 C
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48100
48200
48300
48400
48500
48600
48700
48800
48900
490200
49100
49200
49300
49400
49500
49600
49720
49800
49900
50000
5e100
50200
50300
50406
505¢0
50660
S5a7¢e
50800
50900
51000
51100
51200
51300
51400
51500
51600
517@8
51800
51902
52800
52100
52200
5230¢
52400
52500
52600
527@0
52800
52900
55609
53100
53200
53309
53400
535600
53680
53700
53800
53900
54000

OO0

373e

3740

(s Xo Xl [eXeXeXeoXe]

aGOOO0

375@

3760
3770

OO0QO0

OO0

MTC(I) IS THE OVER-ALL MASS-TRANSFER COEFFICIENT DIVIDED
BY ReT. R=82.0BE-26 (ATM)(Me#=3)/(G-MOLE)(DEG K)

MTC(1)=MTCA(I)/TEMP

WRITE érou.:ssa) I.MTCA(1),MTC(I)
FORMAT(2X,13,2(1eX,1PE10.3))
CONTINUE

GO TO 379@

USER SPECIFIED INDIVIDUAL-PHASE MASS-TRANSFER
COEFFICIENTS.

TYPE 3720

FORMAT (1X, "ENTER THE OIL-PHASE MASS—~TRANSFER COEFFICIENT
1 IN CM/HR, TRY 18°)

ACCEPT 280, KOIL

TYPE 3730

FORMAT(1X, *ENTER THE AIR-PHASE MASS-TRANSFER COEFFICIENT
1 IN CM/HR, TRY 1000°)

ACCEPT 280, KAIR

TYPE 3740

FORMAT(1X, 'ENTER THE MOLECULAR WEIGHT OF THE COMPOUND

1 FOR K-AIR ABOVE, TRY 200')

ACCEPT 2828, DATAMW

SCALE K-AIR ACCORDING TO WIND SPEED (GARRATT, 1977),
SO THAT AS THE WIND SPEED GOES UP THE MASS TRANSFER
GOES UP, 1.E., THE CONDUCTANCE INCREASES.

KAIR=KAIR+(1.+0.289+WINDMS)
RKAIR=1./KAIR

CALCULATE ReT IN ATM#CMe+3/GM-MOLE

RT=82.086sTK
HTERM=WTMOLE/(DCRUDE*RT)
WRITE (I0U,3660) KMTC

WRITE THE USERS INPUT, WIND SPEED, AND HENRYS LAW
TERM TO THE OUTPUT.

WRITE srou.37se) KAIR,KOIL,DATAMW

FORMAT(/,1X,'K-AIR = *,1PE10.3,’, AND K-OIL = ',1PE10.3
1.' CM/HR, BASED ON A MOLECULAR WEIGHT OF ’,1PE10.3)
WRITE (IOU,376@) WINDMS

FORMAT(1X, "WIND SPEED = ',1PE1@.3,’ M/S’)

WRITE (I0U,3770) HTERM

FORMAT(1X,’THE HENRYS LAW CONVERSION TERM FOR OIL = '
1,1PE10.3,° 1/ATM")

WRITE (IOU,3689)

CALCULATE THE OVER—~ALL MASS-TRANSFER COEFFICIENT BASED
ON GAS~PHASE CONCENTRATIONS FOR EACH CUT.

DO 3780 I=1,NC1
HLAwglgaHTERMaVP(I)
MTCA( I )=RKAIR+HLAW(I)/KOIL

NOW TAKE THE INVERSE TO OBTAIN CM/HR AND THEN MULTIPLY
BY @.01 TO GET M/HR.
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54100
54200
54300
54400
54509
54600
54700
54800
54900
55000
55100
55200
55300
55400
5550
55660
557e0
55800
55900
56000
56100
56200
56300
56400
565900
566900
56700
56800
56908
57000
57100
57200
57309
57400
57500
57600
57709
57809
57900
58000
58100
58200
58300
58400
58500
58600
58700
588¢0
58500
59900
§9100
59200
59300
59400
59500
59600
59700
59800
59800
€0000

381¢
3826
3830

3840
3850

(%)
@
[«
[

HAOOOOOOO

870

3880

3890

OO0

3900

MTCA(1)=2.01/MTCA(I)

CORRECT FOR MOLECULAR WEIGHT ACCORDING TO LISS & SLATER,
1974, NATURE, V247, P181-184.

MTCA(1)=MTCA(I)+«SQRT(DATAMW/MW(I))
MTC(I)=MTCA(I)/TEMP

AND WRITE THE OVER~ALL MASS~TRANSFER COEFFICIENT
IN M/HR AND MOLE/HReATMaMsM.

WRITE (I0U,3698) I,MTCA(1),MTC(I)

CONT INUE

SPGRB=141.5/(APIB+131.5)

MASS=0.1582+BBL+SPGRB

WRITE Elou.saoe) BBL,MASS

FORMAT(/,1X,'FOR THIS SPILL OF °,1PE1@.3,’ BARRELS, THE
1 MASS IS ',1PE10.3,* METRIC TONNES')

VOLUMB=VOLUM/@. 159

WRITE élou.sa1o) VOLUM, VOLUMB

FORMAT(/, 1X, *VOLUME FROM SUMMING THE CUTS = ', 1PE8.1,° Mae3
1, OR ’,1PE18.3,’ BARRELS')

GO TO (3840,3820,3848), KMTC

WRITE (IOU,3830) WINDS,WINDMH

FORMAT(/,1X, '"WIND SPEED = °',1PE12.3,' KNOTS, OR °,1PE1@.3
1," M/HR®)

WRITE §IOU,3850) DIA,AREA

FORMAT (/. 1%, INITIAL SLICK DIAMETER = *,1PE10.3," M, OR AREA
1 = ', 1PE10.3,° Mee2')

IF(SPREAD.GT.O.; GO To 387@

WRITE (10U, 3862

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)e(LOG),
SEE PAGE 460 OF REID, PRAUSNITZ & SHERWOOD IN

THE BOOK 'THE PROPERTIES OF GASES AND LIQUIDS’

VISMIX=0.

DO 388@ I=1,NCUTS
VISMIX=VISMIX+MOLES(1)«VLOGK(1)/TMOLES

CONTINUE

VISMIX=EXP(VISMIX)

WRITE éIOU.SGSO) VISMIX

FORMAT(/,1X, 'KINEMATIC VISCOSITY OF THE BULK CRUDE FROM
1 THE CUTS = ',1PE8.1," CENTISTOKES AT 122 DEG F')
VISMIX=0.

SCALE THE VISCOSITY WITH TEMPERATURE ACCORDING TO
ANDRADE.

EXPT=EXP(1923.5(1./XSAVE-0.001721))
DO 3920 [m=1,NCUTS

VIS(I)=VISK(1)#EXPT
VLOG(I)=ALOG(VIS(I))
VISMIX=VISMIX+MOLES(1)*VLOG(I)/TMOLES
CONTINUE

VISMIX=EXP(VISMIX)
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WRITE Elou,391a) VISMIX,XPRINT ,EXPT

FORMAT(/.1X, 'KINEMATIC VISCOSITY OF THE BULK CRUDE FROM THE
1 CUTS = ' ,1PEB.1," AT T = ',OPFS5.1,' DEG F, SCALE
2 FACTOR = ',1PEB.1)

IMPORTANT NOTE: THE VISCOSITY PREDICTION OF THE WHOLE
CRUDE FROM CUT INFORMATION IS NOT GOOD AT ALL. SO THE
VISCOSITY INFOMATION 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 1S 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.99) GO TO 3939

TYPE 3920

FORMAT(1X, SINCE A LIBRARY CRUDE WAS NOT USED
1,',/,1%, "ENTER THE FOLLOWING THREE VISCOSITY CONSTANTS')
GO TO 395@

TYPE 3940

FORMAT(1X, DO YOU WANT TO ENTER NEW VISCOSITY CONSTANTS?')
ACCEPT 388, ANS

IF(ANS.EQ.'N") GO TO 3990

TYPE 3860

FORMAT(1X,'1. ENTER THE BULK CRUDE VISCOSITY
1 AT 25 DEG C, CENTIPOISE, TRY 35.°')

ACCEPT 280, VISZ

TYPE 3970

FORMAT(1X, ‘2. ENTER THE VISCOSITY TEMPERATURE SCALING
1 CONSTANT (ANDRADE), TRY 9008.')

ACCEPT 28@, MK3

TYPE 3980

FORMAT(1X,*3. ENTER THE VISCOSITY-FRACTION-OIL
1-WEATHERED CONSTANT, TRY 10.5°)

ACCEPT 280, MK4

GO TO 4@@0

USE THE LIBRARY VISCOSITY DATA
VISZ=VISZL(IC)
MK SmMK 3L tcg
MK4=MK4L(IC
INSERT VISCOSITY CALCULATION ACCORDING TO MASS

FRACTION EVAPORATED. THIS IS THE VISCOSITY
MODIFICATION RELATIVE TO CUTVP1
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VSLEAD=VISZ+EXP(MK3e(1./TK-@.003357))
WRITE 2IOU.4610) VISZ MK3,MK4,VSLEAD
FORMAT

1 VIS25C =' ,1PE9.2,", ANDRADE =',1PE9.2

C2P=1./C2
WRITE (IOU,4300) C1,C2P,C4
NEQ=NCUTS

SET UP THE DISPERSION PROCESS CONSTANTS.

/. 1%, 'YISCOSITY ACCORDING TO MASS EVAPORATED:

2,°, FR?CT WEATHERED =’ ,1PE9.2', VSLEAD =',1PE9.2
3,' CP’

CALCULATE THE FRACTION OF THE SEA SURFACE SUBJECT TO

DISPERSIONS/HOUR.
TYPE 4028

FORMAT(1X, DO YOU WANT THE WEATHERING TO OCCUR WITH

1 DISPERSION?®)

ACCEPT 396, ANS

FRACTS=6.

IFEANS.EQ.'N') GO TO 4080
IF(LSWTCH.NE.99) GO TO 4040
TYPE 4083e

FORMAT(1X, 'DO YOU WANT TO ENTER NEW DISPERSION

1 CONSTANTS?')

ACCEPT 390, ANS

IF(ANS.EQ.'N’) GO TO 4070

TYPE 4050

FORMAT(1X,'ENTER THE WIND SPEED CONSTANT, TRY
ACCEPT 28@, KA

TYPE 4060

9.1')

FORMAT(1X, 'ENTER THE CRITICAL DROPLET SIZE CONSTANT

1, TRY 5@°')

ACCEPT 280, KB
FRACTS=KA# (1. +WINDMS) »s2
WRITE %IOU,4690) FRACTS

FORMAT

1 DISPERSION IS ',1PEB.1,' PER HOUR')
IF(ANS.EQ.'N') GO TO 4110

WRITE élou.41ao) KA,KB,STEN

FORMAT

1,1PE9.2,', KB = ',1PE9.2,', SURFACE TENSION =
2,’ DYNES/CM’)

PRINT EVERY XP TIME INCREMENT (HOURS).
X1 IS THE STARTING TIME = 0,
X2 IS THE NUMBER OF HOURS FOR WEATHERING TO

XP=1 .
X1=0.
MOLS (NCUTS+1)=AREA

PRINT AN QUTPUT FILE FOR 80 COLUMN OUTPUT,
THE CUTVP2.TYP FILE.

WRITE(ITY,4120)

FORMAT(1H1, 'OPEN OCEAN WEATHERING')
IF(NIP.NE.1.AND.NBI.NE.1) GO TO 4180
WRITE(ITY,4130)

FORMAT(1X, 'AFTER: ')

IF(NIP.NE.1) GO TO 4156
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6100 WRITE(ITY,4140) NHIP

6200 414@ FORMAT(9X,'ICE POOL WEATHERING FOR ',1PE9.3,' HOURS')

6300 4150 CONTINUE

5400 IF(NBI.NE.1) GO TO 4179

6500 WRITE(ITY,4160) NHBI

6600 4160 FORMAT{9X, 'BROKEN ICE FIELD WEATHERING FOR ',1PE9.3,’ HOURS')
6700 4170 CONTINUE

6800 4180 WRITE (ITY,4190) (ANAME(J),J=1,5)

6900 4198 FORMAT(/,1X,'OIL: ',5A5)

7000 WRITE (ITY,4288) XPRINT,WINDS

7100 4200 FORMAT(1X, TEMPERATURE= ',F5.1,' DEG F, WIND SPEED= °*
7200 1,F5.1,° KNOTS')

7500 WRITE (ITY,4210) BBL

7400 4219 FORMAT(1X,’'SPILL SIZE= *',1PE10.3,’ BARRELS')

7500 WRITE (ITY,4228) KMTC

7600 4220 FORMAT(1X, 'MASS—TRANSFER COEFFICIENT CODE=',13)

7700 WRITE (ITY,4230)

7800 4230 FORMAT(/,1X,’'FOR THE OUTPUT THAT FOLLOWS, MOLES

7900 1=GRAM MOLES')

8000 WRITE (ITY,4240)

8100 4240 FORMAT(1X, 'GMS=GRAMS, VP=VAPOR PRESSURE IN ATMOSPHERES')
8200 WRITE (ITY,4250)

83@@ 4250 FORMAT(1X, 'BP=BOILING POINT IN DEG F, API=GRAVITY')

8400 WRITE (ITY,4260)

8500 4260 FORMAT(1X, MW=MOLECULAR WEIGHT')

8600 WRITE (ITY,4270)

8700 4270 FORMAT(/,2X,'CUT',3X, "MOLES’,86X, 'GMS’,8X, VP’ ,k8X, 'BP"®
880206 1,7%, AP’ ,5X, 'MW')

890e DO 4290 I=1,NCUTS

9090 GMS=MOLES(I)sMW(I)

9100 IMW=MW (1)

920€ WRITE (ITY,4280) I,MOLES(I).GMS,VP(I),TB(I).API(I),IM¥
g30e 4280 FORMAT(3X,I12,5(1X,1PE9.2),1X,13)

9400 4298 CONTINUE

9500 WRITE (ITY,4380) C1,C2P,C4

9600 4300 FORMAT(/,1X, 'MOUSSE CONSTANTS: MOONEY=',6 1PE9.2
9700 1., MAX H20=' 0PF5.2,', WINDes2=' 1PE9.2)

980e WRITE EITY.431G) KA,KB,STEN

9900 43190 FORMAT(1X, 'DISPERSION CONSTANTS: KA=',61PED.2
10660 1,’, KB=',1PE9.2,', S~-TENSION=',61PES.2)

10100 WRITE sITY.4320) VISZ,MK3, MK4

190209 4320 FORMAT(1X, VIS CONSTANTS: VIS25C=’,1PE9.2
1930@ 1,’, ANDRADE =',1PE9.2,', FRACT =',1PES.2)
10400 WRITE (ITY,4330)

19500 4330 FORMAT(/,1X,’'FOR THE OUTPUT THAT FOLLOWS, TIME=HOURS')
10600 WRITE (1TY,4340)

19700 4340 FORMAT(1X, 'BBL=BARRELS, SPGR=SPECIFIC GRAVITY, AREA=MeM')
10800 WRITE (1TY,4350)

19900 4350 FORMAT(1X, ' THICKNESS=CM, W=PERCENT WATER IN OIL (
11000 1MOUSSE) *)

11100 WRITE (I1TY,4360)

11200 4360 FORMAT(1X, 'DISP=DISPERSION RATE IN GMS/MsM/HR’)

11300 WRITE (ITY,4370)

11400 4370 FORMAT(1X,'ERATE=EVAPORTION RATE IN GMS/MsM/HR')

1150 WRITE (ITY,4380)

11600 4380 FORMAT(1X, 'M/A=MASS PER MsM OF OIL IN THE SLICK')
11700 WRITE (ITY,4390)

11800 4390 FORMAT(1X,’I=FIRST CUT WITH GREATER THAN 1% (MASS)
11900 1 REMAINING')

12000 WRITE (ITY,4400)
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FORMAT(1X, *J=FIRST CUT WITH GREATER THAN 50% (MASS)

1 REMAINING')

IF(FRACTS.NE.B.) GO TO 4420

WRITE (ITY,4410

FORMAT{1X.'DISPERS[ON WAS TURNED OFF')

IF(SPREAD.NE.O.; GO TO 4440

WRITE %ITY.4430

FORMAT(1X, 'SPREADING WAS TURNED OFF')

TCODE=KMTC

TYPE 4450

FORMAT(/,1X, 'PLEASE WAIT')

CALL BRKG4(MOLS,X1,X2,XP,NEQ,NDEL)

CONTINUE

WRITE(IOU, 4478)

FORMAT(//.1X, ' #esesaess FINAL OVERALL MASS BALANCE FOR PARENT

1 OIL scssencesssn’)

CHECK=TMASS+TME+TMD+DELMAS

DO 4480 I=1,NG

FMF(1)=8.

CONT INUE

DO 4496 I=1,NEQ

FMF ( T+NG )=YM1 (1) /MASSAV(1+NG)

CONTINUE

WRITE(IOU, 4500)

FORMAT(/,1X, 'FINAL MASS FRACTIONS OF CUTS:')

WRITE (10U,4510) (FMF(I),I=1,NEQ+NG)

FORMAT(11(1X,1PE10.3))

FR=TMASS/TMASAY

WRITE(IOU,4520)FR

FORMAT.(1X, 'FRACTION (BASED ON MASS) REMAINING= ',1PE10.3)
WRITE(IOU,4538) TMASS, TMD, TME,DELMAS, CHECK

FORMAT(1X, 'MASS REMAINING= *,1PE9.3,1X,'MASS DISPERSED= ', 1PE9.3,
11X, *MASS EVAPORATED= ' ,1PE9.3,1X, 'MASS DELETED= *
2,1PE9.3,1X, 'TOTAL= *,1PE9.3)

WRITE(IOU,4540) TMASAV

FORMAT(1X, 'ORIGINAL MASS= ', 1PE9.3)

END

REALe4 MW,MOLS,KA,KB,MOLES,MTC, MWU K KO MK, MW K11, ,MK4

1,MK3L , MK4L ,MTCA,KH,KOIL,KAIR,MASS ,MK3 ,MOLSAV , MLSAV ,MASSAV
2,NHIP,NHBI

CHARACTER+*5 ANAMEL , ANAME
CHARACTER+ 18 FNAME

COMMON /LIST1/TBL(6,30),APIL(6,30),VOLL(6,36),ANAMEL(6,5)
1,DESC(30,5),VOL(38),APIBL(6),ANAME(S)
2,C1L(6),C2L(6),C4L{6),STENL(6),VISZL(B) ,MK3L(6)
3.MK4L(6;.TB 3a)

4, API(30 .SPGR(JG).MW(JG).MOLES(30).RHO(S@).MTC(JO).MTCA§JO;
5.HLAW§36;.VLOGK(30).VLOG(JQ).VP(36).VISK(30).VIS(30).YM 30
6,GONE(30),T18(30) ,MLSAV(30) ,MASSAV(30)
7.UOP(36).CI(SO),OSPGR(JO).OAPI(so).OUOP{SO}
8,TC(30),VC(30),PC(30) ,HVAP1(30),A(30),B(30
9,HVAPZ(30),CNUM(30) ,DELH(30) ,DELHTB(30) ,EM(38)
1,MWU{38),VPI(30),VFRAC(108) ,WYI(30),TBNN(168) ,K8(30) ,MK(38)
2, TMPVP(30) , TMPDS(30), YM1(30) ,MOLS(3@)

3,K(30),YSAVE(30), YMSAVE(30),YF(30)
4,FRACTS,DISPER,Z, TERM2, SPREAD,KB,WINDS,C1,02,C3,C4,K11,MK4
5,APISWI ,APIB,KH,KOIL,KAIR,MASS ,MK3 ,MW1,TC1,VC1,PC1,CNUMT,VIS1
6,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(306)
1,NS(36).NEQ1,NEQ2,NEQ3, [OU, IPU, ITY,NC1,NCUTS,KMTC , MOUSWI
2,LINE,NIP,NBI ,NQUIT, ITEM, ISAMP
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SUBROUTINE DOCHAR
INCLUDE 'VARI.FOR’

THIS SUBROUTINE CHARACTERIZES THE CUTS. IF THE LAST CUT IS
RESIDUUM DO NOT CHARACTERIZE IT BUT USE A VAPOR
PRESSURE OF @. AND A MOLECULAR WEIGHT OF 6@e.

MW(NCUTS )=600.
VP (NCUTS)=0.

NV=1 MEANS NO RESIDUUM CUT PRESENT.
Nv=2 MEANS A RESIDUUM IS PRESENT.

Nvs1
NC1=NCUTS

DO 90 I=1,NCUTS
SPGR£I§-141.5/(APIEI;+131.5)
SPGR(I)=8.983sSPGR(1

IF APISWI=m1 (PREVIOUS WEATHERING HAS OCCURED), CALCULATE
A NEW BULK API GRAVITY

DCRUDE=®.
DO 20 J=1,NCUTS

DCRUDE=( (VOL(J)sSPGR(J))/10@)+DCRUDE
CONTINUE

AP1B=(141.5/DCRUDE)-131.5

TEN=TB(1)

CALCULATE U.0.P. K-~-FACTOR AND CORRELATION INDEX

UOP(I)-((TB(I)+459.;t'.33333)/SPGR(I)
CI(1)=(473.7+SPGR(1))-456.8+(493398/(((TB(1)=-32.)/1.8)+273.))
APIN=API(I)

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.8508.) GO TO 3@

NV=2

NC1=NCUTS-1

CALL CHAR(APIN,TBN,AN,BN,6NSN,6NV)

THE CHARACTERIZATION SUBROUTINE RETURNS THE LOG1@ OF THE
KINEMATIC VISCOSITY (CENTISTOKES) AT 122 DEG F.

VISK(I)=10.+eVISY
VLOGK(1)=ALOG(VISK(I))
GO TO (40,98), NV

STORE THE CUT INFORMATION FOR A NON-RESIDUUM CUT.

NS(1)=NSN
AElg-AN
B(I)=BN
MW (T )=bW1
Tc§12-7c1

TC(I)=TC(1)+459.
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VCEI}-VC!
PC(I)=PC1
CNUM( I ) =CNUM1

FIND THE TEMPERATURE AT WHICH THE VAPOR PRESSURE IS 12 MMHG
BY USING NEWTON-RAPHSON WITH TB AS THE FIRST GUESS.

[sXeXeXe)

NC(1)=0
YTEN=ALOG12(0.01315/PC(1))
X-(TB([)+459.)/TC(I;

50 EX=mEXP({-20.8(X-B(1))*s2)
Yu=A(I)s(1.=X)/X=EX
YOBJ=Y-YTEN
VP(])-PCZI).!O.tuY
TEST=ABS(VP(1)-2.01315)
IF(TEST.LT.2.0081315) GO TO 8@
NC{I)=NC(I)+1
IF(NC(1).GT.20) GO TO 60

DY=A(1)/(XeX)+40. ¢ (X~B(1))+EX

BI=Y0BJ-DYsX

X=~B1/DY
GO TO 50
c
c UNSUCCESSFUL EXIT FROM NEWTON-RAPHSON
c
60 TYPE 70, I,X.Y
70 FORMAT§1X.‘T10 FAILURE FOR',I4," AT T = ',1PE16.3,' WHERE
1 LOG18(P) = ',1PE19.3)
GO TO 460
c
c SUCCESSFUL EXIT FROM NEWTON~RAPHSON
c
80 T10(1)=XeTC(1)
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 10 MMHG. SEE GAMSON AND WATSON,
c 1944, NATIONAL PETROLEUM NEWS, R-258 TO R-264.
c

TR2=T1@(1)/TC(1)
EX=92.12¢ (TR2-B(1))*EXP(-2@. ¢ (TR2-B(1))++2)
HVAP=1.987¢T10(1)eT10(1)*(2.303sA(1)/(TR2¢TR2)+EX)/TC(I)
HVAP1 (I )=HVAP/MW(1)
HVAPZ(1)=HVAP/(1.-TR2)s+0@.38

90  CONTINUE

END OF TRUE-BOILING-POINT CUTS CHARACTERIZATION

o000

WRITE 5100.109) (ANAME(1),I=1,5)
100 FORM?T 1H1. 'SUMMARY OF TBP CUTS CHARACTERIZATION FOR: °
1,5A5
IF(NIP.NE.1.AND.NBI.NE.1) GO TO 150
WRITE(IOU,110)
118 FORMAT(1X, 'AFTER:')
IF(NIP.NE.1) GO TO 130
WRITE(IOU, 120) NHIP
120 FORMAT(8X,'ICE POOL WEATHERING FOR *',1PE9.3,’ HOURS')
130 CONTINUE
IF(NBI.NE.1) GO TO 15@
WRITE(IOU, 140) NHBI
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149  FORMAT(8X, 'BROKEN ICE FIELD WEATHERING FOR *,1PE9.3,’' HOURS')
15@¢  CONTINUE

WRITE (IOU,160)
160 FORMAT(/,1X,'CODE VERSION IS CUTICA OF MAY 84')

WRITE (IOU,178) ITEM, ISAMP

170  FORMAT(1X,'ITEM °',I15,’, SAMPLE ',I5)

188  CONTINUE
WRITE 210u.199)

190  FORMAT(/,8X.'TB’'.7X,'API’,6X, 'SPGR’,7X, VOL’,8X, 'MW’ 8X
1,'TC*,8X, 'PC’,8X,'VC',8X, A’ ,9X, '8’ ,8X, T10’,7X, VIS’
2,4%,'NC NS')

DO 210 I=1,NCUTS

WRITE (Iou,20@) I,TB(I).API(1).SPGR(I),VOL(I).MW(I),TC(I)
1,PC(1),.VC(1),A(1).B(I),T10(I),VISK(I) ,NC{1).NS(I)
200 FORMAT(1X,12,12(1X,1PE9.2),2(1X,12))

210  CONTINUE
WRITE(IOU,220)

220  FORMAT(//.7X, UOP K',4X, 'CORRELATION INDEX')
DO 240 I=1,NCUTS
WRITE(IOU,238) I.UOP(I),CI(I).(DESC(I.J;. J=t,5)

230 FORMAT(1X,12,1X,1PE9.2,7X,1PEY.2,7X,5A5

240  CONTINUE
WRITE (IOU,250) APIB

258  FORMAT(//.1X,’'BULK API GRAVITY = ', F5.1)
WRITE Iou.zso)

266 FORMAT(//.1X.’'TB = NORMAL BOILING TEMPERATURE, DEG F')
WRITE (I0U,270)

270 FORMAT(1X,'API = API GRAVITY')
WRITE (IOU, 289)

280  FORMAT(1X, 'VOL = VOLUME PER CENT OF TOTAL CRUDE')
WRITE (10U, 290)

290 FORMAT(1X, 'MW = MOLECULAR WEIGHT')
WRITE (10U,300)

300 FORMAT(1X,’'TC = CRITICAL TEMPERATURE, DEG RANKINE')
WRITE (IOU,319)

31@ FORMAT(1X,'PC = CRITICAL PRESSURE, ATMOSPHERES')
WRITE (IoU,320)

320 FORMAT{1X,'VC = CRITICAL VOLUME, CC/MOLE®)
WRITE (IOU,330)

330 FORMAT(1X,’A AND B ARE PARAMETERS IN THE VAPOR PRESSURE
1 EQUATION')
WRITE §IOU.340)

340 FORMAT(1X,’'T1@ 1S THE TEMPERATURE IN DEG R WHERE THE VAPOR
1 PRESSURE IS 18 MM HG')
WRITE EIOU.350)

350  FORMAT 'VIS IS THE KINEMATIC VISCOSITY IN CENTISTOKES
1 AT 122 DEG F’)
WRITE(10V,358)

360 FORMAT(1X,’UOP K IS THE U.0.P. K CHARACTERIZATION FACTOR')
WRITE(IOU,370)

37¢  FORMAT(1X, 'CORRELATION INDEX IS DEFINED IN (COLEMAN, 1978)°)
WRITE (10U,380)

380  FORMAT(1X,'NC = ERROR CODE, SHOULD BE LESS THAN 2@°)
WRITE (I0OU,399)

3980 FORMAT(1X,'NS = ERROR CODE, SHOULD BE EQUAL TO t')
WRITE (IOU,488) NCUTS

400  FORMAT(1X,’'IGNORE THE ERROR CODES FOR COMPONENT NUMBER ',12
1,° IF IT IS A RESIDUUM')

419 WRITE éIPU.42G) ITEM, ISAMP

420  FORMAT(215)
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WRITE (1PU,430) (ANAME(I),I=1,5)
30 FORMAT (5A5)

THE CUTVP2.PLT PLOT FILE IS WRITTEN AS:
ITEM AND SAMPLE NUMBER ON 215

THE CRUDE NAME ON 5AS

NCUTS ON I5

BOILING POINT IN DEG F OF EACH CUT ON
10(1%,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 IN BARRELS, BBL

C1, C2, AND C4 IN THE MOUSSE EQUATION,

KMTC, MASS TRANSFER COEFFICIENT CODE (FLOATED).
ALL ON 10(1X,1PE10.3).

NUMBER OF CUTS+1 ON 5

TIME, MASS OF CUTS, AREA ON 10(1X,1PE10.3)
TOTAL MASS FRACTION REMAINING IN THE OIL

SLICK FOR EACH TIME STEP PRINTED ON
10(1X,1PE10.3)

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.

N GO -=

®e3n

THE NUMBER OF LINES WRITTEN ON THE CUTVP2.PLT PLOT FILE
REFERS TO THE NUMBER OF °'TIMES® WRITTEN THROUGH
ITEMS 6 AND 7 ABOVE.

eXeirEs ol NoNoNoNoNoRoRe o loNo oo e e No oo o Neo o NoNoNo W 8

WRITE (IPU,440) NCUTS
442 FORMAT(I5)

WRITE (IPU,458) (TB(I),I=1,NCUTS)
450 FORMAT(10(1X,1PE10.3))
460  CONTINUE

RETURN

END
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1100
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1580
1609
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1800
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OO0
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[eXoNe]

SUBROUTINE CHAR(API1,TB1,A1,B1,NS1,NV)

INCLUDE ‘VARI.FOR’

DIMENSION T(2,6),C(2.6).P(4),V(2,6)

DATA ((C(1,J),J=1,6),Im1,2)/6.241E+@1,-4.595E-02,-2.836E-01
1,3.256E—03,4.578E-04,5.279E-04
2,4.268E402,-1.007,-7.449,1, 38E-02,1.047E-03,2.621E-02/

DATA ((7(I1,J),J=1,6),1=1,2)/4.055E+82,1.337,-2.662,~2.169E-03
1,-4.943E-04,1.454E-02
2,412.2,1.276,~2.865,-2.888E~03,-3.707E-04, 2, 888E-02/

DATA P/1.237E-02,0.2516,4.039E-02,—4.024E-02/

DATA ((V(I,9),J=1,6),I=m1,2)/ -0.4488,-9.344E-04,0.01583
1,-5.219E-85,5. 268E-06, 1. 536E-04
2,-2.6019,1.793E-03,-3.159E-03,-5. 1E-66,9.067E-07,3.522E-05/

THIS SUBRQUTINE CHARACTERIZES A CUT OF CRUDE OIL WITH RESPECT

TO YVAPOR PRESSURE. THE INPUT REQUIRED IS API GRAVITY AND 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
10MM HG AND NS=2 MEANS THE CLAPEYRON EQUATION SHOULD BE USED.

THE VAPOR PRESSURE EQUATION IS:
LOG1@{PR) = -Ae(1.-TR)/TR — EXP(-=202{TR-B8)¢s2)

WHERE PR = REDUCED PRESSURE, TR = REDUCED TEMPERATURE AND
A AND B ARE RETURNED BY THIS SUBROUTINE.

APl = GRAVITY, TB = BOILING POINT AT 1 ATMOSPHERE IN DEG F.
CALCULATE CRITICAL TEMPERATURE AND MOLECULAR WEIGHT.

API2=AP11¢API1

TB2=TB1¢TB1

CROSS=AP[ 1781

I=1

IF(API1.GT.35.) =2
VISI=V(T,1)4V(1,2)sTB1+V(1,3)¢API 14V (1, 4)+CROSS+V(I,5)sTB2
14V(1,8)sAPI2

GO TO (10,30), NV

I=1

IF(TB1.6T.500.) I=2
MW1=C(T,1)+C(1,2)eTB1+C(I,3)2API1+C(1,4)eCROSS+C(1,5)+TB2
14+C(1,6)*API2
TC1mT(1,1)4+T(1,2)¢TBI1+T(I,3)sAPI1+T(1,4)«CROSS+T(I,5)«TB2
1+T(1,6)2API2

TCK=(TC1+459.)/1.8

CALCULATE THE VISCOSITY OF THE CUT.
T=1
IF(API1.GT.35.) I=2
VIS1=V(I,1)4V(I,2)+TO14+V(1,3)+API1+V(1,4)sCROSS+V(],5)«TB2
1+V(1,6)=API2

CALCULATE THE CARBON NUMBER

CNUMI=(MW1-2.)/14.
X=ALOG16 (CNUM1)

CALCULATE B FOR THE VAPOR PRESSURE EQUATION

127



6100
6200
6300
6400
6500
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81ee
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20
30

BPRIME=P (1)4+Xs (P(2)+Xs (P(3)+XeP(4)))
B1=BPRIME-0.982

CALCULATE THE CRITICAL VOLUME, CC/GMOLE

VWm1.88+2. 44+CNUM1
VC1=VW/Q.044

CALCULATE THE CRITICAL PRESSURE IN ATMOSPHERES

PCP=2@.8¢TCK/(VC1-8.)
PC1=PCP+10.
TR=(TB1+459.)/(TC1+459.)
PR=1./PC1

NS1w=1

IF(TR.LE.B1) GO TO 26
A1=(ALOG1O(PR)+EXP(~20.¢(TR-81)se2))sTR/(TR-1.)
GO TO 3@

NS1m=2

RETURN

END
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SUBROUTINE MACK

REAL+4 KAY,KAY®,MID,MOLEFT,MDH,MVO,L®,LH
INCLUDE °'VARI.FOR'

DIMENSION KAY(38),KAY®(30)

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

IN ONE TIME INCREMENT, H IS THE HENRY'S LAW COEFFICIENT, AND

OTHETA IS THE INCREASE IN THE "EVAPORATIVE EXPOSURE", WHICH
IS DEFINED AS:

DTHETA = KeAsDT/V
WHERE A IS THE SLICK AREA, OT IS THE TIME INCREMENT, VvV IS

THE SLICK VOLUME AT THE BEGINNING OF THE TIME INCREMENT,
AND K IS THE MASS TRANSFER COEFFICIENT.

FIRST OETERMINE WHICH CUTS EVAPORATE. FOR NOW USE CUTS WHICH

HAVE VAPOR PRESSURES GREATER THEN 1X10E-87 AT
ENVIRONMENTAL TEMPERATURE.

MAC=40

CUTOFF=1.0E~-07

ICNT=0

ICNT=ICNT+1

IF (YP(ICNT).GT.CUTOFF) GO TO 1@
ICNT=ICNT-1

CALCULATE HEAT OF VAPORIZATION USING RESULTS OF
FALLON AND WATSON

DO 20 I=t1,ICNT

API2mAPI(1)eAPI(1)

TB2=TB(1)eTB(1)

CROSS=API (1)sTB(I)
DELH(I)=232.2-(0.2441eTB(1))~(@.6937sAPI(I))
1-(3.583E-049CROSS)+(1.024E~049TB2)+(1.037E-04+API2)
DELH(I)aDELH(I)tMWéI)
DELHTB(1)=DELH(1)/(TB(1)+459.)
CONTINUE

CALCULATE MEAN (DELTAHK/TB) FOR "TROUTON'S RULE"
SOH=@
DO 3@ [=1,ICNT
SOHmSDH+DELHTB(I)
CONTINUE
MDH=SDH/ ICNT

CALCULATE MOLAR YOLUME OF OIL
MVO=WTMOLE/DCRUDE

NOW PERFORM A SIMPLE (ZERO PLATE) 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(I) IS THE NUMBER OF GRAM-MOLES REMAINING

IN EACH CUT. MOLEFT IS THE TOTAL NUMBER OF MOLES LEFT.

L@ IS THE TOTAL INITIAL NUMBER OF MOLES IN THE BATCH.

OOOOOOO0000

WRITE(MAC,49)

40 FORMAT(1H1,2X, #sassscenssssess MACKAY PARAMETER CALCULATIONS
1 ‘.‘tttto‘.“‘.‘.“")
WRITE(MAC,50)

50 FORMAT(/,2X, ' THE MACKAY EVAPORATION MODEL IS DESCRIBED IN')
WRITE(MAC,60)

60 FORMAT (2X, ' (MACKAY,1982)°)
WRITE(MAC,7@)

70 FORMAT(2X,'THE FOLLOWING ARE THE RESULTS OF A CALCULATION OF THE')
WRITE(MAC,80) (ANAME(I),I=1,5)

80 FORMAT (2X, * INPUT PARAMETERS FOR THE MACKAY MODEL FOR °,5A5)
TT=TE-459.
WRITE(MAC,90@) TT

g0 FORMAT(2X,’AT *,1PE9.3.' DEGREES F°)
WRITE(MAC, 100)

10@  FORMAT(//.2X,'SIMULATED ONE-PLATE BATCH DISTILLATION:')
TVOL=BM :
VOLU=BM
DO t1@ I=1,NCUTS
EM(1)=MOLES(I)

11@  CONTINUE
Jm1
L@=TMOLES

LH AND RH ARE THE ENDPOINTS FOR THE INTERVAL HALVING TRIAL AND
ERROR THAT [S USED TO CALCULATE THE BUBBLE POINT OF THE
REMAINING LIQUID.

LH-TB§1)+459.
RH=TB(NC1)+459.
120  CONTINUE
MOLEFT=0,
DO 130 I=1,NCUTS
MOLEFT=MOLEFT+EM(1)
3@ CONTINUE

BEGIN TRIAL AND ERROR TO GET BUBBLE POINT

O000O0

QOO0

DO 160 L=1,20
YTOT=0.
MID=(RH+LH)/2.

THE SUBROUTINE VPIF RETURNS THE VAPOR PRESSURE OF THE

NON-RESIDUUM CUTS IN ATMOSPHERES AT THE TEMPERATURE

MID. MID IS THE CENTER OF THE INTERVAL OF INTERVAL HALVING.
CALL VPIF(MID,NCi)

WYI(I) IS THE THE MOLE FRACTION OF EACH CUT

00 00000
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c IN THE VAPOR PHASE. YTOT IS THE TOTAL MOLE FRACTION OF CUTS.

DO 142 [=1,NCH
WYT(1)=(VP(I)eEM(I)/MOLEFT)
YTOT=YTOT+WYI(I)

14@  CONTINUE
IF(YTOT.GT.1.) GO TO 15@
LH=MID
GO TO 160

15e CONTINUE
RH=MID

160 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)
170 FORMAT(///.8X,'F',7X, ' TEMP(F)’,5X,'Y SUM')
WRITE(MAC, 180) VFRAC(J;.TBNN(J).YTOT
180 FORMAT(2X,3(1X,1PE19.3))
WRITE (MAC, 190)
190  FORMAT(//4X,' 1’ ,3X,"MOLES 1',5X%,'VP(I}*',5X,'Y(I)}*./)
DO 210 I=1,NC1
WRITE(MAC,200) I,EM(I),.vP(1),WrI(I)
260 FORMAT(2X,12,3(1X,1PE19.3))
21@  CONTINUE ,

1F ALL OF THE LAST CUT WITH VAPOR PRESSURE (AT ENVIRONMENTAL
TEMPERATURE) GREATER THAN 1X10E-7 IS GONE THEN STOP INTEGRATION.

QOO0

OOOO0

IF (EM(ICNT).EQ.®.) GO TO 310
TMK=0 .

KO AND MK ARE INTERMEDIATE VALUES FOR THE RUNGA KUTTA.

OO0

DO 230 I=1,NC1
KAYO(1)=—(9.85sL8)(VP(I)sEM(I)/MOLEFT)
MK (1)=EM(T)+KAYR(I)

ZERO MK IF IT GOES NEGATIVE.

OO0

IF (MK(1).G6T.9.) GO TO 220
MK(1)=0.
220 CONTINUE
TMK=TMK+MK ( 1)
230  CONTINUE
IF(TMK.EQ.8.) GO TO 316
IF (NCI.EQ.NCUTS; GO TO 240

TMK=TMK+EM(NCUTS
240  CONTINUE
c
c RESET ENDPOINTS FOR SECOND HALF OF INTEGRATION.
c
RH=MID+100.
LH=MID-100.
DO 270 L=1,20
YTOT=0.
MID=(RH+LH)/2.
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250

260
279

o060

28e
c

29¢

300

3290

CALL VPIF(MID,NC1)

DO 250 I=1,NCt
YTOT=YTOT+(VP(1)eMK(I)/TNK)
CONTINUE

IF (YTOT.GT.1.) GO TO 26@

LH=MID

GO TO 270

CONTINUE

RH=MID

CONTINUE

VOLU=0.

DO 290 I=1,NCH
KAY(1)--se.aseLo).(VPélg.uk(l)/rux)
EM(I)=EM(1)+0@.5s (KAYQ(I)+KAY(I))

ZERO EM IF IT GOES NEGATIVE

IF%EM(I).GT.O.) GO TO 28@
EM(1)=0.
CONTINUE

CALCULATE THE REMAINING VOLUME. RHO IS THE DENSITY IN
GRAM MOLES PER METER CUBED.

VOLUsVOLU+EM(I)/RHO(I)

CONTINUE

IF(NC1.EQ.NCUTS) GO TO 300
VOLU=VOLU+MOLES (NCUTS) /RHO(NCUTS)
CONTINUE

RESET THE ENDPOINTS AND RETURN FOR ANOTHER "TIME" STEP

LH=TBNN(J)+459.
RH=LH+100.
Jmd+1

GO TO 120

CONT INUE

NOW LEAST SQUARES THE TBNN VS. VFRAC DATA.

Sx=@
SY=@

SX2=0

SXY=@

SY2=0

D0 320 I=1,J
SX=SX+VFRAC(I)
SY=SY+TBNN(1I)
SX2wSX2+VFRAC(1)sVFRAC(1)
SY2-SY2+TBNN§I;~TBNN(I)
SXY=SXY+TBNN(1)sVFRAC(1)
CONTINUE

XM=SX/J

YMM=SY/J
BNUM-SXY—ESXoSY/J;
BDEN=SX2-(SX*SX/J
BEE=BNUM/BDEN
AA=YMM—BEE * XM

CALCULATE CORRELATION COEFFICIENT
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FAC2=(SY2-SY+SY/J
RDEN={FAC1+FAC2)2+9.5
R=BNUM/RDEN

FAC!-{SXZ-SX-SX/J;

PRINT QUT MACKAY PARAMETERS

o000

WRITE (MAC,330)

330 FORMAT (/,6X, 'DELTAH’,
14X, "DELTAH/TB’)
DO 356 I=1,ICNT
WRITE 2MAC.349) 1,DELH{I),DELHTB(I)

340 FORMAT(1X,12,5(1X,1PE10.3))

350 CONTINUE
WRITE (MAC,360)

360 FORMAT(//.2X, "WHERE: ')
WRITE (MAC,370)

370 FORMAT (2X,'DELTAH IS THE ENTHALPY OF VAPORIZATION IN BTU/LBMOLE')
WRITE éMAC.Sse)

386 FORMAT ?X.'DELTAH/TB 1S THE TROUTONS RULE CONSTANT IN BTU/LBMOLE
1sDEG R’

hi:-1] CONTINUE
WRITE (MAC,408)

490 FORMAT(//.2X,'LEAST SQUARES OF B.P. VS. FRACTION EVAPORATED:®)
WRITE (MAC,410)BEE

410 FORMAT(/,5X,'SLOPE: *',1PE18.3,' DEG R/FRACTION EVAPORATED')
WRITE (MAC,420) AA

420 FORMAT (5X,'INITIAL B.P.: ',1PE1©.3,"' DEG F')
WRITE (MAC,430) R

439 FORMAT(SX, 'CORRELATION COEFFICIENT: *,1PE19.3)
WRITE (MAC,440) DCRUDE

449 FORMAT (/,2X,'BULK OIL DENSITY: °,1PE1©6.3,’' GRAMS/CC')
WRITE (MAC,450) MVO

450 FORMAT (2X, 'BULK MOLAR VOLUME OF OIL: ',1PE16.3,' CC/MOLE')
WRITE (MAC,460) MDH

460 FORMAT §X.'MEAN TROUTONS RULE CONSTANT: *,1PE19.3,’ BTU/LBMOLE
1+DEG R®
WRITE éMAC.47G)

470 §0RMAT //.2X,"AFTER SIMPLIFICATION AND COMBINING TERMS, THE °
1

WRITE §MAC.489)

480  FORMAT(2X.'MACKAY EVAPORATION MODEL BECOMES: ')
AAA=MVOs®.01219/( ((XPRINT-32.)/1.8)+273.)
AAA=ALOG (AAA)

BBB=MDH/1.987

CCC=BBB/ (XPRINT+459. )
BEB=BBB+AAA

DDO=AA+459.

WRITE EMAC.490)BBB.CCC.DDD.BEE

430 FORMAT(/,1@X,'DELTA-F = DELTA-THETA e EXP{ °
1, - ',1PE10.3,’ ( ',1PE10.3,' + ',1PE16.3,’
EEE=CCC«DDD
FFFuBBB-EEE
GGG=CCCeBEE
WRITE {MAC.SQO)

500 FORMAT(/, 15X, 'OR’)

WRITE(MAC,510)FFF,GGG

510 FO?M?;({.1OX.'DELTA-F = DELTA-THETA s EXP( ',1PE10.3,' - ',1PE10.3
1,7 (F))"

520  CONTINUE
RETURN
END

,1PE19.3
(F)*)
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SUBROUTINE BRKG4(Y,X1,X2,XP,NEQ,NDEL)

INCLUDE ’'VARI.FOR’

REAL+4 K1,K2,K3,K4

DIMENSION Y(30),YARG(30),K2(30),K1(30),K3(30),K4(30)

RUNGA-KUTTA 4-TH ORDER NUMERICAL INTEGRATION FOR SIMULTANEOUS
DIFFERENTIAL EQUATIONS, SEE C.R. WYLIE, PAGES 188-117 OR
D. GREENSPAN, PAGES 113-115.

THIS SUBROUTINE DOES THE PRINTING, THE INITIAL AND FINAL VALUES
ARE ALWAYS PRINTED. PRINT THE RESULTS EVERY XP [NCREMENT
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 AMD
WAS TESTED ON PROBLEM 5, PAGE 116 IN WYLIE.

THE FIRST NCUTS POSITIONS IN 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. NEQY 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=@
NEQ1=NEQ+1?
NEQ2=NEQ+2
NEQ3=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=0,
TSAVE=@.
00 190 [=1,NEG

CALCULATE AND SAVE THE INITIAL CONDITIONS.

YSAVE(I)=Y(I)
YMSAVE(I)=Y(1)eMW(1)
MWU (1) =MW (1)
TSAVE=TSAVE+YMSAVE (1)
TOTAL=TOTAL+Y(I)
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CONTINUE
SAVE THE INITIAL AREA.
YMSAVE (NEQ1 )=Y(NEQ1)

INITIALIZE THE MASS LOST BY DISPERSION ALONE AND
EVAPORATION ALONE.

YéNEOZ;uo.
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.

NDEL=0
NFAST=@
X=X1

INITIALIZE THE PRINT SWITCH TO FORCE A PRINT AND
SUBSEQUENT CALCULATIONS THE FIRST TIME THROUGH.

XWm—1 .
WRITE éIOU.ZO)
FORMAT(/,1X,'COUNT THE CUTS IN THE FOLLOWING OUTPUT FROM LEFT

1 TO RIGHT',/)

WRITE (I0v,38)

FORMAT(1X,'THE INITIAL GRAM MOLES IN THE SLICK ARE:')
WRITE (IOU,40) (Y(I),I=1,6NEQ)

FORMAT(11(1X,1PE12.3))

WRITE (I0U,5@)

FORMAT(/.1X, 'THE INITIAL MASSES (GRAMS) IN THE SLICK ARE
1:°

WRITE Iou.4e; (YMSAVE(1),I=1,NEQ)

WRITE (I0U,60@) TSAVE

FORMAT(1X, ‘ THE TOTAL MASS FROM THESE CUTS IS °*
1,1PE16.3,’ GRAMS')

WRITE EIOU'7°)

FORMAT (/)

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)

THE TIME UNIT IS HOUR.
SET THE STEP SIZE TO H=@.85sY/(DY/DX).

H=@.05+Y(NFAST) /K1 (NFAST)

YOLD=Y (NFAST)
H=ABS(H)
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H2=H/2.
GO TO (100,170}, IN

IF THERE IS A RAPIDLY MOVING COMPONENT AT THE BEGINNING
ITS STEP SIZE WILL BE VERY SMALL, DO NOT LET THE
STEP SIZE BE LESS THAN ©.05 HOUR.

IF(H.GT.2.95) GO TO 13@

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.

OO0 -200000

ISTART=1
NFAST=1
NDEL=NDEL+1

DECREASE THE NUMBER OF COMPONENTS BY 1
DELMAS IS THE TOTAL MASS OF DELETED CUTS

DELMAS=DELMAS+(Y (NDEL ) *MW(NDEL))
NEQ=NEQ-1

NEQ1=NEQ+1

NEQ2=NEQ+2

NEQ3=NEQ+3

NEQ4=NEQ+4

AD=Y (1) /RHO({1)/2

DO 110 I=1,NEQ

QOO0

SHIFT THE ARRAYS,.

OO0

141
Y(I)=Y(11)
VP(1)=VvP(11)
MTC(1)=MTC(I1)
YSAVE( I )=YSAVE(1
VLOG(I)=vLOG(I1)
RHO§I)=RHO§I1)
MWU(I)=MWU(]I1)

YMSAVE(I)=YMSAVE(I1)
18 CONTINUE

BE SURE AND DO THE LAST THREE POSITIONS WHEN SHIFTING
YgNEQ1§-Y§NEQZ —AD

1)

OO0 =

Y{NEQ2)=Y(NEQ3
Y(NEQJ)=Y(NEQ4
WRITE (I0U,120) NDEL
1290 FORMAT(1X,'CUT °,12,’ GOES AWAY IN MINUTES, THEREFORE IT WAS
1 DELETED AND THE CUTS RENUMBERED',/)
WRITE (ITY,120) NDEL

GO TO se@
130 IN=2

GO TO (140,16@) 1TYP
140 ITYP=2

WRITE ilrv.1so)
150  FORMAT(/.1X, 'TIME’,2X,'BBL’,3X, 'SPGR’,2X, 'AREA’,2X
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0000

o000

200

OO0

210

220

230

240

250
269

OO0

1, THICKNESS W' ,2X,’'DISP’',4X, ERATE' , 4X, "M/A I J°)

THE COMPONENTS THAT MOVE TOO FAST TO CONSIDER (AT TIME
ZERO) HAVE BEEN DELETED AND THE ARRAYS SHIFTED.

NEQ1=NEQ+1
NEQ2=NEQ+2
NEQ3I=NEQ+3

NEVER LET THE STEP SIZE BE GREATER THAN 0.5

IF(H.GT.8.5) H=9.5
WRITE §Iou.1ao) H,NFAST
FORMAT(/,2X,'STEP SIZE OF ‘,1PE1@.3,' 1S BASED ON CUT ',13,/)

CHECK THE PRINT SWITCH.
IF(X.LT.XW) GO TO 408

INCREMENT THE PRINT SWITCH AND CALCULATE INTERMEDIATE
RESULTS NOT CARRIED WITH THE INTEGRATION.

XWaX+XP

YTOT=0.

TMASS=0 .

DO 200 I=1,NEQ
YF(1)=Y(1)/YSAVE(I)
YTOT=YTOT+Y(I)
YM(1)=Y(1)eMWU(I)
YM1(1)=YM(1)
TMASS=TMASS+YM(1)
YM(I)=YM(I)/YMSAVE(1)
CONTINUE

YM1 (NEQ1)=Y (NEQ1)

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE SLICK.

WMEANS=9 .

DO 210 I=1,NEQ

WMEANS=WMEANS+MWU(1)aY(1)/YTOT

CONTINUE

LINE=mLINE+1

WRITE Erou.zza) X,LINE

FORMAT(2X,'TIME = ’,1PEB.1,' HOURS, MASS FRACTION OF EACH
1 CUT REMAINING:',65%,13)

WRITE (I10U,238) (YM(I).I=1,NEQ)

FORMAT(14(1X,1PE8B.1))

CHECK=TMASS+Y (NEQ2)+Y (NEQ3)

WRITE {xou.24o) TMASS, Y(NEQ2) , Y(NEQ3) ,CHECK

FORMAT(2X, 'MASS REMAINING = ', 1PE1@.3,’, MASS DISPERSED
1 = *,1PE1@.3,', MASS EVAPORATED = ', 1PE10.3,’
2, SUM = ', 1PE10.3)

WRITE (IPU,250) NEQ?

FORMAT(15)

WRITE (1PU,266) X,(YMI(I),I=1,NEQ1)

FORMAT(18(1X, 1PE10.3))

WHEN THE FRACTION REMAINING OF COMPONENT I GETS LoOW,
SET ITS VAPOR PRESSURE AND MOLES EQUAL TO ZERO.
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DO 270 [=ISTART,NEQ
IF(YF(I).GT.1.0E-88) GO TO 270
IKEEP=mI+1
VP(1)=@.
Y(I)=0.
270  CONTINUE
ISTART=IKEEP
NFAST=IKEEP
GONE (LINE)=TMASS/TSAVE
ZP=Z+100.
WRITE Exou.zao) GONE(LINE) ,Y(NEQ1),ZP,WMEANS
280  FORMAT(2X,'FRACTION (BASED ON MASS) REMAINING IN THE SLICK
1=’ ,1PEB.1,", AREA=',1PEB.1,' Mes2, THICKNESS='
2,1PEB.1,’ CM, MOLE WT=',@PF5.1)

WIO IS THE MOUSSE CALCULATION.

FIRST CHECK TO SEE IF MOUSSE HAS ALREADY BEEN FORMED.
IF IT HAS, CALCULATE XMOU, 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+( HOUMOUsC3SAVE) /CINEW
CALL WIO(XMOU,W,VTERM

GO TO 300

CALL WIO(X,W,VTERM)

VISCP1 IS THE VISCOSITY OF THE PARENT OIL WITH NO WATER
INCORPORATED.

VISCP1 IS IN CENTIPOISE, FEVAP 1S THE FRACTION OF OIL
EVAPORATED. NOTE THAT FEVAP IS NOT

1 — (FRACTION REMAINING) BECAUSE DISPERSIOM LOSSES
WOULD BE INCLUDED. THE FRACTION EVAPORATED MUST
CORRECT FOR THE LOSS DUE TO DISPERSION.

(s XeXeXeXe Yoo NoXoXe]

©w
]

tessssasastesEsRRRTE
WE MIGHT WANT TO CHANGE TO A BETTER FEVAP
CALCULATION LATER.

80P CUBEDEBREACTRENS

FEVAP=(1.-GONE(LINE))/YM(NEQ)+FE
VISCP1=VSLEAD+EXP(MK4sFEVAP)

VTERM IS THE VISCOSITY MULTIPLIER FROM THE MOUSSE
CALCULATION.

[+
[

VISCP=VISCP1+VTERM
CALCULATE THE BULK SPGR.

OO0 0000 GLOOOOOOOOOONNOO0O0ON

BSPGR=@ .
DO 31@ I=ISTART,NEQ
BSPGR=BSPGR+SPGR(1)eY(1)/YTOT
310 CONTINUE
VISQT=SQRT(VISCP/1@.)
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c CALCULATE THE DISPERSION FACTOR.

FB=1./(1.+KBsVISQTeZsSTEN/@.824)
DISPER=FRACTSsFB
WRITE 2IOU.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)e2
TBBL=CVOLUM/@ . 159
CVOLUM=(1.QE+96)«CVOLUM
CSPGR=TMASS /CVOLUM
WAREA=(1.0E+06)+Z+CSPGR
WD I SP=WAREAeDISPER
IF(INT.EQ.1) ERATE=®.
ERATE=ERATE/Y(NEQ1)
WRITE éxou.sse) WAREA ,CSPGR, TBBL ,WDISP, ERATE
338 FORMAT (2X, 'MASS/AREA="'  1PEB.1, "’ GMS/MeM, SPGR=’
1,1PE8.1,"', TOTAL VOLUME=',1PE8.1,' BBL, DISPERSION='
2,1PE8.1,' GMS/M:M/HR, EVAP RATE=',1PE8.1,°' GMS/Me¢M/HR')

PRINT AN QUTPUT FILE FOR 8@ COLUMN OQUTPUT.

OO0

DO 340 J=1,NEQ
JCUTmy
IF{YM(J).GT.8.5) GO TO 350
340 CONTINUE
350 DO 360 I=1,NEQ
ICUT=I
IF(YM(I).GT.0.@1) GO TO 370
360  CONTINUE
37¢  IX=X
[W=Ws100.
WRITE (ITY,380) IX,TBBL,CSPGR,Y(NEQ1),ZP,IW WDISP
1,ERATE,WAREA, ICUT, JCUT
380 FORMAT(1X,I3,1PE8.1,0PF5.2,2(1PE8.1),1X,I3
1,3(1PEB.1),12,13)
WRITE (10U,70@)

INCREASE XP TO 18 HOURS AFTER 50 HOURS OF WEATHERING.

GO TO (390,408), NSS
390 IF(X.LT.50.) GO TO 408

NSS=2

XP=10.

o000

c
c TAKE A STEP IN TIME
c
4

20 XARGmX
DO 410 I=1,NEQJ
YARG(I)=Y(I)
410 CONTINUE
C
c INT 1S A SWITCH TO INDICATE THAT THE INTEGRATION WAS
c INITIATED.
c
INT=2

CALL FXYZ({XARG,YARG,K1,6NEQ)
XARG=X+H2
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DO 420 I=1,NEQ3
YARG(1)=Y(1)+HeK1(1)/2.
420 CONTINUE

SAVE THE EVAPORATION RATE FROM THE FIRST TIME
THE DERIVATIVES ARE CALCULATED.

ERATE=K1t (NEQ3)
CALL FXYZ(XARG,YARG,K2,NEQ)
DO 430 I=1,NEQ3
YARG(I)=Y{I)+HeK2(1)/2.
4380 CONTINUE
CALL FXYZ(XARG,YARG,K3,NEQ)
XARGmX+H
DO 440 I=1,NEQ3
YARG()=sY(I)+HeK3(1)
440  CONTINUE
CALL FXYZ(XARG,YARG,K4,NEQ)
DO 450 I=1,NEQ3
Y{1)=Y{I)+Ha (K1(I)+2.+(K2(1)+K3(1))+K4(1))/6.
5@ CONTINUE

IF 1@ PER CENT BY MOLES OR LESS OF THE SLICK IS LEFT, STOP
THE CALCULATION BECAUSE STRANGE THINGS HAPPEN CLOSE 7O
ZERO OIL. ,

REMAIN=Q .
DO 460 I=1,NEQ
REMA IN=REMAIN+Y (1)
460 CONTINUE
TEST=REMAIN/MOLSAV
IF(TEST.GT.2.1) GO TO 510
NQUIT=1
TYPE 470
470 FORMAT(1X, 'THE SLICK HAS DECREASED TO 1@% OF THE ORIGINAL MOLES.')
TYPE 482
480 FORMAT§1X.'THE INTEGRATION WILL BE STOPPED HERE.')

(s Xe X Xe]

[z XvXeXeXo R 3

WRITE (10U,490)

490 FORMAT(/.1X,*'THE SLICK (MOLES) HAS DECREASED TO ieéx
1 OR LESS, THEREFORE THE CALCULATION WAS STOPPED.')
WRITE EITY.SDO)

500 FORMAT(/,1X, "SLICK DECREASED TO 10% MASS seSTOPes')
GO TO 55e

RECALCULATE THE OVER-ALL MASS~TRANSFER COEFFICIENTS OUTSIDE
THE DERIVATIVE SUBROUTINE. THE DIAMETER DEPENDENCE IS VERY
SLOW. TERM2 IS THE OLD DIAss(-2.11). SO DIVIDE THE OLD
COEFFICIENT BY TERM2 AND MULTIPLY IN THE NEW ORE.

WHEN YOU CHANGE THE WIND SPEED WITH RESPECT TO TIME,
CHANGE THE MASS-TRANSFER COEFFICIENT HERE. DIVIDE
OUT THE OLD WIND TERM AND MULTIPLY IN THE NEW ONE.
ALSO, IF THE TEMPERATURE CHANGES, RECALCULATE THE
VAPOR PRESSURE HERE. THIS APPLIES ONLY TO MACKAY
AND MATSUGU.

OO0 OOO0O00

GO TO (540,520,540), KMTC
olA-soRT(Y§NEo1)/a.755)
TNEW=DIAss{-8.11)
ADJUST=TNEW/TERM2

[, X4
N -
[
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530

»
(]

AO0O0OO0O0 LOOO

550
569

570

580

590

DO 530 I=1,NEQ
MTC(1)=MTC(I)eADJUST
CONTINUE

TERM2=TNEW

CHECK TO SEE IF THE INTEGRATION IS COMPLETED.

IF(X.GE.X2) GO TO 559
X=XARG

CHECK TO SEE IS THE FIRST NON-ZERO MOLES HAS FALLEN TO
©.01 OF ITS STARTING VALUE. [IF IT HAS, RECALCULATE THE
STEP SIZE ON THE NEXT NON-ZERO COMPONENT. NOTE THAT

A COMPONENT IS NOT ZEROED UNTIL ITS MOLE NUMBER HAS
FALLEN TO LESS THAN 1.0E-@8.

TEST=ABS{Y{(NFAST)/YOLD)

IF(TEST.LT.6.81) GO TO 8¢

GO TO 190

NSTART=NDEL+1

WRITE 210U.560) NSTART

FORMAT(/,1X, 'THE CUT NUMBERING BEGINS WITH’',I3,' BASED ON
1 THE ORIGINAL CUT NUMBERS',/)

LINE=LINE+1

WRITE gIOU.570) X,LINE

FORMAT{1X, 'THE FINAL MASS FRACTIONS FOR THE SLICK AT °
1,1PE8.1,’ HOURS ARE:',65X%,13)

HOUMQU=X

TMASS=@.

DO 58@ [=1,NEQ

YM(I)-Y(I):MWU%I}
TMASS=TMASS+YM(
YM1(I)=YM(I)
YM(I)=YM{I)/YMSAVE(I)

CONTINUE

YM1(NEQ1)=Y(NEQ1)
GONE(LINE)=TMASS/TSAVE

WRITE (I0U,40) (YM(1),I=1,6NEQ)
WRITE (IPU,250) NEQ1

WRITE IPU,ZGOZ X, (YM1(1),I=1 NEQ1)

WRITE (1PU,260) (GONE(I),I=1,LINE)

IP=Z+100,

WRITE (I0U,280) GONE{LINE),Y(NEQ1),ZP,WMEANS
CHECK=TMASS+Y(NEQ2)+Y(NEQ3)

WRITE (IOU,2408) TMASS,Y(NEQR2),Y(NEQ3),CHECK
TME-TME+Y§NEQ$

TMD=TMD+Y (NEQ2

FE=(Y(NEQ3)/TMASAV)+FE

WRITE §IOU.590)

FORMAT(/,1X, 4868200004008 00008080080006000C883%808
1sssccescasassscsscesascsss’ /)

RETURN

END
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19

20

30

SUBROUTINE VPIF(TEES,N)
INCLUDE 'VARI.FOR®

THIS SUBROUTINE CALCULATES THE VAPOR PRESSURE OF THE CUTS AT

A SPECIFIED TEMPERATURE, TEES. IT USES A SIMPSONS RULE
INTEGRATION WITH 21 POINTS

YI{X)=((1.-X)es@.38)/(XeX)
DO 30 I=1,N

TEE=TEES

IF (TEE.LT.T10(I)) GO TO 1@
TEE=TEE/TC(I)
EX=EXP(-20¢(TEE-B(1))ee2)
Y-—A(I)-£1.-TEE)/TEE-EX
VP(1)=PC(I)s10. 2sY

GO TO 30

CONTINUE

TRI=TEE/TC(I)
TR2=T10(1)/TC(1)
DH=({TR2~-TR1)/20.
RESULT=YI(TR1)

TR=TR1

DO 20 L=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.+YI(TR)
TR=TR+DH

RESULT=DHs (RESULT+YI(TR))/3.
Plm—4, 33-HVAPZ(1)sRESULT/(1.987«TC(I))
VP(1)=EXP(P1)

CONTINUE

RETURN

END
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OO0

49

SUBROUTINE FXYZ(XARG,MOLES?,KK,NEQ)
REAL+*4 MOLES1,KK

INCLUDE °*VARI.FOR'

DIMENSION KK{(30) ,MOLES1(30)

THE VECTOR BEING INTEGRATED RESIDES IN MOLES1(1).
POSITIONS I=1 THROUGH I=NEQ ARE THE PSEUDO COMPONENTS,
POSITION NEQ1=NEQ+1 IS THE AREA.

POSITION NEQ2=NEQ+2 IS THE MASS LOST BY DISPERSION ALONE.
POSITION NEQ3=NEQ+3 IS THE MASS LOST BY EVAPORATION ALONE.

SUM=0 ,

DO 18 I=1,NEQ
SUM=SUM+MOLES1 (1)
CONTINUE

D0 29 I=1,NEQ

CALCULATE THE MOLE DERIVATIVES.

TMPVP{I -MTC(I)OMOLES1§NEQ1)tVP(l)tMOLES1(I)/SUM
TMPDS(1)=DISPER«MOLES1(1)
KKSI?-TMPVP(I)+TMPDS(I)

KK{I)=-KK(I)

CONTINUE

VOLLU=®,

D0 30 I=1,NEQ

VOLLU=VOLLU+MOLES1(1)/RHO(1)

CONTINUE

CALCULATE THE AREA DERIVATIVE.

2=VOLLU/MOLES1 (NEQ1)
xKgueotg-(5.4e+05)a(z-n1.33)-u0L551(NEQ1)eoa.33
KK(NEQ1)=SPREAD+KK(NEQ1) «SPRFAC

CALCULATE THE MASS LOST FROM THE SLICK DUE TO
EVAPORATION ALONE AND THEN DISPERSION ALONE.

KK&NEOZ;-O.
KK(NEQ3)=9.

DO 40 I=1,NEQ

KK§NEQ3 -KK%NEQ3}+THPVP€I;tMWU§I;
KK(NEQ2)=KK{NEQ2)+TMPOS{I)eMwuU(I
CONTINUE

RETURN

END
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30

SUBROUTINE WIO(TIME,W,VTERM)

INCLUDE 'VARI.FOR’

WFUNC (W)= (1.0-C2+W)eEXP(~2.5eW/(1.0-C1eW))
VIS(W)=EXP(2.5sW/(1.8-C1eW))

DATA WSAVE,C4SAVE/-1.,-1./

THIS IS THE WATER-IN-OIL (MOUSSE) ROUTINE.

W IS THE FRACTIONAL WATER CONTENT IN THE OIL.

WINDS IS THE WIND SPEED IN KNOTS.

TIME IS IN MHOURS.

C1 IS A VISCOSITY CONSTANT = 9.65

C2 IS AN OIL-COALESCING CONSTANT AND IS OIL
OEPENDENT, AND IS THE INVERSE OF THE MAXIMUM WEIGHT
FRACTION WATER IN OIL.

C3 IS A WATER INCORPORATION RATE (1./HR), USUALLY @.01sUsU

THE PREDICTION EQUATION FOR W IS IMPLICIT AND IS
SOLVED 8Y TRIAL AND ERROR.

REFERENCE: CHAPTER 4 BY MACKAY IN OIL SPILL PROCESSES
AND MODELS.

DECEMBER, 1981

IERR IS THE ERROR CODE.

TERR=1 [S A NORMAL EXIT, IERR=2 IS A PROBLEM IN THE
TRIAL-AND-ERROR RQUTINE, IERR=3 IS A STEADY-STATE
MOUSSE EXIT..

IF THE OIL DOES NOT FORM MOUSSE, C2 WAS SET TO -1.
IF(C2.6T.@.) GO TO 19
NO MOUSSE FOR THIS OIL, SET TERMS AND RETURN.

W=0.
VTERM=1,
GO T0 ge
TERR=1

CHECK TO SEE IF THE WIND OR INCORPORATION RATE COMSTANT
CHANGED .

IF(WINDS.EQ.WSAVE.AND.C4.EQ.C4SAVE) GO TO 20
WSAVE=WINDS

C4SAVE=C4

U2=WINDS+«WINDS

CI=C4eU2

EXmC3eTIME

IF(EX.GT.ZO.} GO TO 89

TESTmEXP (-EX

BRACKET THE TIME WITH TWO VALUES OF W.

Wa
WMAX=1, /C2
WSTEPaWMAX /10 .

WeW+WSTEP

TRY=WFUNC (W)
IF(TRY.LT.TEST) GO TO 4@
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60
70

80
90

IF(W.LT.WMAX) GO TO 3@
1ERR=2
GO TO 9@

NOW DO INTERVAL HALVING TO FINO W.

NTRY=0
WR=W

WL=W-WSTEP

Wa (WRHWL) /2.
TRY=WFUNC (W)
IF(TRY.LT.TEST) GO TO 6@
WL=W

GO TO 7@

WR=W

NTRY=NTRY+1
IF(NTRY.LT.10) GO TO 50
VTERM=VIS(W)

GO TO 9@

IERR=3

CONTINUE

RETURN

END
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